MOCKOBCKHUHN T'OCYJIAPCTBEHHBIN YHUBEPCUTET
nm. M.B.JIOMOHOCOBA
®AKYJBTET BBIYNCJIUMTEJIBbHOU MATEMATHUKA U KUBEPHETUKHA
KA®EJIPA UHTEJNJEKTYAJBHBIX UH®OPMAILIMOHHBIX TEXHOJIOT Ui

OINEPAIIMOHHBIE CUCTEMBI

Koncnexm nexkyuii

U.B.Maweuxkun, U.C.Ilonoe

MOCKBA
2025



CopepxaHue

COIEPIAHUE ..ottt nne s 1
1 BBEJEHHE ..o s 5
11 OCHOBBI aPXUTEKTYPbI BBIYUCTUTEIBHON CHCTEMBI .....vvevieieeenreesiee e snee e sneesneenneesnnes 10
111 CTPYKTYPA BC ..o 10
1.1.2 AnmnapaTHBIN YPOBEHD BC .......oiiiiiiiiiiec s 11
1.13 VYnpasienue puzndeckuMu pecypcaMu BC ... 12
114 VYrpaiieHne J0rHueCKUMU/BUPTYATTBHBIMU PECYPCAMM ....vvrvverreenressreesseesnneenneesnnes 14
1.15 CHCTEMBI IIPOTPAMMMPOBAHIIT ....vvviiviesiiisriesiessbessias bbb sba s sne s ssn s b ssne s snes s 16
1.1.6 TIPUKITAITHBIE CHCTEMBI .....vveeeuitieeitieaiteeasieaesnieeesnteeessteesssteesssseesasseesssneessseeansneesnnneens 22
1.1.7 D53 5 0: 107115 TR 27
1.2 OCHOBBI KOMITBIOTEPHOM APXUTEKTYPBI. . ...vevverteerrissreseessessresseessesssesseessesssesseessessessseensenns 30
121 CTpYKTYpa, OCHOBHBIE KOMITOHEHTBI ....uvviiuvieiiiisrissianssessisesssessinsssnesssne s ssnsssnes s 30
1.2.2 OnepaTrBHOE 3aIIOMHHAIOIIEE YCTPOMCTBO «...vveureesreesreesireereesnneesnesssneesnessnneenneesnnes 33
1.2.3 LIEHTPATIBHBIN IIPOLIECCOP tvvvriurieiriisriesirssriesiessbessiasssbessba s s b sba s sr e ssb e sb e san s sre s 38
1.231 PErHCTPOBAS TIAMSITD ....cevveiieiiiiesiee st nnee s 38
1.2.3.2 YcTpoiicTBo ynpaBieHus. ApUPpMETUKO-IOTHUECKOE YCTPOHUCTBO ...vvvvverveenenn 39
1.2.3.3 KOIII-TTAMSITB ..ttt et e e e e eennneas 40
1.2.34 ATNAPAT MPEPBIBAHMI ....c.vvviviiiiiieiiii it 42
1.2.4 233 (0100502 (S ey 010 7 (03 v < H TSP PT PR 47
1.241 BHelHNE 3alI0MUHAIOIINE YCTPOMCTBA. ...ciuvieiiiiiiesirisiis e 48
1.2.4.2 Mojenu cCHHXpOHHU3aUU P OOMEHE C BHEIIHUMU YCTPOUCTBAMMU ........c.ne.. 51
1.24.3 IToroxu nanusix. Opranu3anys ynpasjieHUsl BHEIIHUMH YCTPOMCTBAMH. ........ 52
1.2.5 VI@PAPXHIST TIAMSITH. ...ttt e st e e s e e nn e e nne e 54
126  AnnapaTHas  TOAJEpXKKAa  ONEPAlMOHHOM  CHCTEMBI U CHUCTEM
TIPOTPAMMUPOBAHIS ....cvevveeeiriestreesteeestaeessbeeeasbe e e aase e e aa s e e e abs e e s s s e e e b s e e e be e e s be e e s be e e sane e e sane e e nnneas 55
1.26.1 TpeboBanus K anmapatype Ui NOJACPKKH MYJIbTHIIPOTPAMMHOT0 PeXHUMa..56
1.2.6.2 [Tpo6GieMbl, BOSHUKAIOIINE TPU UCTIOTHEHUN TIPOTPAMM .ovveenrviireeieesnreeniens 60
1.2.6.3 PETHCTPOBBIE OKHA.....ccuviiiiiiiiiiiiie i 62
1.2.6.4 CHCTEMHBIHM CTEK ...vveesveeiriesieesireesseessreesseessseesseessneasmeessneesneesnneenneesnneenneesnneenneeas 65
1.2.6.5 BUPTYATBHAST TIAMSITD ...veiuvieiieetie sttt siee et e e et nneenneesnnas 66
1.2.7 MHOrOMammHHbIE, MHOTOIPOLECCOPHBIE ACCOIIMALIIM «...eevvvererereesireesnreesneeesineens 71
1.2.8 TepmuHambHbIe KOMIUTEKCHI (TK) ..o 75
1.2.9 KOMITBIOTEPHBIE CETH .....vveerieieniiesireasieesiee e e st nne e nne e e nne e 77
1.2.10 Opranuzanus ceTeBOro B3auMoaeicTBus. JtanonHas moaenb [ISO/OSI................. 79
1.2.11  CewmeiictBo npotokosioB TCP/IP. CoorBercTBue Mmomenu ISO/OSI .........cccvvvvneee. 83
1.3 OCHOBBI APXUTEKTYPBI OMEPALMOHHBIX CHCTEM ....vivvvirriasrissresseesnesieesseessesssesseessessessseesnens 89
131 CTPYKTYPA OC ...ttt sn e 90
1.3.2 Jlornueckue QYHKIIH OC.......ccoiiiiiiiiiiiicii e 94
1.3.3 THIIBI OTICPAITHOHHBIX CHCTEM ...uvvreautreesstreessreeessseeessseesssseessssesssssesssssesssssessnsneessseeens 96
2 YIPABJIEHUE ITPOLHECCAMU .......ccccoiiiiiiiiiiiieiicee e 99
2.1 (OCHOBHBIE KOHITEITITII .vvuuuseeseiessstsassssssssssssassssssssssssssssssssssssssssssssssnsssesssssesssssssssessssssssses 99
211 MOJIETH OTIEPALMOHHBIX CHCTEM ....vuveerieeasreessreasseessneaseessseessesssseasnesssnesssessneessessnnes 99
2.1.2 THIIBI TIPOIIECCOB ...vvvvieiriesiee s et e st e e sre e s et enne et enn e e sn e nne e anr e e r e e nnne e 102
2.1.3 KOHTEKCT TIPOIIECCA ...ttt ettt ettt et e e s e b enne e 103
2.2 Peanuzanus moaHOBECHBIX TPOHECCOB B OC UNIX c.viiiviiiieiiiiiiice e 103
2.2.1 TTPOTIECC OC UNIX ottt st bbb 103
2.2.2  ba3soseie cpesctBa ynpasienus nporeccaMu B OC UNIX ..., 106
2221 fork() — CO3TaHNE HOBOTO MPOIIECCA. 1.vvuvvereerrereeeessesiessensesseeseessessessessesseasensenns 106

1



2.2.2.2 exec() — ceMeiCcTBO CUCTEMHBIX BBI30BOB CMEHBI TEJIA MPOLIECCA. .euvvervrarernre 109

2.2.2.3 3AMBEPUICHUE ITPOLIECCA ...vvveseriasriesieessseessssssseessesssneessesssssessessneessesssneesressanes 113
2.2.2.4 wait() — KIeM «3aBEPIICHUS) TIPOIIECCA «vvvrrrerreerrraseerseeseneeseesseesseseesseessenns 114
2.2.3 KuzneHHbI HUKIT Tpoiecca. COCTOSTHUS MIPOLIECCA. ...vvravreeaireesireesreeesieeessneeennns 116
2.2.4 DopMHUPOBAHUE TTPOIIECCOB 0 M 1 ..vviiiiiiiiiiiiiiie e 117
2.3 Peanuzanus J1erkoBeCHBIX MPOLECCOB UNIX (HUTH) ..ccvveivveieriiisieeiesriesiiesiesseesieesiesneeseens 121
2.3.1 COBTAHME/ZAITYCK HITH ... vvveesveesssressneesssessstesesnsesesssesssssssssssssssssesssssessnssessnsessssees 121
2.3.2 Omneparyy ¢ HICHTHOUKATOPOM HUTH ......vevvereimrerseasessessseessessesseessesessseasseseesnens 121
2.3.3 S EE 1500110511 (ST 1§ N % SO RTPROTRR 122
2.3.3.1 3aBEPIICHUE HUTH U BCETO MPOIIECCA. ...vvevvirrriiresressresseassessresseessessnesseesseesneanes 122
2.3.3.2 3aBEPIICHUE OTIACTBHOM HUTH .....uvvvesssreessiesesssesessseessssesssssesssssesssssesssssessnsesssnns 122
234 [TprMepBl TPOTrPAMMMPOBAHMS HUTECH] ......cvviiveeiirieieesinie e esses e 123
2.4 TITAHHMPOBAHIIEC ....vvieivreeesireeasiteeasstessssteessssessssseessssesssssesssssesssssesssssesssssessssssssssesssseessnsensns 126
2.5 B3aUMOJIEHCTBHE TTPOIIECCOB. ... eeeutvieiuieieiuteeesiteeessbeeessbeeessbeeassbeesasseesbeeesbneesneeesnneeeanneas 126
25.1 Paznensembie pecypchl 1 CHHXPOHH3AIUS TOCTYTIA K HAM ...vvveeiveesireesireessseesssneas 126
25.2 CrocoObl OpraHU3aIUN B3AUMHOTO HCKITFOUCHUS ... .vevvveesveeinreeteesseeesaessnseesseesnneenes 128
25.3 Knaccuueckue 3a1aui CHHXPOHH3AIIAN TTPOIIECCOB . ..vvievvreeirresireessresssressseesssnes 131
2531 «O0ETATOTIIE DHITOCOMBI) ....evvvientieiiiiaiee st e it e siee ettt et ee e 131
253.2 CUUTATEITH M TIHCATEIIH . .. evveereveenveesseeasseesseeanneesseesnneesseessseesnessnneessesanneesnnesnnes 134
2.5.3.3 CCHSALIMHI TAPHKMAXEPD. eveerreerrriareesiriareesieeaseessessneessessneessessneessessnesssessnnes 139
3 MEXITPOLIECCHOE B3AUMOJENCTBUSA B OC UNIX .......covvrrrrrrercrennn. 141
3.1  BasoBble cpejicTBa peann3anuu B3auMoaercTBus mporeccoB B OC UNiX.........ccoveeeeee. 141
311 (037135 1) 15 ST U RSP PR PTR PR 143
3.111 [Tpumep. JIByXnporieccHbIil BapuaHT Nporpammsl “ByAMIBHUK . ...........cc.... 149
3.1.2 |8 E:0i (55> 05 0 (ST o) % 0 1 & €2 1105 ORI 150
3.121 [Tpumep. PaboTa ¢ CUTHABHOM MACKOM. ....cvviiveeriiiie it 151
3.12.2 [Tpumep. Vcrionb30BaHNE HATEKHBIX CUTHATIOB. ..ovvvevriesreesnreanreesseessneenneennnes 153
3.1.3 HEVMEHOBAHHBIE KAHATIBI .....ccuvvieistiiesiieeesiieeesibeeesibeeassbeesssseesnseesbeeesnseesneeesnneeennns 154
314 VIMEHOBAHHBIC KAHAITBI ......vveeuvtiesieeesiteessteeessteeesnseeessseesssseesssseesansesssssesssnessnseeessnes 163
3.1.5 HEMOKATBHBIE TIEPEXOIBI ... veeiuteieiuiiie st e sitee e st e et e et e s s e e s b e s b e e s b e e s br e e anneeeanes 165
3.15.1 [Tpumep. Mcionp30BaHNe HEMOKATBHBIX TIEPEXOJIOB. .eovvvrearvreesireessireessreeennns 166

3.1.6 TpaccupoBka MpOIECCOB — MOJAETh MEXIPOIECCHOTO B3aUMOICHCTBUS
TR EE0 2 2 07 G (0 ) o075 (=) 305 0917 05 SN 167
3.16.1 [Tpumep. OOm1ast cxema UCTOIb30BaHUSI MEXAHU3MA TPACCHUPOBKH. ............... 169
3.16.2 [Tpumep. TPACCHPOBKA ITPOIIECCOB. ......vverteireieentessresieessessresseessesnnesseeseeeneenees 172
3.2 Cucrema mexiporieccaoro B3aumoericteust IPC  (Inter-Process Communication) .....173
3.2.1 Ouepenb COOOMEHUM IPC........ooiiiiiiiiie s 175
3.2.2 PaznemsgeMast MAMATE IPC . ..o e 182
3.2.3 MaccuB ceMaPOPOB IPC........oiiiiiiee e 185
3.23.1 JIOCTYIT K CEMADOPY -.vvvirvienriiiiesiieitieiee ettt 185
3.2.3.2 Onepanny HAZ CEMADOPOM ....c.vviireerireareesireareesieeaneessee e esneesneessee e e sseesnnes 185
3.2.3.3 VYnpaBiaeHne COCTOSHUEM MACCHBA CEMAPOPOB .....cvvivveririririeenieeresieesieenenns 187
3.2.34 [Tpumep - paboTa ¢ pa3aessIeMOi MaMSTBHIO B ¢ CEMAPOPAMHU. ....cvverrveervennnne. 187
3.3 (0] 37 ¥ 3 P TR PP UPP PP PPROPIN 190
3.3.1 Tunbl cOKkeTOB. KOMMYHHKATTMOHHBIN JIOMEH ......vvieiiieeriieeesiteessireessisessieesssseeesnneas 191
3.3.2 Co31aHne U KOHPUTYPUPOBAHIE COKETA.....vveurinrireasrisseesrearesseesseessessessreasessessnens 192
3.3.2.1 (@10Xc)1 621 17 (S 010 ) U3 - 1R 192
3.3.2.2 ()23 1) 50:F:1 ¢ 12 (ST TP UPR PP 193
3.3.3 [TpeaBapUTEIIbHOE YCTAHOBICHHUE COCITMHEHUS. 1.vvvevrrrerurreasireessiresssreessnesssseeessnns 195
3.3.3.1 CoOKeTBI C yCTaHOBICHHEM COCUHEHUS. 3apOC HA COCTUHEHHUE. .......vvvee.. 195
3.3.3.2 CepBep: MPOCIyIIMBAHAE COKETA U TTOATBEPKICHUE COCTUHCHHUS. ................ 195



3.34 TTPUEM U TIEPETAUA JIAHHBIX ... vvveeuvvresssreesstneessteeessseeessseesssseessssesssssesssssesssssessnsesessees 196

3.3.5  3aBEPUICHUE PAOOTBI C COKETOM ...vevvivrerriasrisseesseassesseessesssesseesseasessessseassssessseenens 197
3.3.6 Pestome: 001Iast cXeMa PAOOTBI C COKETAMHK ...vvveuvrrerureeesirressiresssiseesssseesssnesssseeessees 198
3.3.7 [TprMEpBI HCIIOIB30BAHUS COKETOB ... veeureiiriereesiriesessiressresssreessesssnessnesssneessesssnee e 200
3.3.7.1 CeTteBoe B3aUMOJICHCTBHE YEPE3 COKETHI, C YCTAHOBJICHUEM COeIMHEHHUS. ....200
3.3.7.2 B3aumoneiicTeue 6e3 npeaBapUTEIHHOTO YCTAHOBICHHUS COSTUHCHUSL. ......... 204
34 B3auMomeicTBHE HUTEH B OC UNIX....eeiiieeee ettt e e eee s 206
3.4.1 Co3nanue, MHUIAATN3AUS, KOHLEIIUNA MBIOTEKCA .....evvvviiiiieeeieieeeieeeeeeeeeeeeeeeeeeeens 207
3.4.2 ONEPaITAN HAZL MBEOTCKCAMU ...vveiuvvveaieeesstnessstesesssesesssesssssesssssssssssesssssesssssessnsesssssees 207
3.4.3 [TpocToi MPUMEP CUHXPOHUBALMH HUTEH ...vvvvviirieiiisiriesiee et 208
3.4.4 YuraTenau ¥ MUCATENH C UCHOIB30BAHMEM HHUTEH .vvvvevieeieiiiiiiiieieeeeesiiiisirsseeeseessnnns 209
4 ®AMIIOBBIE CUCTEMDBL ..ottt ssssessss e 213
4.1 (@ 70350723505 (I CX0 ) 050511080 1 GO 213
41.1 CTpYKTypHAst OPTAHU3ALUST PAMIIOB......c.vvvviieeriiirisieeie st e e 214
4.1.2 W 007 (0 ¥ S 117 01 (o) : TP PPRTR 215
4.1.3 OcHoBHbIe mpaBuia paboTsl ¢ (aiimamu. TUNOBBIE MPOTrpaMMHbBIE HHTEPEHCHI
216
4.1.4 [Toxo/bl B IPAKTUYECKON PeaTn3aiii (PAHITOBON CHCTEMBI..........cerueerureeieeaneenne 219
4.1.5 MOoAETH PEATHBAIIAN (DAKITOB ...eeeuvvveiirressieeessieeessteeessteesssseesssseesssseessssessseessseeessses 221
4.1.6 Moaenu peamM3aAUU KATATOTOB ......ceitrteiureresreeessreeassreesasseesssseesssseessseessssesssseeessns 223
4.1.7 CoOoTBETCTBHE UMEHH (PafiIa H €T0 COMEPIKIMOTO ....vvvrervvreeireessireessresssresssseesssnes 224
4.1.8 Koopaunauust ucrosib30BaHUs IPOCTPAHCTBA BHEITHEN MAMSITH ....ocvvvvvveeieennnene 225
4.1.9 KBoTtrpoBaHue MPOCTPAHCTBA (PANITOBOM CHCTEMBI ...vvvevvveeireesireesireessieeessseeessneas 226
4.1.10 HaneKHOCTb QANITOBOM CHCTEMBI ........eeeveeieeaniiesieeaieesieeaseesieeaseesseesseessesssesssenas 227
4,111 TIIpoBepka HETOCTHOCTU (DAMITOBOM CHCTEMBI.....cciuvreeirreesisreesireesssresssnesssnessseessnns 228
4.2  Tlpumepsl peamu3aiiid QAMITOBBIX CHCTEM .......ccoviieiireeriieeirieseaessseessesssesseesseseesseesnens 230
4.2.1 Opranmzanus ¢aitnosoii cuctemsr OC Unix. Bumst daiinos. [Ipasa gocryma....... 231
422 Jlorndeckast CTPYKTYPA KATATIOTOB ......veevviiriesirissiessreasesssnssssesssnssssesssnsssnesssnesssenas 232
4.2.3 BHyTpenHss opranuzaius QpaidoBoil cuCTeMbl: MOJIeh Bepcun System V .......... 233
4231 Pabota ¢ MmaccBaMi HOMEPOB CBOOOTHBIX OJIOKOB.......veevrerueeerieeanreasieeaneenns 234
4.2.3.2 PaboTa ¢ MaccuBOM CBOOOIHBIX HHIEKCHBIX JECKPUTITOPOB .....vvvveveerveaneenees 235
4.2.3.3 WuaexcHbIe JECKPUNITOPHI. Apecanus OJIOKOB QAMIA ........eevveeriveniieniienne. 235
4.2.34 LOF:17 11 G 82 1 v 1 (o) AU UPR PP 237
4235 JlocTonHCTBa U HEAOCTATKHU (aiioBoil cucteMbl MoAenu System V ............. 238
424  BuytpeHHss opranuzamms (aiioBoit cuctemsl: Monenb Bepcuu Fast File
SYSLEM (FFS) BSD......oiiiieie ettt ettt et et e e te e snte e saeesnreenree s 239
4241 CTPATETHH PABMEIIICHUS . .....vveeseveenteesieeesree e esneeasneesne e e e e nne e s e sne e e nneesnns 239
4.2.4.2 BHYTpEHHSISI OPTaHU3ALINS OJTOKOB ......vivveuriiiiesiieiisiee st 240
4243 Brraenenue npocTpaHCTBa IS PAIIA ....ocvvveveerieiiieesiee e 241
4244 CrpykTypa KaTamora FES ... 242
4.2.4.5 brokupoBka 10cTyna K COAEPKUMOMY DAMITA .....eerveereeiirrierieenieenieennee e 242
425 Opranuzaiys 00MeHa JAHHBIMH C (DAMITAMU........eeeiiieiiieiieiiiesiee e 243
4.2.6  IlpemonpeneneHHbIE HOMEPA WHACKCHBIX JTECKPHITTOPOB .....vevveveerrerieeveninesieennenns 245
426.1 Anroputm noucka M/ ¢aityia Ipu €10 OTKPBITHH ......cceevveeverieeiiieninieesieenenns 245



5  VIIPABJIEHUE OIEPATUBHOM HAMSTBIO ......coocoiveireieeieieeieee s 246

5.1  OaMHOYHOE HENPEPBIBHOE PACTIPEAETIEHME .. .. veuveivrierissiriessessinessseessreessesssneessesssneessenas 246
5.2 PacnipeneneHre HEMEPEMEIIACMBIMU PABTEITAMHE ......vvvreureressreesssressssreessssessssnesssseesssseeens 247
5.3 PacnpeneneHue NepeMEIAEMBIMU PABIIETIAMU ......uvveesrerersreesssreesssreesssnesssssessssseessseeessns 249
5.4  CTPaHUYHOE PACTIPEHCIICHIE .. .eeuvvreerrrressuressssreessssesssssessssesssssessseessssessnssesssseessssessnseeens 250
9.5  CErMEHTHOE PACTIPEHEIICHIE .....vveuuvienreeisriesseessreassesssseasseessseessesssneesneessneesnesssneesneesnneenneeas 257
5.6 CerMEeHTHO-CTPAHUTHOEC PACTIPEIICTICHIE ..vv.vvvvesrreessreeessresessseessssesssssesssssesssssesssseesssseeens 259
6  YIIPABJIEHUE BHEITHUMU YCTPOUCTBAMU ........coooviveeveeirseersrenieneniens 261

6.1 (@ 1331107 (Sl 0)5 01 (=) 000170 SRR 261
6.1.1 ApXUTEKTypa OpraHU3alUy YIIPaBJICHNS BHELIHUMH YCTPOUCTBAMMU. ......covrvreennnsns 261
6.1.2 [IporpaMMHOE yIIpaBI€HNE BHEITHUMH YCTPOUCTBAMHY ...vveevvvveesireessireesiressssenessnens 262
6.1.3 [11aHUPOBAHUE TUCKOBBIX OOMEHOB. .. .cciutvieurrieiuterasiteeesstreesnreessnreesssneessneesneeessneas 263
6.1.4 RAID-cucteMbl. YPOBHU RAID ....cccviiiiiiiiiiii e 266
6.2  Pabora ¢ BHemHUMH YCTPOHUCTBAMH B OC UNIX ...ovviiiiiiiiiiiiicicccce e 269
6.2.1 LOF:17 105 Y0y 01007 (g 0 001§ o F:1 71157 o) 5 (U PP PP TR 269
6.2.2 CucreMHbIe TaOIULBI JPAUBEPOB YCTPOMCTB ...cuvvieureiiriereesiriessesssreesnesssreessessnneens 270
6.2.3 Cutyanuu, BEI3BIBAIOIINE OOPAIICHHE K QDYHKIHUSAM JAPARBEPA. . .veervveeivreesnreeenseees 271
6.24  BximoueHue, yJalIeHUE TPAUBEPOB M3 CHCTEMBI .....cuveivierririeesieeresieesseessessnesseenenns 271
6.2.5 bydepuzarus mpu 6J10K-OpUEHTUPOBAHHOM OOMEHE. ... vvveevvieeireesireesieesssseeesnneas 272
6.2.6 BOPBOQ CO COOSMI ...ttt 272



1 BBepeHue

Hacrosiiiass kHMra OCHOBBIBAE€TCS HAa MHOIOJIETHEM OIBITE YTEHHUS aBTOpAaMU KypCOB
JEKIUMHA U TPOBEACHUM CEMHHAPCKUX 3aHSATUN MO OMEpallMOHHBIM cHcTeMaM Ha (akyibTeTe
BBIUMCIUTEIbHON MaTeMaTUKU U KUOEpHETUKH MOCKOBCKOTO rocyapCTBEHHOTO YHUBEPCUTETA
uM. M.B.JlomoHocoBa.

OnepanuoHHasi cucreMa SBJSETCS OJHUM M3 KIIOUEBBIX IOHSTHUH, CBSI3aHHBIX C
(YHKIMOHUPOBAaHUEM KOMIIBIOTEPOB M HUX IporpamMmHoro otecneueHus. B cymectByromeit
JUTEpaType MHOTUE TIOHATHUS, CBSA3aHHbIE C BBIYUCIMTEIBHOW TEXHHUKOW, ONpesensercs
HEOJHO3HAYHO, YTO MHOI'/1a BHOCUT IyTaHUILY B IPEACTABJICHHUE MTOJIHOW KAPTUHBI TOTO, YTO U KaK
(GYHKIMOHHUPYET B COBPEMEHHOM KoMIbioTepe. HeoqHO3HAUHOCThIO ONpENeeHU CTpajaeT u
MOHSATUE ONEPANMOHHAsE cHcTeMa. B  KakuxX-TO MCTOYHUKAX OINEpalMOHHAs CUCTEMa
OTIPENIETISICTCS, «KAK cucmema urmep@elicos, npeoHasHayeHHas OJisi obecneuenus y0obcmea
pabomwl NOIL308aMeNA C KOMIBLIOMEPOMY, B KAKUX-TO — ITO «NOCPEOHUK MeAHCOY NPOSPaAMMAMU
nonvzoeamens U annaApamubIMy Ccpeocmeamuy», KTO-TO COIOCTaBIsieT 3TO IIOHATHE C
«BO3MOCHOCAMU U UHMepgheticamu, npedoCmasIAeMbIMU UHCTNPYMEHMATbHbIMU CPeOCMBaAMU
NPOCPAMMUPOBAHUSL U/UNU NPUKIAOHBIMU cucmemamu». B 1enoM, Kaxnas u3 NepeyrcIIeHHbIX
MHTEPIPETALMI TOHIATHS ONMEePALIMOHHAS CHCTeMAa UMEET MPaBO HA CYLIECTBOBAHUE, U MPUPOJIA
MOSIBJICHHS TOTO WJIM UHOTO IpeJCcTaBieHus scHa. OHaKO MHOTHE U3 UCIOIb3yEMbIX TPAKTOBOK
TEPMHHA OINEpPAllMOHHAs CUCTEMAa OPUEHTHPOBAHbl HA KOHKPETHYIO KaTETOPHUIO MOJIb30BaTeNIEeH
(mporpamMMHCT, IOJIb30BATEIb MPUKIATHON CHCTEMbI, CUCTEMHBIH NMPOrpaMMHCT WU T.II.) U HE
(bOpMUPYIOT 1IETOCTHOM KapTUHBI QYHKINN CBOMCTB M B3aUMOCBSI3€H C IPYTUMU KOMIIOHEHTaMH
IPOrpaMMHOT0 OOECIeueHus U anmnapaTypbl KOMIBIOTEpA.

ABTOpBI HACTOAIIECH KHUTY CTaBUIM IIepej COOOH 11eb BEICTPOUTh CUCTEMY OIpeIeICHU
U paccMOTPETh OCHOBHBIE CBOMCTBA W MPHUMEPHI pealu3alliyd TeX WM WHBIX allapaTHbIX U
MPOrPaMMHBIX KOMIIOHEHTOB, (YHKIIMOHHUPYIOIIUX B KOMIBIOTEPE, B HX B3aUMOCBSI3H,
aKIIEHTUPOBAB OCHOBHOE BHUMAaHHE Ha MOHITHM ONEPAallMOHHASl CHCTEeMAa, HAa OCHOBaX e€e
MOCTPOCHUS, PUMEPAX OpPraHU3aIUU TeX WJIM WHBIX YacTedl Hauboliee pacmpoCTpaHEHHBIX Ha
cerogusamani neus OC.

Hcropust mosIBAEHUS U Pa3BUTHUS ONIEPALIMOHHBIX CUCTEM LIETUKOM U MOJTHOCTHIO CBSI3aHa
C pa3BUTHEM U CTAHOBJEHHEM allllapaTHbIX BO3MOXKHOCTEM KOMIIbIOTEpOB. PaccMoTpum
KJIFOUEBBIE ATalbl ITOr0 IpoLEecca.

IlepBoe mokosieHHe KOMIbIOTEpPOB: cepeauHa 40-x — Hayano 50-x romoB XX Beka.
KoMmnbroTepsl 3TOro MOKOJIEHHUsS CTPOWIIUCH HA 3JIEKTPOHHO-BAKYYMHBIX Jiammax. B 1946 r. B
[TencunpBanckoM yHuBepcutere CIIIA Oputa paspabortana BeraucinutenbHas MammHa ENIAC
(Electronic Numerical Integrator and Computer), koropasi CYMTaeTCs OJHOW W3 TEPBBIX
AJIEKTPOHHBIX BBIUUCIUTENbHBIX MaiuH (OBM). [lannas mammHa Oblia pa3paboTaHa 1o 3akasy
muHuCcTepcTBa 000ponbl CIIIA u mpuMeHsIach A peuieHus 3a/1a4 YHEPTeTHKH U OaJICTUKU.
[Tpon3BOIUTENBHOCTh TAKUX KOMIIBIOTEPOB U3MEpPSIach OT COTEH JI0 ThICAY KOMaH/ (oneparuii)
B ceKyHIy. KommbroTep cocTosin n3 npoueccopa, ornepaTuBHOIO 3alIOMHHAIOLIETO YCTPOICTBA U
JIOCTaTOYHO TPUMUTUBHBIX BHEIIHMX YCTPOWCTB: YCTpOilcTBa BbIBOAA (BBIBOA LU(POBOM
uH(pOpMaIIMK Ha OYMa)KHYTO JICHTY ), BHEIIIHUX 3alIOMUHAIOIMINX ycTpoiicTB (B3Y) — anmmapatHbix
CPE/ICTB XpPaHEHHUS TOTOBBIX K HCIIOJIHEHUIO MPOTPAaMMbl U JAHHBIX (MarHUTHBIC JICHTHI), U
YCTpPOWCTBAa BBOJAA, [O3BOJISIBIIETO BBOJUTH B  ONEPAaTUBHYIO MaMiITh KOMIIBIOTEPA
IpeBapUTENIFHO TOATOTOBICHHBIE Ha CIENUANBHBIX HOCUTENSAX (TmepdokapTax, neppoieHTe u
p.) IpOTpaMMBbI U JaHHBIE.

N3nayanbHO KOMIIBIOTEPBI IIEPBOIO MOKOJICHUS UCIIOJIb30BAJINCh B
OJIHOIOJI30BAaTEIbCKOM,  MEPCOHAJIBHOM  PEXHME, T.€. BCSI CUCTEMAa  MOHOIIOJIBHO
IPEOCTaBIIATIACh OJAHOMY IIOJIb30BATENI0, MPH ATOM IMporpamMma U HEOOXOAMMBbIE JaHHBIE,
MPEACTABICHHBIE B MAIIMHHBIX KOJIaX B JJBOMYHOM IPEACTABICHUH, BBOJUIUCH B ONIEPATUBHYIO
namsTh, a 3aTeM 3alyckanach Ha ucrnojHeHue. [loibp3oBaTens (IPOrpaMMUCT) HMCIIOJIB30BAI



anmnapaTHyr KOHCOJb (WM MyJIbT YIpaBlIeHUs) KOMIIbIOTEpA JUIsl BBOJA U 3aITyCKa MPOTrpaMMbl
YTEHUs JIaHHBIX Yepe3 YCTpOoWCTBa BBOJA. Pe3ynbTar BBINOJHEHUS MPOrpamMMbl BHIBOAWIICS Ha
yCTpoiicTBO neyaTt. B ciiyyae BOSHMKHOBEHHS OHIMOKH paboTa KOMITbIOTEpPA MO BBITOJIHEHUIO
KOMaH/I MPOrpaMMBbI TpephIBajach, U BO3HUKIIAS CHUTyalllsl OTOOpa)kajach Ha WHAMKATOPax
MyJbTa  YNOPABICHMS,  COAEPNKAHUE  KOTOPBIX  AHAJIM3UPOBAIOCH  MPOrPAMMHCTOM.
[TporpaMMupoBaHKe B MAIIIMHHBIX KOJIaX TPUBHOCUIIO PSiJ] TPOOJIEM, CBSI3aHHBIX C TEXHHYECKUMU
CIIOHOCTSIMU HAIUCaHHsI, MOAM(PHUKAIMU M OTIAagKU MporpaMmbl. Kpome Toro, B 3amauy
MPOrPaMMUCTA BXOAMIO KOJUPOBAHUE BCEX HEOOXOUMBIX OIEpAIlHii BBOA/BBIBOJIA C TIOMOIIIBLIO
CIIELMAJIbHBIX MAlIMHHBIX KOMaH]l YNPaBJICHUs BHEIIHMMM yCTpoWcTBamu. B 3TOT mepuop ot
MOJIb30BATENsl KOMITbIOTEpa TPEOOBAIMCH HE TOJIBKO QJITOPUTMHYECKUE 3HAHUS U HaBBIKU
pelIeHnsl KOHKPETHOM MPUKIIAIHON 3aa4M, HO U JOCTATOYHO XOPOUIME 3HAHUS OpraHU3alUU U
WCIIOJIb30BAHUS anmaparypbl KOMIBIOTEpPA, JAOCKOHAJIILHOE 3HAHUE CHUCTEMbl KOMaHI U
KOJMPOBKHU, HCIOJIb3yeMON B TaHHOM KOMIIbIOTEpE, 3HAaHHE OCOOEHHOCTEH MpOrpaMMHUpPOBaHUS
YCTPOMCTB BBOJA/BBIBOJIA, T.€. MPOTPAMMHCT JOJDKEH OBUI OBITh, OTYACTH, U WHKCHEPOM-
37eKTpOHIIUKOM. Ha 3Tamne cyniecTBOBaHMSI KOMIIBIOTEPOB IIEPBOIO MOKOJIEHUS MOSIBUIICS KJIacce
porpaMM, 00ECIICUHBAIOIINX OINpPEACICHHBIC CEPBUCHBIE (YHKIIUU MPOTPAMMHUPOBAHUS — ITO
acceMOIepbl, MepPBbI€ SA3bIKM BBICOKOTO YPOBHS M TPAHCISATOPHI UL ITHX S3BIKOB, a TaKkKe
MPOCTEHINE CPEe/ICTBA OpPraHM3AlMK W HWCIOJb30BaHUs OmOmMorek mporpamm. Kpome Ttoro,
MOXHO TOBOPUTH O 3apOKICHUM KJACCa CEPBUCHBIX, YIPABJIAKIIUX IPOrPaMM:
MPEACTABUTEISIMU ATOTO Kjlacca SIBJSUIUCH MPOTrpaMMbl UYTEHUSI M 3arpy3Kd B ONEPaTHUBHYIO
namsTh IPOrpaMM U JaHHBIX C BHEIIHUX YCTPOMCTB. DTHU MPOTpaMMbl OBLIM MpPEOoINpeaeaeHbl
bupmoi-pa3paboTINKOM KOMITLIOTEPOB U BBOJIMJIMCH B OTIEPATHBHYIO MaMSTh C UCTIOJIb30BAHUEM
anmapaTtHol KoHcoiu. Tak HpU MOMOIIM KOHCOMM OBUIO BO3MOXHO BPYYHYIO BBECTH B
ONEPATUBHYIO MaMATh TOCIEIOBATEIBbHOCTh KOMAHJ, COCTABIISIIONIUX  YIIPABISIOLLYIO
porpammy, U OCYILIECTBUTH €€ 3alycK. B cilydyae ecnu ynpasisronias mporpaMmma pa3Melanach
Ha BHEIIHEM 3allOMUHAIOIIEM YCTPOWCTBE, uEpe3 almapaTHyld KOHCOJb BBOJMJIACH
MOCJIEIOBATEILHOCTh KOMaH/I, OOECIEYMBAIOIINX YTEHUE KOJa YIMPAaBISAIONICH MpOrpaMMbl B
ONEPATUBHYIO NaMSTh U NIEpeaauy YIpaBJIeHUs Ha €e TOUKY BXOJa.

KomnbroTepbl BTOporo nmokoJienust: koner S0-x rogoB — BTopas nojoBuHa 60-x rogoB
XX Beka. TpaJuLIMOHHO, C KOMIBIOTEPAMU BTOPOrO MOKOJEHUSI CBSI3bIBAETCS MCIIOJIb30BAaHUE
MOJIYTTPOBOTHUKOBBIX TPHOOPOB — JHOJOB M TPAH3UCTOPOB, KOTOpHIE MO (DYHKIIMOHAIBHON
€MKOCTH, pa3Mepy, SHEPromoTpeOJIeHHI0 B JECATKH pPa3 MPEBOCXOIWIA BO3MOXHOCTH
3JIEKTPOHHO-BAKYYMHBIX JIaMIl. B pe3ysibTate KOMIbIOTEPHI BTOPOTO TTOKOJICHHSI CTAJIA 00J1a/1aTh
CYIIECTBEHHO 00Jiee Pa3BUTHIMU JIOTUYECKUMHU BO3MOXKHOCTSMHU M B THICSYHU Pa3 MPEBOCXOIMIN
KOMITBIOTEPHI TIEPBOTO TIOKOJICHHS IO Mpou3BoauTeabHOCTH. [llupokoe pacmpocTpaHeHue
MOJIYYWJIM HOBBIE BEICOKOIIPOU3BOAUTENbHBIE BHEIIHUE ycTpoiicTBa OBM. Bee aTo onpenenuno
W aKTUBHOE COBEPIIECHCTBOBAHHME IPOTPAMMHOTO OOECredeHus: M CIOCOO0B HMCIOJb30BaHUS
KOMITBIOTEPOB. MOXKHO C YBEPEHHOCTBIO YTBEpPKIaTh, UTO PEAIbHOE 3apOKICHHUE TOHSATHUS
OTICPAIIMOHHON CHCTEMBI CBSI3aHO HMEHHO C TIOSIBICHUEM M COBEPIICHCTBOBAHUEM APXUTEKTYPHI
KOMITBIOTEPOB BTOPOTO TTOKOJICHHUS.

OrtanoMm B pa3BUTHU (POPM HCHOIB30BAaHUS KOMIIBIOTEPOB CTajla MaKeTHasi 00padoTka
3a/laHuii, CyTh KOTOpOW COCTOsUIa B cCienyromieM. B kommbpioTepe paboTaia crernuaibHas
yropasisiomas mporpamma, B (GYHKIUM KOTOPOW BXOAWJIA TOCIIEIOBaTEIbHAsI 3arpy3ka B
ONEPATUBHYIO NaMSTh U 3aIyCK Ha BHIMOJHEHUE TPOrpaMM U3 3apaHee MOATrOTOBICHHOTO MaKeTa
nporpamm. [laker mporpamMm Qu3nYecKu MOXKET ObITh MPEJCTABICH B BHE «OOJBIION) CTOIKHU
nepdokapT, B KOTOPOU MPOrpaMMbI HAXOAATCA MOCIIe0BaTeNbHO. B 3TOM ciiydae ympasmstomas
mporpaMma MO 3aBEPLICHWH BBINOJHEHHS TEKyLIEH NpOrpaMMbl OCYLIECTBISET UTEHHUE
OUYepeIHOM MPOrpaMMBbl Yepe3 YCTPOUCTBO CUNTHIBAHUS MepPOKapT, 3arpy3Ky €€ B ONEPATUBHYIO
namsTh U Nepeaya yrnpajieHusl Ha (UKCUPOBAHHYIO TOUYKY BXOJa B MPOrpaMMmy (aapec naMsatu
C KOTOPOTro JOJIKHO HAYMHATHCS BBIMOJIHEHHUE Mporpammel). [lo 3aBepiieHnn mporpaMmbl WU
nocjie BO3HUKHOBEHHUS B IMpOrpamMme OIIMOKH, KOTOpas BBI3bIBACT aBapUHHYI0 OCTAHOBKY
BBIMOJIHEHHSI TPOrPaMMBbI, YIIPaBJICHUE TIEPEIacTCs B yIpaBistonyto nporpammy (Puc. 1).
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Puc. 1. TlakerHasi 00pa6oTKa 3a]aHUii.

Takoil mpouecc npoaoiKaics 10 TeX HOop, [OKa BCE MPOrpaMMbl M3 MaKeTa He OyayT
BBINOJIHEHBI. Pa3BUTHE MOJOOHBIX YIPABISAIOUIMX MPOTPaMM MOCIY>KUIO OCHOBOW IOSIBICHUIO
NEPBBIX IPOOOPA30B OMEPALMOHHBIX CHUCTEM, KOTOpPbIE B pa3HbIX CIIy4asX Ha3blBaJIUCh
MOHHMTOPHBIMH CHCTEMaMH, CYNIEPBH30PaMHU WIH JUCIIETYEPAMH.

CrnenyromuM 3TarnoM pa3BUTHsSL MOHATUS ONEpPALMOHHAs CHUCTEMa CTaJlo IOSBICHHUE
KOMIIBIOTEPOB ~ BTOPOrO  IIOKOJIEHMS, HMMEBUIMX  alllapaTHYy!0  MOJAEPXKKY  pekuma
MYJbTHIIPOTPAMMHUPOBAHUS — PEXHMMA, IPH KOTOPOM OJHOBPEMEHHO HaxoJuwiach B
00paboTKe He O/HA, a HECKOJBKO mporpamm. [Ipu 3ToM B KaXJblii MOMEHT BPEMEHU KOMAaH/IbI
0JIHOM 13 00pabaThIBa€MbIX MMPOTrPAMM BBINOJIHSUIUCH IPOLECCOPOM, IPYTUE BBITOIHSIN OOMEH
JAHHBIMHM C BHEIIHUMH yCTPOHCTBAMM, TPETbU OBLIM T'OTOBBI K BBIOJHEHHUIO MPOIIECCOPOM H
okunanu cBoeil odepenu. B CCCP mpencraButeneM MaliMH —BTOPOTO  MOKOJIEHUS,
o0ecreynBaBIINX HOJIEPIKKY MYJIbTUIIPOTPAMMHON 00pabOTKH, ObUIa BHIYUCIUTEIbHAS MALITMHA
B3CM-6, co3mannas nmoa pykoBoactBoM akanemuka C.A.Jlebenesa. [y JaHHOTO KOMIIBIOTEpA
Obuta pa3zpaboTaHa CepHsl ONEPALMOHHBIX CHUCTEM, KOTOPBIE MO CBOEH CTPYKType U OCHOBHBIM
byukmmsM Obuti moctaTouHo Onm3ku k coBpemennbiMm OC (HI-69, HJI-70, OC JYBHA,
JUCITIAK, OC UIIM wu np.). IlpaponutensHunei mMOAaBIAIOMIETO OOJBIIMHCTBA 3TUX
OTIEpallMOHHBIX CHCTEM ObUTa cucTema noj Ha3BaHueM J[-68 (ducneruep—68), paspaboranHas
nox pykosoactsoM JI.H.Kopo:esa.

Pa3BuTre MyJnbTUNPOTPAMMHBIX CHCTEM, pPACHIMPEHHE CHEKTpa pelIaeMbIX 3aaady |
CYILIIECTBEHHOE YBEJIMYECHHE KOJIMYECTBA I0JIb30BATENCH KOMIIBIOTEPOB MOTPEOOBAIO PAa3BUTHUSA
«JIpY>KECTBEHHOCTH» HUHTep(delcoB MexAy Mosb3oBareaeM U cucreMoil. C TOUKM 3peHus
MHCTPYMEHTAJIBHBIX CPEACTB MPOTPaMMHUPOBAHUS 3TO PA3BUTHE SA3BIKOB IPOTrPAMMHPOBAHUS U
CHUCTEM NPOrpaMMHUPOBAHHUSA, KOTOpPOE MPEJICTaBUMO B  CJIEAYIOUIEH  HBOJIOLMOHHON
TIOCJICIOBATENBHOCTH: CUCHeMd KOMAHO KOMNblOmepd =¥ asmokoobl U accemOiepbl =P sA3bIKU
NPOCDAMMUPOBAHUSL __ 8bICOKO20 __YPOBHS ¥ NPOOIEMHO-OPUCHIMUPOBAHHbIE  S3bIKU
npoepammuposanus (Puc. 2).

OnepanvoHHbIe CHCTEMbI TaK)Ke MOJYUWIM CBOE pPa3BUTHE B ATOT MEPUOJI BPEMEHHU:
NOSIBWINCH SI3BIKM YNPABJICHUS] 3aJaHUSIMHU, KOTOPBIE TO3BOJISJIM I0OJIB30BATENIO 10 Hadaja
BBITMIOJIHEHMSI €r0 IporpamMmel copMUpOBaTh HAOOp TpeOOBaHMI MO OpraHU3alluU BBITOJIHEHUS
nporpammsbl. [losBuinCh mepBbie MPooOpas3sl COBpeMeHHbIX (PaiiI0OBBIX CHCTEM — CHUCTEM,
HO3BOJISIOIINX CUCTEMaTU3UPOBATh U YIIPOCTUTh CIIOCOOBI XpaHEHHsI U JOCTYTIA M10JIb30BaTeNeH K
JaHHBIM, pa3MEIIEHHbIM Ha BHEIIHUX 3allOMUHAIOLIMX YCTPOMCTBAaX, YTO IO3BOJIUJIO
I0JIb30BATENIO PA0OTATh C JAHHBIMH BO BHEIIHEH aMATH HE B TEPMHUHAX (PU3HYECKUX YCTPOUCTB
¥ KOOPJIMHAT MECTOIIOJIOKEHUS JaHHBIX Ha 3TUX (PU3UUECKUX YCTPOMCTBAX, a B TEPMHHAX UMEH
WIN aJpecoB HEKOTOPbIX HAOOpOB JaHHBIX. B cBA3M ¢ 3TUM y MOJB30BaTeNs MOSBUIACH
BO3MOXKHOCTh a0CTparupoBaThcs OT 3HAHUSI OCOOCHHOCTEN M CIIOCOOOB OPTaHU3aIMH XPaHEHUS U
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JOCTyNa K JaHHBIM KOHKPETHBIX (PU3UUYECKHX YCTPOMCTB, YTO BO MHOTOM IOCIYKHJIO OCHOBOM
JUTSI TIOSIBJICHHSI BAPTYAJIbHBIX YCTPOHCTB.
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Puc. 2. Pa3BurHe sI3bIKOB U CHCTEM nporpaMmmMmpoBaHus.

KomnbroTepbl TpeTbero moxkojgeHusi: koner 60-x — Hadano 70-x romoB XX Beka.
OCHOBHBIM OTJIMYHEM KOMIIBIOTEPOB ATOI'O IMOKOJEHMSI OBLIO MCIIONb30BAHME B KauecTBE
9JIEMEHTHOI 0a3bl MHTETPaJbHBIX CXEM, YTO OMPEIEIHJIO YBEIHMUEHHE MPOU3BOAUTEIHLHOCTU
KOMIIBIOTEPOB, CYIIECTBEHHOE CHIDKEHHE HX pPa3MEPOB, Beca, IMOSIBICHHUE HOBBIX,
BBICOKOITPOM3BOJUTENBHBIX BHEIIHUX YyCTPOWCTB. [, HaBepHOe, TJIaBHOW OCOOEHHOCTHIO
APXUTEKTYPbl KOMITBIOTEPOB TPETHETO MOKOJICHUsI OBUIO Hauajo anmapaTHOW YHH(PHUKAIUH HX
y3JI0B M YCTPOMCTB, TMO3BOJUBLIEH CTUMYJIUPOBAaTh CO3JaHUE CEMEHCTB KOMIIBIOTEPOB,
amnmnapaTHasi KOMIUIEKTallMs KOTOPBIX MOTJa JIOCTATOYHO IMPOCTO BapbUPOBATHCS BIIAJEIbLEM
KoMrbroTepa. Hanbonee spkumMu MpeICTaBUTEIIMH TaKUX CEMEMCTB ObUTH KOMITBIOTEPHI CepUit
IBM-360 ¢upmbr IBM u cemeiictBo manbix komnbiorepoB PDP-11 ¢upmsr DEC. Komnbrotepst
MEpPBbIX JIBYX IIOKOJEHUW CTPOWIIUCh, KakK €JWHBIC, ammapaTHO-IEJIOCTHBIE YCTPOWCTBA,
KOMIUIEKTAIHsI ¥ BO3MOKHOCTH KOTOPBIX OBLIM CYIIECTBEHHO MpEAOIpe/eNieHbl Ha dTame HX
npousBojcTBa. Mx anmapatHas monudukaius, oObluHO, ObljIa KpaiiHe 3aTpyAHUTEIbHA. TpeTbe
MOKOJICHUE KOMIIBIOTEPOB CTPOMJIOCH Ha MOAYJbHOM MPUHIIMIE, YTO TO3BOJISUIO, MpHU
HEOOXOJUMOCTH, OCYIIECTBIATh 3aMEHYy U pacUIMpEeHHEe COCTaBa BHEIIHUX YCTPOWCTB,
YBEIMYMBAThL  pa3Mephl  OMEpPAaTUBHOW  TaMATH, 3aMEHATH TNpoleccop Ha  Oonee
MPOU3BOAUTENBHBIA. BCe 3TO MOBIUSIIO M HA Pa3BUTHE M CTPYKTYPY OMEPAIMOHHBIX CHCTEM,
KOTOpBIE BCIIEA 3a ammapaTypoil MpHOOpend MOIYJIbHYI0 OpTraHM3alMi0 ¢ yHUUKauen
MEXMOAYJIbHBIX HHTEep(deiicoB. B omepalMoHHBIX CHCTEMax TMOSBUIUCH CIICIIHAIbHBIC
IporpaMMbl  yIOpaBJI€HUS YCTpOMCTBaMU —  JpaiiBepbl YCTPOMCTB, KOTOpbIE HMEIHU
CTaHJapTHBICE HMHTEP(PEHCHI, TO3BOJSIBIIMNE TPH ammapaTHOW MOIU(UKAIIMA KOMIIBIOTEpa
JIOCTaTOYHO MPOCTO OOECIEeYUBATh MPOTPAMMHBIA TOCTYIl K HOBBIM KM MOAU(PHUIIMPOBAHHBIM
ycTporictBam. Kpome Toro, nmmsi oOecredeHHs TMPOCTOTHI U «IPY)KECTBEHHOCTH» OOIIEHUS
MOJIB30BATENS C PA3JIMYHBIMHU YCTPOMCTBAMU KOMITBIOTEPA MOSBUINCH BUPTyalbHbIE YCTPOUCTBA,
JpaiiBepbl KOTOPBIX MPEIOCTaBISUIM MOJIb30BATENI0 HAOOP €IMHBIX MpaBuil pabOThl C TPyHION
BHEIIHUX YCTPOMCTB, YTO TMO3BOJMJIO CO3/1aBaTh MPOTPAMMBbl, HE 3aBHUCSIIME OT THUIIOB
UCIIOJIB3YEMBIX BHEIIHUX YCTPOHCTB. OrmepalloHHBIE CUCTEMBl KOMIIBIOTEPOB TPETHErO
MOKOJICHUS] MPEJOCTABIISUIA HOBBIE PEKUMbI MCIOJIB30BAHUS KOMIBIOTEPOB, OJHUM U3 TaKHX
PEKUMOB OBUT JTHAJIOTOBBIA PEXUM JIOCTyNa K KOMITbIOTEpY. BepmmHon uiuei, 3a10)KeHHBIX B
ONEPALMOHHBIE CUCTEMbI KOMIIBIOTEPOB TPETHEro IMOKOJEHHS, CTajla OlepalMOHHAs CUCTEMa
Unix, KkoTopas OTKpbUIa HAmpaBlICHHWE pa3BUTHA  KOMIUICKCHOW  CTaHAapTU3AIMU



MOJIb30BaTENbCKUX MHTEP(ENCOB, Kak Ha ypoBHE MHTep(]eiicoB KOMaHIHBIX S3bIKOB, TaK M Ha
Pa3IMYHBIX YPOBHSAX MPOrPaMMHBIX MHTEp(EHCOB OT MpaBUJI B3aUMOJEHCTBHS C JIpaliBepamu
YCTPOUCTB 10 MHTEP(PEIHCOB C MPUKIIATHBIMUA CUCTEMAMH.

3aBepiieHre (GOPMUPOBAHUS CETOMHSIIHETO TOHATUS ONEPANMOHHONW CHUCTEMBI MOXKET
OBITH CBSI3aHO C TIOSBIICHHEM 4Ye€TBEPTOro W MOCJAeIYIOIUX MOKOJeHHMii KOMIbIOTEpOB, B
IOCTPOCHUM KOTOPBIX HCIOJb30Bajach »dSJEMEHTHass 0a3a, OCHOBaHHAs Ha OOJBIIUX
UHTETPAIIbHBIX cxeMmaX. KoMmmobploTepbl UYEeTBEpTOro IOKOJEHHUS, B IEPBYIO OYepelb,
ACCOMMUPYIOTCA C MEPCOHAJIBHBIMU KOMIIBKOTCPAMHU, COBCPUIMBIIMMU B IOJIHOM CMBICJIC CJIOBa
PEBOJIIOLIMI0O B MAacCOBOM PACIPOCTPaHEHUH WHGOPMAIMOHHBIX TexHosoruil. KommbioTep u3
HHCTPYMCHTA NPHUKIIAAHOTO IMPOrpaMMHUCTa CTaJI IOBCCAHCBHBIM, MAaCCOBO paCpOCTPaHCHHBIM U
JOCTYIHBIM 000pyA0BaHUEM. B CBSI3U ¢ 3TUM BO3HUK LIEJBIA Psii IPOOJieM, pelieHre KOTOPhIX
noTpedoBajJoCch B OMNEPAllMOHHBIX CHUCTEMax. B mepByro oudepenb 3TO COBEPIICHCTBOBAHUE
«JIPY’KECTBEHHOCTW»  IOJb30BATENbCKUX HMHTEP(HENHCOB, YIPOIIAIOIIUX  B3aUMOJCUCTBUE
IIOJIB30BAaTCIIsA H OHepaHHOHHOﬁ CHUCTCMBI. 3,Z[€CB JAAVPYOINYIO TO3UIHUI0 3aHUMAKOT
OIepaIMoOHHbIe CUCTEeMbI KoMianuu Microsoft, koropsie B MOJIHOM CMBICIIE CJIOBAa COBEPIIHIIH
PEBOJTIONIUIO B 00€CIIEYCHHH MAaCCOBOCTH OCBOSHUS KOMITbIOTEpa. AKTUBHOE Pa3BUTHUE MMOTYIHIIN
CETEeBbIC TEXHOJOTHH, YTO MPHUBEJIO K MOSIBICHUIO CETEBBIX U PaclpeAeseHHBIX ONepaliiOHHBIX
cucrteM. B 3TOT mepuon BpeMeHn HanOoJbIIee pa3BUTHE MOMy4YHsia BceMupHas cethb Internet. B
CBOIO O4Yepe]b BO3HHUKIM 3aJaud OOecledeHHs ONEepalMOHHBIMU cHUcTeMaMu 0e30MacHOCTU
XpaHCHUA U I€peaavyn JaHHbIX.
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UHTEPEICOB, CETEBBIX U PACIPEACTICHHBIX

yIIpaBICHUS 3aJaHUsIMH, (paitioBas
«IPYKECTBEHHOCTHY T0IH30BATEIIECKUX

MYJIbTUIIPOrPAMMHUPOBAHHE, SI3bIKH
chcreMa

[TakerHast 00pabOTKa, MOHUTOPHBIMA
CHCTEMaMH, CYIIEPBH30PAMH,

CepBUCHEIC, YIIPABISIONINE

mornaMmMeI.
JpaiiBepbl yCTPOMCTB,

Bpewms
Puc. 3. Drtanel 3BOJIIOLUH.

Ha nanHowm starie B pe3yiipTaTe dBOIIOIUH MOHATUI 00pa30Baoch JTOCTATOUYHO MOJTHOE U
OJIHO3HAYHOE ONPEJEICHUE TOr0, YTO HA3bIBAETCS OIEPALlMOHHONW CHCTEMOMH, OIperesieHa
TUTIOBasl CTPYKTypa OINEPAlMOHHOM cHCTeMbl M (YHKIMH €€ OCHOBHBIX KOMIIOHEHTOB.
CdopmupoBanuck NpUHIUIHAATIGHO HOBbIE Pa3HOBUIHOCTH OMNEPAIIMOHHBIX CUCTEM U PEKUMOB
WCITOJIb30BaHUsI KOMIIBIOTEPOB.

Crnemyer OTMETHTH TOT (PaKT, YTO PA3BUTHE KOMIIBIOTEPOB, CHCTEMHOI'O MPOTPAMMHOTO
o0ecreyeHusi, METO/I0B IPUMEHEHHUSI BBIUUCIUTEIbHON TEXHUKU MOKa3aiH, YTO €JUHCTBEHHBIM
MEPUOAOM MCTOPUHU, KOTJ/Ia ammapaTHas 4acTh pa3padaThiBajach UCKIIOYHTEIHLHO B KaueCTBE



BbIUMCIUTENST ©Oe3 ydera mMOTPeOHOCTEM TONICPKKU PpELIeHUs 3aJad  OpraHu3aluu
BBIUMCIUTENFHOTO TpoIiecca ObLI MEPHUOJA CO3/IaHUS M MPOU3BOACTBA KOMIBIOTEPOB TEPBOTO
nokoJyieHusi. Ha cerogusimiHuii JeHb anmapaTypa U NMporpaMMHOE 0OecredyeHHe COBPEMEHHBIX
KOMITBIOTEPOB MPEJCTABISAIOT €IMHYI0 B3aWMO3aBUCUMYIO BBIYMCJINTENbHYK) CHCTEMY, B
KOTOpPO MHOTME (YHKIMHM ONEPAallMOHHONW CHUCTEMBl HENb3s paccMaTpuBaTh BHE KOHTEKCTa
anmnapaTHOM TMOJACPKKH KOMIIBIOTEpA, a MHOTHE anmnapaTHble BO3MOMXHOCTH  CIIOXKHO
paccMmarpuBaTh BHE KOHTEKCTA ONEpaloHHbIX cucteM (Puc. 3).

1.1 OcHoebl apxumeKkmypbl 8bl4UuciumesibHoOU cucmemasl

CoBpeMEHHBIE ~ KOMIIBIOTEp U €ro  I[pOrpaMMHOE  O0€CIEYeHHE HEBO3MOKHO
paccMaTpuBaTh B OTJEIBHOCTH APYT OT Apyra. PaccmaTpuBast pyHKIMOHUPOBAHUE KOMIIBIOTEPA,
MBI BCETJ]a UMEEM B BUY (PYHKIIMOHUPOBAHUE CUCTEMBI, B KOTOPOI HHTETPUPOBAHBI allliapaTypa
KOMIIBIOTEpa U €ro mnporpaMMHoe obOecrieueHue. Pe3ynpTaToM 3TONH HMHTErpaluu SBISETCS
BpluncauTeabHasi cucreMa (BC), BO3MOXKHOCTH W DKCIUTyaTallMOHHBIE KauecTBa KOTOPOM
OTIpeIeIIAI0TCS KaK anmnapaTypoil KOMIIbIOTepa, TaK U (YHKIIMOHUPYIOIIUM Ha HEM POTrPaMMHBIM
oOecrieueHUEM. Boluucnumenvuyro cucmemy MOXHO OIPENEINTh, KaK COBOKYIIHOCTb
anmapaTHbIX M MOPOrPaMMHBIX CpeACTB, (GYHKIUOHUPYIOIIUX B €AMHOM CHUCTEME U
IIpEeHA3HAaYEHHBIX JJI pElIeHHs 3a7ad ONPEIEICHHOIo Kiacca. PaccMOTpuUM CTpyKTypHYIO
OpraHMU3aI1I0 BEIYUCIUTEILHONU CUCTEMBI.

1.1.1 Crpykrypa BC

TpanULIMOHHBIM MPEICTABICHUEM CTPYKTYPbl BBIYMCIUTEIBHON CHUCTEMBI SIBISETCS
nupamuja (Puc. 4). Kaxnaplii u3 ypoBHEH mupaMuibl ONpPENENsieT CBOM ypOBEHb aOCTpakLuu
CBOMCTB  BBIUMUCIUTEIBHON cucTeMbl. (OCHOBaHHMEM SBIIETCS AaNNapaTHbIH  ypPOBeHb
BBIUHCIUTEIBHON CHUCTEMBI — 3TO OCHOBA BCEHl MepapXuu, TaK KaK MHOTME XapaKTEPUCTUKU U
(GyHKIIMOHATIbHBIE BO3MOXKHOCTH TOCJIEAYIONIMX TMPOTPAMMHBIX ypPOBHEH CYyIIECTBEHHO
ONpENEIAIOTCS.  CBOWCTBAMM  almaparypbl  KOMIIBIOTEPA,  HAxXOMAIIErocss B OCHOBE
BBIYMCIIUTEIbHON CUCTEMBI.

[IpencraBnenue 0 BO3MOYKHOCTSX M CBOMCTBAX KOHKPETHOW BBIYHUCIUTEIBHOM CUCTEMBI
dbopMupyroTCs € TO3UIUN KaXIOro U3 YypOBHEH CTPYKTYpHOM opraHuzanuu. Tak
BBIUMCIIUTENbHAS CUCTEMA IPECTABIISIETCS MOJIb30BaTENI0 MPUKIAJAHON CUCTEMBI, paboTaromen
Ha KOMIIBIOTEPE, B BUJE COBOKYITHOCTH BO3MOXXHOCTEH 3TOM MpUKIagHON cucteMsl. [Ipumepom
MOYET CIYXXHTb UTPOBO aBTOMAT, SBISIONIMIACA KOMIBIOTEPOM, Ha KOTOPOM (DYHKIIHOHUPYET
ONEpAlMOHHAs CHUCTEMa, a TaK)Ke€ UIpoBas MporpaMma, KOTOpas B JAHHOM CiIy4ae SIBISETCS
npuKIagHoOW cuctemoil. llosb3oBaTento JaHHOM CHENMAIU3UPOBAHHOM  BBIYUCIMTEIIBHON
CHUCTEMBl €€ CBOWCTBa MPEACTABIAIOTCS B BHJE (PYHKIIMOHAIBHBIX BO3MOXKHOCTEH HIPOBOM
IpPOrpaMMbl U HUTOIOBOM MPOM3BOAMTEIBHOCTBIO CUCTEMBI (€C/IM TPOIECCOpP KOMIIbIOTEpa
MaJIOMOIIIHBIH, 10 JUHAMHKA UTPBI MOKET OBITh HEIOCTATOYHOM ).

Hpyroii npumMep — KOMIIBIOTEpP, HUCIMOJIB3YEMbIM JUIsi OOyYEHHUS HIKOJIBHUKOB S3BIKY
IpOrpaMMHUpOBaHUsl. JTO O3HAYAET, YTO JJIsl LIKOJIbHUKA WM €r0 YYMTENs CBOWCTBA JTAHHOM
BBIUMCIUTENBHOM  cHUCTEMBl OyayT TMpPEACTaBIATBCA C TMO3MLIMA  ypOBHS  CUCTEMBI
MIpOrpaMMHUpPOBaHUs, MOCTPOEHHOM HAa OCHOBE TpPAHCISATOpa S3bIKa IMPOTPAMMHMPOBAHHUSA, Ha
KOTOpOM HJieT oOyueHue. IIpencraBnenne CBONCTB BEIUMCIUTEILHOW CUCTEMBI B IAaHHOM Cllydae
Oyner ¢opMUpOBaTbCS M3 IOJIB30BATEIBCKOTO HHTEpdeiica cucTeMbl MPOrpaMMUPOBAHUS B
COUETaHUM CO CBOMCTBAMHU U IPOU3BOAUTEIBLHOCTHIO ANNIapaTHBIX KOMIIOHEHTOB KOMIIBIOTEPA.

10



[Ipuknaaneie h
CHCTEMBI

CucTeMbl
MPOTPaMMHUPOBAHUS

Ynpasienue goruyeckumu/
BHUPTYAJbHbIMH YCTPOHCTBAMU > BC

~ OC

YnpapieHue GpU3NYECKUMHA
ycTpoiicTBaMu

AnmnapaTHbIe CpeicTBa

Puc.4. CTpyKTypa BBIYHCIUTEIBHOI CHCTEMBI.

B3aumocBa3n ypoBHEH HMepapXU4eCKOW CTPYKTYpbl BBIYMCIUTEIBHON CHCTEMBI, HX
XapaKTepUCTHUKU MOTYT TPOSBIATHCS KaK B BHUJE HENOCPEACTBEHHBIX MEKYpPOBHEBBIX
UHTEpQECcoB, ONpeIeICHHBIX 0HO3HAYHBIM HA0OPOM MPABUII UCIIOJIb30BAHHUS O0BEKTOB OJJHOTO
YPOBHS JPYTUM, TaK U KOCBEHHBIM BIIMSHUEM OJIHOTO YPOBHs Ha apyroi. [lpumepom nogobHorO
KOCBEHHOI'O B3aUMOJICHCTBUSL MOXET CIY)KUTh BIIMSHHME, OKAa3blBAEMOE Ha XapaKTEPUCTHKU
(GYHKIMOHUPOBAHUS BCEH BBIYUCIMUTEIBHOW CHUCTEMBI B II€JIOM, HPOU3BOAMTEIBLHOCTU WU
€MKOCTH allapaTHbIX KOMIIOHEHTOB KOMIIbIOTEpa (BHEIIHUX YCTPOWCTB, IpoLEeccopa,
ONEpaTUBHOM NaMATH, JUHUM CBA3M U 1p.). B KadecTBe WIIIOCTpAallUM pPacCMOTPUM
BBIUHCIUTENBHYIO CUCTEMY, UMEIONIYI0 KaHajl CBsI3U, obecreunBaroninii qoctyn B MaTepHET co
ckopocthio 64 Kbps. JlanHas cucteMa CMOXKET 00€CIeUYHUTh JOCTAaTOYHO KOM(OPTHBIE YCIOBHUS
JUIs. MHTEHCUBHOM paboThl B MHTepHeTe OJHOTO—IBYX mojb3oBaTeneld. Ecnm komndecTBo
noJsib3oBaTeneil BozpacteT A0 10, OyayT BO3HHMKATH 3aJ€pKKH MpU 0O0pabOTKE 3ampocoB, YTO
CHU3UT KauecTBO paboThl mojbp3oBatenei. Ilpm pocre uwmcna momawb3oBareneir mo 100,
OpraHM30BaTh UX MHTEHCUBHYIO paboTy B MIHTepHETE Ha JaHHOW BBIYMCIIMTEIBHOW CUCTEME HE
MPEJICTaBISIETCS] BO3MOXKHBIM, T.K. MPOIYCKHAs CMOCOOHOCTh KaHalla CBSI3M HE CIPaBUTCA C
IIOTOKOM 3aIIPOCOB, MOCTYMAOLIUX OT Mojb30BaTesell. Takum 00pa3oM, IposBISETCS KOCBEHHOE
BIIMSTHUE TIPOMYCKHOW CIIOCOOHOCTH KaHalla CBSI3W Ha AKCILTyaTallMOHHbBIE XapaKTePUCTHKH (MIIN
KauyeCcTBa) BHIYMCIUTEIBHON CUCTEMBI.

PaccMoTpuM OCHOBHBIE XapaKTEPUCTHKH M CyTh B3aUMOCBSI3M YPOBHEH NHUpaMUBbI,
IPEJICTABIISIONIEH CTPYKTYPY BBIUNCIUTEIbHOW CUCTEMBI.

1.1.2 AnnapaTtHbIi¥ ypoBeHb BC

Wrak, anmapaTHbIi YpOBEHb BBIYMCIUTENIBHON CHUCTEMBI OIpeAesercs Habopom
anmnapaTHbIX KOMIIOHEHTOB M HX XapaKTEPUCTHK, HCIOJIb3YEMBIX BBIIIECTOSLIMMH YPOBHSIMU
MEepapXUM U OKa3bIBAIOIIMX BIMSHHE HAa 3T ypoBHU. C MO3uIUI YpOBHEH, pacroOoKEHHBIX
BBIILIE, AIllIapaTHBI ypOBEHb IMPENOCTABIISIOT T.H. (pU3M4YecKHe pecypchbl, Wi (U3HYECKHe
YCTPOIicTBa BBIUMCIUTENBHONW cucTeMbl. Kaxkaomy ¢usnueckoMy pecypcy COOTBETCTBYIOT
OIpPEZICIICHHBIE aIlllapaTHbIE KOMIIOHEHTBHI KOMIIBIOTEPAa M MX XapaKTEPUCTUKH. PU3HUECKUMU
pecypcamMu SIBISIFOTCSA ITPOLIECCOP KOMIIBIOTEpA, ONEpaTHBHAs MaMATh, BHELIHUE YCTPOWCTBA,
BXOJSIIME B COCTaB KoMmbioTepa. Kaxnomy gusnueckoMy pecypcy BBIUHUCIUTEIBHOW CUCTEMBI
0OBIYHO COOTBETCTBYIOT CJIEIYIOIINE XapaKTEPUCTUKH:

— MNpaBWja MNPOrpaMMHOIO HCHOJb30BAHMSA, ONPEICISAIOIINAE BO3MOXKHOCTb
KOPPEKTHOTO HCIOJb30BaHUS JIAaHHOTO pecypca B MporpaMmme (Ui mpoleccopa
KOMITBIOTEPA 3TH INPABWIA OIMCHIBAIOT MAIIMHHBIA SA3BIK — CHCTEMY KOMAaHJ
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JAHHOTO KOMITBIOTEpa, Ha OCHOBAaHWU KOTOPOW BO3MOXKHO TIOCTPOCHHUE
paborTaromieil mporpaMMmsl, Uil BHEUIHETO YCTPOMCTBAa KOMIIbIOTEpa MOJOOHBIE
NpaBUJIa OMKMCHIBAIOT CIIOCOOBI TPOTPAMMHOTO YITPABIICHHSI TaHHBIM YCTPOHCTBOM,
K IPUMEPY, 3TO MOTYT OBITH CIelIMaIbHble KOMaH/1bl BBOAA-BBIBOIA MTPOLIECCOPA);
— mapameTpbl  (DU3MYECKOro pecypca, XapaKTepHU3yIOIIUe ero 0ObeMHbIe
XapaKTePUCTUKH M/WJIH MPOU3BOAUTENBLHOCTH (IS IIpolieccopa KOMIIbIOTEepa
TAKUM IMapaMCTPOM MOXKET CIYKHUTb €ro TaKTOBasA 4aCTOTa, a AJid BHCUIHCTO
3a[IOMHHAIOIIETO YCTPOHCTBA — 00BhEM MH(POPMAIIUHU, KOTOPAsk MOXKET XPAHUTHCS
Ha JJAHHOM YCTPOWCTBE M CKOPOCTh JJOCTYIHA);
— CTCNEHb HCIIOJIb30BAHUS JTAHHOTO (M3MUYECKOrO pecypca B BBIYUCIUTEIBHOM
CHCTEME — 3TO MapaMeTPhl, KOTOPHIE XapaKTEPU3YIOT CTeNeHb 3aHATOCTH HJIN
HCIO0JIB3YEMOCTH JIAHHOTO (PM3HYECKOTo pecypca (Ist mpoleccopa KOMIbIOTepa
TAKOW XapaKTEPUCTHKOW SBISICTCS BpeMs €ro paboThl, 3aTpayeHHOE Ha
BBINIOJIHEHUE TPOrpaMM MOJIb30BaTEICH, Ui ONEPATUBHOIO 3allOMHUHAIONIETO
YCTPOUCTBA 3TO OyJIeT 00bEM UCIIOJIb3YEMON aMSITH, JIJISl JIMHUH CBSI3H — 3TO ee
3arpy>K€HHOCTB).
B mnpunHnmmne HeT eaMHOro TpaBWwiIa (OPMHPOBAHUS ATHX XapPAKTEPUCTHK I JIHOOOTO
(HU3HYECKOro pecypca: OHH 3aBUCST OT KOHKPETHOTO YCTPOHCTBA KOMITBIOTEPA, OT apXUTEKTYPhI
KOMITBIOTEPA, OT CTPATETHH KCIIOJIb30BaHUsI IaHHOTO pecypca. Tak, Harpumep, Isl OJJHOTO U TOTO
K€ BHCHIHCTO YCTPOﬁCTBa InpaBujia €ro MPOrpaMMHOIO HCIIOJIB30BaHHA MOT'YyT CYHICCTBCHHO
OTJIIMYATHCS OT TOTO, KAKMM 00pa3oM JaHHOE YCTPOMCTBO MOAKIIIOYEHO K KOoMIbIoTepy. O0 3TOM
Oonee MoapoOHO OyJeT paccka3zaHO HECKOJIBKO TO3/HEEe, B MyHKTE, MOCBAIICHHOM BHEIIHUM
YCTPOWCTBAM KOMITbIOTEpa (CM. pasaen 2). Tem He MeHee, TaHHbIE XapaKTCPUCTUKH CITYXKaT ISt
o0ecrieueHus B3aUMOCBSI3U alrapaTHoro ypOBHS BBIYUCIIMTCIBHO CHUCTEMbI C MOCICAYIOIIMMU
YPOBHSIMH UEPAPXUH.

Ecnu Mb1 Oy1eM paccMaTprBaTh ypOBHU OPTaHU3ALUU BEIUUCITUTEIBHON CUCTEMBI C TOUKH
3peHHS BO3MOXXHOCTEH M CPECTB IPOrPaMMHUPOBAHISI, TO HA alllapaTHOM YPOBHE ITOJIb30BATEIIO
BBEIYHCIUTEILHON CHCTEMBI MpeaOCTaBJICHBI B KA4YC€CTBEC CPCACTB MNPOrpaMMHPOBAHUA CHUCTCMaA
KOMaHJl KOMIIbIOTepa U anmapaTHble HWHTEpP(EHChl MPOTrPaMMHOTO B3aUMOICHCTBUS  C
(Gu3MYeCKMMHU pecypcaMu, YTO Ha CaMOM JieJie TNPAKTHYECKU IIOJIHOCTHIO COBMAAAeT CO
CpeICTBaMH MPOrPaMMHPOBAHUS, KOTOPbIE OBLTH JJOCTYITHBI MPOrPaMMKCTaM Ha PaHHUX 3Tanax
OCBOCHUS KOMITBIOTCPOB IIEPBOTO IMOKOJICHHUA.

1.1.3 YnpaBneHue cpusanveckumm pecypcamu BC

YpoBeHb ynpaBieHus GU3NUIECKUMHU PECypcaMu — 3TO TEPBbI YPOBEHb CHCTEMHOIO
NPOrpaMMHOI0 00ecne4eHnsl BEIUNCIUTEIbHON cucTeMbl. Ero Ha3HaueHne — cucTeMaTh3anus
U CTaHAApPTH3alMs TPaBUJI MPOTPAMMHOTIO HCIIOJIB30BaHUS (Qu3nuecKkux pecypcoB. s
WITIOCTpAllMM MpoOJIeMbl BEpHEMCS BO BPEMEHH K KOMIIBIOTEpPAM IIE€PBOIO IOKOJCHMS.
HavanpHbIil 3Tan 3apoXaAeHNs BBIYMCIUTEIBHON TEXHUKU OBLI 3TAllOM CTPYKTYPHOI'O «Xaocay:
BBIUMCJIMTENbHAS CUCTEMA MPEICTABIIAIACH ABYXYPOBHEBOM MOJEINBIO, COCTOSALIEH M3 ypOBHS
anmaparypbl KOMIIBIOTEpa M YypPOBHS BCEro mporpaMMHoro obtecnedenus. Ilporpamma
HOJIb30BATENsl BKIOYajga B ce0s Kak KOJOBYIO 4acTh, PEAIM3YIOIIYI0 pelleHHe KOHKPETHOMH
NPUKIAJHOW 33/Ja4M, TaK M 4YacTh, KOTOpas obOecreunBaia B3aUMOACWUCTBHE C (DU3NYECKUMU
yCTPOHCTBAMM KOMIIbIOTEpa (B OOJIBLIMHCTBE CIIyyaeB peyb IUIa 00 yNpPaBICHUH BHEIIHUMH
yCTpoHCTBaMH KoMIbioTepa). [IporpaMMupoBanue ynpasieHus: GU3NIECKUMHU YCTPOMCTBAMHU —
JIOCTAaTOYHO KpOMOTJIMBasi paboTa, MpHU KOTOPOH HEOOXOJMMO YUMTHIBATH CIIOKHYIO JIOTHKY
OpraHu3aly B3aUMOJEHCTBHS C KOHKPETHBIM YCTPOMCTBOM KommbroTepa. i ajmanranuu
BO3MOXHOCTH MpOrpaMMbl Ui paOOThl C JpyrMMH THUIAMHU YCTPOHCTB TpeboBasach
CylecTBeHHast MOJU(PHUKAIHS KOJIa IPOTPaMMBI B 4aCTH, 00ECTICUMBAIOIIEH 9TO B3aMMO/ICHCTBHE,
YTO IPUBOJNJIO K CYIIECTBEHHBIM TPYA03aTpaTaM, a TAKXKE CHUKAJIO HAaJIEKHOCTh IPOTrPaMMBI W3-
3a pocTa pHCKa BHECEHHSI OIIHOOK B JIOTHKY €€ PabOTHI.
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YacTU4YHBIM pelIeHHEeM ATHX MPOOJeM CTajo MOSABICHUE CIEUUATbHBIX CTAaHAAPTHBIX
porpaMMm — JApaiiBepoB (PU3NUECKUX pecypcoB (WU ApaiiBepoB (U3MYECKHX YCTPOICTB).
/lpaiisep ¢puzuueckozo ycmpoiicmea — nporpaMma, OCHOBAHHAsI HA HMCIOJb30BAHUM KOMAaHJ
YIpaBJICHUS! KOHKPETHOTO (PU3MUECKOro YCTPOMCTBAa W IpeaHa3HAu€HHAs JJIsl OpraHu3aliu
paboTHI C JTaHHBIM YCTPOUCTBOM. [[paiiBep pu3HUECKOro yCTPOMCTBA CKPHIBAET OT MOJIb30BATEIIS
JIeTaJbHBIC 3JIEMEHTHl YIPaBICHUS KOHKPETHBIM (PU3UYECKHM YCTPOWCTBOM M IPEIOCTABIISET
MOJIB30BATEIO YIIPOIICHHBIN MPOrpaMMHBIN HHTepdelic paboTel ¢ ycrpoiicTBoM. MHTepdetic
npaiiBepa (pU3MIEeCcKOro yCTpOHCTBA OPUEHTUPOBAH Ha KOHKPETHBIE CBOMCTBA yCTporcTBa. Takum
00pa3oM, B BHIYHCIUTENBHOM cucTeMe, CliocOOHOM OAHOBPEMEHHO padoTaTh CO 3HAYUTEIHHBIM
KOJIMYECTBOM YCTPOMCTB (yCTpoiicTBa I€4aTd, YCTPOWCTBAa BHEIIHEH NaMATH U T.IL.),
MOJIb30BATENI0 CTAHOBUTCS JJOCTYIHBIM CHEKTP ApanBepoB (PU3MUECKUX YCTPOIMCTB, KaXKIABIA U3
KOTOPBIX MMEET CBOM OCOOCHHOCTH HCIIOJIb30BaHMA. JlpaiiBep (U3NYECKOro YCTpOHCTBa CTal
HEOTHEMJIEMON YacThl0 caMoro (U3UYECKOTO YCTpOHCTBA W B OOJIIIMHCTBE CIy4yacB
pa3palaTbIBaJiCsl IPOU3BOJUTENIEM YCTPOUCTBA BMECTE C CAMU YCTPOMCTBOM.

CoOBOKYIHOCTh JIpaiiBepoB (PU3UUYECKUX YCTPONCTB COCTABIISIET YPOBEHb yNpPaBJIeHHSA
(pM3UYEeCKMMHU YCTPOHCTBAMM BBIUNCIUTEIBHON CHCTEMBI. Y POBEHB YIPaBICHUS (PU3NIESCKUMU
YCTPOWCTBAMM CTaHAAPTU3YET MPABUJIA, IO KOTOPHIM BO3MOXHO BHECEHUE B CHUCTEMY HOBBIX
NpaiiBepoB ycTpoiicTB. ClieyeT OTMETHTh, YTO B CUCTEME JUIS OJTHOTO M TOTO K€ (PU3HUECKOTro
YCTPOKCTBA BO3MOXHO HAJTMYHE HECKOIBKUX PA3JIMYHBIX IPaiBEPOB, KOTOPHIE UMEIOT Pa3InYHbIC
N0JIb30BATEIbCKHE UHTEPQEHCHI, a TAK)KE MPEIOCTABISAIOT pa3InyHbIe BO3MOXKHOCTH. [IprMepom
MOXET CIIy>)KUTh YCTPOMCTBO MAarHUTHOM JIEHBI, KOTOPOE B 3aBUCUMOCTH OT JpailBepa MOKET
COXpaHATh HHPOPMALIKIO IMOO B BUJIE MOCIIEA0BATEIILHOCTH OJIOKOB OJTMHAKOBOTO pa3mepa, JT0o
B BH/IC JIOTHYECKUX 3aIMCEl MPOU3BOJIbHOTO pa3mepa (Puc. 5).

0 1 2 3
[paiiBep A

[TocnenoBaTenbHOCTh OJOKOB OJMHAKOBOTO pa3Mepa.

Bcero 3ansito 4 Gioka.
paiiBep B

A 3anuch NPOU3BOIBEHOTO pa3Mepa
Mapkep ’ Mapkep
HayaJa 3anucu KOHLIA 3aMMCH

Puc.5. TIpumep 3aBHCHMOCTH OT ApaiiBepa.

Takum o0Opa3oM, Ha ypoBHE yIpaBieHUS (uzndeckumMu pecypcamu (yCTpOWCTBAMM)
BBIYUCIIUTENIFHOW CHUCTEMBI IOJIB30BATENIO JOCTYITHA CHCTEMa KOMaH]l KOMIIBIOTEpa, a TaKke
uHTepdeicH qpaiiBepoB HU3MUECKUX YCTPOHCTB KOMITBIOTEPA.

[losiBieHne ypoBHs ymnpaBieHHS (QU3UUYECKUMHU YCTPOHCTBAMH YIPOCTHUIIO TIPOLIECC
alanTaly IporpaMMBl Ul paOOTHI ¢ Pa3IMYHBIMUA THIIAMH M Pa3HOBHIHOCTSIMU YCTPOWCTB, a
TaKXKe CYIIECTBEHHO IIOBBICWJIO HAJEKHOCTh TPOTPAMMHUPOBAHHS W CHH3WIO YpPOBEHb
TpeOOBaHMH K MPOTPAMMUCTY O 3HAHUU CHEUU(PHUKH YIIPABICHUs] KOHKPETHBIMHU YCTPOWCTBAMHU.
OpHaKo HCIIONB30BaHUE UCKITIOUUTENFHO YPOBHS ApaiiBepOB (PH3MUECKUX YCTPOHCTB OCTABUIIO
psa crienupuIecKux mpooieMm:

— TIPOTPaMMHUCT JIOJDKEH OBITh «3HAKOM» CO BCEMHU MHTepdericaMu IpaiiBepOB HCIOIb3YEMbIX
(U3NIECKUX YCTPOUCTB;

— TpOTpaMMBbI  TOJB30BATEJICH, WCIONB3YIOMINE KOHKPETHBIE JpaiiBepbl (pu3myeckux
YCTPOICTB, TOIKHBI MOAMMUIIMPOBATHCS KX pa3, KOrjaa BOZHUKAET HEOOXOAMMOCTh
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HCIIOJIB30BaTh IpyTrue GU3NUECKUE YCTPOKUCTBA JAHHOTO TUIA (3TO paboTa HECOM3MEPHMO
IpoIle TOH, KOTOpas BBIMOJHSATIACH, KOTJAa BHEIIHEE YCTPOWCTBO HEMOCPEICTBEHHO
POTPAaMMHPOBAIOCH B IpOrpamMMe MOJb30BaTels, HO, TeM HE MEHee, B IMPOrpammy
HE00X0/IMMO BHECTH U3MEHEHUS, MO3BOJISIOIINE HCIIONIB30BaTh APYToi ApaiiBep ¢ APYTrUMH
uHTepdencaMn).

1.1.4 YnpaBneHune norn4yecKMMu/BUpTyanbHbIMU pecypcamMmu

Pa3zButeM CHCTEMHOrO MPOrpaMMHOIO OOECHEeYeHHs] CTalo IOSBJICHHE YPOBHS
yIpaBJIeHHUs JOTHYEeCKMMH, UM BUPTYAJIbHBIMH, pecypcaMu (U ycTpoiicTBamu). B ocHOBY
3TOr0 YPOBHS JIETJI0 00001eH1Ee 0COOEHHOCTEH (PU3NUECKUX YCTPOMCTB OJTHOTO BU/IAa U CO3/IaHHE
NpaiiBEpOB, UMEIOIUX eMHbIe HHTEP(EICHI, TOCPEACTBOM KOTOPBIX OCYIIECTBISETCS TOCTYH K
pasInYHbIM  (PU3MUYECKUM YCTpoWcTBaM oAHOro tuma. Jlng 3TuX nene B COBpEMEHHBIX
BBIYMCIIMUTEIIBHBIX CUCTEMAx IIPEAyCMOTPEHA BO3MOXKHOCTb IPOTPAMMHOIO CO3JaHMS U
UCIIOJIb30BaHUS T.H. JI02UYECKUX, WU 6UPMYATbHBIX, pecypcoeé (BUPTYalbHOE —HEUTO pealbHO
HE CyILIECTBYIOLIEE, HE HUMEIOIIIEe peanbHOi, ¢buznveckoi OpraHH3aIin).
Jlocuueckoe/supmyansnoe ycmpoiicmeo (pecypc) — 3TO YCTPOICTBO/pecypc, HEKOTOpPbIC
AKCIUTYTALlMOHHBIE XapaKTEPUCTUKU KOTOPOTO (BO3MOYKHO BCE) pealii30BaHbl MPOrpaMMHBIM
o0pa3oM. COBpeMEHHbIE BBIYMCIMTEIbHBIE CUCTEMBI IO3BOJSIOT CO3/4aBaTh pPa3HOOOpa3HbIE
JIOTUYECKHE/BUPTyaIbHBIE  YCTPOHCTBA M COOTBETCTBYIOIIME UM JApaiiBepwl. /Ipaiieep
J102U4eCcK020/6UpmyanbHo20 pecypca — 3TO IporpaMMa, o0ecreunBarolias CylleCTBOBAHUE U
UCIIOJIB30BAaHNUE COOTBETCTBYIOLIEIO pecypca. [ 3TUX Lesel Mpu ero peanu3alnuyd BO3MOXKHO
UCIIOJIb30BaHUE CYIECTBYIOUIMX JIpaiBepOB GU3NUYECKUX U BUPTYAIbHBIX YCTPOHCTB. Bo3MoxkHO
MOCTPOCHHUE JIOCTaTOYHO PA3BUTONW HepapXHM JIOTMYECKHX ycTpoicTB. Hampumep, na Puc. 6
n300pakeHa yIpolleHHas cXxeMa OpraHu3aliK BBOJIa-BbIBO/A B cucTteMe. OHa BKIItOYaeT B ceOs
MHOTOYPOBHEBYIO HEPAPXHIO BUPTYAIbHBIX M (PU3HMUECKUX YCTPOHCTB U COOTBETCTBYIOIIUX UM
JpaiiBEpOB, 10 cTENEeHU 000O0IIEHUS KOTOPBIX MOKHO BBLAEIHUTD CIIEIYIOLIME IPYTIIIbIL.

A. JlpaiiBepbl (pU3NUECKUX YCTPOUCTB — 0OECIEUMBAIOT TOCTYN K KOHKPETHBIM (PU3UUYECKUM
ycrpoiictBam. Hanpumep, npaiiBep xkectkoro nucka ¢upmsl IBM monmenu Deskstar wmm
npaiiBep kecTkoro aucka ¢upmbsl Seagate monenu Barracuda 3. Kaxnelii U3 JaHHBIX
JpaiiBepoOB UMEET 0COOEHHOCTH, XapaKTEePU3YIOIINe KOHKPETHOE YCTPOICTBO, OTpaKEHHBIE
B COOTBETCTBYIOLIEM HHTepeiice.

B. [paiiBepbl BUPTyaJbHBIX YCTPOMCTB OINpEAENEHHOro THMA (Hampumep, JpaiiBep
BUPTYaJlbHOTO  JIUCKA), MPEJOCTaBIAIOT 0000IIeHHbIe HHTepdeicsl jaocTyna K
pPa3HOOOpa3HbIM (U3MUECKUM YCTPOWCTBAM JIaHHOTO Tuma. [laHHBIE ApaliBepbl UMEIOT
CBSI3U C JpaiiBepaMH KOHKPETHBIX (PU3MUYECKUX YCTPOICTB JaHHOrO THMA. 3ampoc K
JAHHOMY JipaiiBepy BUPTYyaJIbHOTO YCTpPOWCTBAa OOBIYHO TpaHCIUpPYETCS JpailBepy
KOHKPETHOTr0 (PM3NYECKOr0 YCTPOICTBAa M, B KOHEUHOM HTOTe€, YNPaBIISIOLUINE KOMaH]IbI
MIOJIyYUT camMoO yCTpoucTBO. Kpome TOro, BO3MOXHA «pealn3alus» BUPTYAIBHOIO
YCTPOWCTBA ONPEIEIECHHOIO THUIIA HA YCTPOMCTBAX APYTUX THUIIOB, HAIIPUMEpP, BO3MOKHA
opraHuszanusi padoTbl C BUPTYyaIbHBIM JHCKOM, pEallM30BaHHOM Ha IPOCTPAHCTBE
OIIEPAaTUBHOU IAMSTH, B 3TOM CJIy4ae JpaliBep BUPTYaJIbHOI'O YCTPOMCTBA UMEET CBS3b C
npaiiBepaMu GU3NYECKUX YCTPONCTB IPYTUX TUIIOB.

C. JpaiiBepsl BUPTYaIbHBIX YCTPOWCTB, KOTOPHIM 3aTPYyAHUTEIBHO OCTABUTh B COOTBETCTBHE
¢uznyeckoe yYCTpOWCTBO WM Tpymny (GU3NYECKUX YCTPOWCTB OMNPEJECICHHOTO THIA.
[TpumepoM MOTYT CIyXHUTh JpaiiBepbl pa3IUYHBIX (ainoBeix cucteM (daiinoBas
cucTeMa — IPOrpaMMHBIM KOMIIOHEHT BBIYHMCIMTENBHOM CHUCTEMBI, 00eCHeunBaOLIMN
MMEHOBAHHOE XPAaHEHHUE U JOCTYI K ITaHHBIM).

OCHOBHBIM pe3yNbTaTOM IOSIBIICHHS YPOBHsI YNIPABJICHNs BUPTYalIbHBIMU YCTPONCTBAMH
BBIYUCIUTEILHOW CHUCTEMbI CTaja MHOTOYPOBHEBas yHHU(UKalus HHTEepdeiicoB AocTyma K
pecypcaM  BBIYMCIMTENBHOM  CHUCTEMBI, 4YTO  CYIIECTBEHHO  yNPOCTWIO  Ipodiiemy
[IPOrpaMMUPOBAHUE YCTPOWCTB KOMIIBIOTEPA, @ TAKKE IPEIOCTAaBUIO KAYECTBEHHO HOBBIC
BO3MOXHOCTH B (DyHKIIMOHUPOBAHUH BBIYUCIUTEIbHBIX CUCTEM U B CO3JIJaHMH UX NIPOrPaMMHOI0
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obecnieyenus. [IpuMepoM MOTYT CITy>KUTh (aillioBble CUCTEMBI, KOTOPhIE 00ECIIEYNBAIOT IPOCTHIE
U HaJleKHbIe MHTePPEHCh MMECHOBAHHOTO XPAaHECHHSI W HMCIOJIH30BAHUS JTAHHBIX, MOJHOCTHIO
CKpBIBasi OT MOJIb30BATENs MPOOJIEeMbl ee BHYTpeHHeH opranuzanuu. K npumepy, mnonb3oBareib
COBPEMEHHOW BBIYUCIUTEIHHON CHUCTEMBI MOXKET HE TOJBKO HE 3HATh, HA KAKOM BHEIIHEM
3allOMUHAIOIIEM YCTPOWCTBE pa3MelleHbl JaHHble ero (aiiaoB, OH MOXET HE 3HaTh U
TEPPUTOPUATBHOE PACIIONOKEHHE W THUI KOMIIBIOTEPA, HA KOTOPOM XPAHSTCS €ro JaHHBIE.
Cy1iecTBeHHOE pa3BUTHE MOJIYYWIA CPEICTBAa YNPaBJeHHs BUPTYaJbHBIMHU YCTpPOHCTBaMu
(pecypcamu), KOTOpble OOECIEUMBAIOT KOHTPOJb 3a CO3JaHUEM M MCIIOJIb30BAaHHEM PECYpPCOB
BBIUHCIUTEIbHON CUCTEMBI.

Omnepannu BBO/1a/BBIBOJIA
open(), close(), read(), write()

daiimoBas
cucTeMa

«F:n
BupryanbHblil Juck

$0000000Preeetettettetnetnetnetnetnetnesne, 00000000000 0000000000boscscssrscrccne

JparBep
BUPTYaJIbLHOTO
JUCKa

A

JparBep

opanBe
HD IBM P P

daitnoBoit
CHCTEMBI

rpynna «B»

JpariBep
ONepaTUBHOMN
IIaMATU

A

rpynmna «C»

—

rpynmna «A»

0000000000000 00000000000000000000C0P0CROIETOGS,
®e0600000000000desccsssscesssssssssfoccsssncs
0000000000000 00CFCFRPCRTIORIOIRPOIOIORIYdOPROIOIPROISOIREIRIREROTS
09 ©000000000000000000000000d0000000000000000

OnepaTuBHast

YcrpoicTBO

HDD IBM MaMsITh

Puc.6. Cxema OpraHusanvv BBOAa-BbIBO/1a B CUCTEME.

HTak, MBI pacCMOTpEIIH J1Ba NIEPBBIX IPOIPAMMHBIX YPOBHS CTPYKTYPBI BBIYUCIUTEIBHON
CHCTEMBI — 3TO YPOBHH, OOecleYnBaronue GyHKINOHUPOBAHNE PECYPCOB B BHIUYMCIUTEILHON
cucreme. [lon pecypcamu evruucnumenvnoii cucmemvl Mbl OyzieM IOHUMATh COBOKYITHOCTb BCEX
(GU3NUeCKUX M BUPTYaJbHBIX pecypcoB. OMHON M3 XapaKTEPUCTHUK PECYPCOB BBIYMCIUTEIHHON
CUCTEMBI SIBJIIETCA X KOHEYHOCTh. TO €CTh paHO WJIN ITO3JHO B CUCTEME BO3HUKAECT KOHKYPEHLUS
3a 00JalaHle PECypCoOM MEXJy ero IporpaMMHbBIMU oTpeduTensamu. [Ipu aToM eciu peds uaer
0 TaKkoM BHUPTYaJlbHOM pecypce, Kak (aiiioBas cucremMa, TO KOHEYHBIM SIBIISIETCS pa3Mep
¢dainoBoil cHCTeMbl Ha YCTPONCTBaX XpaHEHUS MJaHHBIX, OTPaHUYEHUs Ha TPEJEIIbHOE
KOJINYECTBO 3apETMCTPUPOBAHHBIX B (ailioBoil cucteme Qaiinos. IMeHHO 3a 3TH mapameTpsl
BO3MOYXHO BO3HHKHOBEHHE KOHKYPEHIMH IPH HCIIONB30BaHUM (AMIOBOW CHCTEMBI. A Temepb
HOMBITAEMCSI BEPHYThCSI K TMpoOsieMe OnpeleNeHUs] MOHATUS OINEPalMOHHOW CHCTEMBIL.
Onepayuonnas cucmema — 35TO KOMIUIEKC IporpamM, oOOECIEUYMBAIOIIUN yIpaBIeHUE
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pecypcamMy BBIYMCIUTENBHON CUCTEMBI. JTO OCHOBHAsI KOHLENIHKsA NaHHOrO mnoHsATus. Ilo3nnee
MBI OyJIeM YTOUHSTh 3TO ONpeAeIeHue, paccMaTpuBaTh otAaenbHble pyHkimu OC. B cTpykTypHOH
OpraHM3alMy BBIYHACIUTEIBHOM CUCTEMBI ONEPALMOHHAS CHUCTEMa IPEACTABISAETCS yPOBHSAMU
yrpaBiIeHus: PU3NUECKUMHU U BUPTYaJbHBIMU PECYPCAMHU.

C TOUYKM 3peHus CpEICTB NPOTPaMMHUPOBAHHUA, JOCTYIIHBIX Ha YPOBHE YIIPAaBICHUS
BUPTYQJIIbHBIMA PECYpPCAMMU, I10JIb30BATEIIO MPEJOCTABIISAIOTCA CUCTEMAa KOMaHJ KOMIIBIOTEPA, a
Takxke MHTepdeiichl, odecneunBarolye J0CTy K yCTpoiicTBaM KOMITbloTepa (Kak (pu3nuecKum,
TaK M BUPTYaJbHBIM). JlOCTymHas IMOJB30BATENI0 COBOKYNHOCTh HHTEP(ENHCOB yCTPOHCTB
KOMITbIOTEpA MOXKET BKJIFOUATh B ce€0s1 Kak annapaTHble HHTEpdENChl 10CcTyna K yCTpOHCTBAM, TaK
U JpaiBepbl (pU3MUECKUX W/WIU BUPTYAIbHBIX yCTpoicTB. KOHKpeTHBIN cocTaB mHTEpdeiicoB
ONpEACIACTCS CBOWCTBAMHU BBIUUCIMTEIBHOM CHUCTEMBI, COOTBETCTBYIOIIMMH, YPOBHSMHU
yIpaBJICHUS pecypcamMu, a TaKKe MPUBUIIETUSIMH T0JIb30BaTeNs (00 3ToM moapoOHee MBI OyieM
TOBOPUTH HECKOJIBKO TO3HEE).

1.1.5 Cwuctembl nporpaMmMmmpoBaHus

[Ipexne yeM HayaTh pacCMAaTpPUBATH CIEAYIOIIMI YPOBEHb CTPYKTYPHOM OpraHu3aluu
BBIUYUCIUTENBHBIX ~CHUCTEM, OOpaTHMCA K TIOCJIEJOBAaTEIIbHOCTH 3TaloB, TPaJUIMOHHO
CBS3BIBAEMBIX C Pa3pabOTKON U BHEAPEHUEM MPOTrpaMMHBIX crucTeM. COBOKYMHOCTh 3THUX 3TAIlOB
COCTaBIISIIOT MHCU3HEHHDLI YUK RPOZPAMMbL B BBIYMCIUTENBHON cucTteMe. OCTaHOBUMCS Ha
OCHOBHBIX 33/1a4ax, pellaeMbIX Ha KaKJIOM W3 3TAIOB KM3HEHHOIO IUKJa Iporpammel. Cinegyer
OTMETHTb, YTO MBI OyZieM paccMaTpuBaTh TPATUIMOHHOE, He(hOPMAILHOE OIPEICIICHUE TAloB
YKU3HEHHOTO LIMKJIa IPOTpaMMBbl, KOTOpbie CHOPMUPOBATIUCH €CTECTBEHHBIM 00pa30oM B Ipoliecce
NOSBIICHUS W Pa3BUTHS BBIUYMCIUTEIBHOW TEXHHUKHM W TpOrpaMMHOro obOecrneyenus. Ha
CErOAHSIIHUNA JIeHb CYIIECTBYIOT MEXAYHAapOJHbIE CTaHIAPTHI, KOTOpble (HOPMATU3YIOT
NOHMMaHHE XM3HEHHOro Hukia nporpammbl (Hanpumep, ISO/IEC 12207: 1995 “Information
Technology — Software Life Cycle Processes), Ho 3T0 cTaHZapThl, COOTBETCTBYIOIIHE
VCKJIIOYMTEIBHO CETOAHAIIHEMY I[OHMMAHHUIO 3TOTO TEPMHUHA W CBA3aHHBIE BO MHOIOM C
CYIIECTBYIOIIMMHU Ha CETO/IHS TEXHOJIOTHSIMU MPOTrpaMMHUPOBAHUSI.

IIpoexTHpoBaHMe NporpaMMHON cucTeMbl. Ha 1aHHOM 3Tamne NpuHUMArOTCS peLIeHMs,
TpPaJMLIMOHHO BKIIIOYAIOLINE B ce0sl CleqyIoIINe IIary.

— MHccnenoBanue pemraemoilt 3agaud, (QOpMUPOBAHHE KOHIENTYalbHBIX TpeOOBaHUM K
paspabaTbIiBa€MO IPOrpaMMHOM cUcTEME.

— OrmpeneneHne XapakTEpPUCTUK 00beKTHOM BBIYUCIMTE]bHOH CHCTEMBbl — XapaKTEPUCTHK
anmapaTHbIX M MPOTPaMMHBIX KOMIIOHEHTOB BBIUYMCIUTEIBHOU CUCTEMBI, B PAMKaX KOTOPOU
Oyzaer paboTaTh co31aBaeMasi pOrpaMMHasi CUCTEMA.

— Iloctpoenne moaeneit GyHKIMOHUPOBAHHS aBTOMAaTU3UPYEMOT0 OOBEKTA.

— Ormpenenenne XapakTePUCTHK HMHCTPYMEHTAJBHOM BBIYHCJINTEJBbHON CHCTEMBbI —
BBIYUCIUTENFHON CUCTEMBI, KOTOpast OyAeT HCIOJb30BaThCs MPU CO3JaHUU MPOTPAMMHON
CHUCTEMBI. 3a4acTyl0 XapaKTEPUCTUKU OOBEKTHONW W WHCTPYMEHTAIBHOW BBIYHUCIUTEIHHOU
CHCTEMBl COBIAJAIOT: TUN BBIYMCIUTEIBHBIX CHCTEM, Ha KOTOPBIX B JaibHeiem Oyjaer
paboTaTh MporpaMMHasi CUCTEMa, COBMA/IAaeT C TUIIOM BbIUHCIUTEIBLHOM CHCTEMBI, KOTOpas
UCHoJb30Bajachk NMpu paspadorke. OpHako, B O0IIEM cilyyae 3TO HE COBCeM Tak. Tum u
KauecTBa MHCTPYMEHTAJBHBIX BBIYUCIUTENBHBIX CHUCTEM MOTYT B KOpPHE OTIMYAThCA OT
COOTBETCTBYIOIIUX XapakTepucTHK o00bekTHBIXx BC. IlpuMepoM MOXeT CIIyXUTh
MIPOrpaMMUPOBAHKE CIIEIUATN3UPOBAHHBIX BBIYMCIUTENBHBIX CHCTEM, MpeIHa3HauYE€HHBIX
JUIsL yOPaBIEHUS TEXHOJOTMYECKMMM IpoueccamMu. OUYeBUAHO, YTO CHELUAIN3HpPOBaHHAs
BBIYMCIINTENIbHAA CUCTEMA, KOTOpAasl YNPAaBIIAET HABUTALMOHHOW CHCTEMOW KOCMHYECKOIO
CIyTHHKa, HE JOJDKHA 00JIaaTh BO3MOXHOCTSIMH pa3paOOTKM Ha HEH MpOorpaMMHOIO
oOecneuenud. Cnenuanu3anys JaHHON CUCTEMbl OPUEHTHPOBAHA Ha PELLIEHUE KOHKPETHBIX,
JIOCTaTOYHO CHEIHANbHBIX 3a1ad (Hampumep, 0OpaOOTKM CHUTHAIOB, MOCTYMAIOUIMX OT
panapoB). IIporpammHoe oGecriedeHue ISl MOJAOOHON BBIYHCIUTEIBLHON CHUCTEMBI MOXET
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pa3pabaTbIBaTbCcsA OTICIIBHO, Ha BBIYUCIMTENBHON CUCTEME, NpEeAHAa3HAa4YeHHOM Uil ITHUX
Lemnen.
Bb160p OCHOBHBIX aIrOPUTMOB, HHCTPYMEHTAJIBHBIX CPEJCTB, KOTOPBIE Oy 1y T UCTIONb30BaHbI
IIpU IPOTrpaMMUPOBAHHMM, a TaKXKe pa3paboTKa apXUTEKTypbl MPOrpaMMHOIO PELICHMS,
BKJIIOYAIOIIEH pa3OueHne MporpaMMHOIO PELICHHs Ha OCHOBHBIE MOAYJIHM U ONpEciCHHE
MH(QOPMALIMOHHBIX CBSI3€H MEKIY MOIYJISIMH CUCTEMBI, a TAKXKe IpaBUJia B3aUMOJEHCTBUS C
00BEKTHOM BBIYUCIUTEIBHOW CUCTEMOM.
ATnipropHasi OIIeHKa 0)KMIa€MbIX pe3yibTaToB. OJUH U3 BaXHEHIINX I1aroB IPOEKTUPOBAHUS
IIPOrPaMMHOM CHCTEMBI, 3aKJIIOYaOLIMCS B IPEIBAPUTEIBHOM OLEHKE XapaKTEpUCTHK
MIPOEKTUPYEMOIr0 PEUIEHUS 10 Hadajla €ro IpakTUYeCKOoW peann3anuu. g stux neneu
UCIIOJB3YIOTCS pa3jiM4YHbIE METOABl MOZCINpOBaHMA. Hamuume anpuopHOM OLIEHKH
OKUJJAEMBIX PE3YJITaTOB IPOEKTUPOBAHUS IPOIPAMMHOM CUCTEMBI O3BOJISIET CYIIECTBEHHO
IIOBBICUTh Ka4ye€CTBO IPOIPAaMMHOI0 INPOJIYKTa, KOTOPbIM OyJeT co3laH Ha OCHOBaHWUU
pe3yJbTaTOB 3Talla IPOEKTUPOBAHNUS, @ TAK)KE COKPATUTh 3aTpaThl HA €0 CO3JaHMeE.

JlanHast mocnen0BaTeabHOCTD IArOB SBJISIETCS AOCTATOYHO YKPYIIHEHHOM, M HE BCEria

IIPOEKTHPOBAHME pa30MBAaeTCid Ha JMHEWHYIO I0OCJIEI0BAaTEIbHOCTh ATHX Iaros. Yacto
IPOEKTUPOBAHUE TMPEJCTaBIAET COOOK MTEPALMOHHBIA IPOLECC, B KOTOPOM BO3MOKHBI
HEOJ/IHOKpATHBIC BO3BPATHI K TEM HJIM UHBIM Hiaram (Puc. 7).

A 4

HccaenoBanue

A 4

XapakTepucTHKHN 00beKTHOM
BBIYHCIUTEJbHON CHCTEMBI

A
\ 4

A 4

A
A 4

Moneab HYHKIHOHUDOBAHUS

Y

XapakTepuCcTHKH HHCTPYMEHTATbHOM
BBIYHCIUTEJbHON CHCTEMBI

|

AJITOPUTMBI,
HHCTPYMEHTAJIbHbIE CPeACTBA

A
v

A
\ 4

A 4

ANIpHODHAA OLIEHKA

Puc.7. DTanbl npoeKTHPOBAHMS.

Crenyromuil dTan KU3HEHHOTO IMKJIA MPOrpaMMbl — KOJAHpPOBaHHE (MPOrpamMMHas

peanu3anus, WIM peajm3anusi). OTO dSTall MOCTPOEHHUS KoJa MPOTrpaMMON CHCTEMBbI Ha
OCHOBaHMHU cHenu(UKanuii, MOMyuYeHHBIX MpH €€ TNpoeKTHpoBaHWH. Ha maHHOM »dTame
HCIIOJIb3YIOTCSA HHCTPYMEHTANIBHBIE CPEACTBA IPOrPAMMUPOBAHUS:

TPAHCISATOPHl A3BIKOB MPOrPAMMUPOBAHMS, CPEICTBA MOJIACPKKA U HCIOIH30BAHUS

OoubmuoTexk mporpamMm, (GOpMUPOBAHUS MOMYJCH, KOTOPbIE MOTYT HWCIOJTHATHCA B

BBIYHCIIMTEILHOM CHCTEME;

CpEeJICTBA yIpaBIeHUS Pa3pabOTKOM MPOrpaMMHBIX TPOAYKTOB KOJUIEKTHBOM Pa3padOTIMKOB.
Pe3ynbpTaTom sTana KogupoBaHus SIBISIETCS peau3alus IporpaMMHON CUCTEMBI, KOTopast

MOYET MPEJCTABIATHCS B BUJE COBOKYITHOCTH MCXOIHBIX MOJYJIEH MPOrpaMMbl, OOBEKTHBIX TN
OMOIMOTEYHBIX MOJIYJICH, a TakKe MOJIYJIeH HCIONHIEMOro Koja pa3pabaTbiBaeMoi
nporpaMMmHoii cuctemsl (Puc. 8). Bonbinoe 3Hauenue st pa3pabOTKU OOJBINUX, JIOTUYECKU
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CIIOKHBIX HPOTPAMMHBIX CHCTEM HMEIOT CPEICTBA YIPaBICHUS pa3pabOTKON MPOrpaMMHBIX
IPOJYKTOB, KOTOpBIE TO3BOJIAIOT OPraHu30BaTh 3(P(PEKTUBHYIO KOJJIEKTUBHYIO pabOTy Hal
peanu3anyell MpOrpaMMHOTO MNPOEKTa. TpPaaWIMOHHO OHHM BKIIOYAIOT B ce0s Clemylomue
KOMITOHEHTBI:

Cnennpuxanus Monynu

HcnionusieMbli Ko,

KOINUPOBAHUNE

HcxoaHbIe TEKCTHI

[ Tpancaamoput ]

bubauorexu

Cpeocmea onsa

Cpeocmea ona paspadomku
UCROIb308AHUSA npozZpammHsLx
ouonuomex npooyKmoe

Puc. 8. KonupoBanme.

— CpeAcTBa aBTOMATU3allMU KOHTPOJISI HCIIONB30BaHUS MEKMO Ty IbHBIX HHTEP(EHCOB, KOTOPHIE
o0ecreynBarOT KOHTPOJb MPaBUIBHOCTH HCIOJB30BaHUS B Iporpamme CrHelu(uKanuu,
pEerIaMeHTUPYIOIIUX MEXMOJIYJIbHBIE CBsSI3W (KOJIMYECTBO, THI, TMpaBa JOCTyma K
napaMmeTpam, 00ecreyrBaronM MeKMOIYIbHON B3aUMOICHCTBHE B IIPOrpaMMe);

— CpeacTBa aBTOMATH3allMU MONyYeHHUS OOBEKTHBIX U HCIOJIHAEMBIX MOAYJEH MpOorpamMmbl,
o0OecreunBaroMe aBTOMAaTUYECKU KOHTPOJb 32 COOTBETCTBUEM MCXOJHBIX MOJyJIEH
OOBEKTHBIM U HCTIOJNHIEMBIM MOAYJSM (TakK, €Clid B MPOEKTE MOSBHIIACH HOBAs PEIaKIIUA
HEKOTOPOT'0 KCXOIHOTO MOJIYJISI, TO ITPH 3aITyCKE 3TOTO CPEJCTBA aBTOMATUYECKU TPOU30UET
MOCNIE0BATENBHOCTh JCHCTBHUM, OOHOBISIONUX OOBEKTHBIE W HWCIOJHSAEMbIE MOJIYIIH,
3aBHUCSILIKE OT JAaHHOT'O UCXOAHOI'O MOJYJIS);

— cHCTeMa TIOJUICPKKH BEPCHA — CHUCTEMa, IO3BOJISIONAs (PUKCHPOBATH COCTOSHUE
pa3paboTKu MPOTrPaMMHOTO MpOeKTa (CO3/AaHHEe BEPCUU MPOEKTa) U, IPU HEOOXOAUMOCTH,
BO3BpAIATHCS B pa3pabOTKe K TOW WJIM MHOW BEPCUU MTPOCKTA.

OTan TeCTHPOBAHMA MW OTJAAKM IPOrpaMMHON cHUCTEMBbL. MOXXHO MpEeACTaBUThH
nporpaMmy B BHJI€ HEKOTOPOI'O aBTOMATa, MOJYYarolllero Ha BXOJI€ MCXOJIHbIC JaHHBIC, a Ha
BbIXoJie (opmupyromuii pe3ynbrar (Puc. 9). OgHoi 13 3a1a4 TPOSKTUPOBAHMS MPOTPAMMHOMN
CUCTEMBI SIBJISIETCS OTIpeielieHUe ee MpaBuil (PyHKIIMOHUPOBAHUS, TOUYHEE, MPABWII, TI0 KOTOPHIM
JUISE BXOJIHBIX JAaHHBIX (DOPMHPYIOTCS BBIXOJHBIC AaHHbIE (WM pe3ynbTarhl). TecTupoBaHue
MPOrpaMMbI — TPOIIECC MPOBEPKH MPABHIHLHOCTHA (HYHKIIMOHHPOBAHUS IMPOTPAMMBbI Ha 3apaHee
oTpefieIieHHBIX HAa0opaxX BXOJHBIX JaHHBIX — TeCTAaX, WU TeCTOBBLIX Harpy3kax. B olmem
ciy4yae, TOBOPUTH O "MPaBWILHOCTU" MpOrpamMMbl BOOOIE HE COBCEM KOPPEKTHO. MBI MOXeM
TOBOPHUTH O MPaBMWIBHOCTH (HYHKIMOHUPOBAHHS MPOrpaMMbl Ha HEKOTOPHIX HaOOpax TECTOB.
Takum 00pa3om, IpU TECTUPOBAHUU BBISIBISETCS pabOTOCIOCOOHOCTh MPOrpaMMBbl Ha JIAHHOM
TecTe (MM Ha Habope TeCTOB) WIIM UMEIOIasicsl B mporpamme ommuoka. [ToHsITHO, uTO /U1 MH000H
POrpaMMbI a0COTFOTHO TTOJTHBIM TECTOM SIBJISIETCSI ITepeOOp BCEBO3MOXKHBIX BXOJHBIX JTaHHBIX
IpOrpaMMbl, HO MHOXXECTBO TaKMX TECTOB HACTOJBKO BEJIMKO, 4YTO 00paboTaTh HX HE
MPEACTABISIETCS BO3MOXKHBIM. [109TOMY aKkTyanbHOM 3a/1aueil B TECTUPOBAHUY SIBJISIETCS PEIICHUE
npo6sieMbl (HOPMHUPOBAHKSI MUHUMAJIBHOTO Ha0opa TECTOB MIJIM TECTOBBIX HArpy3oK, Hauboisee
MIOJTHO TIPOBEPSIONIMX (PYHKIIMOHATBHOCTD IIPOTPaAMMBbI (TECTOBOE MOKPBITHE).
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Puc. 9. TecrupoBanue.

JlpyruM KOMIIOHEHTOM JI@aHHOIO 3Tamna sBidercs orJjaaka. OTiagka — 3TO IOUCK,
JOKaJau3alMsg M HClpaBiieHHe 3aUKCUPOBAaHHBIX IPU TECTUPOBAHMM WM B IIpoLEecce
JKCIUTyatauuu omubok. s oOecneueHus mpouecca OTIAAKU MCIOJB3YIOTCS CIIELUANIbHBIE
IIPOrpaMMHBIE CpeACcTBa — OTIaTUuKu. CpencTBa OTIIAAKU CYILECTBEHHO 3aBUCAT OT THIA U
HAa3HAYCHMs CO3/1aBaEMOM IPOrPAMMHON CHUCTEMBI.

DTtanm  BBOAA NPOrpaMMHOIi  CHCTeMBI B JKcIUIyaTanuio (BHeapeHHe) W
conpoBoxaeHns. HemMaloBaKHBIM 3TaroM ’KM3HEHHOT'O LIMKJIA IPOTPAaMMBI B BBIYMCIIUTEIBHON
CUCTEME SIBJIIETCS OTall, CBA3aHHBIA C MPEACTAaBIEHUEM pa3padaTbIBA€MOIl MporpaMMHON
CHUCTEMBl B KayeCcTBE MPOrpaMMHOro mnponykra. OJIHMM U3 OCHOBHBIX TpeOOBaHMIA,
NPEABSBISIEMBIX K IMPOTPaMMHOMY TNPOAYKTY, SBIISIETCS BO3MOXXHOCTh — JKCIUTyaTalluy
COOTBETCTBYIOIIEH MPOrpaMMHON CHUCTEMbl 0€3 IOCTOSIHHOTO y4YacTHsl —pa3paboTduka
IIpOrpamMMBbl. DTO JOCTUTAETCs, C OJTHOM CTOPOHBI, COOTBETCTBYIOLIEH HAJAECKHOCTBIO POTPaMMBbI
([u1g 3TOrO MporpaMma JOJDKHA ObITh MAaKCHMMAaJbHO MOJHO MPOTECTUPOBaHA M YCTOWYMBA K
BCEBO3MOXKHBIM KOMOMHAIMSIM BXOJHBIX JAaHHBIX), @ C JPYrod CTOPOHBI — JTO HaJU4He
noJpoOHOM W aZeKBaTHON MporpamMme JOKyMEHTAaIlMM, HEeOOXOIMMOI Ui BCeX KaTeropHid
MOJIb30BaTeNNe JaHHOW MPOrpaMMHOM CHCTEMBI (II0JIb30BATEIb, CUCTEMHBIM NPOTrPaMMMCT,
aMUHHUCTPATOP, OIIEPATOP U T.IL.).

Wrtak, MBI paccMOTpeNlM OCHOBHBIE JTamlbl >KU3HEHHOI'O IMKJIA NPOrpaMMbl B
BBIUMCIUTENbHOM cucteme. [lpm co3maHum  pasiInyHBIX NPOTrpaMMHBIX CHCTEM, IIpHU
MCIIOJIb30BAaHUHU PA3IMYHBIX TEXHOJOTHM pa3pabOTKU JaHHBIE 3Talbl MOTYT BBIMOJIHATHCS Kak
JMHEWHO, TaK U UTEPALMOHHO, C BO3BpaTaMM OT OJHOIO 3Tamna K JApyromy, Mocjleq0BaTeIbHbIMU
YTOYHEHUSIMH  clieud(UKalMii M pacllupeHHeM peau3allid IPOrpaMMHOM  CHCTEMBI.
CoBpeMeHHbIE TEXHOJOIMH pa3pabOTKU MPOrpaMMHOrO oOecreueHHss CrnenupUIupyoT
pa3IM4yHbBle MOJIENIN OPTaHM3AlMU KU3HEHHOTO LHKJIA IPOrPAMMHOM CUCTEMBI. TpaauiroHHas
MoOIeTh — KackagHasi mojeasb (Puc. 10) — npeacrasinsier pa3paboTKy B BHE CTPOTO JIMHEHHOM
MOCIIE0BATEIBHOCTH 3TAINOB, KaX/bI U3 KOTOPHIX 3akaHUMBaeTcsd (uUKcaluen pesyJsbTaTta, U
TOJIBKO I10CJIE 3TOT0 HAYUHAETCS IMOCIEAY FOILMM.

19



ITpoexTupoBanue

A 4

Konuposanue

A 4

TectupoBanue

A 4

OTtianka

|

Puc. 10. Kackaanas Moxelb.

B ompeneneHHOM CMEBICTIE 3Ta MOJENb SIBIISCTCS BBIPOKIECHHOH, T.K. COONIOCTH ATH
IpaBWia Ha TMPAKTUKE JAOCTATOYHO CIOXKHO. [IprMepoM MOXET CHy>KUTh CBS3Ka JTamna
TECTUPOBAHUS U OTJAIKH C MIPEINICCTBYIOMUMH dTallaMH, KOTOpas 10 CBOCH CyTH UTEpPAIlMOHHA
(mocne oOHapyXeHHsI M JOKAIW3allUd OIIMOKH 3a4acTyl0 HEOOXOAMMO BEPHYTHCS K OJTaIy
KOJMPOBAHUS, 2 BO3MOXKHO ¥ IPOSKTUPOBaHHUs ). [I[parMaTuveckim pa3BUTHEM KACKaTHOW MOJICITH
SBISICTCS KAacKaJaHAas wuTepanmuoHHass wmoaeab (Puc.1l), koropas B o0mem ciyuae,
MIPEIOCTABIIICT BO3MOXKHOCTh OCYIIECTBIICHHS aHAIHM3a IMOJYYCHHBIX Ha 3Tale pe3yJbTaToB U
BO3BparT K JIF0OOMY MPEAIIeCTBYIOMIEMY JTaIy.

> IIpoexTupoBanue

A

A 4

Konuposanue

A 4

A

A 4

A\ 4

TectupoBanue

A

\ 4

A 4

Otnanka

A

Puc. 11. Kackagnasi nTepaniMoHHasi Mo/ieJIb.

CoBpeMeHHbIE TEXHOJIOTUH pa3paboTKU MPOrpaMMHOI0 00ecieueHrsl TOMUMO KacKaJ HON
MOJIETN UCTIONB3YIOT U APYTHe MOJEIN OPraHU3alluy KU3HEHHOTO UKJIA IIPOTPAMMHBIX CHCTEM.
B wacTtHOCTH, MOMyJIsipHOM SBJSETCS CHUPAJbLHAS MOJeJ]b OPraHu3allid KMU3HEHHOrO LHUKJIIa
(Puc. 12).

JlanHast MoJiellb OCHOBaHa Ha TOM, YTO MIpOIECC Pa3pabOTKH MPOrpPaMMHOM CHCTEMBI
CKJIaIbIBAETCSl M3 IOCIEA0BAaTENbHOCTH 'cnMpanei', Kaxkgas W3 KOTOPBIX BKIIIOUAET ATallbl
MIPOEKTUPOBAHMS, KOJAMPOBAHUS, TECTUPOBAHUS M MOJydeHHs pesynbraTta. [lox pesynbprarom
MOHMMAETCsl OUepeaHasl AeTalu3alusl IPOeKTa U MOIyUYEHHE T0CIEN0BaTENBHOCTH IPOrpaMM —
nporoTunoB. [IporoTun — mnporpamMMa, peaau3ylomias YacTHUHYI (QYHKIHMOHAJIBHOCTH U
BHEITHHEe WHTEep(EHCch pazpabarbiBaeMoil cucTeMbl. llociaenoBaTeNbHOCTh TPOTOTUIIOB, B
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KOHEYHOM CUYE€Te, CXOAUTCS K PEAIN3alXA IPOIPAMMHOM CHCTEMBI. A JETAIU3alnU IPOEKTa, B
UTOTE, IIPEBPALIAOTCS B ITOJIHBIA IPOEKT CUCTEMBI.

KOJIMPOBaHUE

IMPOCKTUPOBAHHUE TCCTUPOBAHHUC

OoTJIaJgKa

JeTaIn3aIns

IPOTOTHIIBL [mporpaMmMHast
cucreMa

BepHemcss K pacCMOTPEHHUIO CIEIYIOIIETO0 YPOBHSA HMEPApXUYECKOW OpraHu3aluu
BBIUMCIUTEIBHBIX CHCTEM — K YPOBHIO cHcTeM nporpammupoBanusi. Cucmema
nPOCPAMMUPOGAHUA — KOMIUIEKC IporpammM, o0O0€CHeunBalOUIMi IOJAep)KaHUEe 3TaIoB
’KM3HEHHOTI0 LIMKJIA MPOrpaMMbl B BbIYHCJIMTEIBHOH cHcTeMe. DTalbl )KU3HEHHOIO LIMKIIA
IIPOrpaMMBbl  OCTABAJINCh B TOM WJIM HMHOW MEpe HEU3MEHHBIMH C MOMEHTa 3apOKICHUs
BBIYUCIUTENBHBIX CUCTEM, T.K. BCerja ObUTM M pelaluch NpoOJIeMbl MPOSKTHPOBAHUS
IPOrpaMMHOM  CHUCTEMBI,  KOJUPOBAaHHUS, TECTUPOBAHUS U  OTJIAAKH,  IOJATOTOBKHU
AKCIUTYaTallMOHHON JOKYMEHTAllMU U CONPOBOXKIEHUS. B TOXe Bpems, onpeneneHue CUCTEMBI
IPOrpaMMHUpPOBAHUS KaK KOMIUIEKCa TMPOTPaMMHBIX CpPEICTB, MpeJHa3HAYEHHBIX IS
aBTOMATHU3allMM 3TallOB KU3HEHHOIO IUKJIAa IPOrpaMMBbl, MU3MEHSIOCH IOCTOSHHO BMECTE C
MOSIBJICHHEM U Pa3BUTHEM JlaHHBIX CpeAcTB. PaccMoTpuM pa3BUTHE COCTaBa M OCHOBHBIX
(GYHKIMHA TOHSATHS CHUCTEMa MPOTPAMMUPOBAHUS B XPOHOJOTMM PAa3BUTHUS BBIUMCIUTEIBHBIX
CHCTEM.

Hauajo 50-x ronoB XX Beka. IlepBbie cucTeMbl aBTOMAaTH3alMK IPOrPaAMMHUPOBAHUS.
Cucrema mporpaMMHUpOBAaHMSI WJIM CHCTEMa aBTOMATHU3AallMM MPOTrpaMMHPOBAHUS BKIIOYana B
cebs accemOnep (WM aBTOKOJ) M 3arpy3yvk. Heckoibko MO3[aHEee MOSBHINCH OMOIMOTEKH
CTaHJapTHBIX MporpaMM U MakporeHepatopbl. OcHOBHas (YHKIMS TEPBBIX CHCTEM
IIPOrPaMMUPOBAHUSA —  MPENOCTABIEHUE  IPOrPAMMUCTY  CHUCTEMBI ~ MHEMOHHMYECKOIO
0003HaYeHHs] KOMIBIOTEPHBIX KOMaHJ M JIAaHHBIX, MCIOJB3yE€MBIX B IpOrpaMMax, a TakKke
IpeI0CTaBIeHHEe BO3MOKHOCTH CO3/1aBaTh U MCIIOJIb30BaTh OMOIMOTEKH MPOrpaMM.

Cepeauna 50-x — HauaJjio 60-x rogos XX Beka. [losiBIIieHNE 1 pacTIpOCTpaHEHHE SI3BIKOB
IporpaMMUpPOBaHuUs BbICOKOro ypoBHsA (Poptpan, Anron-60, Kobon u ap.). @opmupoBanue
KOHIEMNIINI MOTyJIbHOTO ITporpaMMupoBanusi. Cuctema mporpaMMUpPOBaHUS: MaKpoacceMOIephl,
TPAHCIATOPHI A3BIKOB BHICOKOTO YPOBHS, PEJAKTOPHI BHEIIHUX CBS3€H, 3arpy34UHKH.

Cepennna 60-x — Hnauano 90-x rogoB XX Beka. Pa3BuTue HWHTEpaKTHBHBIX H
NEPCOHANBHBIX CHCTEM, IIOSIBIEHUE W Pa3BUTHE S3BIKOB OO0BEKTHO-OPUEHTHPOBAHHOTO
nporpaMMupoBannsa. CucTeMa MpOrpaMMUPOBAHUSA: TPAHCIATOPHI SI3BIKOB IIPOIPaMMHUPOBAHUSA,
pelaKkTOphl BHEIIHUX CBS3€H, 3arpy3ydKHd, CpeiCcTBa MOJAEpKaHHs OMOIHMOTEK Mporpamm,
MHTCPAKTHBHBIE U TAKETHBIE CPEICTBA OTJIAKHA IPOIPaMM, CUCTEMBI KOHTPOJIS BEPCHI, CPEICTBA
HNOJJEPIKKH ITPOEKTOB.

Puc. 12. CnupansHasi MoOJegb.
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90-e roapt XX Beka — Hacrosiiiiee Bpemsi. [losBIeHUE TPOMBINUICHHBIX CPEICTB
aBTOMAaTH3allMK MPOEKTUpOBaHUsA Mporpammuoro obOecneuenus, CASE-cpexcts (Computer-
Aided Software/System Engineering), yuudumupoBanHoro s3sika MopaeaupoBanus UML.
CucTteMbl IPOTPaMMUPOBAHUS: WHTETPUPOBAHHBIE CUCTEMBI, MPEIOCTABIISIOINE KOMIUIEKCHBIC
pelIeHuss B aBTOMAaTH3alMM IPOEKTUPOBAHMS, KOAWPOBAHUS, TECTHPOBAHUS, OTIAIAKU H
COIIPOBOXKJCHHS TPOTPAMMHOTO 00eCIieUeHusl.

Msbl BUAMM, YTO MHTEpHIpETALUs TEPMHHA CHCTeMa NMPOrpaMMHPOBAHMe IIpeTepriena
U3MEHEHHE OT CaMOro IMPHUMUTHUBHOTO: «CUCMEMA HPOSPAMMUPOBAHUS — OMO MPAHCIAMOD
AZBIKA  NPOCPAMMUPOBAHUSL U CPEOCM8d PeoaKmupo8anus cesszei»,— J10 COBPEMEHHOIO:
«cucmema npoOSPAMMUPOBAHUSL — IMO KOMNIEKC NPOSPAMM, 00eCneyusanujuli. mexHoi02uio
asmomamuzayuu NPOeKmMuposanus, KOOUpPOBaAHUs, Mecmupo8aHus, omiaoKu U conpo8oHCOeHUs
npoecpammuoco  obecneyenus»». DOYHKIUM  KOHKPETHOM  CHUCTEMBI  NPOrPAaMMHPOBAHUS
OIPENeNSIIOTCA COCTAaBOM IPOTrPAMMHBIX KOMIIOHEHTOB, KOTOPbIE MOI'YT HCIOJIb30BaThCS IS
NOJICP)KaHUsl  JTAloOB JKU3HEHHOTO LHUKJIA MPOrpaMMbl, M CTENEHBIO HHTETPAllUH STHX
KOMIIOHEHTOB. TakuMm 00pa3oM, CUCTEMOWH IpOrpaMMUpPOBaHUs OyJeT SBIATHCS KAaK CHUCTEMA,
BKJIIOYAIOIIAsi TOJIBKO TpaHCIATOp si3bika Cu, accemOiep, peJakTop CBsi3ed W MHTEPAKTUBHBIN
OTJIQJYMK, TaK W, Hampumep, cuctema Rational Rose — Habop 00BEKTHO-OPHEHTUPOBAHHBIX
CASE-cpencT, npeHa3HaYSHHBIX JUIsI aBTOMATH3aIMK TPOLIECCOB aHAN3a, MOJICIUPOBAHUS U
IPOEKTHPOBaHUs ¢ ucnonb3oBaHueM UML, a Taxke A aBTOMaTMYECKOW I'eHEpaluu KOAOB
porpaMM Ha pasziauuHbIX s3bikax (C++, Java u mp.), pa3paboTKu MPOEKTHOW AOKYMEHTAIUH U
pPEBEPCHOI0 MHXMHHUpHHIra nporpamm. Ha ceronHsimHuil 1eHb BbIOOp KOHKPETHOH CHUCTEMBI
POTPaMMUPOBAHUS BO MHOTOM 3aBHCHUT KaK OT MacIITaOHOCTH U CIIOKHOCTH pelIaeMoid 3a1aun
aBTOMATH3allM1, TaK U OT KBaIM(UKALUU IPOrPaMMHUCTOB.

YpoBeHb CHCTEMBI MPOrPaMMHMPOBAHUS OCHOBBIBAETCS HA JOCTYNE K BHPTYAIbHBIM H
¢du3nueckuM pecypcaM, NPEAOCTABIAEMBbIM OINEPALMOHHOM CHUCTEMOM (WIM YPOBHSAMH
yrnpaBieHus: (U3NYECKMMU U BHUPTYAJIbHBIMU pecypcamMH), U MPEJOCTaBIIIeT MPOrpaMMHUCTaM
WHCTPYMEHTAJbHBIE CpPEICTBa pa3paOOTKH MPOTPAMMHBIX CHCTEM, KaKAas W3 KOTOPBIX
npeHa3HaYeHa i PELIeHUs CBOETO Kpyra 3ajau.

1.1.6 [puknagHble cUcTeMbl

Wtak, Mbl INEpexXoAMM K BEPIIMHE CTPYKTYPHOW OpraHU3alUd BBIYUCIUTEIbHBIX
CHCTEM — K YPOBHIO NMPHKJIAJIHOI0 NPOrpaMMHOro odecnedyenus. Ilpuknaonas cucmema —
3TO IPOrpaMMHasi CUCTEMA, OPUEHTUPOBAHHAS Ha PEIICHUE WM aBTOMAaTU3ALUI0 PEIIEHUS 3a1a4
U3 KOHKPETHOM npeameTHOM obnactu. [Ipukinaanas cuctema sBiseTcs IparMaTHuecKoi OCHOBOM
BCEH BBIUMCIIUTEIBHON CUCTEMBI, TaK KaK, B KOHEUHOM CUETE, UMEHHO AJIS1 PELIEHHUS] KOHKPETHBIX
MPUKIAIHBIX 33/a4 CO3[aBajJlCh BCE T€ YPOBHU BBIYHCIUTEIBHON CHCTEMBI, KOTOPbIE MBI
paccMOTpeNn K HaCTOAILLEMY BPEMEHHU.

B uctopun pa3Butus NpuKIaIHBIX CUCTEM MOXHO BBIJICIUTH YeThIpe ATamna. [lepBorit —
IIPUKJIAIHBIE CUCTEMBI KOMIIBIOTEPOB NEPBOIO MOKOJIEHUA. OCHOBHOM XapaKTEpUCTUKOMN TaHHBIX
CHUCTEM SIBJISLIOCH TO, YTO JUIsl aBTOMATHU3AIMK PEIIEHUS KayKJ0i KOHKPETHOH 3a/1a4M cOo3/aBalach
YHHMKaJIbHasi TpOrpaMMHasi CHUCTEeMa, KOTOpas He Mpearnojaraja BO3MOXKHOCTh MOJIUGBHUKAIINH
(GYHKIIMOHATBHOCTH, TEpEHOCa C OJHOW BBIYHUCIUTEIBLHOW cHcTeMbl Ha mpyryio (Puc. 13).
[Tons3oBarenbckoro wuHTepdeiica He ObulO, Kak TakoBoro. IlomaBmstomiee OOJIBIIMHCTBO
pelaeMbIX NPUKIAAHBIX 33]a4 ObLIO CBSI3aHO C MOJEIUPOBaHUEM (U3UYECKUX MPOLECCOB, U, B
CBOIO OYEPEb, PE3YJbTaThl MOJEIMPOBAHMS INPEACTABISINCH B BHUJAE IOCIEIOBATEILHOCTEN
yycea W YMUCIOBBIX TaOaul. YPOBEHb MHCTPYMEHTAIBHBIX CpPEICTB IPOTrPaMMHUPOBAHMUS,
JOCTYTIHBIX ISl pEIIeHUs MPUKIIAJAHBIX 3a/1a4, HAKJIaAbIBaJI IOCTATOYHO JKECTKHE TPEOOBAaHUS K
KBaJTM(UKALMK CIELUATNCTOB, 3aHUMAIOIIUXCA aBTOMAaTH3alMel pelIeHns IPUKIIaIHbIX 3a/a4.
Kpome 3HaHMsS npenMeTHOH OO0JIaCTH, aNrOPUTMOB M METOJOB PEIICHUS COOTBETCTBYIOIIUX
NPUKIAJHBIX 3aJad IpPOrpaMMUCT JOJDKEH ObUI BIAAETh CPEACTBAMHU IPOIPaMMHPOBAHUS
KOMIIBIOTEPOB IIEPBOI0 MOKOJIEHNUS — YMETh UCII0JIb30BATh JIs 3TUX LI€JIel CUCTEMY KOMaH WK
acceMOJ1ep KoMIbIoTepa.
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Pa3zpabotka,
3agava Pemienue
NporpaMMHUpoOBaHHe

Puc. 13. Tlepsblii 3Tan pa3BUTHS NPUKJIATHBIX CHCTEM.

Bropoii aTamm — pa3BUTHE CHCTEM MPOTPaMMHUPOBAHHUS U TIOSBJICHUE CPEICTB CO3/IaHUS
UCIoNb30BaHus Onbnmmorek nporpamm (Puc. 14).

Cucrema

IIPOrpaMMUPOBAHUS
Pa3zpaborka Pemienue
A A
bubéanoreka
bubanorexka

Puc. 14. Bropoii 3Tan pa3BUTHS NPUKJIAJIHBIX CHCTEM.

bubnuorekn nNpUKIAAHBIX MPOrpaMM IO3BOJWIM aKKyMyJIMPOBAaTh M MHOTOKPAaTHO
UCIIOJIb30BaTh MPAKTUYECKUH OMBIT YHUCIECHHOTO DEIIEHUS TUIIOBBIX 33Jad M3 KOHKPETHBIX
npeaMeTHbIX oOnacteil. CocraBsrone 6UOINOTEKY MOIPOTrPAMMBI CITYKUIIH " CTPOUTEIbHBIMU
OyiokaMu", KOTOpble B HMHTErpallMd C CHCTEMaMU IMPOTrPaMMHPOBAHMS HCIOJIb30BAIMCH IS
pa3pabOTKU MPUKIIAJAHBIX CUCTEM. BUOIMOTEeKN MPUKIIAAHBIX TPOrpaMM CTAIH OAHUMH U3 ITEPBBIX
MPOrPaMMHBIX CHUCTEM, KOTOPHIE MOTJIM OTHOCUTHCS K KaTerOpuu IMPOrpaMMHBIX MPOAYKTOB —
JOKYMEHTHUPOBAHHBIX, MpOLIEAMNX JETAIbHOE TECTUPOBAHME, PpACIHPOCTPAHEHHOE B
M0JIb30BaTENbCKON cpee. bubamorekn NMpuKIaaHBIX MPOTrpaMM, HABEpHOE, OBLIM OJHUMH M3
NEPBBIX KOMMEPYECKUX IPOTPAMMHBIX IMPOAYKTOB, T.€. OHU SIBIISUIMCh HMHTEIUIEKTYaJIbHBIM
TOBapoOM, KOTOPBI MOXHO ObUIO MpoAaTh U KymuTh. [IpruMepoM MOXeT CiiykUTh OUOIHOTEKa
IIPOrpaMM YHCJIEHHOIO HWHTETPUPOBAHUS, BKIIOYAIOMIAs B CBOM COCTAaB IOANPOTPAMMBI,
pealIn3yIole BCEBO3MOKHBIE METO/bl UYHCJICHHOTO HAaXOXKJEHUS 3HAYEHWH ONpeeIeHHbIX
UHTErpaioB. bubnmoTexn MpUKIaAHBIX IPOrpaMM CYIIECTBEHHO YIIPOCTHIIN MIPOIece pa3padoTKu
INPUKIATHBIX CHUCTEM, OJIHAaKO TpeOOBaHMSA K KBAIM(PUKAUU MPHUKIATIHOTO MPOrpaMMHUCTa
OCTaBAJICh JOCTaTOYHO BBICOKMMHU. IIpHKnamHble CHCTEMBI 3TOrO 3Tama CO3AABAIUCH C
UCIIOJIb30BaHNMEM CTAHJAPTHBIX CHUCTEM MPOrpaMMHUpOBaHMs W B Oonblied yacTu ObUH
YHUKaJIbHBI: CO3/1aBAJIUCH AJIS PELLIEHUS KOHKPETHOM 3a1a4l B KOHKPETHBIX yCIIOBUSX.

Tpetuii atan xapakTepu3yeTcs MOSBICHUEM MAKeTOB NPUKJIAAHBIX nporpavm (ITITII),
KOTOpbIE BKJIIOUYANIN B ce0s mporpaMmuble npoaykThl (Puc. 15), npeaHasHadeHHbIe Ui pelIeHUs
HIMPOKOT0 KOMITJIEKCA 3a7a4 U3 KOHKPETHOM NMPUKIIaAHON 001acTu 1 00J1a1ar01Iye ClIe yoIUMU
CBOMCTBAMH:

— INpPOrpaMMHBIE TPOIYKTbl HMMEIHW Ppa3BUThIE, CTAHJAPTU30BAaHHBIE I10JIb30BATEIBCKUE
uHTep(eichl, He TpeOyIolre BHICOKOW MPOrPaMMHUCTKON KBATM(HUKAIUKA OT MPHUKIATHOTO
I10JIb30BATENS M 3HAUUTENBHBIX 3aTpaT Ha UX OCBOCHMUE;
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Cucrema

MIPOrpaMMHUPOBAHUS

Penienue

A3

A

IIporpamMmmsl

\4

IIporpammbl

Puc. 15. Tpernii 3Tan pa3BUTUS NPUKJIATHBIX CHCTEM.

— (DyHKIMOHAJIBHBIC BO3MOXKHOCTH MPHKJIAIHBIX Mporpamm, BXoasmux B coctaB [T u ux
MOJIb30BaTEIbCKUE WHTEp(EWCh TO3BOMSUIM peliarh pasHOOOpa3HbIe 3aladydl  JTaHHOU
NPHUKIIATHON 00J1acTH;

— BO3MOXHO COBMECTHOE HCIIOJIb30BaHUE MPOTrPAMMHBIX IPOAYKTOB, BXOAAIINX B coctas [1I1I1
TIPH PEIICHUN KOHKPETHBIX 3a/1a4.

[Tpumepamu HauOoJiee PACIPOCTPAHCHHBIX MAKETOB TMPHUKIATHBIX IPOTPAMM MOTYT
cryxkuts  Microsoft Office (Puc. 16), npenHasHadyeHHBIH JUIs aBTOMATH3alMH  O(UCHOU
nestenbHocT Wi maker MathCAD (Puc. 17), mpenHa3HayeHHBIA [UIs peIICHHs 3ajad,
CBSI3aHHBIX C MATEMATHYECKUMHU U TEXHUICCKUMH pacueTaMHu.

MS Office

PowerPoin
t

TEKCTOBBIH pEIaKTOp ANIEKTPOHHBIC CHCTEMa YIpaBJICHUS CO3JIaHHe
TaOIAIIBI 6a3amu gansbx (CYB/I) TIpe3eHTaIH

Puc. 16. Ilaxer mporpamm Microsoft Office.

MathCAD

IIpeoGpa3zoBanue
Dypobe

HNuTepnonsinus
bynxumii

Brrunciaenne
NMPOU3BOJIHOM

CraTucTuka u
o0paboTka
JAHHBIX

Borunciaenne
omnpeeJeHHOro
HHTerpaja

Puc. 17. Iaker MathCAD.
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CoBpeMeHHBIH 3Tal — 3TO 3Tal KOMITJIEKCHBIX, aJalTHPYEMbIX K KOHKPETHBIM yCIOBUSIM
IIPOrPaMMHBIX CHUCTEM aBTOMAaTH3alMM NPUKIATHBIX IPOLECCOB, MOCTPOEHHBIX HA OCHOBE
pa3BUTHSL KOHIEMIUNA MaKeTOB MPHUKJIAJHBIX, MHTETPUPOBAHHBIX C COBPEMEHHBIMU CHCTEMaMU
IPOTPAaMMHUPOBAHUS U MCIIOJIB3YIOIIUX MEPEJOBbIE TEXHOIOTHH MPOSKTUPOBAHUS U Pa3pabOTKU
nporpamMmmMHOTO obecrnieueHus. Ocoboe pa3BUTHE TOJYYHJIA CHCTEMBl aBTOMATH3aIliyd OW3HEC-
IIPOLIECCOB.

PaccMoTpuM OCHOBHBIE TEHACHIIUU B Pa3BUTHH COBPEMEHHBIX MPUKJIIAJIHBIX CUCTEM.

1. Cranpaprusanusi Mojesell aBTOMATH3HPyeMbIX OHM3HeC-IIPOLECCOB M IIOCTPOCHHUE B
COOTBETCTBUHM C JIaHHBIMHU MOJEISIMM NPUKIATHBIX CHUCTEM ympaBieHus. B pesynbrare
JETAJIbHOTO aHAJIN3a U CTPYKTYPU3ALUU IPOLECCOB, IPOUCXOIAIINX HA Pa3INYHbIX YPOBHAX
yOpaBlIeHUS MPEANPUATHSIMU, B3aUMOACHCTBHS MNPEANPUATHN JAPYyr C JAPYroM WU
B3aUMOJICHCTBUS MPEIIPUATHS C TOTPEOUTENAIMH OBLUTH CTaHIAPTHU30BAHBI pPa3HOOOpa3HBIC
MoJieJI OU3HEC-TPOIIECCOB UM, B CBOI O4Yepelb, MOSBUWIMCH MPUKIATHBIE CHCTEMBI,
OpUEHTHPOBAaHHBIE Ha MX aBTOMaTu3auuioo. [IpumMepoM MOryT CIy)XKUTb ClEIyIOLIUe
Pa3HOBUAHOCTHU CUCTEM:

a. B2B-cucrema (business to business), obGecrednBaromas MoIICPKKY
MOJIETTM MEXKOPIMOPATUBHOM TOPrOBIM MPOAYKUUEH C HCIOJIb30BaHUEM
Internet (mpruMepoM MOXKET CITy>KUTh SJICKTPOHHBIE OUPIKH);

b. B2C-cucrema (business to customer), obecrieunBaroiias MOIICPKKY B
Internet moaenu TOProBeIX OTHOIIEHUH MEXIY IPEIIPUITHEM U YACTHBIM
JUIOM — ToTpebuteneM (IPUMEPOM MOXKET CIyXuThb VHTepHeT-
MarasuH);

c. ERP (Enterprise Resource Planning) — mnanupoBanue pecypcoB B
MacmTabe NpeAnpHsITHs, aBTOMAaTH3MPOBAHHAS CHCTEMa YIpPaBICHUEM
PEIIPUITHEM;

d. CRM (Customer Relationship Management) — cucrema ympaBieHus
B3aMMOOTHOIICHUSIMH C KITUEHTaMH.

2. OTKpBITOCTh CHCTEMbI: IOTPEOUTENI0 CHUCTEMBI OTKPBITHI MPUKIAJHBIE HHTEP(ENCHI,
o0OecrieyrBarOIMe OCHOBHYIO (DYHKIIMOHQJIBHOCTh CHCTEMBI, a TaKKe CTaHIapThl
OpraHM3allMi BHYTPEHHUX MAaHHbIX. [lpukmagneie wuHTepdeiicer (API— Application
Programming Interface) coBmMecTHO €O  CTaHIAPTHBIMH  CPEACTBAMH  CHCTEM
IPOrpaMMMPOBAHUS, CHCTEMbl IIAOJOHOB M CHELMAIM3HPOBAHHBIE CPEJICTBA HACTPONKHU
MPUKIAJHON CHCTEMBl MO3BOJISIIOT  aJaNTUPOBAaTh M pa3BUBaTh (PYHKIIMOHAJIbHbBIE
BO3MOXHOCTH TPHUKJIATHBIX CUCTEM K OCOOEHHOCTSIM KOHKPETHOIO MOTPEOUTENST CHCTEMBI.
[Ipumepom MoxeT cirykuth cucreMa BAAN, npenHa3HaueHHas sl KOMIUIEKCHOTO PEIIeHUS
3aJa4 aBToMaTu3aluuu ousHec-mporeccos npeanpusatus (Puc. 18). Cucrema Bkiitoyaet B ceds
MOAYIH, OOecrneunBalole MOHUTOPUHI  TEKyLIeW  JAeSITeIbHOCTH  MPEeANpUsTHS,
(UHAHCOBBIA Y4YEeT W OTYETHOCTh, IJIAHWPOBAHUE NPOU3BOJACTBA, MOAJIEPKKY YHPaBICHUS
MpOeKTaMHU, (PMHAHCOBBIMU CPEICTBAMHU, HHBECTHUIMSIMHU, 3aKyKOW U COBITOM NPOAYKIIHNH, U
T.1. Kpome TOro, cucrema mO3BOJSET MOJIB30BATENIO JOMOJHATH CYLIECTBYIOLIYIO
(yHKIMOHATIBHOCTh COOCTBEHHBIMH pa3pabOTKaMu: JUIsl 3TOTO MpeAHa3HaueHa MoJCUcTeMa
«MHCTpyMeHTapui», B KOTOPOH IpenoCTaBIsAIOTCS CPEACTBa pa3padOTKH  HOBBIX
npuiokeHuid. CTangapTU3aiys OpraHu3alii BHyTPEHHUX TaHHBIX MPUKJIaIHBIX CHCTEM U X
OTKPBITOCTh CO3AAI0T BO3MOKHOCTH JUIsl CYLIECTBEHHOI'O YIPOIIEHHS MHTErpaluy JaHHbBIX
CUCTEM C APYTUMH NMPUKIAJHBIMU CUCTEMAaMH M Tiporpammamu. [IpuMepoM MOXKET CIIyKHUTb
ucnoip3oBanne XML (Extensible Markup Language — pacumipsieMblii S3bIK pa3METKH) B
Ka4yeCcTBE OTKPBITOTO CTaHJapTa I ONMHCaHUS OW3HEC-O0BEKTOB M IMPOTOKOJIOB OOMEHa
naHHbiMU B B2B npunoxxenusix.

3. Ucnonp30BaHWEe COBPEMEHHBIX TEXHOJOTMM ¥  MOJEJEH OpraHu3alid  CUCTEMBI:
Internet/Intranet-rexxonorun,  cpeAcTBa W METOIbI  OOBEKTHO-OPHUEHTPOBAHHOTO
nporpammupoBanus (OOII), Mmonens KiIMeHT/cepBep, TEXHOJIOTUU OpraHU3alMN XPaHWIHL]
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JTAHHBIX M aHAIMTHYECKOW OOpabOTKH MAHHBIX C IIEJbIO BBHISBICHUS 3aKOHOMEPHOCTEH M
MPOTHO3UPOBAHUS PELICHUH, U JIp.

BaaN

HncTpymenTapuii

Mpunoxenuns
CobIT CepBHuc
bazoBbie
cpeacTBa

:
[ Pa3paborka ]

(Monennposanne) N

OGecneunBaer BO3MOKHOCTh
pa3pabOTKN HOBBIX MPHIIOKEHHH.

[ Hacrtpoiika ]

IIpencraBnser co0oi IETOCTHYIO [Ipemna3zHaueHo ans KoH(UTYyparun
CHCTEMy YyHpaBJieHUs (HUHAHCAMU: cuctreMsr BAAN 1pm  m3MeHEHUH
y4eT, aHaJu3 ¥ INIaHUPOBaHUE. OM3HEC-TIPOLIECCOB Ha MPEANPHUSTHH.

Puc. 18. Cucrema BaaN.

CoBpeMeHHass NpUKIaJHAs CUCTEMa MpeanojaraeT INyOOKyl0 HMHTErpaluio Bcex
KOMITOHEHTOB BBIUYUCIUTEIILHON CUCTEMBI: allliapaTHOW YaCTH, OTIEPAIIMOHHOI CHCTEMBI, CHCTEMBI
porpaMMHpOBaHus. B utore, BO3BMOXXKHO pa3jieieHue Mob30BaTeel NpuKiIa HOW CUCTEMBI Ha
CJIEYIOIHE KaTeTOpUH:

— omepaTop WM NPUKJIATHON MOJIb30BaTE]b, ONEPHUPYS CPEACTBAMHU MOJIH30BATEIHCKOTO
uHTepdeiica M (QYHKIMOHAIBHBIMH BO3MOXXHOCTSMU CHUCTEMBI, PpEIIaeT KOHKPETHBIE
MPUKIAAHbIE 3a71a4d. [[puMepoM MOXeT CIy)KUTh paboTa WHXKEHEpa IO MPOSKTHPOBAHUIO
obopynoBanusi ¢ ucnoynb3oBanueM cucteMbl AUtOCAD wnim paborta MeHemxepa KpymHOH
KOMIIAHWH, HWCTONB3YIOIIEH aHAIMTUYECKHE CPEICTBA CHCTEMBI YIIPaBICHHS OM3HECOM Ha
ocHoBe pemeHuit BAAN;

— CHCTEMHBbIl NPOrpaMMMCT — TII0JIb30BaTe€lb KOMIIOHEHTOB NPUKJIAJHOW CHCTEMBI,
o0ecrieurBarOMMi ~ BO3MOXKHOCTH ~ MHTETpallMd  JAaHHOM CHUCTEMBl B  KOHKPETHOM
BBIYUCIUTENIFHON CHCTEME, BO3MOXHOCTH HACTPOMKH B COOTBETCTBMM C KOHKPETHBIMU
O0COOEHHOCTSIMH DKCIUTyaTalldl CHUCTEMBI Ha KOHKPETHOM TPEANPHATHH, I0pabOTKy
(YHKIIMOHABHBIX ~ BO3MOXHOCTEH  CHCTEMBI, YyJOBJIETBOPSIOMIMX MOTPEOHOCTIM U
ocobeHHOCTH dKCIutyataiui. Hampumep, npumenenue makera Microsoft Office ¢ toukwm
3peHHs. CHUCTEMHOTO IpPOTrPaMMHUCTa MOMKET BapbUPOBATbCS OT AaBTOMATHU3ALMHU YaCTO
MTOBTOPSIIOIIECHCS TOCIETOBATEILHOCTH JIEHCTBUI TyTE€M HAlWCaHWs TaK Ha3bIBAEMBIX
«MaKpOCOBY JI0 CO3/JaHNS HOBBIX MHTEPAKTUBHBIX MPUIIOKEHUH, (QYHKIIMOHUPYIOIIUX B Cpeie
MS Office. OcuoBy TexHonoruu aBToMaTH3ammu Ha 0Oaze MS Office cocraBaser
NpeaocTaBleHue OQUCHBIX NPWIOKEHUH B BHJE YHHU(PHUIMPOBAHHOW HepapXUUEcKOM
00BEKTHOM MOJIEIIN U MCTIOJb30BAHKE SIMHOTO BHYTPEHHETO MEXaHU3Ma IPOTPaMMHUPOBAHHUS
npunoxenuii Ha ocHoBe Visual Basic for Applications (VBA);

— CHCTEMHBIl aIMMHUCTPATOP 00ECIEUMBACT BBIIOJHEHHE TEKYIIUX Pa0OT MO MOIIEPIKKE
(YHKIIMOHHPOBAHUST TIPOTPAMMHOM CHCTEMbI B KOHKPETHBIX YCIIOBHSX: B UX COCTaB MOTYT
BXOAMThH PETUCTPALIMS TOJIb30BaTENICH U paciipeieieHue OJTHOMOYHM U IpaB MEXly HUMH,
KOHTPOJIb 32 00€CTICUYeHHE COXPAHHOCTH M IIEJIOCTHOCTH MaHHBIX, (DUKcAnus TpooseMm,
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BO3HHMKAIOIIUX B TMPOIECCE IKCIUTyaTallid, ¥ OOOCHOBAaHHOE BBITIOJHEHWE OOHOBIICHHUM
CUCTEMBI, IOCTYMAIIINX OT pa3paboTUHKa.
Kaxnoii kareropum moJb30BaTeled  MOPHUKIATHOM  CHCTEMBI  IMPEJOCTABICHBI  CBOM,
CHGLII/IaJII/BI/IpOBaHHBIe CpeI[CTBa pa60T1>1, KOTOpI:Ie HpeZ[Ha3Ha‘-IeHBI JUISA pGIJ_IeHI/IH KOHerTHLIX
3aJa4 JAHHOTO MOJIb30BaTEIs.

1.1.7 BbiBOAbI

Mpl paccMOTpenu OCHOBHBIE YPOBHHM CTPYKTYPHOM OpraHM3alMd BbIYMCIUTEIBHON
cuctembl. CienyeT OTMETUTh, YTO paCCMOTPEHHAsI HAMU MOJIEIIb OpraHU3al[Mi BIYUCIUTEIbHON
CUCTEMBI HE €IMHCTBEHHAS: CYILECTBYIOT U APYTue NOAX0bI B onpeeneHnn cTpykrypsl BC, HO
B OOJIBIIIMHCTBE CIy4YaeB OTIMYMUS HE SBIAIOTCS MPUHIMITMAIBHBIMUA. BriOpanHas HaMu MOJEINb
CILyKUT OCHOBOM JJIS1 AAJIbHEHIIIETO U3JI0KEHHS MaTepHalla.

Bepuemcss k BoOmpocy, KOTOpPBIM B TOM WIM WHOW CTENEHHM 3aTParuBaliCid IpH
paccmoTpenun Kaxgaoro us yposHedl BC. Kak mnpencraBisercss BBIYMCIHTENbHAS CHCTEMA
nonp3oBarenst BC Ha kaxaoMm u3 ypoBHE? UTO BUIUT WM YTO JOCTYIHO mosb3oBarento BC,
KOTOPBIM HAaxOIWUTCS Ha OJHOM M3 YPOBHEH CTPYKTypPHOH OpraHHM3allMd BBIYMCINATEIBHON
cuctembl? PaccmoTpum emie pa3 ypoBHU CTPYKTypHOH opranuzauuu BC ¢ nosunumit
0603HaueHHBIX BompocoB (Puc. 19).

N
Hpuxnanubie HabOp  (YHKIMOHAIBHBIX  CPEACTB  MPHKIAIHON
NpOrpaMmbl CUCTEMBI
Cucrembl TPAHCIISITOPHI A3BIKOB BHICOKOTO YPOBHsI, OMOINOTEKH
NPOrpaMMHUPOBAHMS
Ynpagjienue nHTEepdEicH NpaiiBepoB BUPTYaIbHBIX YCTPONUCTB
JIOTHYeCKHMU/

BUPTYAJIBHBIMH pecypcamMmu

J
ﬁ A
N

Vnpasienue nHTepdeicH npaiiBepoB pU3NIECKUX pecypcoB
¢uznyeckuMM ycTpoiicTBaMH )

~

cucrema KOMaH/, arnmnaparHble nHTEepQEich
IPOTPaAMMHOTO YIpaBICHUS busnuecKkuMu

AnmnapaTtHble cpeJIcTBa <
VCTDOUCTBAMU

J

Puc. 19. CtpykTypa oprann3anuy BbIMHCJIUTEIbHOH CUCTEMBI.

AnnapaTtHblii ypoBeHb. llosib30BaTeNb BBIYUCIUTEIBHOM CUCTEMBI — IIPOIPAMMUCT.
JoctynHble cpeAcTBa INPOrpaMMHPOBAHMS: CHCTEMa KOMAHJ KOMIIBIOTEpPA, ammapaTHbIE
UHTEpQEChl NPOrpaMMHOTO YIPABJICHUS BHEIIHUMH yCTPOWCTBaMH. TakuMm oOpaszom,
nosab3oBarenb BC, Haxoasch Ha ypoBHE anmnapaTypbl, paboTaeT ¢ KOHKPETHBIM KOMITbIOTEPOM.

YpoBenb ynpasieHust (puzndeckumMu pecypcamu. Ha 1aHHOM ypoBHE MOJIb30BaTelIeM
CUCTEMBl TakXke sBiseTcss mnporpammuct. CpeiacTBa NpOrpaMMHUpPOBaHUs, KOTOPBIE
IIPEIOCTABIIAIOTCA IOJIb30BATEN0 HA JAHHOM YPOBHE, IPETEPIEIN HM3MEHEHHUs, T.K. KpoMe
BO3MOXKHOCTH pabOTBl C CHUCTEMOIl KOMaHJ KOMIIbIOTEpa, C amnmapaTHbIMM HHTepdeiicamu
IIPOTPAMMHOTO  YNPABJICHHUs] BHEIIHUMH YCTPOMCTBAMH IIOJIB30BATEII0 IPEAOCTABIIAIOTCS
uHTEepdeicsl apaiiBepoB (U3NYECKUX YCTPOMCTB (pecypcoB) KommbioTepa. C  mo3unui
IpOTPaMMHUCTa, OH paboTaeT C KOMITBIOTEPOM, WMEIOMIMM DPACHIMPEHHBIE, MO CPaBHEHUIO C
IOpEIbIIyIIMM  YPOBHEM, BO3MOXHOCTH. Kpome CTaHZapTHBIX anmapaTHBIX CpPEICTB
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IPOrpaMMUPOBAHUS KOMIIbIOTEpPA (CHUCTEMa KOMaHI, allapaTHble HHTepQeichl B3auMoaecTBUs
¢ (U3UYECKUMHU BHEIIHHUMH yCTPOWCTBAMM) MOSBUIMCH MHTEpQEHChl apaiiBepoB (puznyeckux
YCTPOUCTB (PECYpPCOB) KOMITBIOTEPA.

YpoBeHb ynpasieHHsl JIOTHYeCKHMH WJIH BHPTyaJdbHbIMHM pecypcamu. Ha nanHom
YPOBHE  CTPYKTYPHOM  OpraHu3alii  BBIUUCIUTEIBHOW  CHCTEMBl  CIEKTpP  CpPE/ICTB
IPOTPaMMHUPOBAHUS PACIIMPSIETCS 32 CYET MHTEP(EHCOB ApailBEpOB BUPTYaIbHBIX/JOTHUECKUX
YCTPOUCTB (MM pecypcoB). B obuiem ciyyae, a1 nporpaMMucTa, paboTaroLIero ¢ CUCTEMOi Ha
JTAHHOM YpPOBHE, CPE/ICTBA IIPOrPaMMUPOBAHMSI KOMIIBIOTEPA IPEACTABIISAIOTCS:

— CHCTEMOM KOMaH]| KOMIIbIOTEPA;

— anmapaTHbIMH HHTepdeiicaMu IPOrpaMMHOTO yIpaBiIeHUs] PU3HUECKUMH YCTPOUCTBAMH;
— uHTepdeiicamu npaiiBepoB PUINYECKUX YCTPOICTB;

— uHTepdeiicamu IpaiiBepoB BUPTYaIbHbBIX YCTPOMCTB.

OnepannoHHas cucTeMa MOXET OIPaHMUYUTH JOCTYI II0JIb30BATENEd K allapaTHBIM
CpelICTBaM YIPaBJIECHMsI BHELIHUMHU YCTPOMCTBAMH, K JpaiiBepaM (PU3MUECKHX YCTPOWCTB, K
HEKOTOPBIM JlpaiiBEpaM BUPTYaJIbHBIX YCTpOHCTB. OnHako, "yCIIOBHBIA" I0JIB30BATENb YPOBHS
YOpaBJI€HUS BUPTYaJbHbIMU YCTPONCTBAMH  BBIUMCIUTEIBHOM CHCTEMbl paloTaer ¢
KOMIIBIOTEPOM, MMEIOIUM pacIIMpEHHbIE BO3MOXKHOCTU. IIpu 3TOM mosb30Barens MOKET He
3HaThb O TOM, KaKM€ YCTpPOMCTBA, MCIOJIb3yEMbIE B €ro MPOrpaMMe, SBISIOTCS (PU3HMUECKUMU,
pEAJIBHO CYILECTBYIOLIMMHU, @ KAKME — BUPTYaJIbHBIMU. A J1a)K€ €CJIM OH U 3HAET, YTO KAaKOe-TO
YCTPOMCTBO SBISIETCS, K MpUMEpYy, (HU3MUECKUM, TO, CKOpEe BCEro, OH HE HMEET HUKAaKOIo
IIPEJICTABJICHUS O E€TAJSIX OPraHU3alliy YIIPABIICHUS 3TOT0 yCTPOMCTBA HA YPOBHE anapaTHBIX
uHTep(dEncoB.

YpoBeHb cucteM mnporpaMMupoBaHus. [l wumocTpanuyd NpoOieMbl  yIPOCTUM
CTPYKTYpY CHUCTEMBI MPOrPaMMHUPOBAHUS, PACCMOTPUM MPAKTHUUECKU BBIPOKICHHBIA CIIydai.
[TycTh cucTema nporpaMMHUpOBaHUs, ¢ KOTOPOil paboTaeT nojib3oBarens BC, cocTOUT TOIBKO U3
TpaHCIATOpa S3bIKa BHICOKOIO YPOBHS M CTaHJIApPTHOM OMONIMOTEKH IpOorpamm, — Harpumep,
a3pika Cu. B 3TOM ciyuae mpelcTaBieHHME IOJIb30BAaTENsl O KOMIIBIOTEPE, Ha KOTOPOM OH
paboTaer, MOXXET CBECTUCh K S3BIKOBBIM KOHCTPYKIMSIM si3bika CH M BO3MOXHOCTSM,
NpPEJOCTaBIsAEMBbIM  CTaHAapTHOW Oubmuorekoit s3pika Cu. Ilpomcxomut  ouepenHoe
"pacupenne" BO3MOKHOCTEN KOMITBIOTEPA 32 CUET KOHCTPYKUHNH s13b1Ka CH M €ro CTaHIapTHOU
6ubnuorexku. bomee Toro, mnonb3oBaTeNb MOXKET pabOTaTh Ha JAHHOM '‘pacuiMpeHHOM"
KOMIIBIOTEPE, HE MOJ03peBas O pealbHOM apXUTEeKType annapaTHoro ypoBHs BC, o pusnueckux
Y BUPTYaQJIbHBIX YCTPOMCTBAX, MOAAEP)KUBAEMBIX ONIEPALIMOHHON CUCTEMOM, O CUCTEME KOMaH U
BHYTpPEHHE!N OpraHu3alyy JaHHBIX PEaIbHOTO KOMIbIOTEPA.

YpoBeHb NPUKIAAHBIX cHcTeM. TeHaeHIMs "paciiupeHus" BO3MOKHOCTEN KOMITBIOTEpA
MPOJODKAETCA W Ha NMPUKIaJAHOM ypoBHe. IIpu sToM ISl Kak[0oil KaTeropuu Mojb30oBaTesen
IIPUKIJIAHOTO YPOBHS BBIUMCIMTEIBHONW CHCTEMBI CYIIECTBYET CBOE PACIIMPEHUE KOMIIBIOTEPA.
Tak, Hanpumep, Ui onepaTopa MPUKIATHOW CHUCTEMbl KOMIIBIOTEp MpEACTaBIseTcs HabopoM
(YHKIMOHAJBHBIX CPEJICTB NPHUKIAJHOW CHUCTEMBI, JOCTYIHOH uepe3 IO0JIb30BaTebCKUI
unTepdeiic. Paccmorpum paboTy Kaccupa B COBPEMEHHOM CyIlepMapKeTe, KacCOBBIM ammapaT
KOTOPOT'O MOXET SIBJIATHCS CIEIMATU3UPOBAHHBIM MIEPCOHATBHBIM KOMITBIOTEPOM, PAOOTAIOIINM
B COCTaBE CHCTEMbI aBTOMATHU3AllMH JIeATEeIbHOCTH Bcero MaraszuHa. Jliis kaccupa padoTa ¢ 3TuM
KOMIIBIOTEPOM M, COOTBETCTBEHHO, BO3MO>KHOCTH ITOI0 KOMIIBIOTEPA MPEACTABISAIOTCS B BHUIE
BO3MOXKHOCTEH MPUKIIAJHON MOACUCTEMBI, aBTOMAaTHU3HUPYIOIIEH ero pabouee MecTo. 3aBeJOMO
KacCUp Mara3uHa MOKET HE HMEThb HMKAaKUX IPEACTaBICHUI O BHYTPEHHEW OpraHu3aluu
CHELMATU3UPOBAHHON BBIYUCIUTENBHON CUCTEMBI, HA KOTOPOM OH paboTaeT (TUI KOMIBIOTEPA,
THUII ONIEPALIMIOHHON CUCTEMBI, cocTaB JipaiiBepoB OC u T.11.).

He Oyner mnpeyBennueHueMm yTBepxaeHUE, 4To He MeHee 90% COBpEMEHHBIX
NOJIb30BaTENed MEPCOHAIBHBIX KOMIBIOTEPOB HE HMMEIOT MPEJICTABICHHUS O CHUCTEME KOMaHJ
KOMIIBIOTEPA, O CTPYKTYpEe KOMIIbIOTEPHBIX JTaHHBIX, 00 amnmapaTHBIX HHTEpdeiicax ynpaBieHus
(GU3NUECKUMHU YCTPOICTBAaMU — BCE 3TO CKpPBIBAIOT PACIIMPEHUs KOMIbIOTEpa, KOTOpbIE
00pa3yloTcsi 3a CYeT COOTBETCTBYIOIIMX YPOBHEH BBIUMCIMTEIBLHOW cHUCTEMBbl. Mbl Oylem
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TOBOPUTH, YTO KaX/Ibli M0JIb30BaTENb, pa00Tasi B COOTBETCTBYIOILEM PACIIMPEHUN KOMIIBIOTEPA,
paboTaeT B BUPTYaJIbHOM MallMHe WIM BUPTYAJbHOM KOMIIbIOTepe. PeanbHbIil KOMIbIOTED
HCIIOJIb3YETCSl HETIOCPEICTBEHHO NCKIIIOYUTENIBHO Ha aIlllapaTHOM ypoBHE. Bo Bcex oCcTambHBIX
cllydasix IOJIb30BaTelh paboTaeT C MPOrpaMMHBIM PAaCIIMPEHHEM BO3MOXKHOCTEH peabHOro
KOMIIBIOTEPA — C BUPTYyaJbHBIM KOMIBIOTEPOM. [IpnyueM "BUPTYyambHOCTH" 3TOr0 KOMIBIOTEPA
(MM 3THX KOMITBIOTEPOB) BO3PACTAeT OT YPOBHS yIpaBieHus ¢puznueckumu pecypcamu BC no
YPOBHS IIPUKJIAIHBIX CUCTEM.

Bepuemcss k 3aMmeudaHMsAM, € KOTOPBIX Hayalad JaHHBIA pas3jell, Kacaroluxcs
HEOJTHO3HAYHOCTH OIIPEAEICHUI MHOTUX KOMIIOHEHTOB BBIYUCIIUTEIBHBIX CUCTEM U, B YaCTHOCTH,
HEOJHO3HAYHOCTHU OIPEIEICHUS TEPMUHA «OIIEpallMOHHAs CUCTEMAY.

B HeKoTOpBIX M3AaHUAX OMIMOOYHO ACCOLUMUPYIOT MOHATHE BUPTYAIbHOI'O KOMIIBIOTEPA
UCKIIIOUUTENIBHO C OINEpPalMOHHOM cUCTEeMO. JTO He Tak. TOJIbKO 4YTO Mbl IOKa3ala, 4TO
"BUPTYaJIbHOCTh KOMIIbIOTEPA", C KOTOPHIM pabOTaeT M0JIb30BATEb BEIUMCIUTEILHOW CUCTEMBI,
HAUMHACTCSA C YpPOBHS YINpaBlieHUs (PU3MYECKHMMM YCTPOHCTBAMU M 3aBEpIIACTCS Ha ypPOBHE
IIPUKJIATHBIX CUCTEM.

Takxe HE COBCEM IPaBUIIBHBIM SBIIIETCS YTBEPXKACHHUE, YTO OIEPAaLlMOHHAs CUCTEMA
IPEOCTABIIAET M0JIb30BATEI0 Y100CTBA pabOThI C BEIYMCIUTENBHON CUCTEMON WK IIPOCTOTY €€
nporpamMmupoBanus. Ha caMom jenme 3TH CBOWCTBa B OOJNBINCH CTENEHW MPHHAJJICKAT
IPUKJIAJHBIM CHUCTEMAaM WJIH CHCTEMaM MporpamMmupoBaHuss. OJHOW M3 BO3MOXHBIX IMPUYUH
0JOOHON HEOAHO3HAYHOCTH SIBJISIETCS TO, YTO HA PaHHHUX MEPUOJaX PA3BUTUS BEIYUCIUTEILHON
TEXHUKH CHCTEMBl IIPOIPaMMHUPOBAHHSA  PACCMATPUBAINCH B  KAa4eCTBE KOMIIOHEHTA
OTIEPALIMOHHBIX CUCTEM. BhIUMCIUTENbHAS CUCTEMA SABISETCS NMPOAYKTOM IITyOOKOM MHTETpanun
ee KOMIIOHEHTOB, U, 0€3yCIIOBHO, Ha ya00cTBa pabotel ¢ BC 1 Ha MpocTOTY NporpaMMHpPOBAHUS
OKa3bIBAIOT BJIMSHHUE U anmaparypa KOMIIbIOTEpa, U ONEpallMOHHAs CUCTEMA, HO 3TH CBOMCTBA B
CYLIECTBEHHO OOJbILIEH CTENEHH XapaKTepU3yIOT CUCTEMBbl IPOrPaMMHUPOBAHUS U IPUKJIAJHbIE
CUCTEMBI.

B nacTosiem pasnesne OblTd pacCMOTPEHBI CIIEyIOIINE Oa30BbIE ONPEAEIEHUS, TOHATHS.

Boiuucnumenwvnaa cucmema — COBOKYIIHOCTH allllapaTHBIX W IIPOTPaAMMHBIX CPEICTB,
(GYHKIMOHUPYIOIIKX B €IMHOM CHCTEME U IIPeJHA3HAYCHHBIX JIJISl PEIICHHUS 33/1a4 ONPEICIIEHHOTO
Kjacca. PaccmMoTpeHa NATHYpOBHEBAas MOJECNb OpPraHU3allM¥  BBIYMCIUTEIBHOM CUCTEMBI:
anmnapaTHbIf ypoBeHb, YPOBEHbB yIpaBieHus ¢puznueckumu pecypcamu BC, ypoBeHb ynpaBieHus
JIOTMYECKUMH/BUPTYAIbHBIMH PECYpPCaMH, YPOBEHb CHCTEM IPOTPAMMHUPOBAHHS M YpPOBEHb
NpUKIAAHBIX cucTeM. Kpyr 3amad, Ha pemeHue KOTOPBIX OPHEHTHPOBAHA BBIYMCIUTEIbHAS
CHUCTEMA, OIPENENSETCS HAIOJHEHUEM YpPOBHS IIPUKIAIHBIX CUCTEM, OJHAKO BO3MOKHOCTHb
peanu3alny TeX WINM WHBIX MPUKIAJHBIX CUCTEM ONPENEISAECTCS BCEMU OCTAIBHBIMU YPOBHSMH,
COCTaBJISIOLMMU CTPYKTYpHYI0 opranuzannto BC.

Qusuueckue pecypcol (ycmpoiicmea) — KOMIIOHCHTBI amMaparypbl KOMITBIOTEPA,
UCIIONB3yEMBIE HA IPOrpaMMHBIX ypoBHsAX BC wunm  okaspiBarolMe  BIMSHUE Ha
¢ynxnuonuposanue Bceil BC. CoBOKyNMHOCTh (PU3HMUECKUX PECYypCOB COCTABIISET alapaTHbBIN
YPOBEHb BBIUUCIUTEIIBHON CUCTEMBI.

/Jlpaiigep ¢usuueckozo ycmpoiicmea — TporpaMMa, OCHOBaHHas Ha HCIOJIb30BAHUU
KOMaHJl YIpPaBJICHUS KOHKPETHOro (PU3MYECKOTO YCTpOMCTBA M IpeaHa3HaueHHas Jyis
OopraHu3ainuu padoThl ¢ JaHHBIM yCTpoiicTBOM. [[paiiBep (pu3muecKkoro ycTpoicTBa CKPHIBAET OT
MOJIB30BATENsl JE€TalbHbIE AJIEMEHTHI YNPaBICHUS KOHKPETHBIM (M3NYECKHM YCTPOMCTBOM U
MIPEIOCTABIISET MOJIB30BATENIO YIIPOLICHHBIN MPOrpaMMHBINA HHTEp(delic paboThl C yCTPOHCTBOM.

Jlozuueckue, nnu eupmyansvusie, pecypcol (yempoiicmea) BC — ycrpoiictBo/pecypc,
HEKOTOpbI€ SKCIUTYyTAI[MOHHBIE XapaKTEPUCTHUKH KOTOPOro (BO3MOYKHO BCE) PpEaln30BaHbI
POTPaMMHBIM 00pa3oM.

/paiieep nozuueckozo/eupmyanvrho2o pecypca — 3TO IPOrpaMma, oOecredrBaroNas
CyILIECTBOBAHUE M MCIIOJb30BAaHUE COOTBETCTBYIOLIETO pecypca, I ITUX LEJIEeH IPU €ro
peanu3ay BO3MOXKHO UCIIOIb30BAHNE CYIIECTBYIOUINX APaliBEPOB (PU3NUECKUX U BUPTYAIbHBIX
YCTPOMCTB.
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Pecypcor  BBIYMCIUTENBHON CHCTEMBl — 3TO COBOKYIHOCTh BCEX (DU3NYECKUX U
BUPTYaJIbHBIX PECYPCOB JAHHOW BBIYMCIUTEIBHON CUCTEMBI.

Onepayuonnas cucmema — 3T0 KOMIUIEKC MPOrpaMM, 00ECIIEUNBAIOIINN YIIPABICHHUE
pecypcaMy BBIYMCIUTEIIBHON CUCTEMBIL. B CTpyKTYpHOM OpraHu3anyy BbIYUCIUTEIBHON CUCTEMBI
OIEpaLIMOHHAs CUCTEMA NPECTABISETCS YPOBHAMH yIPaBICHUS (PU3MUECKUMH U BUPTYaIbHBIMU
pecypcamu.

/Ku3znennolii yukn npozpammsl B BBIYUCIATEIBHON CUCTEME — IIPOCKTUPOBAHUE,
KOAMpOBaHUE (IIpOrpaMMHasl peaju3alus WIM peaau3alus), TECTUPOBAHUE M OTJIAJKA, BBOJ
IPOTrPaMMHOM CUCTEMBI B SKCIUTyaTallUI0 (BHEPEHUE) U COIPOBOXKICHHE.

Cucmema  npocpammupoeéaHus —  KOMIUIEKC  IIporpammM,  0OecCIeYuBaroIIui
NOIEPKAHUE TAIIOB )KU3HEHHOT'O IIUKJIA IPOTPAMMBI B BEIYMCIIUTEIIbHONU CUCTEME.

Ilpuknaonasa cucmema — nporpaMMHasi CUCTEMa, OPUEHTHUPOBAHHAS HAa PELICHUE WIN
aBTOMATH3alMIO PELLICHHs 3a/1a4 U3 KOHKPETHOMN MpeaAMETHON 00JIacTH.

1.2 OcHoOebl KOMMLOMEPHOU apxumeKmypbl

W3y4yeHne TPUHIUIIOB CTPYKTYPHOH OpraHu3anud ¥ (PyHKIHOHHUPOBAHUS OCHOBHBIX
KOMIIOHEHTOB ONEPAallMOHHONW CHCTEMbl HEBO3MOXKHO 0€3 pacCMOTPEHHsS] OCHOB apXHUTEKTYpPhI
KoMIbtoTepa. HacTosmas riaBa TMOCBAIEHA PAaCCMOTPEHHMIO KOHULEIMIUA OpraHu3aluu
KOMIIBIOTEpa B KOHTEKCTE €ro (PyHKIMOHUPOBAHUS B COCTaBE BBIYMCIUTEIBHONH CHUCTEMBI
(BBIUMCTUTENBHAS CUCTEMA — 3TO COBOKYITHOCTh B3aMMOCBSI3aHHBIX aMMapaTHBIX U MPOrPAMMHBIX
KOMIIOHEHTOB, (YHKIIMOHUPYIOIIMX B €IMHOM cHUCcTeMe U peJHa3HAYCHHbIX JIJIs pelIeHUs 3aa4
ompesieieHHOro kiacca). MHorue (yHKIIMOHAIbHBIE BO3MOXHOCTH OIEPAIMOHHBIX CHCTEM
(Takue Kak OpraHu3alysi aCHHXPOHHOI paOOThI ¢ BHEIIHUMHU yCTPOICTBAMH, 3aIIUTa MAMSITH OT
HECAaHKI[MOHUPOBAHHOTO  JOCTyIa, OpraHu3alus BUPTYaJbHOM ONEPATHUBHOM  MaMSTH)
HEBO3MOKHO paccMaTpHUBaTh BHE MOMJEPKKHM STUX (DYHKUMH B ammapaType KommbioTepa. Ha
caMOM Jejie BEpHO M O0paTHOEe: MHOTHME BO3MOYKHOCTH ammapaTypbl KOMIIBIOTEPA CII0XKHO
MPEICTaBUTh BHE WX MHCIOJNB30BAHMS B paMKax OMNEpallMOHHON cucTeMbl. B mporecce
paccMOTPEHUSI OCHOB ApXUTEKTYPBI MBI OYJIEM HCTIOIB30BaTh 0000IICHHYIO MOJIEN b OpTraHU3aII
Y CBOMCTB OCHOBHBIX KOMIIOHEHTOB, COCTaBJISIOUINX KOMIBIOTEP, TOCTATOUHYIO JJIsl TOCTPOCHUS
MPEACTABJICHUS O CYIIECTBYIOIIMX B3aUMOCBS3SIX aMMapaTHBIX U MPOTPaAaMMHBIX KOMIIOHEHTOB
BBIUHCIUTENFHON CHUCTEMBI, a TakK)Ke ISl MOHMMAHUS MPUHIUIIOB MOCTPOCHUS OINEPAIlHOHHBIX
CHUCTEM.

1.2.1 CTpyKTypa, OCHOBHbl€ KOMMOHEHTbI

Cepenuna 40-x rogoB 20-ro Beka MOXET BIPABE CUUTATBCS CPOKOM 3apPOKICHUS
COBPEMEHHOM BBIUUCTUTENbHOM TeXHUKH. C 3TOH 1aToi CBA3aHO OMyOIMKOBaHNE aMEPUKAHCKUM
MaTeMaTHKOM BEHrepckoro mpoucxoxaeHus J[xonom ¢ou Heiimanom (John Von Neumann)
TEXHUYECKOI0 OTYeTa IO pe3yibTaraM mpoekTupoBanus kommbiorepa EDVAC (Electronic
Discrete Variable Computer — Dnexrponnsiii Komnbtorep uckpeTHbix I[lepeMeHHBIX) MO
nasBanueM «IIpeaBapurensHbiii qokman o kommneiorepe EDVACy (A First Draft Report on the
EDVAC). B panHoM oTyeTe [JEKJIapUpPOBAIUCh OCHOBHBIC KOHIIEMIIMKA OpTraHHU3allud
KOMITBIOTEPOB, KOoTOpble Obutn peann3oBaHbl B EDVAC. OcHOBHBIMH pa3pabOTYMKaMH 3TOTO
kommbioTepa Obutn Jkon Mowru (John Mauchly) u JIxxon Ilpecriep Dxkept (John Presper
Eckert). Cnenyer oTMeTuTh, 94TO K TOMY BpeMEeHH MoOWir ¥ DKKEPT MMEJH YCIEIIHBIA OIMBIT
paspabotku kommbiorepa ENIAC (Electronic Numerical Integrator And Computer).
CkaHnanpHOCTh JAHHOW CHUTyallMM COCTOsUIa B TOM, YTO BHYTPUKOPHOPATHBHBIA OTYET,
OCHOBAHHBIN Ha MpeIoKeHUsIX Moywin 1 DkkepTa (BO3MOXKHO U coBMecTHO ¢ (hoH Heiimanom),
ObLT TIOATOTOBJICH | OIyOJMKOBAaH 3a aBTOpPCTBOM Toibko J[xona d¢on HeilimaHa.
PacripocTpanenne 1aHHOTO OTYETa B HAYYHOU Cpejie TIOPOIMIIO MOSBICHHE OCHOBOIIOIATAIONTIX
MPUHILIUIIOB TOCTPOEHUS BBIYUCIUTENBHBIX MAIIMH — TaK Ha3bIBAEMbIX ''PUHLHUIIOB (OH
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Hetimana", KOTOpble KAK MUHIMYM JIOJDKHBI OBLT UMEHOBATHCS IPUHITUTIaMU Mowin, DKKepTa,
¢on Heiimana. Mbl He BIpaBe M HE B CHUJIaX HM3MEHUTh XOJ MCTOPHH U CIOKUBIIYIOCS
TEPMHUHOJIOTHIO, MO3TOMY B JalIbHEHIEM Takke OyJeM HCIOJIb30BaTh TEPMHUH "TPUHIUIIBI
noctpoeHus kommbioTepa (o Heiimana". Mtak, B ueM e COCTOSUIM MPUHITUIBI OpraHU3aluu
MamuHbl poH Hevimana?

1. IpuHOMN ABOMYHOI0 KOAMPOBAHUSA MH(OPMALUM: BCsA UH(DOPMAIHS, KOTOpas
noctynaet u o0padaTbIBaeTCsi B KOMIIBIOTEPE, KOJUPYETCS B ABOUYHON CUCTEME CUUCIICHUS.

2. IIpuHuun nporpamMmmHoro ympasJeHusi. [Iporpamma cocTtour M3 KOMmaHn, B
KOTOPBIX 3aKOJMPOBaHbI ONEepalysl U ONEPaH]ibl, HAl KOTOPbIMH JIOJKHA BBIIIOJHUTHCS JaHHAs
ornepanusi. BrplnonHeHne KOMIBIOTEPOM HPOrpaMMbl — 3TO AaBTOMAaTHUYECKOE BBIIIOJIHEHUE
ONPENIETICHHON IOCIEeN0BATEIbHOCTH KOMAaHJ, COCTAaBJSAIOIIMX NporpaMMmy. B kommbroTepe
UMeEeTCsl  yCTPOMCTBO, oOecrieynBaroIiee  BBIMOJHEHHE  KOMaHI, —  MpoLeccop.
IlocnenoBarenbHOCTh BBIIIOJIHSIEMBIX IIPOLIECCOPOM KOMaH/{ onpenensercs
[I0CJIEI0BATEIBHOCTHIO KOMaH 1 M JJaHHBIX, COCTaBJISIOUINX porpammy. To ecTs, 110 CyTH, BTOPOH
MIPUHILIUI — 3TO MPUHIIMII [TOCJIEIOBATEIHLHOU 00pabOTKH.

3. IpuHuun xpanumoi nporpammsl. [l XpaHeHUss KOMaH/{ U TaHHBIX IIPOrPaMMbl
UCIIOJIB3YETCS €IMHOE YCTPOKUCTBO MaMsATH, KOTOPOE MPEICTABIIAECTCS B BUAE BEKTOpa CIIOB. Bee
CJIOBa MMEIOT IOCIE0BATENbHYIO aapecanuio. KoMaHapl U JaHHBIE NPECTABIAIOTCS €AUHBIM
oOpa3om. Murepnperanusi nHGOpMalUK MaMATH U, COOTBETCTBEHHO, €€ HUJCHTHU(HUKAIUSI KaK
KOMaH/Abl WM KaK JaHHBIX [POUCXOJUT HESBHO NPHU BBINOJIHEHHUU ouepenHoM kKomanzabl. K
IIpUMEPY, COAECPKUMOE CIIOBA, aPeC KOTOPOro MCIHOJIBb3YETCs B KOMaHJE NEpexoaa B KauyecTBe
ornepaHjia, MHTEpHpeTUpyeTcss Kak Komanzaa. Eciu To e CII0BO HUCHOJIb3yeTCsl B KauecTBE
OIEpaH/1a KOMaHbl CII0KEHHS, TO €r0 COAEPKUMOE HHTEPIPETUPYETCS KakK JaHHbIE. To ecTh 0J1Ha
U Ta 5k€ 00JIACTh MaMATH B 3aBUCUMOCTH OT KOMaH/I B OJTHOM cllyyae OyJeT HHTEPIPETHPOBATHCS
KaK KOMaH/a, B JPyroM ciiyyae — Kak JaHHble. DTOT npuHiun ¢pon Heiitmana 3ameuaTesieH TeM,
YTO OH OIpPEAEISET BO3MOXHOCTb NPOTPAMMHON TE€HEpalMM KOMaHJ € IOCIEAYIOLUM HX
BBIMIOJITHEHUEM, TO €CTh BO3MOXKHOCTh KOMIWISILIMM NPOrpaMMBbl, KOrJa OJHa Iporpamma
MOPOX/IAET JIPYTYIO IPOrpaMMy, KOTOpast OyAeT BBITOIHATHCS.

PaccMoTpuM ynpomeHHy 0 CTpYKTYpy KoMmbiotepa ¢pon Heiimana (Puc. 20):

- OnepaTtuBHoe 3anomMuHawiiee ycrpoiicteo (O3VY), win ocHOBHasi NAMATh, —
YCTPOICTBO XpaHEHMsI JaHHBIX, B KOTOPOM HAaxOJUTCS MCIIOJIHAEMAas B JIaHHBII MOMEHT
nporpamma. To ecTh omeparuBHas NaMATb — 3TO CBOWCTBO BCE-TAKM CHUCTEMHOE, a HE
TEXHOJIOTHYecKoe (T.€. Ha OCHOBE Yero CJIeJIaHO 3TO YCTPOMCTBO — HA TOW K€ dJIEMEHTHOH 0ase
MO3KHO CJIeJIaTh YCTPONCTBO AJIsl XpaHeHUs HHGOpMaIuu, HO OHO OyIeT MPEACTABIATHCS CHCTEME
HE KaK OMNepaTHBHas MaMsATh, a KakK BHEIIHEe YCTPOWCTBO; TOT/a Kak MporpamMma Oyzaer
UCTIONTHATHCS U3 ONEPaTUBHON MaMSITH).

YcerpolicTtBo
BBO/JIa-BbIBOJ1a

A
A

111

Buerngee

VOTNOUCTRO

Puc. 20. Ctpykrypa komnsioTepa ¢on Heiimana.

31



- BHemnue ycTpoMcTBa — IPOrPAMMHO YIIPABJISIEMBIE YCTPONCTBA, BXOIALIUE B
COCTaB KOMIIBIOTEpA, T.€. YCTPONCTBA, C KOTOPHIMH BBINOJHSEMAsi MpOrpamMma MOKET
OCYILECTBIIATE OOMEH JaHHBIMU.

- Ipoueccop, wim uenTpansublii mpoueccop (LIT), — ocHOBHOW KOMIIOHEHT
KOMIIBIOTEpa, OOECTeUUBAIONINI BBIMOJIHEHUE MPOTPaMM, MPOILECCOp KOOPIWHUPYET padoTy
BHEIIHUX YCTPOWCTB MW omnepaTuBHOM mnamsaTu. IIpomeccop coctoutr wu3 apudMeTHKO-
Jorudeckoro ycrpoiictBa (AJIY) u yerpoiicrBa ynpasienusi (YY). YcTpoiCTBO yrnpaBiaeHuUs
o0ecreyrBaeT MOCIe0BATEIbHYI0 BHIOOPKY KOMaHJ], COCTABIIAIOIIMX MPOTpaMMy, U3 MaMSITH,
BBIJIEJICHUE U aHAJIM3 KOJla Ollepaluy, I0JIy4eHUEe 3HaUeHUI onepan1oB. B 3aBucumMocty oT Koja
orepanuy KOMaHJIa BBINOJIHSETCS JU00 B YCTpOHCTBE yrnpaBieHHs! (OOBIYHO 3TO MOTYT ObITh
KOMaH/Ibl [Iepelayyl yIpaBieHus ), 1100 KO Olepaliy 1 ONlepaH bl HepeatoTCs Ui BBIIOJIHEHUS
B AJIVY. Ilocne vero BeIOMpaeTCs U3 MaMATH CIIeIyIoIIas KOMaH/1a MporpaMMel U T.11. B cucreme
KOMaHJ T[poleccopa IMpeayCMOTPEHbl CpPEICTBAa JJIs B3aUMOJCIHCTBUS C BHEIIHUMU
YCTPOMCTBAMMU.

CoBpeMeHHbIE KOMIBIOTEPHl 0 MHOTMM II0Ka3aTeNisiM HE COOTBETCTBYIOT NMPUHIUIIAM
¢on Heiimana. Bo-niepBbIX, MPUHIUI TBOMYHOTO KOAWPOBAHUS MH()OPMAIMH HAPYIIACTCS, TaK
KaK B MUpE €CTb, 110 KpaifHel Mepe, OANH NPUMEp UCTOIb30BaHUSI TPOUYHON CUCTEMbI CUUCIICHUS.
Oro mammHa CeryHb, e€ aBTop — Hukonait [lerpoBuu bpyceH1ioB, KOTOpsIii paboTaer y HaC Ha
dakynbrere. Bo-BTOPBIX, MPUHIUI IPOTPAMMHOTO YIIPABJICHUS B COBPEMEHHBIX KOMIBbIOTEPAX
TOKE HAPYIICH, TaK KaK OH JCKJIApHPYET MOCIE0BATEIbHYI0 00paboTKy U BBIOOp MH(pOpMaIuy,
a Mo/1aBIIsAo1Iee OOJBIIMHCTBO KOMITBIOTEPOB HAUMHAET 00padaThiBaTh KOMaH/IbI «C 3a0eraHuem»
BIIEPENl, TO €CTh BO BpEMs BBIIIOJIHEHUS TEKYLIEH KOMaHJAbI IOCIEAYIOIINE KOMAaH[Ibl Y¥kKe
HAUYMHAIOT BBIOMpAThCS (MHOTAA 3Ta paboTa MOXKET HMOWTHM HAcMapKy, HampuMmep, B clydae
BETBJICHUS 110 YCJIOBUIO). B-TpeTbux, NpUHLNII XpaHUMOW IPOrpaMMbl TaKK€ HAa CErOHSIIHUN
JIEHb HAapYIlIeH — B TIOJIABJISIONIEM OOJIBIIMHCTBE KOMITbIOTEpoB O3Y XpaHUT KOMaHAbI U JaHHbIE
«HEMHOT'0 TIO-Pa3HOMY».

Huxe wmbl paccmoTpum 0a3oBble CTPYKTYpHBIE M (PYHKIIMOHAJIBHBIE OCOOEHHOCTH
COBPEMEHHBIX KOMIIBIOTEPOB, YJEIMB O0CO00€ BHHMAaHME PACCMOTPEHHUIO CTPYKTYpPHOM
OpraHHu3alil KOMITBIOTEpa KaK CUCTEMbI, OOBEIUHSIONIEH pa3HOPOAHbIE (110 HA3HAYEHUIO U
NPOM3BOIUTENFHOCTH) —allapaTHblE KOMIIOHEHTH H  paboTamomeil Toj — yrnpaBieHHEM
OTIEpaIIMOHHON cucTeMbl. PaccmorpuM mpocreiimyto cuctemy (Puc. 21). B onepaTtuBHOM namsTu
HaXOAMUTCS UCHOJHSeMas TIporpamMMa (T.e. BCE KOMaHAbl U JIaHHBIE IIOCJIEI0BATEIbHO
BeiOMparoTcss u3 OII). CootBercTBenHo, LI obecrneunBaeT BBHIOOPKY, aHAINW3 W HMCIOJHEHUE
komaHa. Ckopocts 00paboTku MH(OpMAIMK B TPOLECCOPE, CKOPOCTh JOCTyNa K JAaHHBIM,
pa3MENIeHHBIM B ONEpaTUBHOM NaMsATH, M CKOPOCTh OOMEHa JaHHBIMH C BHEIIHUMU
YCTPOHCTBAMH MOTYT OTJIMYATHCS APYT OT JApyra Ha mopsakd. M ecnu B cucreme He OynmyT
MPEeIyCMOTPEHB  CpPEIACTBA,  KOMIIGHCHUPYIOIIME  JTOT  jAucOansaHc, TO  WUTOToBas
IIPOU3BOJUTENBHOCTD OYJIET ONpPEAENAThCS HAUMEHEE MPOU3BOAUTEIBHBIM 3JIEMEHTOM, aKTUBHO
UCIIONIB3YEMBIM B paboTe cucTeMbl. Mbl OyJieM CMOTpPETh Ha apXUTEKTYypy UMEHHO C MO3ULIUN
CHUCTEMBI — TJI€ 3THU MPOOJIEMBI BO3HHMKAIOT M KaK 3THU NMPOOJIEMBI B CHUCTEME pa3pelIaroTCs.
HtoroBasi MpOM3BOAUTEIHHOCTh BBIUHUCIUTENBHOM CHUCTEMBI BO MHOTOM OMpEeNseTcs
pelIeHUsIMHM Ha YpPOBHSAX amlnapatypbl M ONEpPallMOHHOM CHUCTEMBI, KOTOpBIE IO3BOJIIIOT
MUHUMHU3HUPOBATH TOCIEICTBUS qucOamaHca B MPOU3BOJUTENFHOCTH, KaK ammapaTHBIX, Tak U
IPOrPaMMHBIX KOMIIOHEHTOB.

PaccmoTtpum Tenepsb noapodHee XapaKTepUCTUKU KaKI0TO U3 KOMIIOHEHTOB KOMITBIOTEPA.
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AJIY Yy OnepaTuBHast

namMsiTb

perucTpoBasi NaMsTh

mInHa JaHHBIX —
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[INHA
CereBas kapta VYcerpolictBa Bremnee 3anmoMuHaroee
BBO/Ia-BbIBOJIA YCTPOICTBO

Puc. 21. ba3zoBasi apXuTEeKTypa COBPEMEHHBIX KOMIILIOTEPOB.

1.2.2 OnepaTtuBHOE 3anoMUHaroLee yCTPOUCTBO

OnepatuBHOE 3anomuHaromiee ycrpoicto (RAM — Random-Access Memory, maMsrs ¢
IIPOU3BOJIBHBIM JIOCTYIIOM) — 3TO YCTPOMCTBO JUIsl XpaHEHUsS JaHHBIX, B KOTOPOM HaXOAWUTCS
ucnonHsiemas nporpamma. O3V elie Ha3pIBalOT OCHOBHOM MaMSThIO, UM ONIEPAaTUBHOM MaMSTHIO.
KoMaHnap! mporpamMmsl, HCHIOHSAEMbIE KOMIIBIOTEPOM, TOCTYNAIOT B MPOLIECCOP UCKIFOUUTEIHHO
u3 O3Y. Takum 00pa3oM, OCHOBHBIM Ha3HAYEHHEM OINEPATHUBHOW MaMSITH SIBISETCS XpaHEHUE
IIPOrpaMMBbl, KOTOPasl BBIMOJIHSIETCS B HAcTOAIIEE BpeMsi KOMIIboTepoM. OrnepaTuBHas NaMsTh
COCTOMT M3 siYyeeK MaMsATH. Slyeiika mamsTH — 3TO YCTPOHCTBO, B KOTOPOM pa3MeIIaeTcs
uHpopmanus. Sdyeika maMaTH MOKET COCTOATH U3 NBYX noneit (Puc. 22). IlepBoe mone — mose
MalIuHHOTO CJIOBA, BTOpoe — Tojie ciayxkeoHoit wumHpopmanmu (wm TEID). Paccmorpum

Ha3HAa4YCHHUEC KaXXJ10T'0 U3 3THUX ITOJICH.
Arnpec sueHku

0
1 gdeiika TaMATH
Ter| Mamunnoe ¢iI0BO

Puc. 22. SIueiika namsiTu.

Mawunnoe cn060 — 105€e NporpaMMHO U3MeEHsieMol nH(popManuu. B MalimHHOM ciioBe
MOTYT pacHojiaratbCs MallMHHbIE KOMaHAbI (MM YacTH MAIIMHHBIX KOMaHJ) WM JTaHHBIE, C
KOTOPBIMH MOXET OIEPUPOBATH Mporpamma. MalIMHHOE CIIOBO MMeeT (MKCHUPOBAHHBIN ISt
nanHoit OBM pasmep. OOBIYHO TMOJ pa3MepoM MANIMHHOTO CJIOBA MOHMUMAETCS KOJIHYECTBO
JIBOMYHBIX pa3ps10B, pa3MellaeMbIX B MAallIMHHOM ciioBe. Korzia ucnomnb3ytorcst TepMuHsl «16-11
pa3psAOHBI  KOMIIBIOTEP», WU «32-X pas3psOHbll KOMIBIOTEP», WU «64-X pa3psaHbIi
KOMIIBIOTEP), 3TO 03HAYAET, YTO peUb UAET O KOMIIBIOTEPAX, ONEpaTUBHAS TAMSATh KOTOPBIX UMEET
MauwiuHHble cnosa pazmepoM 16, 32 wiu 64 pa3psia COOTBETCTBEHHO.

Ilone cayynceonoi ungpopmayuu — TEI (tag — sipibik, Oupka) — moJie SUCHKH MaMsITH,
B KOTOPOM CXE€MaMH KOHTpOJs npoueccopa u O3Y aBTOMaTUYeCKH pasMeiaeTcs: nHhopManus,
HeoOXoaumasi Ui  OCYILECTBICHHMS KOHTPOJIL 3@ LEJIOCTHOCTbIO U KOPPEKTHOCTHIO
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MCIIOJIb30BaHUs JTAHHBIX, pa3MeEIIaeMbIX B COOTBETCTBYIOLIEM MalIMHHOM ciioBe. B mpuHiumne
TOI' MOXET OTCYTCTBOBATb.

Hcnonp3zoBanue moms ciyxebHor wuHpopmanuu (TDOla) MOXKET OoCyIecTBIATHCS B
CIIEIyIOIIMNX LEIIAX.

- KonTpoas 3a menoctHocTbl0 JaHHbIX. [lpocreiimias Moxens — 3TO
oaHopazpsaaubid TOI', KOTOPBIM MCIONB30BAJICS [JIsi KOHTPOJA YETHOCTH. CollepKUMOE TOJISt
UCIIOJIB3YETCS ISl KOHTPOJIBHOIO CYMMMPOBAHUSI KOJa, pa3MEIIEHHOI0 B MAlIMHHOM ciioBe. [Ipu
KKIO0W 3amucu MHGOpMalMd B MAalIMHHOE CJIOBO aBTOMAaTHYECKH MPOMCXOAUT KOHTPOJIbHOE
CyMMUpOBaHHE (KOJIMYECTBA EMHUYCK B 3aIMCHIBAEMOM KOJI€) 1 (POPMHPOBAHUE COJEPKUMOTO
noJyist ciyxeO0Hoi uHbopmaruu (OUT Y4€THOCTH WU Hey€THOCTH). [IpM YTEHWM NaHHBIX W3
MaIIMHHOIO CJIOBA TaK)KE€ ABTOMATUYECKU IPOMCXOAMUT KOHTPOJIBHOE CYMMHUPOBAaHUE KOJa,
HAXOJsIIEerocs B MAIIMHHOM CJIOBE, a 3aTéM MOJY4YeHHBIH KOJ KOHTPOJIBHOH CyMMBbI
CPaBHUBAETCA C KOAOM, Pa3MELICHHBIM B TOJIe CIy>keOHOM mHpopmanuu. CoBnaneHue KOA0B
TOBOPUT O TOM, YTO JaHHbIE, 3alMCAHHbIC B MAalIMHHOM CIIOBE, HE MOTepsHbl. HecoBnaaeHnue
TOBOPUT O TOM, 4TO mpou3oien coori B O3Y u uHdpopmanus, HaxoAIascss B MAIIHHHOM CIIOBE,
oTepsiHa, B OSTOM CIy4yae B MPOILIECCOPE MPOUCXOIUT IMpepbiBaHUE (IIpepbiBaHUs OyayT
paccMaTpuBaThCs HECKOJIbKO mo3fgHee). Ha Puc. 23 u3oOpaxeHa sueiika mamsita ¢ 16-tu
paspsiAHBIM  MaIllMHHBIM CJIOBOM W oAHopa3psaHbiM mojeM TEl'a. KoHTponbHblid paspsig
JIOTIOJIHSIET KOJI MAIIMHHOTO cioBa. BapuaHT A: colepKMMOe MAIIMHHOIO CJI0Ba KOPPEKTHOE,
BapuaHt b — ommubka. 3pech cleayer OTMETHTb, YTO OJHOPa3psSAHOE KOHTPOJIbHOE
CYMMMPOBAHHE MOXKET '"IIponyckaTh'" MOTEPU Map €IMHUI B KOJAE MAIIMHHOIO CJIOBa, T.€. 3Ta
CXeMa KOHTPOJISI HE MOXKET OTJIaBIMBAaTh YETHOE KOJIMUYECTBO OMIMOOK, — BapuaHT B.

- Koutpoans goctyma K koMaHaam/maHHbIM. Paccmorpum  mpoOiemsl,
BO3HHMKaromue B MamuHax (on Heiimana. IlepBas — curyanms "mortepu" ynpaBieHUs B
nporpaMmme, T.e. CUTyalusi, Ipu KOTOPOH M3-3a OIIMOOK B IMPOTrpaMMe B KaUECTBE MCIOJIHAEMBIX
KOMaH]I HAYWHAIOT BBIOMPATHCS MPOILIECCOPOM W HCHOJHITHCSA TaHHbIe. BTopas mposBisercs
TOrJa, KOTJa mporpaMMa M3-3a OIIMOKU caMa 3aTUPaeT CBOKO KOJOBYIO YacTh: HA MECTO KOMAaH]
3anMchiBalOTCA  JaHHble. OTinagka mOJOOHBIX OMIMOOK  JOCTaTOYHO TPYyJOEMKa, T.K.
BO3HHKHOBEHHUE OMIMOKH B IPOTPAMME U €€ MPOSBIEHNE MOTYT OBITh CYIIIECTBEHHO Pa3HECEHBI 10
KOJy MporpaMMbl W IO BpPEeMEHHU MposiBieHus. KoHTponb JocTyma K KOMaHIam/IaHHBIM
oOecreyrBaeT 3alIUTy OT BO3HUKHOBEHHUS TMOAOOHBIX mpodieM. CyTh 3TOT0 peleHus
3aKirodaercs B cienytomemM. Korna Ml pazMeniaemM nporpaMmy B aMsITH U TEHEPUPYEM KOJI, TO
MBI cpa3y ke «pacKpaliuBaem» BCIO HH(OpMaIIHMIO Ha J1Ba [[BETa — MAIIMHHBIE CJIOBA, B KOTOPBIX
HaXOATCSl KOMaH/bl, U MalIMHHBIE CJIOBA, B KOTOPBIX HaxoAsTcsd AaHHble. [Ipu BkirodyeHuun
CIEIMAIILHOTO peXXuMa paboThl MpoIieccopa 3anich MAIIMHHBIX KOMaH/I B ONIEPaTUBHYIO MaMATh
compoBoxkaaerca ycraHoBkol B TEl'e crenuanbHOrO KoAa, yKa3bIBAIOUIErO0, YTO B JTAHHOM
MalIMHHOM CJIOBE pa3MelleHa KoMmaHaa. Takke COOTBETCTBYIOIIMN MPU3HAK yCTaHABIMBAETCS
IIpY 3anIUCH JaHHbIX. [Ipu BEIOOpKE 0uepeHON KOMaH/bl U3 NaMsATH aBTOMaTUYECKU TPOBEPSETCS
COJIEP’)KUMOE COOTBETCTBYIONINX pa3panoB TEI'a: ecnu B MallnHHOM CJIOBE pa3MelleHa KOMaH/a,
TO OyZeT mpoaoinkeHa ee 00paboTka U BbIOIHEHHE. Ecii BO3HUKAET MOMBITKA BBITOJHEHHS B
KayecTBE KOMaHJAbl KOJa, 3alMCaHHOTO KaK JaHHbIe, TO TPOHCXOJUT IMpepbIBaHHUE, T.€.
(duKcHpyeTcss BOSHUKHOBEHHE OMIMOKHU. 3/1€Ch MBI BUJIUM IEPBBIN CIIy4ail 0TX0/a OT OJHOTO M3
MIPUHIIUIIOB OpraHU3alui KoMIbioTepoB (GoH HeliMana — BBeneHHE KOHTPOIISA 32 CEMaHTUKOU
UH(OPMAaLINH, Pa3MEIIEHHON B MAIIIMHHOM CJIOBE.

OTO HYXHO [UIsl BBITIOJHEHHS OJHOTO M3 OCHOBHBIX TpeOOBaHM, CBSI3aHHBIX C
HaJEKHOCThIO IPOrpaMMUPOBAHMSI — CHUCTEMa JOJDKHA BCEMH CWJIAMM MHUHUMH3UPOBATH
BO3MOJXKHBIE OIIMOKU B MporpamMme moib3oBarens. Hanpumep, ommbka, cBsi3aHHas ¢ nepeaadeit
yIpaBJICHUST Ha 00JIACTh JAHHBIX, MOYKET MPOSBUTHCS TOJIBKO MO3KE, M TAKHE OIIMOKH JIOBHTH
OUYeHb TPYIHO.
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Ilpu sammce cnoBa B DaMATe ECHTpoIEHad cymua but =9 (1001 = TEI =1

A 1 a 1 a 1 a 1 a 1 a 1 a 1 1 1 a 1 Ounibxi HeT.
Ilpu wTeHHH MamHHEECTS CaoEa (16 BHT) cyMma BHT TET

orasHEacTcApasHoi 8 (1001b), uTo He OpoTHEOREYHT
sHadeHmo TR a (1),

E 1 I 1 I 1 I 1 I 1 I 1 I 1 1 0|0 1 Ounibxa.

IIpu yrenny MawmmHaRCr cooea (16 BHT) cyuma bRT TED

OMASHEAETCA pagHod ¥ (1000k), aTEL =1

= chof & pabome 05V IIponzouma morepa L
B 1joj1r|jof1fof1]jo]l 1ol 1|lof1]o]o]|0]|1l| OumbxaHe BHIHA.

v > f—z{jl_)

Iy wTeHUH MAMBHECTG CI0ER (16 BHT) cyuma GuT TET

okazpEacTcA pasHoi 7 (0111b), u TEL =1

= oHbEa He BYIET BEIABIEHA, IIponzomnu notepn 1.

Puc. 23. KoHTpoub 4YeTHOCTH.

- KonTpoabs gocTtyna Kk MAIUMHHBIM THIAM JaHHbIX. Pa3ButuemM KOHTpoJd 3a
CEeMaHTUKOM uH(popMmalMu («packpacku HHPOpPMALUMU B JBa LBETa»), pa3MEIIEHHOH B
OIepaTUBHON MaMSTH, ABJIIETCS MOJENb JOCTyNa K MallMHHBIM THIaM JaHHbIX. Kak u3BecTHO,
KKl KOMIIBIOTEp MMEET TaK Ha3blBAEMbIE MAIIMHHBIE THUIBI JAHHBIX. JTO O3HAYaeT, 4TO
CYILLIECTBYIOT I'pyTIIbl MAITMHHBIX KOMaH/I, KOTOPbIE ONIEPUPYIOT C IaHHBIMH OJTHOTO THMA (LIEJIbIE,
BEIIECTBEHHbIE C (DUKCHPOBAHHON TOUYKOM, BEIIECTBEHHBIE C TUIABAIOIIEH TOUKOH, CHMBOJIBHBIE,
jgorudeckue). T.e. MpU BHIIOJHEHUH KOMAaHbl UCHOJIb3yeMble ONEpPaHIbl HUHTEPIPETUPYIOTCS
COIVIACHO MAIIMHHOMY THITy J@HHBIX B COOTBETCTBHUU C TUIIOM KOMaH[bl. COrjaacHO OJHOMY W3
npuHIUIoB GoH Helimana cioco0 nntepnpeTrayi HGOpMaIuy B OTIepaTUBHON MAMSITH 3aBUCUT
UCKJTIOUUTENFHO OT XapaKTepa UCIOIb30BaHus 3Toi nHpopmanuu. T.e. 11000 Ko, 3aMCaHHBINA
B MalIMHHOE CJIOBO, MOXET OBITh HCIIOJIb30BaH B KauecTBE KOJa MAIIMHHOW KOMaHbI, €Clid
YCTPOUCTBO yHpaBieHUsT 00paTUIOCh 32 OUEPEeTHOM KOMaHJIOW K 3TOMY MAIIMHHOMY CJIOBY, H
3TOT K€ KOJI MOKET OBbITh MPOMHTEPIPETUPOBAH KaK KO JTF000r0 MalllMHHOTO TUIA JaHHBIX, €CIIN
OH HCIIOJIb3YETCS B KAUeCTBE OllepaH/ia KOMaH bl COOTBETCTBYIOLIET0 THMa. KoHTpons noctymna k
MAalIMHHBIM THIIAaM JAaHHBIX OCYILECTBiseTcs 3a cueT ¢pukcanuu B noje TEl'a kona Tma naHHBIX
IIPY MX 3aIIMCH B MAILIMHHOE CJIOBO, a IIPYU MCIOJIb30BAaHUM ITHX JAHHBIX B KA4ECTBE ONEPaH/I0B
KOMaH/l OCYIIECTBJISIETCS aBTOMAaTHuYecKas IpPOBEpPKa COBMAJCHMS THIA OlepaHAa M Tula
KoMaHAbl. Eciii OHM cOBHajarmT, TO KOMaHAA MPOJOJKAET CBOE BBINOJIHEHHE, €CIU HET, TO
MIPOUCXOIUT IpepbiBaHue. Kak BUAUM, KOHTPOJIb 32 UCHOJIb30BaHUEM MAIIMHHBIX TUIIOB TaHHBIX
SBJISIETCS €I1€ OJHUM IPOSBICHUEM OTXOJa apXUTEKTYPbl KOMIIBIOTEPOB OT HMPUHIMIOB (OH
Helimana.

Hanuyue wim oTcyTcTBHE MO CITy>Ke0HOM HH(pOpMaIMH B ssUeiike NaMsITH, XapaKTep ero
MCIIOJIb30BaHUS 3aBUCIT OT KOHKPETHOTO THITa KOMITBIOTEPOB. B KaKnX-T0 KOMIBIOTEPAX ITO MOJIE
AYEHKN MaMATH MOXET OTCYTCTBOBaTb, U B ATOM CIIyyae pa3Mep S4YEHKH IaMsATH COBIANAET C
MalIMHHBIM CJIOBOM. B Kakux-To — mose co ciayxeOHoi nHdopmanuei s4eiku naMsaTu ectb u
UCIIONIB3YETCS JUIsl OpraHU3alliy KOHTPOJS 3@ LIEJOCTHOCTBIO JTAHHBIX M KOPPEKTHOCTBIO MX
MCIIOJIb30BaHUS.

B O3V Bce sueliku naMaTu UMEIOT YHUKAJIbHbIE UMEHA, UM — aJpec siYeiiKH NaMsTH.
OO0BbI4HO azpec — 3TO MOPSAAKOBBII HOMEp AYEHKH NaMATH (HyMepalys S9eeK NaMsITH BO3MOXKHA
KaK MOApsA UAYLIMMH HOMEPAMHU, TaK U HOMEpaMH, KPaTHBIMU HEKOTOPOMY 3HaueHu1o). JlocTyn
K COJIEPKUMOMY MAIIMHHOTO CJIOBA OCYILECTBISAETCS IMPH HENOCPEICTBEHHOM (Hampumep,
CUUTaTh COJEPKUMOE CJIOBa C aJpecoM A) WM KOCBEHHOM HCIIOJIb30BAaHUU ajjpeca (Hampumep,
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CUMTATh 3HAYCHHE CJIOBA, aJ[peC KOTOPOT0 HAXOAUTCS B MAIIMHHOM CJIOBE C aapecoM B). OxHoii
U3 XapaKTEPUCTHUK ONEPATUBHON MaMSITH SIBJISETCS €€ MPOU3BOIUTEILHOCTD, KOTOPAsi ONPEAEIIsET
CKOPOCTH JIOCTYTIA MpoIieccopa K JaHHBIM, pa3MeinieHHbIM B O3Y. OObIYHO TPOU3BOAUTEIBHOCTD
O3Y onpenensercs 1o 3Ha4€HUSIM JBYX IIapaMeTpPOB.

o [TepBhiit — BpeMs qocTyma (acCess time — taccess) — ITO BpeMst MEXTy 3aIIpOCOM
Ha YTCHHUE CJIOBA M3 ONCPATUBHOM ITAMSTH M TIOJyYEHHEM COJEPKHMOTO 3TOTO CIIOBA.
o Bropoit mapamerp — JIMTEILHOCTH IMKJIa namsaTH (Cycle time — teycle) — 310

MUHHMAaJIbHOE BPEMS MEXIy Ha4aJlOM TEKYIIETO U TOCIETYIOMET0 0OpaIIeH s K ITaMsITH.

OObIYHO, ATUTEIBHOCTh IUKJIA MaMATH CYIIECTBEHHO IPEBOCXOAUT BpeMs JOCTyIa
(teycle>taccess). DTO CBA3AHO C TE€M, YTO YCTPOUCTBA MAMSTH YCTPOCHBI TAKUM 00pa30M, UTO MOCIIE
orepanuy 4YT€HHsS MHOTME M3 YCTPOMCTB MaMsTH TpeOyIOT pereHepanuu (T.e. IpU UYTEHUU
uHpOpMaLUs U3 SUCHKU paspyliaeTcst — JUIs TOro, YTOOBl COXpaHHUTh MH(OpMauUio, HAaOo e
3anucath). PeanbHble COOTHOIICHUS MEXTY JUIMTEIHHOCTHIO IIUKJIa U BPEMEHEM JIOCTYIIa 3aBUCST
OT KOHKPETHBIX TEXHOJOTMH, NpuUMeHseMbIX s opranusanuu O3Y (B Hekoropbix O3V
Itaccess>2). Takum 0Opa3m, Bpemst HeoOxomumoe it uteHust N 1cose10BaTesbHbIX SYCEeK MaMsITH
MOXeET ObITh He MeHbIIE NXTeycle.

Bepuemcss k 0003Haue€HHOIl B KOHIIE NpPEIBIIyIIEro MyHKTa MpoOsieme aucbOanaHca
IPOM3BOIUTEIHFHOCTH aNapaTHBIX KOMIIOHEHTOB KOoMIbIoTepa. CKOpocTh 00pabOTKH TaHHBIX B
MIPOLIECCOPE B HECKOJBKO Pa3 MPEBBIIIAET CKOPOCTh JOCTyIa K MHGOpMaIUuU, pa3MeIleHHON B
ornepatuBHOW mnamiTH. HeoOxoaummo, YTOOBI HTOrOBas CKOPOCTh BBIOJHEHHUS KOMAaHIbI
MPOLIECCOPOM KaK MOKHO MEHbIIE 3aBUCEIa OT CKOPOCTH JOCTyna K KOAY KOMaHIbl U K
UCTIOJIb3YEMBIM B HEW OIepaHAaM U3 MaMATH. DTO COCTaBISIET MpoOiIeMy, KOTOpas CUCTEMHBIM
o0pa3oM pemiaercss Ha ypoBHe apxuTekTypbl DBM. B anmmaparype xommbroTepa mpuUMeEHseTCs
HENbId psii peUIeHud, MPU3BAHHBIX CrIAAWTh 3Ty pasHully. OAHO W3 TaKUX pEIIeHUH —
pacciioeHue NaMsTH.

Paccioenne O3Y — oquH W3 ammapaTHBIX MMyTeH pelIeHUs MpoOJIeMbl TucOanaHca B
CKOPOCTH JIOCTYTIa K JaHHBIM, pa3MEIIEHHBIM B OTIEPATUBHON MaMATH, U MTPOU3BOIUTEIILHOCTHIO
nporieccopa. CyTh pacciioeHus: CoOCTOuT B cienymomiem (Puc. 24, Puc. 25).

TlocnenoBaTenbHOCTH
aZpecoB
i,i+1, 1+2, ..., i+K-1

v

OO0LwMi 1u1d BCexX
0aHKOB KOHTPOJLIED
JIOCTYIA K IaMSATH

— v T

Bank NeQ Bank Nel Bank NeK-1

i i+1 i+K-1

Puc. 24.llenTpajn30BaHHbIi KOHTPOJLIEP HocTyna K O3Y— 01uH KOHTPOJLIJIEp HA BCe DAHKH.

Bcé mpoctpanctBo O3V menutes Ha K (K = 2'—). HEe3a8UCUMBLX TIOJYCTPOINCTB, KOTOPHIC
HA3bIBAIOTCSL Oaumkamu namsamu. AJpecanuss B CHUCTEME OpPraHM30BaHA TaKUM OOpa3oM, YTO
miaamue L paspsaoB aapeca comepxat Homep 6anka (Puc. 25). Tloapsin uaymime s9eiKy maMsaTu
pacmpezielieHbl MeXly OaHKaMH TaKuM 00pazoM, 4TO y 000N SYeiKU ee COCeH pa3MellaloTcs
B COCEHUX OaHKax (T.e. OHM HaxoAsTcs B pa3HbIX OaHkax). UTo maeT mogoOHas opraHU3anus
namsTu? PaccioeHnue nmaMsTy Mo3BOJsIET BO MHOTOM COKPATUTh 33/IEPKKH, BOZHUKAIOIINE U3-32
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HECOOTBETCTBUS BPEMEHHM JOCTYNa M LMKJIA MaMATH TPHU BBINOJIHEHUH IOCJIEI0BATEIILHOTO
JOCTyTa K siueiKaM MaMsTH, T.K. pu paccioernu O3V 3a1epKKu, CBsI3aHHBIC C IIUKJIOM TaMSTH,
OyIyT BO3HUKATh TOJIKO B T€X CIydasiX, KOIr/a MoAps Uaylirne oOpalleHus MonajaaoT B OJIUH U
TOT k€ OaHK mamsiTu. Takum o0pa3oM, paccioeHHEe MaMSATH MO3BOJSET JOOUTHCA YBEIMUYCHHS
CKOPOCTM YTEHHs W3 MaMsITH TMpU MOCIeNoBaTeIbHOM Joctymne. Mcnonbp3ys opraHusaiuio
napajiesibHol paboThl OaHKOB, B MJCATILHOM CIy4ae, MOXKHO TOBBICUTH MPOU3BOIUTEIEHOCTh
paboter O3Y B K pas. Jli1s 3TuX 11€71e# He00X0IMMO HCIIOIB30BaTh 00JIee CIOKHYIO apXUTEKTYPY
CHCTEMBI yTPaBIICHUS MaMSATHIO.

Bo3MoxHBI 71B€ MOJAETM OpraHu3alldy JOCTyNa K MaMsITH C pPacClOCHUEM — ¢

YEeHMpPanu308aHHbIM KOHMpOoLiepom docmyna K navmsmu (Puc. 24 — omuH KOHTPOJUIEp YIpaBIsIeT
BCeMHU OaHKaMH) B 3TOM CiIydae HET MPOOJIEMbI IUKJIA MaMSTH, T.K. COCCIHHE SUCHKU MaMATH
HAXOJATCSl B Pa3HBIX HE3aBUCHUMBIX 0aHKaxX W OOpalleHHe K MaMATH 3a CIEAYIOUIeH sUeHKOM,
MPOUCXOIUT Cpaszy Mocye MoydeHus npeablayieii yepes taccess - BpeMs goctymna. B atom cayuae,
€CJI UJIET 3aMpoc €AMHOBPEMEHHOTO uTeHHs K Moaps naymux ss4eek naMsTH, TO 3Ta Orepamus
U1 1aHHOM Mojenu npouaer 3a BpeMsa KXtaccess. BTOpas mopens - ¢ Hesasucumvimu
KOHmMpOLLepamu 0isi Kaxicoo2o uz 6anxos (Puc. 25) — B 9TOM cityyae Mbl MOKEM OPTaHH30BBIBATh
napauleNbHBIA JOCTYM K MMaMATH, T.€. OJHOBPEMEHHO MbI MOXEM CUMTATh MOPLUIO JaHHBIX 10 K
sYeeK 3a BpeMs taccess. B cilydae, ecim paccioeHus maMsTH HET, To Ha ureHue K monpsin naymumx
saueek namsaTi notpedyercs Kxteycle (17151 cityyasi pynmoBoro 3amnpoca K HaMsiTH).
Bonpoc 1j1s1 camocTosITeJIbHOro n3ydeHusi. KakoBel Oy/1yT XapaKTepUCTUKU YTEHUS B Cllydae,
€CJIM MOCTYIWJI eIMHOBPEMEHHBI 3anpoc Ha ureHue K+1 nmocnegoBarenbHON sYeiiky namMsTH AJis
Pa3IMYHBIX MOJENEH opraHu3anuu: 0e3 pacCiIOeHHs; C PacCIOCHUEM U C YEeHMPAaru308aHHbIM
KOHMPONIEPOM OOCMYRa K NAMAMU, C PACCIOCHUEM U He3AB8UCUMBIMU KOHMPOIiepamu O
Kaxic002o u3 OAHKOS.

HOCHGHOB&TCHBHOCTB
azpec
aJipecoB
i, i+1,i+2, ..., i+K-1
;Y_J
¢ L pa3psimoB mis
XpaHeHHs
KonTtpostep mocrymna k HoMepa Gatka
aMsTH (0...2%-1)

/

KouTpomep Kontpomnep Kontpomnep
6anka NeQ Oanka Nel o Ganka NeK—1
Bank NeO Bank Nel ... Bank NeK-1

i i+1 ... i+K-1

Puc. 25.03Y c pacciioeHneM namMaTH — Ka:KAbIH 0aHK 00C/IyKHBaeT OT/AeIbHbIA KOHTPOJLIep.

Jpyrue cBOWCTBA M XAPAaKTEPUCTUKU OINEPATHUBHOIO 3alIOMUHAIOLIETO YCTPOWCTBA MBI
OyzeM paccMaTpuBaTh MO3/IHEE 110 MEPEe 3HAKOMCTBA C OCHOBAMM APXUTEKTYpPbl KOMIIBIOTEPOB U
¢ opranmu3anueil 1 QyHKIIMOHUPOBAHUEM KOMIIOHEHTOB OTEPAIIMOHHBIX CHCTEM.
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1.2.3 LUeHTpanbHbIX npoueccop

IMpoueccop, win mnenrpaabHbiii npoumeccop (ILII), kommbroTepa oOecrieuuBacT
BBINIOJIHEHHE MAIMHHBIX KOMaH/[l, COCTaBIIOIIMX NPOrpaMMy, Pa3MELIEHHYIO B ONEpPaTUBHOMN
naMATH. TepMUH «UEHTPaJIbHBIM IPOLECCOP» COOTBETCTBYET CUTYallMM CETOJHSIIHErO JIHS,
KOI'Jla COBPEMEHHBI KOMITBIOTEP — ATO MHOTOIPOILIECCOPHAas cucTema (IIPH 3TOM KOMIIBIOTEP
OyZeT Ha3bIBaTHbCA OJHOIPOLIECCOPHBIM, IOCKOJBKY B BBIIOJHEHHM IPOrpamMMbl IPUHHUMAET
ydacTue TOJbKO OJauH mporeccop). IIpaktuuecku 000l COBpeMEHHbIN KOMIBIOTED HMEET B
CBOEM COCTaBE€ 3HAYUTEIIBHOE KOJIUYECTBO CIIEHUAIN3UPOBAHHBIX YIPABIIIOIIMX KOMIIBIOTEPOB.
[Tono6HbIE KOMIBIOTEPHI MOTYT OCYIIECTBIISATh YNpPaBICHHE KOHTPOJUIEPAMH YCTPONCTB, MOTYT
OBITH BCTPOEHBI B CAaMH YCTPOWCTBA, BBINOIHATH CIELMAIN3UPOBAHHBIE ONIEpalluK HaJl JaHHBIMU
IPOrpaMMBl.

PaccMoTpuM  OCHOBHBIE KOMIIOHEHTBHI OOOOIIEHHONH CTPYKTYpHOW OpraHu3aluu
HeHTpaibHOro npomueccopa (Puc. 26).

KOII-namare 4> vy —»  AJY

Kol Kol ¢ ¢

JaHHBIX KOMaH/|

PerucrpoBas mamaTh

Puc. 26. CTpykTypa oOpranu3anuu HeHTPaJILHOTO Npoleccopa.
1.2.3.1 PerncTpoBasi namsith

Pecucmposas namamo, viin  pecucmposwii ¢paitn (register file), — coBokymHOCTB
YCTPOMCTB maMsATH Ipolieccopa (Tak Ha3bIBAEMBIX pecucmpos), TpeaHa3HAYeHHbIX IS
BPEMEHHOI'O XpaHEHHMs yHpaBisiiomedl HHQOpManuu, ONepaHIoB W/MIM  Pe3yJIbTaTOB
BBITMOJIHSEMBIX KOMaH. PerucrpoBas maMaTh OOBIYHO BKJIIOYAET B ceOs perucTpbl 0011ero
Ha3zHaveHus (general-purpose register) u cnenmajibHbIe peructpbl (Special-purpose register).

Peructpsl o0mero HaszHayenuss (POH) cocrosT W3 AOCTymHBIX i MOpOTrpamMm
MI0JIb30BATENIEH PETUCTPOB, NPEJHA3HAYECHHBIX MJI XpPAHEHUS OIIEPaHJIOB, aJpECOB ONEPaH/IOB,
pe3ynbTaToB BhIMONHEHUS KoMaHA. POH MoryT umeTh MallMHHYIO THUOH3aLUi0 (Hampumep,
PETUCTPHI Ul XpaHEHUs JJAaHHBIX C IUIaBaloIIel TOUKOH, ¢ GPUKCUPOBaHHOM Toukoi u T.4.). POH
MOTYT OBITh CKaJIIpHBIMU (KOTJa C OJHUM PETUCTPOM aCCOLMUPYETCS TOJBKO OJHA €IWHHUIA
naMsITH) ¥ BEKTOPHBIMM (HAampuMep, C OJHUM PErHCTPOM MOXKET aCCOLUHPOBATHCS BEKTOP
perucTpoB u3 64 371€MEHTOB; MPUMEPOM KIACCHUECKHX BEKTOPHBIX KOMIIBIOTEPOB SIBISIOTCS
kommbioTepsl pupmbsl CRAY). [l yero HyxHbsl POH? PeructpoBas maMsate paboTaer B TemIe
mporeccopa, T.e. CKOPOCTh JOCTyla K COJEPKMMOMY PETUCTPOB CpPaBHHMa CO CKOPOCTHIO
00paboTKH HMH(OPMAIMM TPOLECCOPOM, MOITOMY OJHONW W3 OCHOBHBIX MPUYUH TOSBICHUS
pPErucTpoB O0OIIEro Ha3HaueHus ObUIO CIVIaKUBaHUE AucOanaHca B MPOU3BOAUTEIHLHOCTHU
npolieccopa U CKOPOCTH J0CTyna K omeparuBHOM mamsatd. POH Obuin mepBbIM anmapaTHbIM
CPEJICTBOM, KOTOPOE€ MPEAOCTABISUIOCH MOJIb30BATENIO JUIsl ONTHMHU3ALMUA CBOEU MPOTrpamMMBbl.
Haubosnee yacto ucnonp3yemble B IporpaMMe ONepaH/ibl pa3MeIlaluch Ha perucTpax oOIIero
Ha3HA4YeHMs, TEM CaMbIM IPOUCXOAMIIO COKpallleHHe KOJIMYECTBA pealbHbIX OOpalleHuil B
OIIEpaTUBHYIO NaMATh, YTO, B UTOTE, MOBBIIIATIO0 CYMMApHYIO IPOU3BOIUTENBHOCTh KOMIIBIOTEPA.
CoctaB perucTpoB OOLIEr0 Ha3HAYEHUS CYIIECTBEHHO 3aBUCUT OT apXHUTEKTYpbl KOHKPETHOI'O
KOMIIBIOTEPA.

CnenuanbHble PerucTpbl MpeIHA3HAYEHbl I KOOPAUHALUU HH(OPMAIIOHHOIO
B3aMMOJICICTBUSI OCHOBHBIX KOMIIOHEHTOB IIpoleccopa. B uX cocraB MOryT BXOJIWUTH
CIeLMalIbHbIE PETUCTPBI, 00ECTIEUNBAIOIUE YIIPABICHUE YCTPOMCTBAMU KOMIIBIOTEPA, PETUCTPHI,
COJCPKUMOE KOTOPBIX HCIONb3yeTCsl I TpEACTaBIeHUs HHGPOpMAMU 00 aKTyalbHOM
COCTOSIHUM BBIIIOJIHSIEMOH MPOLECCOPOM Mporpammsl U T.J. Tak ke, Kak ¥ B ClIydae perucTpoB

38



001I1eT0 Ha3HAYCHHUS, COCTAB CIEIUATBHBIX PETHCTPOB OIPEIEIIACTCS apXUTEKTY PO KOHKPETHOTO
nporeccopa. K Hanbosiee pacrpoCTpaHEHHBIM CICIHATBHBIM PETUCTPAM OTHOCSTCS: CUEMYUK
komano (program counter), ykazamens cmeka (Stack pointer), ciroeo cocmoanus npoueccopa
(processor status word). Cuemuux komano — crielMaNbHBIA PETHCTpP, B KOTOPOM pa3MeIIaeTcs
azpec OYepeaHOW BBIMOJHACMOW KOMAaH/AbI MporpaMMbl. CUYETYMK KOMAaHI H3MEHSICTCS B
YCTPOUCTBE YIIPABJICHUSI COTJIACHO AITOPUTMY, 3QI0KEHHOMY B mporpammy. boiee moapoOHO
UCITIOJIb30BaHME CUETYMKA KOMAaHJ MPOUILTFOCTPHPYEM HECKOJIBKO IMO3IHEE MPH PacCMOTPEHUH
pabouero IuKIa mporeccopa. YKkazamenb cmeka — PETHCTP, COACPKUMOE KOTOPOTO B KaXIbIit
MOMEHT BPEMEHH yKa3bIBacT Ha aJpec CJIOBa B 00JIACTH ITaMSITH, SBIISIOIIETOCS BEPIINHOM CTEKA.
OOBIYHO J[AHHBIA PErHCTP NPHCYTCTBYET B MPOIECCOpaX, CHCTEMa KOMAaHI KOTOPBIX
HOJEP)KUBAET PabOTy CO CTEKOM (ONEpamue YTE€HHWs W 3aliCH JaHHBIX W3/B CTEK C
ABTOMATHUYECKON KOPPEKIUeH 3HaueHUs ykasatens cteka). Clioo cocmosanus npoueccopa —
PETHCTpP, COAEPKUMOE KOTOPOTO OMPENENAET PEKUMBI paboThI MpoIeccopa, 3HAYEHHUsI KOJIOB
pe3yJibTaTa onepaui 1 T.11.

1.2.3.2 YcrpoiicTBO ynpaBieHusi. Apu(p)pMeTHKO-I0THYEeCKOe YCTPOiicTBO

YcerpoiictBo ympaBaenusi (control unit) — ycTpoiicTBO, KOTOpOE KOOPAUHHPYET
BBINIOJIHEHNE KOMaHJ MpPOrpaMMbl IPOLECCOPOM. APH(PMETHKO-IOrHYecKoe YCTPOHCTBO
(arithmetic/logic ~ unit) oOecrieurBaeT  BBIMOJHEHWE  KOMaHJ, IPEIyCMaTPUBAIOIINX
apu(pMETHYECKYIO WIN JIOTHYECKYI0 00pabOTKy OnepaHIoB. DTH yCTPOMCTBA SIBISIOTCS CBOETO
poia «MO3rom» Tpoleccopa, T.K. UMMEHHO (YHKIHMOHHPOBAHHE YCTPOWCTBA YIpABICHHUS U
apu(pMETHUKO-JIOTHYECKOTO YCTPOHCTBAa 00ECIEYNBAIOT BBINOJIHEHHE MPOrpaMMBL. PaccmoTpum
ymnpolieHHyto (0e3 aHaiu3a HEINTaTHBIX CHTYalMil) CXEMY BBIIOJHEHHS IPOIECCOPOM
nporpammsl (Puc. 27) B MOJI€IbBHOM KOMIIBIOTEPE.

Bri6opka koman sl 110 3HaueHuto Cuk,
— » (¢dopMupoBaHHE ajpeca CISAYIOMEH KOMAHIbI:  |g—

CuK=CuK +1
¢ A
(]
=lo
2|
AJIY AHanu3 Koja onepanuu =l 5 Beruucnenne
o
=
BrInoHEeHnE > UCIHOJHUTEILHOI'O
anpeca omnepanua
KOMaH bl Jlorudeckas unu A
apudMeTHIeCKast Hepenaya nepexosa;
onepanus YIIPaBJICHHA CuK = Ayepexona
Brruucnenune aapecoB AHanu3 YyCJI0BUA Ycnosue f
ONEPaHJOB U UX 3HAYCHUU rnepexona HCTHHHO

Puc. 27. ATTopuTM BHINOJIHEHHS MPOLECCOPOM NporpamMmmbl (padounii muka LIIT).

ITycTh B HaUaIbHBIM MOMEHT BpeMeHH B cueTunke komana CuK HaxoguTcs agpec nepBoun
KOMaH/ABl MporpaMMbl. s yOpoIneHus W3JI0XKEeHUs OyJIeM CYUTaTh, YTO CHCTEMa KOMAaH]I
KOMITBIOTEpPA M CHCTEMa aJpecariil OIMEpaTUBHON MaMsATH TaKOBBI, 4YTO J00as KOMaHJa
pa3MelaeTcs B OJJHOM MaIIMHHOM CIIOBE U aipeca COCEAHMX MAIIMWHHBIX CJIOB OTIMYAIOTCA HA
enuHuily. MTak, paccMOTpUM MOCIEI0BATEIBHOCTh JIEUCTBUM B YCTPOMCTBE YyHpaBICHUS
mpoliieccopa Npu BBITOJIHEHUH TPOrPaMMBbI.

1. [To conmepxumomy cuerunka komana CuK wu3z OIIl BeiOMpaercss komaHma aJis
BbInoHEHUsI. @opMmupyercs aapec caenyromei komanasl: CuK = CuK + 1.
2. OcyIIecTBISIETCS aHAIN3 KOJIa OTIePaIliN:
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— Ecmm sTto konm apudmernyeckol WM JIOTUYECKOW ONepanud, TO BBIYUCISIFOTCS
UCIIOJTHUTEIIbHBIE aJipeca ONEepaH0B, BHIOMPAIOTCS 3HAUEHUS ONEpPaHA0B, KOMaHAa MepeaaeTcs
JUTSL UCTIOJTHEHUS B apU(METHKO-TIOTHIECKOE YCTPOUCTBO (TIEpe1aeTCs KOJI ONepaIiy U 3HAYCHUS
orepanaoB). B apudpmeTHKo-I0THYeCKOM YCTPOWCTBE MPOMCXOAUT BBHIMOJIHEHHWE KOMAaHIbI, a
Tak)Ke MPOUCXOANT (POPMHUpPOBAHUE KOJA MPH3HAKA pe3ylibTaTa B PETUCTPE CIOBA COCTOSHUS
Ipoleccopa Wiu B CHEeHalbHOM peructpe pesynbrara. [lepexon na m.1.

— Ecin 3T0 KOMaHJa nepegadyu ynpaBiIeHHs], TO IPOUCXOAUT aHAIU3 YCIOBUH Iepexo/ia
(aHanmM3UpyeTCs COAEPKIUMOE KO/Ia IpU3HAKa pe3yJibTaTa MPeablayIeil apuMeTUKO-TOTUYECKON
KOMaH/Ibl C YCJIOBHMSIMHU NE€PEX0Ja, COOTBETCTBYIOIIMMHU KOoMaHjie). Ecnu ycnoBue nepexoja He
BBITIOJIHSCTCS, TO Tiepexon Ha m.1l. MHaue, BBIYHMCISETCS MCHOJHUTEIBHBIN aapec omepaHaa
Anepexona , 3aTeM: CUK = Apepexona U OCYIIECTBIISICTCS TIepexo Ha 1. 1.

— Ecnu koMaHza 3arpy3ku JaHHBIX W3 MaMSATH B PETUCTPbl OOIIEro Ha3HAY€HHUS, TO
BBIYHCIISIIOTCS HUCIIOJHUTENIBHBIC aJpeca OIEpaHI0B, BHIOMPAIOTCS 3HAYEHHUs OINEpPaHIOB W3
MaMsITH, 3HAUYCHUS 3alKChIBAIOTCS B COOTBETCTBYIOMIUE perucTpsl. [lepexoxn Ha m.1.

[TocnenoBaTenbHOCTh ACHCTBUN, MPOUCXOMSIIAsi B MPOILECCOPE TPH BBIMOJHEHUU
MIPOrpamMMbl, Ha3bIBACTCS padOUUM YuKaom npoyeccopa. 110 Xoxy pacCMOTpEHHUs MaTepuasa Mbl
OyzileM yTOUHATHh paOOUYrid IUKJI HAIIEro 0000IEHHOTO MOJIETTLHOTO KOMITBIOTEPA.

1.2.3.3 K2l -namMaTh

KnroueBoit mpoGiemMolt  (QYHKIIMOHUPOBAaHUS KOMIIBIOTEPOB SIBJISETCS  Mpoliema
HECOOTBETCTBUS IPOU3BOJUTEIBHOCTH LIEHTPAJIBHOIO IIPOLIECCOpa M CKOPOCTH JIOCTyNa K
uHboOpMalLlMy, pa3MEIICHHONM B ONEpaTHBHON mNamsATH. MBI paccMOTpeNd ammnapaTHble Hu
MIpOrpaMMHO-aNMNapaTHbIE CPEICTBA, IPUMEHEHUE KOTOPBIX MO3BOJISET YACTUYHO COKPATUTD 3TOT
nucbananc. OIHaKoO, HU OpraHU3al|sl PACCIOCHUS MaMSTH, HU UCII0JIb30BaHUE PETUCTPOB 00ILEr0
Ha3HA4YeHHs Ui pa3MeIleHuss HauOoliee YacTO KCIOIb3yeMbIX OMEpPaHAO0B HE MPEIO0CTaBHIN
KapAMHAJIBHOTO pellleHus NpobieMbl. Pernenune, KOTOpoe Ha CErOJHSIIHUM J€Hb SBISETCS
HaubOonee S(PQPEeKTUBHBIM, OCHOBBIBACTCS Ha allapaTHBIX CPEACTBAX, MO3BOISIOMIUX TPU
BBITIOJITHEHUH TTPOTPAMMBbl aBTOMAaTHYECKH MUHUMU3UPOBATH KOJUYECTBO PEATBHBIX 0OpaIeHnui
B ONEpPATUBHYIO MaMsATh 3a OMNEpaHJaMHU M KOMaHJaM{ IPOrpamMMbl 3a CUET KIMIUPOBAHUS
NaMsATH — pPa3MEIICHHs YacTH JaHHbBIX B 0oJjiee BBICOKOCKOPOCTHOM 3allOMMHAIOILEM
ycrpoiicte. Takum cpeactBoM sBisgercss KIII-mamare (cache memory) — BBICOKOCKOPOCTHOE
YCTPOWCTBO XpaHEHUS [aHHBIX, HCIONb3yeMoe [uisd Oydepuzanuu paboThl mpoleccopa ¢
orepaTUBHON MaMAThI0. B o0miem ciydae, Ka1I npeAcTaBiiseT co00k0 anmapaTHyo «EMKOCTbY, B
KOTOPOIl aKKyMYJIHUPYIOTCS HauOoJiee 4acTO HCIOJIb3yeMbIe JaHHbIE M3 ONEePAaTUBHON MaMSTH.
Ckopocts noctynma k wuHpopMammu, pasmemiéHHoi B KDIlle, com3mepuma co CKOpPOCTHIO
o0paboTku naopmarnmu B L{I1. OOMeH TaHHBIMU MTPU BBITIOTHEHUH TPOTPAMMBI (YTCHHE KOMaH]I,
YTeHHE 3HAYEHUU OMEpPaHJIOB, 3aIHCh PE3YJIbTATOB) MPOUCXOIUT HE C SUEHKaMHU ONepaTHBHOM
namsaTy, a ¢ cojepxkuMbiM KOIlla. Ilpu Heobxomumoctn n3z KOIla «BbITanKuBaeTcs» 4acTh
nanHbiXx B O3Y unu 3arpyxatotcs u3 O3Y HoBwle nanHbie. Bapeupys pasmepsl KOIlla, MmoxHO
CYIIECTBEHHO MHWHHUMHU3HPOBATh YACTOTY PEATbHBIX OOpalIeHUH K ONEPATUBHOW ITaMSTH.
Pa3menienne u komana, u 1aHHbIX B ogHOM KOIlle MoXeT nmpuBOIUTE K TOMY, YTO KOMaHIbl U
JTAHHBIE HAYMHAIOT BBITECHSTH APYT APYra, YBEJIUUYUBASI IPU 3TOM OOpallleHHs] K ONEepaTUBHOU
naMAaTH. s UCKIIIOYeHUs] HeJeTepMUHUPOBaHHOW KOHKypeHIuu B KDOllle Mexay kKoMaHaaMu
nporpaMMbl U 00pabaThIBA€MBIMU JTAHHBIMA COBPEMEHHBIC KOMIBIOTEPHl HMEIOT JBa
HezaBucuMbIX KOIlla: KO ganubix u KO koMaHa, KXkl U3 KOTOPBIX pabOTaeT CO CBOUM
MOTOKOM MH(OPMAIIMU — MOTOKOM KOMAaH]{ ¥ TOTOKOM OTI€PaH/IOB.
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Puc. 28. Odmas cxema padorst KJIlla.

Oo6mas cxema padotel KDIlla cnenyromas (Puc. 28).

1. VYCc0BHO, BCS MaMATh pasfensercs Ha OJOKM OJWHAKOBOro pasmepa. OOMeH
nanabiMu Mexxty KOlllem u onepaTHBHON MaMsATHIO OCYIECTBISIETCS f10Kamu GUKCUPOBAHHOTO
00bEMa. 37ecb MBI MOXEM BHJETb BO3MOYKHOE MPOSIBICHUE IMPEUMYILECTBA HCIOJIb30BAHUSA
namMsTH C paccloeHUeM, TaK Kak 3arpy3ka Ojoka u3 omnepatuBHod mnamsatu B KOUI
OCYIIECTBIISIETCS. C HCIIOJIb30BaHUEM TNapajuiein3Ma padoThl «PaCCIOCHHOW» ONepaTUBHON
MaMSATH.

2. Kaxapiii 6ok umeer crenuukaTrop IOCTyNa — M2, B KOTOPOM HAXOIUTCS
caykeOHass wHGpOpMaIus, XapaKTepu3yrolas TaHHBIM Ojok. B Tore moker comepkaThes
uHpopManus o ToM, kakoi obmactu OIl cooTBETCTBYET COAEPKUMOE TaHHOTO OJI0Ka, 3aHAT WU
cB00OIEH OJIOK, MPOU3BOIMINCH U3MEHEHUS B TaHHOM OJioke uinu HeT. Korna nporeccopy Hy HO
oOpatuThes 3a KomaHA0M wiu 3a nanueiMu B OI1, cHauana npoucxoaut obpamenue k KOIlly. Ilo
COJIEP’)KMUMOMY aJIpECHOI0 T3ra MOKHO OJIHO3HAYHO aJpPEecoBaTh COAEpKUMOe OJ0Ka. AHaIu3
mroB OmokoB KOIlla mnpousBoautTcs ammapatHo. Takum o00pa3oMm, TMOCIE BBIYUCICHUS
MCIIOJTHUTENIHOTO aJipeca ONepaH/ia Wik KOMaHIbl yCTPOMCTBO YIIPABICHUS MOXKET ONPEIEINUTb,
HAXOJUTCS JIM COOTBETCTBYIOIIast nH(opMaius B oqHoM u3 010koB KOIII-mamsitu unu HeT. DakT
HaXOKJIeHUS HCKOMBIX JaHHbIX B KDIlle HaspiBaeTcs momaganuem (hit) — B 3ToM ciyuae qaHHbIe
oepytcs u3 KOIla, u obpamenue B OIT e ocymiectBisiercs. Ecau ickombix nanHbix HeT B KOllle,
To (hukcupyetcs mpomax (cache miss).

3. [Ipy BO3HMKHOBEHMH TIpOMaxa IPOUCXOAUT 6blmecHeHue — OOHOBJICHUE
coaepxumoro KDIla. s sToro BeIOMpaeTcsi OJOK-TIPETEHACHT Ha BBITECHEHHWE, T.€. OJIOK,
COJIEpKUMOE KOTOporo Oyner 3ameHeHo. CTparerus 3TOro BbIOOpa 3aBUCUT OT KOHKpPETHOM
opranuzaruu nporeccopa. CymectBytot KOIlIu, BeiTecHeHHE GJI0KOB KOTOPBIX OCYIIECTBIISETCS
CYUAUHbIM 00pa3om, T.e. HOMEp OJI0Ka, KOTOPBIM JTOMKEH OBITh BBITECHEH, ONpEAeisieTcs C
MCIIOJIb30BAaHUEM BCTPOCHHOTO TI'€HEepaTopa CIy4yalHBIX 4YHcell. AJbTEpPHATHUBOM CIy4ailiHOTO
BBITECHEHUS SBJISIETCS GblMeCHeHUe HaumeHnee «nonyasprocoy oaoxa KOIlla, T.e. Onoka, K
COJICPKMUMOMY KOTOPOTO IIPOMCXOIUIIO HanMeHbIee unciio oopamenuii (LRU — Least-Recently
Used).

4. OtnenbHO ciexyeT oOpaTHTh BHHUMAaHHE HAa OPTaHM3AlMIO0 BBITECHEHHUs OJOKa B
KOIllle manubIX, T.K. comepkumoe OnokoB KDOIIla MOXET HE COOTBETCTBOBATH COJEPKHUMOMY
naMsaTH (3TO BO3HUKAET MPU 00pabOTKEe KOMAaH]I 3alUCH JaHHBIX B MaMsTh). B 3ToM ciydae Takke
BO3MOKHO HCIIOJIb30BAaHUE HECKOJIbKMX CTpaTerui BbITeCHEHUs. llepBas — CKBO3HoOe
xammposanue (Write-through caching): npu BeImoHEHUN KOMaH/IbI 3aITMCH TaHHBIX OOHOBJICHUE
npoucxoaut kak B KOIlle, Tak u B onepatuBHoi mamsaTu. Takum 00pa3oM, IpH BEITECHEHUH OJI0Ka
n3 KOIllla mpoucxomuT TOIBKO 3arpy3ka COACPKUMOro HoBoro Omoka. JlaHHas cTparerus
ONpaBJaHa, T.K. CTaTUCTUYECKHUE MCCIIEIOBAHUS TMOKA3bIBAIOT, YTO YACTOTa YTEHUS JaHHBIX
IIPEBOCXOAUT YaCTOTy MX 3alMCH Ha MOPsAOK. J[pyroi crparerueil sBisercs KIMHPOBAHHE C
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ooparHoii cBsi3plo (Write-back caching), cyTe KoTOpoil 3akirO4aeTCs B HCIOJb30BAHHU
cnenuanbHoro meza mooughuxayuu (dirty bit). [Ipu BBITOTHEHUU KOMaHIBI 3aIIHCH IO aapecy,
COJIEP’)KUMOE KOTOPOTO KJIIMPYEeTCS B OJHOM U3 OJIOKOB, MPOUCXOAUT OOHOBIICHUE
COOTBETCTBYIOIIEH 3TOMY anapecy mHpopmanuu Toibko B O0moke KOIlla, a Takke ycTaHOBKA B
6s1oke Tera moaudukanuu. COOTBETCTBEHHO, PU BHITECHEHUH OJIOKA OCYIIECTBIISETCS KOHTPOIIb
3a colepkUMbIM Tera. Ecmu Ter momudukanmuu yCTaHOBIEH, TO COACPXKUMOE OJIOKa Tepen
BBITECHEHHEM «COpachIBaeTCA» B MaMATh. 1e€M caMblM MHUHUMU3HPYETCS] 4aCTOTA BBITOJIHEHUS
OTEpALMH 3aITUCH B MTAMSTh.

Ucnonp3oBanne KOIII-namMatu mo3BoJIS€T MOJYYUTh CIEAYIOMIME npeumyujecmsa. Bo-
MIEPBBIX, COKpaaeTcss KomuecTBo oopamenuii k O3Y — oOpaieHuii, Kak o BEIOOPKE KOMaHI,
TaK U M0 BBIOOpPKE OrepaHioB. Bo-BTOPHIX, CYIIECTBEHHO YBEIWYMBACTCS CKOPOCTh JIOCTyMa K
namsTH B ciiydae ucrnoib3zoBanusi O3Y ¢ «paccioeHrem», Tak Kak 00MEHBI OJIOKOB C MaMSIThIO
OyIyT IpOXOAUTH MPAKTHUECKU MapajuiebHo (Koraa Mbl paboTaeM ¢ rpyHnoi MOApsia UAYIINX
CJIOB).

EctectBenno, npu ucnonbp3zoBanuu KOII-nmamsatu BO3HUKAIOT U HEKOTOPbBIE npodiemyl.
Bo-niepBhIX, ycioxkHeHHE JOTUKH Tpoiieccopa. Opranuzanus u ucnoibzoanue KOIl-mamsatu B
IpoLeccope pa3BUBaeT pabOUMi MUKI MpOIEccopa MOJEIBHOIO KOMIIBIOTEPA, PACCMOTPEHHBIN
BBIIIIC: TIPH BBIOOPKE OYEPETHBIX KOMaH]I, OTYYCHHH OTIEPaHI0B KOMaH/[ ¥ 3aITUCH PE3yIbTaTOB
BbINoHeHUsI kKomaua B O3Y no0aBisitoTcs cxeMbl opranu3anuu ucroib3oBanus KOIll-nmamsru.
Bo-Bropsix, ecniu KOIII onuu (T.€. MOTOKM KOMaH[A U JAaHHBIX npuxoasarca Ha oguH KOUI), To
OJIMH U3 TOTOKOB MOXET HayaTh «JOBJIETb» HaJa IPYTHM, TaK KaK XapaKTePUCTHKU MOTOKOB
KOMaH/ ¥ JIaHHBIX pa3Hble (MMOTOK KOMaHJ 00JIaJaeT CBOWCTBOM JIOKAM3AIUU, MTOTOK JTaHHBIX
3TUM CBOMCTBOM He 00sanaeT). [loaromMy mosmydusn pacnpocTpaHeHUuEe apXUTEKTYPhl, B KOTOPBIX
KOII paznensercs na KOOI xomang u KDL panubIX. DTO Takke MO3BOJISIET IMOBBICUTH
MIPOU3BOUTENILHOCTH CUCTEMBI.

KsumpoBanue namsiTi B COBPEMEHHBIX BBIUMCIUTENBHBIX CHUCTEMaxX MPUMEHSETCS He
TOJIBKO TSI ONTHUMHU3AIMH B3aMMOICUCTBHS IEHTPAIBLHOTO MPOIIECCOpPa U ONEPATUBHOM MaMsITH.
B HacrosimeM mnyHkTe Mbl paccMmoTpenu MopenbHbld anmapar KOOIl kak KOMIOHEHT
nponeccopa — 310 T.H. KL mepBoro ypoBHsi. CoBpeMEHHbIE KOMIIBIOTEPHI MOT'YT BKJIIOYATh B
CBOH COCTaB HEpapXHI0 YCTPONCTB, KIIIUPYIOUUX OoJee MEJUICHHbIE yCTPOMCTBA XpaHEHUS
JIaHHBIX. PaccMoTpeHuto 3Toro Bonmpoca Oy1eT MOCBSAIIEH OTACTbHBIN pa3ell.

1.2.3.4 Annapar npepbIBaHui

Ecnu Mb1 00paTM BHUMaHME Ha MPEACTABICHHBIA BhIIIE pabOYHil IUKII TPOIECCopa, TO
YBUJIUM, UTO TaKasi CXemMa He MpeyCMaTpUBaeT BO3MOKHOCTH 00pabOTKH OIIMOOYHBIX CUTYaLUH,
KOTOpblE MOTYT BO3HHMKHYTh B CHCTEME B XOJ€ BBINOJIHEHHMs Nporpammsel. Uro Oyner c
KOMIIBIOTEPOM, €CIM B IPOrpaMMe, KOTOPYK) OH BBINOJHSET, BCTPETUTCA KOMaHAa C KOAOM
orepanuu, 00paboTka KOTOPOTO HE MpeycMOTpeHa ammapatypoi? Uto OyaeT, eciii BBITOTHSIETCS
KOPpPEeKTHass KOMaHJa, HO 3HAYEHHs ONEpaHJOB MPHUBOAIT K HEBO3MOXKHOCTU BBIIIOJHEHUS
COOTBETCTBYIOIIEH KOMaHJE OIepaly, Hampumep, JeleHue Ha Honb? YUto Oyner, ecnu mpu
IpOTrpaMMHOM OOpAIIEHUH K BHEUIHEMY YCTPOWCTBY OHO cioMasioch? B mepBbIX KOMIbIOTEpax
MIPOUCXOJMJIa OCTaHOBKAa pabOThl BCEro KOMIIbIOTEpa M 00paboTKa CHUTyallMM, BbI3BaBILIEH
aBapuiiHyto octaHoBKy (ABOCT). CoBpeMeHHbIE BBIYUCIUTENbHBIE CHCTEMBI HE MOTYT
MO3BOJIUTH ce0e OCTaHOBKY pabOThI BCel CUCTEMBI M3-3a BOSHUKHOBEHHSI T€X UJIM UHBIX IPpoOiieM
B IporpaMMe WIM B KOMIIOHEHTaX KommbloTepa. s pemeHuss mpoOieM aBTOMaTH3allUU
00pabOTKKM NpeoNpeNeNEHHbIX COOBITUH, BO3HUKAIOUIMX B BBIYMCIMTEIBHON cHUCTEME, B
COBPEMEHHBIX KOMIIBIOTEpPAX IPENyCMOTPEHBI COOTBETCTBYIOIIME aIlllapaTHO-IPOrpaMMHbIE
CpeICTBa — T.H. alMapar MpepbIBaHUi.

Ilpepviganuem Ha3bIBaCTCS COOBITUE B KOMIIBIOTEPE, MPU BO3HUKHOBEHHWU KOTOPOTO B
cUCTEeME MpelyCMOTpeHa IpeaoNpeleieHHasl MOCIe10BaTeIbHOCTh JEHCTBUM, BKIIIOYAIOIIAs
CTaHJAPTHYIO pEaKLHUIO Tpoleccopa Ha TMpepblBAHWE M JTall MPOTPaMMHON 00pabOTKU
npepoiBannii (pynkius OC). CocTaB mpephIBaHU — MHOXKECTBO Pa3HOBUIHOCTEH COOBITHIA, Ha
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BO3HMKHOBEHHE KOTOPBIX MPEyCMOTPEHA CTAHIapTHAsI PEaKIys EHTPATBHOrO Mmpoleccopa, —
(GUKCUpPOBaH H OMpeIeiseTcsl KOHCTPYKTHUBHO TMpHU pPa3pabOTKe KOMMBIOTEpa. Ammapart
NnpepbIBaHUii KOMIIBIOTEPA MMO3BOJIIET OPraHU30BBIBATh CTAHAAPTHYIO 00paOOTKY MpephIBaHUH,
BO3HUKAIOIIUX NMPU PYHKIIMOHUPOBAHUHU BBIYUCIUTEIHHON CUCTEMBI. TpauIIMOHHO MPEPhIBAHUS
pa3AesoTCs Ha JBa TUIMA: BHYTPEHHHUE NMPEePbIBAHUA 1 BHELIHHE NPEePbIBAHUSA.

Buympennue npepvleéanus WHULUUPYIOTCS CXeMaMH KOHTPOJs paboTsl mporeccopa. K
MpUMepY, BHyTPEHHEE TPEPHIBAHUE MOKET BOZHUKHYThH B ITPOLIECCOPE MPHU MOMBITKE BBITTOTHEHUS
KOMaH/bl JAEJIECHUS, ONEPaH/I-ICINUTEIb KOTOPOU paBeH HYJIIO. TakKe BHYTPEHHEE MpPEpPbIBAHUE
BO3HHMKHET B CUTYyalliH, KOT/1a MpU 00paboTKe ouepeaHOM KOMaH bl apec OJHOTO U3 OTICPAH/IOB
BBIXOJMT 32 MPEJIEIIbl aJPECHOTO MTPOCTPAHCTBA ONEPATUBHON IMAMSITH.

Buewnue npepviéanus — coOBbITHS, BO3HHUKAIONIME B KOMIIBIOTEpPE B pe3yjbTaTe
B3aMMO/JICVCTBUS LEHTPAJIBLHOrO MPOLIECCOPA C BHELIHUMHU yCTpoicTBaMHU. [IpuMepomM BHEHEro
MPEPBIBAaHUSI MOJXKET CIYXKHUTh COOBITHE, CBSI3aHHOE C BBOJOM CHMBOJA C KJIaBHATypPbI
[IEPCOHAIIBHOTO KOMITBIOTEPA.

O6paboTka NpepbIBaHMS MPEIIOJIaracT JBE CTAIWU: ANMapPaTHYI0, KOTOpas BKIIOYaeT
MPEIONPEACIEHHYIO PEAKLHIO ITPOLECCOPAa HA BO3HUKHOBEHHUE NPEPBHIBAHUS, U MPOTPAMMHYIO,
KOTOpasi TMPEJIoaraeT BBITIOJHEHHE CICIHAIBHOW MpOrpaMMbl OOpaOOTKH TMpepbIBAHUSA,
SABJISIOIIECHCS YaCThIO ONEPAMOHHONW CHCTEMBI.

( MpepbhIBaHUE

e |
i Omanwvl annapammoii
3aBepIIeHNe TEeKYIIeH KOMaHIbI 00pabomku npepuleéanus
¢ «qTO», «KaK» U «Kyaa»

3aBHUCHUT OT KOHerTHOﬁ

broxupoBka nmpeprIBaHUM. ADXUTEKTYDBL

CoxpaHeHre akTyalTbHOTO
COCTOSIHHUS ITpOIIeccopa

[IporpaMMHBIii 3Tan 00pabOTKU MpephIBAHUS

Puc. 29. Cxema 00paGoTKu npepsIBaHus.

PaccmotpuM 0600111€HHY IO MO/JIEITh MTOCJIEI0BATEILHOCTH JeHCTBUM, Tpoucxoasiux B BC
npu BO3HUKHOBeHHMH TmipepbiBanusi (Puc. 29). Chawana paccMOTpUM 3Tam  anmnapaTHOWM
00padoTKN NpepbIBaAHUA.

1. 3aBepIuaeTcs BHINOJIHEHHE TEKYIeH KOMaH/bl (32 UCKIIOYEHUEM CIIydaeB, Korjaa
IpephIBaHNE BO3HUKAET 10 MPUYMHE HEKOPPEKTHOTO BBIOJIHEHNS KOMaH/bI).
2. OOpaboTka mpepblBaHUS MPEANojaraeT OCTAaHOBKY BBIIIOJIHEHUS TEKyIIeH

MPOrpaMMBI, 3alyCK CIEIUATBHON MpOorpaMMbl 00paOOTKH TMpEephIBaHUS, a 3aT€M, BO3MOXKHO,
MIPOJIOJKCHHE BBITIOJTHEHUS IPEPBAHHOM MPOrpaMMBbl (C TipepBaHHOro MecTta). J{is obecnieueHus
3TON BO3MOKHOCTH HEOOXOAMMO 3a(pUKCHUPOBAThH aKTyallbHOE COCTOSIHUE KOMITBIOTEPa B MOMEHT
MpuxoJa mpepbiBanus (T.K. 111 00paOOTKU MpephIBaHus OyneT padoTaTh Ipyras mporpaMma —
OC, a, cnegoBaTelIbHO, AKTyaJIbHOE COCTOSIHUE CUCTEMBI U3MEHHUTC ). [103TOMY anmapatHbIil 3Tamn
00pabOoTKH MPEepBIBaHUI PEriiaMeHTUPYET MepeueHb PErHCTPOB, KOTOPhIE aBTOMATHYECKH Oy TyT
COXPAHEHBI MPOLIECCOPOM. DTO CHEIHABHBIE PETUCTPHI, COAEPKUMOE KOTOPBIX OMHCHIBAET
COCTOSIHME TPOIIECCOpPa B TOYKE MPEPHIBAHUS BBIMOIHEHUS TMPOrpaMMbl (CYCTYMK KOMAaHI,
pPETUCTp pE3yJbTaTOB, PErHCTPBI, COAEpXKAIIME PEXHMBI pabOThI TpoIeccopa), a TaKKe
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HECKOJIbKO PErucTpoB OOIIEro Ha3Hau€HUs, KOTOPble MOTYT OBITh MUCIOJIB30BaHbl MPOTrPaMMON
00paboTKU MpephIBaHU B HaYAJIbHBI MOMEHT BpeMeHH. [Ipolenypa anmapatHoro coxpaHeHUs
PETUCTPOB B PA3JIMYHBIX KOMIIBIOTEPAX MOXKET MPOUCXOAUTH Mo-pa3zHoMy. [IpocTeitmas Moaenb
cienyromias. BaxxHo oTMeTHTb, 4yTO Oydep Ui COXpaHEHHS aKTyaJbHOTO COCTOSIHUSI B CHCTEME
OJIMH, TOATOMY, €CJM MPHIJIO MpephlBaHHE W CHUCTEMa 4YTO-TO IOJOXWjia B Oydep, Hyk HO
BPEMEHHO 3alpeTHTh 3amuch MH(OPMAIIMH OTHOCUTEIHLHO HOBOTO NPEpPBIBaHUS B ATOT Oydep.
[TosToMy BKJIIOYaeTcsi pexuM OJOKMPOBKH NpepbiBaHuil. [Ipy 3TOM pexumMe B cucTeMe
3anpeniaeTcs MHULMAIU3AUs HOBBIX IPEPBIBAHUNA: BO3HHUKAIOLUIUME B 3TO BpEMs IpPEPbIBAHUS
MOTYT JHOO0 WTHOPUPOBATHCS, JUOO OTKJIAABIBATHCS (3aBHUCHUT OT KOHKPETHOHM ammaparypbl
KOMIIBIOTEpA U TUIIA IIPEPHIBAHUA).

3. ArmnmnapaTHoe KONHPOBAaHUE COJEPKUMOTO COXPAHAEMBIX PErHCTPOB («Mayioe
yHOpSATHIBAaHUEY ). BKIIOUEHHBIN peKUM OJTIOKHMPOBKH NPEPHIBAHHS TAPAHTUPYET COXPAHHOCTD 3TUX
JaHHBIX JI0 MOMEHTA 3aBEpILICHUS MpeABapUTEIbHOW 00pabOTKM MpepbIBaHUS U BBIKIIOUEHUS
0JIOKHPOBKH NpEpbIBaHUM.

4. [lepexon Ha mporpaMMHBIN 3Tan 00pabOTKH MpepbIBaHUI. AMMapaTHO nepeaaém
yIpaBJIeHUE Ha HEKOTOPYIO (hukcupoBaHHyIo TOUKY B O3V, B KOTOPOIl npennonaraeTcst HaIu4Iue
porpaMMbl 00pabOTKHU PephIBaHUN ONEpallMOHHON cucTeMbl. g nepexoaa Ha MporpaMMHbBIN
sTam 00pabOTKM TMpephIBAaHUN HEOOXOIMMO PEIIUTh BOIPOC, KaK ammapaTrypa Mepenact
ONEpalMOHHON cuctemMe UWHGOPMALMI0O O TOM, I[pepblBaHME KaKOro THIA MPOU3OILIO.
Cy1iecTByeT HECKOJIBKO MOJIENIEN alllapaTHOTO pEeLIeHMsI 3TOr0 BOIIPOCa.

— IlepBas MoJesb — KCNONB30BAHUE CHENHATBHOIO PerucTpa NpepbiBaHUM, KaX1bli
pa3psil KOTOPOTO COOTBETCTBYET KOHKPETHOMY THILy IPEPBIBAHMS, T.€. €CIIM, K MPUMEpPY, B
pas3psijie, COOTBETCTBYIOILIEM IIPEPHIBAHUIO OT KJIABHATYpPbI MOSABISAETCSA €AMHULA, 3TO O3HAYAET,
YTO MPOU3OILIO COOTBETCTBYIOIIee NpepriBanue. s pacuivpeHuss ducia oOpadaTbiBaeMbIX
IPEpPhIBAHUM BO3MOYKHO HCIIOJIb30BAaHUE HEPAPXUUECKOM MOJEIN PETUCTPOB IPEPHIBAHUS
(Puc. 30). OHa npeamoaraet, 4To KIMEETCS IJIABHBIH PerucTp npepoiBanus u nepudepuiinpie.
B rnaBHOM perucTpe npepbiBaHUs BBIIACISIOTCS pa3ps/ibl, OTBEUAONIME HE TOJIBKO 32 MOSIBICHUE
KOHKPETHBIX IpEphIBAaHUN, HO U pa3psabl, OTBEYAIOIIME 3a TOSBICHUE INpPEpPhIBAHUN B
nepuepuiiHbIX perucTpax. B naHHOW MOJENW ynpaBieHHE IepelaeTcss B OINEPalMOHHYIO
CHUCTEMY Ha aJIpec BX0/1a B IPOTPaMMy.

Ne [lpepeiBaniss —» 0 1 2 3 4 5 [Tepudepuiinbie
perucTpsl
0(1(0|01|1]0 ¢ .
- T 0|0f0]|0
I'naBHBIN peructp ]
MpepbIBaHUI
0|10 (0
[Tpousomnuio npepriBanue Nel = h 4
OC nepenaercs aapec BXxojaa B O06paboTKa mpepLIBaHus
COOTBETCTBYIOLIYIO IIPOrpamMmy nepudepuitHoro ycrpoicraa

Puc. 30. Mepapxuueckasi Mo/JeJIb PErHCTPOB NMpepbIBAHMIA.

— BTtopast mozienp — uCHoiap30BaHUE BeKTOPAa npepbiBanuii. [Ipennonaraercs, 4To no
KOJIMYECTBY BO3MOXHBIX npepbiBaHul B O3V BblAeneHa rpylia MallMHHBIX CIOB — 6€KMOp
npepviganui. Kaxaoe CJIOBO BEKTOpa NPEPbIBAHUWA COAEPKUT  aApec MPOTPAMMBI,
oOpabatbiBatomieil ganHoe mnpepbiBanue (Puc. 31). Ilpy BO3HMKHOBEHHMM MpEpBIBAHUS TIOCIHE
COXPAHEHHUs PErUCTPOB OCYIIECTBIISIETCS NIEpeaayda MpEPbIBAHMS 10 aIpeCy, COOTBETCTBYIOIIEMY
HOMeEpY NpEPHIBAHUS.
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3arryck mporpamMmel-
o0OpaboTunka
npepbiBaHus No2

o3y
[IpepeiBanue Ne 2

Anpec mporpaMmsbl
00paboTku npepbiBanms Ne 1
Anpec nporpaMmMbl
00paboTku mpepbiBaHus Ne 2
AJpec mporpaMMsbl
00paboTku mipeppiBaHms Ne 3

-

Puc. 31. Mojaean OpraHu3anvu npepunanuﬁ C UCITOJIB30BAHUEM «BEKTOpPa npepblnaﬂnﬁ».

Bexkrop
MpepbIBAaHUIN

— Tperpst Mozenb — HCIOJIB30BAaHUE PErMcTPa CJI0BA COCTOSSHHSI IpPoleccopa
(Puc. 32). B aTom ciyyae B JaHHOM PErHCTPE PE3EPBUPYETCS YacTh Pa3psI0B — MOJIE, B KOTOPOE
nepeaaércss HOMEp BO3HUKILIETO MpepbiBaHMA. B 3Toil Mozenu ympasieHHE MepenaeTcs Ha
(buKCHpPOBaHHBIN aJipec BX0/a B IporpaMMmy oOpabOTKH MpepbIBaHUM.

PSW: Kop npeprBaHma

Ilone xoma mpephIBaHI L

Puc. 32. Mosesb opraHu3anuu TNpepbIBaHMIl € WCHOJb30BAHMEM pPErucTpa cJI0oBa COCTOSIHHS
npoueccopa.

Tenepb paccMOTpUM 3Tanm NPOrPAMMHONM 00pPadOTKH mNpepbiBaHMsl. YTIpaBJICHUE
nepenaHo Ha ajpec rnporpamMmbl OC, 3annmMaronelics o0padoTkoii mpepeiBanus. [Ipu Bxone B 3Ty
TOuKy dYacTb pecypcoB LIII, wucrmonb3yeMmbIx mporpaMmaMu, OCBOOOXIeHa (B pe3yibTare
anmnapaTtHOro ymnpsiTeiBaHusa peructpon). Iloaromy Oyner 3amymena nporpamma OC, koTopas
MOJKET HCIOJIb30BaTh TOJILKO OCBOOOXIeHHBIe pecypchl LI (mepeueHp JOCTyHmHBIX B 3TOT
MOMEHT  PErucTpOB —  XapaKTepUCTHKa  amnmaparypel). Beimomusiercs — cliemyromas
0CJIeI0BaTeNbHOCTD AekicTBuil (Puc. 33).
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‘ UneHTH(HKAIIHA THITA TIPePEIBAHHA ‘

3aBepIleHHe
epPBAHHOH TTPOTPaMMEL
Tpep TIpoTp [Ipeprpanne U
obpaborka
T CKOPOTKOE»
CHATHe GIOKHPOBKH
Brixon M3 IpepEIBAHHA:
NIPEPEIBAHHA
BOCCTAHOBIIEHHE COCTOTHIA

A
Iponeccopa B ToOuke

TIPEPEIBAHILL, BO3BPAT, CHATHE
OIOKHPOBKH TIPePHIBAHHI

Aa daransHOe

TIpePHIBAHTIE

‘ «TToTMHOE» COXPAHEHHEe PETHCTPOR ‘

v

‘ CHsTHe GIIOKHPOBKH ITPEPhIBAHUL ‘

v

‘ 3apepIriernie 00padOTKIH IPePLIBAHILI ‘

v

Puc. 33. IlporpamMmHblii 3Tan 00padoTKN NpepbIBaHMIA.

1. AHanu3z W npeaBapurenbHas — oOpaboTka — mpepbiBaHus.  [Ipoucxomut
UICHTU(UKALMS TUIA IPEPIBAHUS, ONPEACISIOTCS TPUIHHBI.

— Ecuu npepriBanue «kopoTkoe», T.e. 00paboTKa He TpeOyeT NOMOIHUTENbHBIX PECYPCOB
I[IIT u BpemeHu, TO TMpepbIBaHUE O0O0padATHIBACTCS, BBIKIIOYACTCA PEXKUM OJIOKUPOBKHU
IIPEpPBhIBaHM, BOCCTAHABIMBAETCSI COCTOSIHUE ITPOLIECCOPA, COOTBETCTBYIOIIEE TOUKE IPEPHIBAHUS
MCXOJHOM MPOrpaMMBbl, U epeAaeTcs yIpaBieHre Ha IpepBaHHy10 Touky. [Ipumepom nomnodHoro
«KOpPOTKOT0» MPEPBIBAHUS MOKET CIIYXUTh IIPEPBIBAHUE OT TailMepa JUlsl KOPPEKLIMU BPEMEHH B
cucteme. Ecnu mpepeiBanne TpeOyeT ucnonb3oBaHus Bcex pecypcoB LIII, To mepexomum k
CIIEIyIOIIEMY 1Iary.

— Ecin npepoiBanue sBisiercs «(atanbHbIM» S MPOrPaMMBbl, T.€. IOCIE 3TOrO0
MPEpHIBaHMs MPOJOJLKUTH BBHIMOJTHEHHE IMPOTPaMMbl HEBO3MOXKHO (HalpuMep, B Iporpamme
MPOU30ILIO JCJIEHWE Ha HOJNb WIM oOpamieHue K HecymiecTByromemy B O3Y anpecy), To
BBIKJTIOYAETCSA PEXHUM OJIIOKMPOBKH NpEphIBaHUN, U yIpaBlieHue mnepenaercs B Ty yactb OC,
KOTOpasi MPEKPaTUT BBIITOJIHEHNE IPEPBAHHON ITPOrPaMMBI.

2. «Ilonnoe ympsateiBanue». Eciu mpepbiBaHue HE KOPOTKOE U He (araimbHOe
(Hanpumep, oOpaiieHne K o0JacTH MaMATH, KOTOpas 3akpbiTa s oOpalleHusi — Hampumep,
yTeHre WH(GOpPMAllMM C BHEUIHEr0 HOCHUTENs), TO JUIsi 00pabOTKM TaKOro MpEephIBaHUS
notpedyrorcs pecypcebl. I1loaTomMy ocyliecTBiseTcs MOJIHOE COXpAaHEHUE KOHTEKCTa (T.€. BCEX
peructpoB LI, ucnonp3oBaBmuxcs nNpepBaHHON MPOrpaMMoOii) B CrielUaIbHYIO MPOTPAMMHYIO
tabimity. B maHHyio Tabmuily kxommpyercs coaepxkumoe peructpoBoit wim KOII-mamsT,
cojepxalieil coxpaHeHHble 3HaueHus pecypcoB LI, a Takxke KONMUPYIOTCS BCE OCTaBLIMECS
peructpsl LI, ucnonpzyemble mporpaMMHO, HO HE COXpaHEHHbIe anmnapartHo. Ilocne maHHOTrO
nrara nporpamMme oOpabOTKH MpephIBaHUM CTAaHOBSTCA AOCTYIHBI Bee pecypcesl LI, a mpepBanHas
porpaMmMa MoJIy4aeT CTaTyC OXKHJIaHUs 3aBepllIeHust 00paboTKu npepeiBaHus. B obmem cioydae,
porpaMM, OXKHMJAIOUINX 3aBepIIeHUsT 00pabOTKM MpepbIBaHUS, MOXET ObITh HPOU3BOJILHOE
KOJIMYECTBO.

3. J1o naHHOTO MOMEHTa BpEMEHU BCe EHCTBUS MTPOUCXOIMIN B PEKUME OIIOKUPOBKHU
npepbiBanuil. [louemy? IloToMy YTO pexuM OJOKMPOBKM NpPEpHIBAHUM — €IMHCTBEHHAsS
rapaHTus TOro, YTO He MPUJIET HOBOE MIPEPhIBAHKE, U IIPU €ro 00paboTKe HE MOTEePSAIOTCS JaHHEbIE,
HE00XOIMMBIE IS MIPOAOJKEHHSI TIPEPBAHHON MPOrpaMMBbl (PEerucTpbl, pexXxuMsbl, Tadbmus! LIIT).
[Tocne moMHOTO COXpaHEHUsl PETUCTPOB MPOUCXOIUT CHATHE pexuMa OJIOKUPOBKH MPEPbIBAHUH,
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TO €CTh BKIIIOYAETCS CTAHJAPTHBIM pexuM paboThl Mpoleccopa, MpU KOTOPOM BO3MOXKHO
MIOSIBJICHUE IIPEPBIBAHUMN.

4, OrneparnmoHHasi CHCTEMa 3aBepInaeT 00padOTKy MpephIBaHUS.

MBI paccMOTpEN MOJICNBbHYTO, YIIPOIIEHHYI0 cXeMy 00paOOTKH MPEephIBAHMUS: B pEaTbHBIX
CHUCTEMaX OHa MOXKET UMETh OTJIMYUS U ObITh CYIIECTBEHHO ciokHee. Ho ocHOBHBIE Hier 0OBIYHO
OCTAIOTCSl HEM3MEHHBIMU. ATMApaT MPEPbIBAaHUNA MO3BOJISET CUCTEME (PUKCUPOBATh U KOPPEKTHO
o0pabaThIBaTh pa3IU4HbIC COOBITUS, BOSHUKAIOLINE KaK BHYTPU KOMIIBIOTEPA, TaK U BHE HETO.

1.2.4 BHewHMe ycTpoUcTBa

BHemnue ycTpoicTBa BO MHOTOM OIPEIENISIOT IKCILTyaTallMOHHbIE XapaKTEPUCTUKH, KaK
KOMITBIOTEPA, TaK M BBIYUCIUTEIHLHONH CUCTEMBI B LieloM. Pa3mep skpaHa MOHUTOpa, 00beM U
IIPOU3BOJUTEIIBHOCTh MArHUTHBIX AUCKOB, HAJIMYUE N1€YATAOIIUX YCTPONUCTB, MOAEMOB, U T.JI. —
XapaKTEpUCTUKU KOMIIBIOTEPA, HA KOTOPBIE 3a4acTyl0 B IIEPBYIO Ouepe/lb oOpaliaeT BHUMaHUE
MacCOBBII I10JIb30BaTEIb. 3JHAYMMOCTh BHEUIHMX YCTPOMCTB KOMIIBIOTEPA B BBIYMCIUTEIBHON
cHCTeME BO3pacTalia o Mepe pa3BuTHs cpep NPUMEHEHHUS BBIUNCIUTEIbHONW TeXHUKUA. OCHOBHBIM
IPUMEHEHHEM IMEepPBbIX KOMIBIOTEPOB OBLIO YHCIEHHOE pELICHHE 3aJady MOJAEIMPOBAHUSA
(1)I/I3I/I‘-I€CKI/IX nmponeccoB, M JIsA 3THX ueneﬁ OBLIO AOCTAaTOYHBIM HMCTH B KOMIIBIOTCPC
BBICOKOIIPOU3BOAMUTENbHBIN (110 MEPKaM TOr0 BPEMEHH) IPOLIECCOp, HOCTaTOYHBIN AJIS PELICHUs
3aa4 JaHHOTO Kjlacca 00BbeM OMEpaTHBHOM MaMsTH, IPOCTEUIINE YCTPOMCTBA NeYaTH U BBOJA
JlaHHBIX, BHEILHEE 3allOMHHAIOIIECE YCTPOMCTBO Ul XPAHEHHsS HMCXOIHBIX U IPOMEXYTOUYHBIX
JaHHBbIX. CHGKTp K€ BHCIITHUX yCTpOfICTB COBPCMCHHBIX KOMIIBIOTCPOB HCCOM3MCPUMO IUPE, UTO
COOTBETCTBYET Pa3HOOOPa3MIO 3ajay, PELIaeMbIX CPEICTBAMU COBPEMEHHBIX BBIYMCIMTEIbHBIX
cucreM (Puc. 34).

Buemnue ycrpoiictBa
1
I 1 1
Breninue 3anoMuHaromnme VYcrpoiicTBa BBOJA U VYcerpoiicTBa mpuema u
YCTpOMCTBa oToOpakeHUs HHPOPMALTNH nepenadu nHPOpMAIUN
| 1 1 1 1
VYerpoiicTBa VYcrpoiicTBa VYerpoiicTBa
P P HeanHLIe MonuTOopbI P Mogem
IO0CJICAOBATCIIBHOI'O psAMOoro YCTPOHCTBA BBOJA
JIOCTyna JocTyna H300paKeHUS
MaruutHas | | MarauTHsii Bapabannsie Paxe
1 L CRT (BJIT) CkaHepbl
JIEHTa JIUCK
TFT, LCD
OnTuyeckue CrpyiiHbie | KimaBuatypst
- (OKKD)
JTIUCKU
MarnuTHbIi || 'padporocTponTtenn i MEIIIE
Oapaban

Puc. 34. Mepapxusi BHEIHUX YCTPOICTB.

Mpi1 6ostee oipoOHO OCTAHOBUMCSI HAa XapaKTEPUCTUKAX U OCOOCHHOCTSIX UCTIOJIb30BaHUS
BHEIIIHUX 3alIOMHHAIOLINX YCTPOMCTB, KaK HanOOJee MHTEHCUBHO HMCIIONB3yEeMbIX ITPOrpaMMaMu
BHEIIHUX YCTPONUCTBAX BBIYHCIUTEIBHBIX CHCTEM.
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1.2.4.1 BHeniHHe 3aNIOMUHAOIIME YCTPOiicTBA

Buewmnue 3anomunaromue ycrpoictBa (B3Y) mnpeanasHaueHbl ans  opraHU3anuu
XpaHeHusl MaHHBIX H mporpamMM. O0bprgHO 00MeH ¢ B3Y mpoucxoasT HEKOTOPBIMH MOPIUSMU
JaHHBIX, KOTOPBIE HAa3bIBAIOTCS 3anucamu. Jlanuble, pa3melieHHsle Ha B3V, npencrasnstorcs B
BUJIe TociienoBaTenbHOCTH 3anuceil. CymectByer kareropus B3V, Ha3piBaeMble 0JIOYHBIMH
YCTPOHCTBAMH, KOTOpBIE JIOMYCKAIOT BBIIOJIHEHHE OOMEHOB HCKIIIOYUTENIBHO 3aIlUCAMU
(GuKCUpOBaHHOTO pa3mepa — 0O0kamu. IlpuMepoM OIOYHBIX YCTPOWCTB MOTYT CIIy>KUTh
pas3IMYHbIC TUIBI MArHUTHBIX TUCKOB. OObIUHO pa3mep 010Kk0B (pu3uyecKux 6J10K0B), OOMEH
KOTOPBIMM MOXKET OCYILECTBJIATHCS C OJOYHBIMHM YCTPOMCTBAMH, ONpEENseTCsl alnapaTHO U
MOJKET 3aBUCETh OT KOHKPETHOM MOJEIW M THUIA YCTPOWCTBA. AJbTEpHAaTUBOM OsiouHbIM B3V
ABJISIIOTCSL YCTPOMCTBA, allapaTHO JOIMyCKarollue OOMEH 3aluCsAMHU MPOU3BOJIBHOIO pa3Mepa.
[IpuMepoM TakuX YCTPOMCTB SIBISIOTCS YCTPOWCTBA XpaHEHHS WH(POPMALMKM HAa MarHUTHBIX
JICHTAX.

B3V moryr paznensTbesi Ha JIB€ TPYIIIBI 110 803MONCHOCMAM OOCMYNA K XPAHAUWUMCS
Ooannvim. [lepBas rpynmna — ycTpoicTBa, anmnapaTHO A0y CKaIOLIMe Kak Olepaluy YTeHHs], TaK 1
onepauuu 3anucu. [IpuMepom yCTpOMCTB JaHHOM TPYNIBI MOXET CIYKHTh JKECTKUH IUCK.
Bropas rpynna — ycTpoHCTBa, IO3BOJIAIOILNE BBIIOJIHATE TOJBKO ONEpAlui YTCHHs JAHHBIX,
HarpuMep, B 3Ty rpyIiy Bxo st ycrporictea CD-ROM (compact disk read-only memory), DVD-
ROM (digital video/versatile disc read-only memory).

Bremnue 3anomMuHaOImue yCTPOMCTBA MOTYT, TaKyKe ITOAPA3AEIATHCS HA YCTPOHCTBA
NPsAMOro J0CTYNAa M YCTPOMCTBA IOC/IEA0BATEJLHOI0 AOCTYyHa. PaccMOTpuUM NpUHIUIIBI
OpraHM3aliyi U 001UE XapaKTEPUCTUKU yCTPOMCTB, IPUHAJIEKALIUX KAXKIAON U3 ITUX IPYIII.

Yempoiicmea nocnedosamenvnozo oocmyna — 5TO yCTpPOMCTBA, NPHU JIOCTyIE K
COJIEP’)KUMOMY  TIPOM3BOJIBHOM  3allUCHM  KOTOPBIX  «IIPOCMAaTPUBAIOTCA»  BCE  3aIHCH,
npeauecTByonme uckomoil. PaccMorpum B kadectBe mnpumepa B3V mocnepoBaTeabHOro
JI0CTylla YCTPOMCTBO XPAaHEHHUs JaHHBIX HAa MAarHUTHOMW JieHTe. Ha MarHuTHOM neHTe Kakiaas
3alKCh UMEET CIielualbHbIe MapKephl Hauajla U KoHUa. Takxke, Ha KaX/10H JIeHTe pa3MelatoTcs
MapKephl Hayasia 1 KoHua JeHTsl (Puc. 35).

MaruuTtHas JIeHTa

i-as 3armuce
Mapkep M_apKep Hayaa Mapkep KoHIa Mapkep
Hagana 1-0i1 3ammcn i-olf 3ammcu KOHIIA
JICHTBI JICHTBI

Puc. 35.MaruurHas JieHTa.

Kaxknas 3anuce Ha IEHTE UMEET CBOM Jiornueckuil Homep. [Ipyn BOZHUKHOBEHUU 3ampoca
Ha YTEHHE 3aIMCH C HOMEPOM | BBITIOJIHACTCS CICIYIOMIAst OC/IEI0BATEIbHOCTD JICHCTBHIA:

- YCTPOWCTBO MEPEMATHIBAET JICHTY JJO MapKepa Hayaa JICHTHI;

- OCYHIIECTBIIIECTCS TOCIECNOBATENBHBIM TTOMCK MapKepOB Hadaja 3alHCed, MOCie
HAaXOXJICHHS I-TO0 MapKepa CYMTACTCS, YTO YCTPOMCTBO «BBINLIO» HA HAYAJIO0 HCKOMOH 3aIiCH;

- HPOUCXOUT YTCHHE I-0¥ 3aIUCH.

Yempoiicmeo npamozo docmyna obecriedrBaeT BHIIIOJHEHHE OINEpaAllUil YTEHUs/3aUCH
0€3 CUMTHIBaHUS TOTIOTHUTENFHON (TIpeapiayieii) napopmarmu. [IpaMepoM yCTpoicTB MpsiMoro
J0CTyIIa MOTYT CIIy>KUTh MATHHTHBIE JUCKH, WU JMCKOBBIEC YCTPOCTBA.

48



OUJIIMHAP MarauTHbI€ TOJOBKH

CCKTO —

Puc. 36. [IpuHIMn ycTpoiicTBa MATHUTHOTO INCKA.

MarHuTHbIe JWCKH SIBJISSFOTCS CaMbIMH PACIPOCTPAHCHHBIMU YCTPOHCTBAMH BHEIITHEH
MaMSTH COBPEMEHHBIX KOMITBIOTEPOB. PaccMOTpHM NPUHIUMIHUAIBHYIO CXEMY OpraHu3alud
MarautHoro gaucka (Puc. 36). VYcrpoiicTBo mpeacTaBiseT co0O00 Bajl, BpAIAIOIIUNUCS C
JIOCTaTOYHO BBICOKOW TOCTOSTHHOM CKOpOCThI0. Ha Bany 3akperuieHbl IUCKH, MOBEPXHOCTHU
KOTOPBIX TOKPBITHI MAaTEPHaJIOM, CIIOCOOHBIM Ha OCHOBE MAarHHUTOYJCKTPHUYECKUX IPPEKTOB
coxpaHsTh HHPopMaIuio. KonmuecTBo AUCKOB BapbUPYyETCS B 3aBUCHMOCTH OT THITA IUCKOBOTO
ycTpoiicTBa. Takke B JUCKOBOM yCTPOMCTBE MPHCYTCTBYET CHCTEMa T'OJIOBOK YTCHHS/3AIMCH.
KonndecTBo ToJIOBOK COOTBETCTBYET KOJIMYECTBY TOBEPXHOCTEH IWCKOB, M KaXKJas TOJIOBKA
MOXKET padoTaTh CO CBOSH (DUKCHPOBAHHOH TOBEPXHOCTHIO. Bce TOJIOBKH yCTpoOHCTBa
COCTaBIISIFOT OJIOK TOJIOBOK MAarHUTHOTO JTUCKA. BJIOK TOJOBOK MOXKET mepeMeriarbes OT Kpas
MOBEpXHOCTEH K IEHTpy. [lepeMenienne 0JI0Ka TOJIOBOK OCYIIECTBIISCTCS TUCKPETHO, KaXKas
MO3UIINS OCTAHOBKH 0JI0Ka TOJIOBOK HAJ| TOBEPXHOCTSIMHU (C YYETOM BpAIllEHHUS TUCKOB) 00pa3yer
mrHIp. TakuM 00pa3oM, KakJI0€ JUCKOBOE yYCTPOMCTBO XapaKTepu3yeTcs (HUKCHPOBAHHBIM
KOJIMYECTBOM IIWJIHH]IPOB, KOTOPHIE COOTBETCTBYIOT MO3UIIMSAM, HA KOTOPBIX MOXKET pa3MeIaThCs
0JI0K r'OJIOBOK.

Bce mununaper mporymepoBanbl (0,1,....Nuummz). YCIOBHBIE JIMHUU TE€PECEUCHUS
[IWIHHJIPOB C TOBEPXHOCTSAMHU 00Pa3yIOT JTOPOKKHU. JIOPOKKH, OTHOCSIIIUECS K OJTHOMY IIMITHHIPY
nponymepoBansl (0,1,....Nyopoxwn ). JJOpOokKKH, TpHUHATIEKAIIIE OTHON MOBEPXHOCTH, POPMHUPYIOT
KOHIICHTPUYECCKUE KpYyru. Bce MOpokku paszjgeneHbl Ha (UKCHpOBaHHOE (I JaHHOTO
YCTPOICTBA) YHCIIO PaBHBIX YacTel — cexkmopos. CEeKTOPBI KKIOW JOPOKKHU MPOHYMEPOBAHBI
(0,1,....Ncexrop). Hauana Bcex 0OTHOMMEHHBIX CEKTOPOB JIEKAT B OJHOM IJIOCKOCTH, MPOXOISIIEH
yepe3 Ball. [Ipu paboTe MarHUTHOTO MUCKA MPEIyCMOTPEHA BO3MOXHOCTh WHAMKAIUHU (aKTa
poxo/1a 0JI0KA TOJIOBOK Yepe3 KaxIyI0 TOUKY Havajia CeKTopa (3TO perraeTcs ¢ UCIOJIb30BaHUEM
MEXaHMYECKUX MU ONTHYECKUX TATUUKOB CEKTOPOB), TAKHMM 00pazoM, OJOK TOJIOBOK BCETa
MOJXKET «3HaTh», HaJ KaKHM CEKTOPOM OH HaXOJWTCA. B KaXIblii MOMEHT BpEeMEHH B OJIOKE
TOJIOBOK MOXKET MPOXOJUTh OOMEH C OJIHUM M3 CEKTOpOB. PaccMOTpuUM mpuMep BBIMOJHEHUS
oreparuu oOMeHa JaHHBIMHU, Pa3MEIICHHBIMH B OJIHOM U3 CEKTOpOB. I 3aMaHus KOOPJAWHAT
KOHKPETHOT'O CEKTOpPa B yCTPOMCTBO YNPABICHHUSI MATHUTHBIM JHCKOM JIOJKHBI OBITH MIEPEIaHbI:

- HOMEp IWINHPA, B KOTOPOM PACIIONO0XKEH aHHBINA ceKTop, — N;

- HOMEp JOPOXKKHU, Ha KOTOPO# pasmemnaeTcs ceKTop, — Ni;

- HOMep cekTopa — Ns.

[Tocne mnomywyenust koopamHat cektopa (Ne, Nt Ns) BbmomHseTcs ciemyromias
OCJIEI0BATEIILHOCTD IEUCTBUM:
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- IIarOBbIi JBUTaTelNb IepeMeniaeT 0JI0K roJI0OBOK B IIMIUHAP N;

- BKJIIOYAETCs FOJIOBKA YTCHUS/3aMIMCH, COOTBETCTBYIOIAsI HOMEPY TOPOKKHU Nt;

- KaK TOJBKO TOJIOBKA UTCHHS/3AIMCH TO3UIIHOHUPYETCS HaJl Ha4alOM MCKOMOTO
cekTopa Ns, 3aIlyCKaeTcs BbINOJIHEHHE ONepaluy YTeHHs (WK 3aIHCH).

Takum 00pa3om, MBI BHIUM, YTO JUIsI BBIOJHEHHS OIEpanuii oOMEHa C MarHUTHBIM
JMCKOM HE€ TPOU3BOAMTCS YTCHHE KAKOW-JIMOO JOMOJHUTEIbHONM HMH(pOpMAlMU C JIUCKA, T.C.
o0ecrieuynBaeTCs «IPSIMOM TOCTYTD» K HH(DOpMAITUH.

[Ipou3BOANUTENBHOCTS BHEIIHETO 3allOMHHAIOLIETO YCTPOMCTBA — BpeMs J0CTyHa K
XpaHsmencs WHPOpPMAIMA — BO MHOTOM OIPEIENISETCS HAIMYMEM M TPOJIOJHKUTEIBHOCTHIO
MEXaHUYECKUX Ollepaluid, KoTopble He0OX0IuMO npoBecTu Ipu oomene. Tak, Bpems oOMeHa ¢
MarHUTHBIM JHCKOM OYZET ONpeAesThCS, B OCHOBHOM, BPEMEHEM BBIIBIKCHHS 0JI0Ka TOJIOBOK
B COOTBETCTBYIOIIMH LMIAMHAP (3TO BpeMs IepeMelieHHs OJI0Ka TOJIOBOK W3 Ha4yajlbHOIO
MOJIOKECHHS K IHJIMHIPY C MaKCUMAaJbHBIM HOMEPOM), & TaK)K€ BPEMEHEM IO3UIIMOHHPOBAHUS
TOJIOBKM B HA4aJlo CEKTOpa, ¢ KOTOPBIM Oy/ET OCYILECTBIATHCS OOMEH (3TO BpeMsi He Ooibliie
BpEMEHH IMoJHOro obopora Bana). [lpu paboTe ¢ MarHUTHOW JIGHTOM MeXaHHUYEeCKas
COCTaBIIAIONIAsl OOMEHA CYILECTBEHHO OOJIblIe, [MO3TOMY MarHUTHbIE JUCKU SIBISAIOTCS Oolee
BBICOKOTIPOU3BOAUTEIBFHBIMA YCTPOWCTBAMH W TPHUMEHSIOTCS ISl ONEPAaTUBHOTO XpaHECHUS
00pabaTbIBaeMbIX JaHHBIX. MarHUTHbIE JIEHTHI UCIIOJIb3YIOTCS [T OPraHU3aUH APXUBUPOBAHUS
U JIOJITOBPEMEHHOTO XPAHEHUS TaHHBIX.

Crnenyomiee ycTpoucTBO, KOTOPO€ Mbl PacCMOTPUM, — 3TO MATHUTHBIA OapalaH
(Puc. 37). B nanHoM npubope TakkKe UMEEeTCsl 3JIeKTPOIBUTATEIb, K OCH KOTOPOTO MPHUKPEILJICH
MacCHUBHbIM OapabaH, MOBEPXHOCTh KOTOPOI'O MOKPHITA JIEKTPOMArHUTHBIM ciloeM. [IBurareins
packpydnBaeT 6apabaH 0 T0OCTaTOYHO BBICOKOH IMOCTOSTHHON CKOpOCTH. [loMuMO 3TOTO MMeeTcst
(¢uKCUpoBaHHAsl IITAaHTa, Ha KOTOPOM pacHoJOXKEHbl T'OJOBKHM 4TeHus-3anucu. llog kaxmoin
T'OJIOBKOH JIOTHYECKH MOXKHO BBIICIUTH IOPOKKY, KOTOpasi Ha3bIBaeTCs mpeKkom. Tak ke, Kak U B
JICKe, BCE JIOPOXKKM paszielieHbl Ha cektopa. s aapecanuu OJ0Ka JaHHBIX B 3TOM cilydae
UCTIONB3YETCS TOIBKO HOMEP JOPOXKKHU (Nrpexa) 1 HOMEp cekTopa (Ncexropa). st TOro 9aro0sI
NPOM3BECTH ONEpaIMIO YTEHHs WM 3allUCH, YCTPOWCTBO YIPABICHUS JOJDKHO BKIIOUUTH
TOJIOBKY, COOTBETCTBYIOIIYIO YKAa3aHHOMY HOMEPY MOPOXKH; a IOCIEe 3TOTO MPOHCXOIUT
O’KU/IaHUE MEXaHMUYECKOro IOBOPOTA IMJIMHIApA 10 BBIXOAA TOJOBKM Ha Hayalo HMCKOMOIO
cextopa. Takum 00pa3oM, 1Mo CPaBHEHUIO C KECTKUMHU TUCKAMH, B TOM YCTPONUCTBE OTCYTCTBYET
MEXaHUYEeCKasi COCTABJIAIOLIAsl BBIXO/A TOJOBKM Ha HYXXHBIH TpEK, MO3TOMY JaHHbBIM THI

YCTPOMCTB cunTaeTcsi 00Jiee BLICOKOCKOPOCTHBIM.
TOJIOBKI

g > ) .

Puc. 37. [IpuHumun ycrpoiicTBa MarHuTHoro 6apadana.

Hanocnenok oTMeTuM, 4To MarHuTHbIe OapabaHbl Ha CETOMHSIIHUNA J€Hb SBISIOTCS B
HEKOTOPOM POJIE SK30THYECKUMH YCTPONCTBAMM: OHHU HCIIOJIB3YIOTCSI B OCHOBHOM JIHIIb B
OOJNBIINX CHEHUATH3UPOBAHHBIX BBICOKONPOU3BOAUTEIBHBIX KOMIBIOTEPaX OOBIYHO ISt
BPEMEHHOT'0 XPAaHCHUS JAHHBIX U3 ONIEPATHBHON MaMSITH.

W, HaKOHEI], OTMETHM T.H. IAMATH HA MATHUTHBIX HOCHTEJISIX (IOMEHAX) — MarHUTHO-
anektponHoe B3V mpsamoro nocrymna. Ilon domenom monumaercss HEKOTOpas 3J€MEHTapHas
€MHUIIA, CTIOCOOHAs COXPAHITh CBOI0O HAMAarHWYEHHOCTh B TE€UEHHUE JJUTEILHOTO MPOMEXYTKA
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BpeMeHHU. JIOMEH MOXET ObITh HAMarHM4eH OJHUM M3 JIBYX COcO00B (oTMedeHHbIe Ha Puc. 38
7100 KaK «IUTIOC-MHHYC», MO0 KaK «MUHYC-TUTIOCY).
HITAHIa ¢ rOJIOBKaAMH

[z

JIOMEH

Tpek

Puc. 38. IlpyHOun ycTpoiicTBa MaAMATH HA MATHUTHBIX JOMEHAaX.

[Tpuniun paboThl yCTpOWCTBA MAMATH HA MATHUTHBIX JJOMEHAX OCHOBAH Ha TOM, YTO IO/
BO3/I€HCTBUEM MarHUTHO-3JIEKTPOHHBIX 3((EKTOB MarHUTHBIE JOMEHBI PA3TOHAIOTCA BJOJIb
CBOETO TPEKa JI0 HEKOTOPOU MOCTOSIHHOM CKOPOCTH. B ocTanbHOM ke mpuHIHI paboThl TaHHOTO
KJlacca yCTPONCTB HUUEM HE OTIIMYAETCs OT paOOThl MarHUTHBIX OapabaHoB. COOTBETCTBEHHO, U3-
3a TOTO, YTO B JAHHOM YCTPOMCTBE HET MEXaHWYECKOI COCTABISIONIEH, OHO sABIsETCA elie Oosee
BBICOKOCKOPOCTHBIM I10 CPAaBHEHUIO C IIPEABIAYIIMMH YCTPOUCTBAMM.

JUis CYMTHIBaHUS WM 3alIMCH MHPOPMALIMU Ha TAHHBIN HOCUTEIb YCTPOICTBO YIIPaBICHUS
BKJIIOYAET HEOOXOJHMMYIO TOJIOBKY, KOTOpas MO TalMepy CHUHXPOHHM3UPYETCS C «IIPUXOJOM»
Hayajuaa UICKOMOTO CEKTOpPA, IOCJIE Yero MPOUCXOAUT OOMEH C HAWJJCHHBIM CEKTOPOM.

1.2.4.2 Moaeau CHHXPOHU3ALMH NIPU 00MeHe ¢ BHEITHUMH YCTPOHCTBAMM

BaxHolf ~ XapakTepHCTHUKOM, BO  MHOIOM  ompefensioume  3pQPeKTUBHOCTb
(GYHKIMOHUPOBAHUSI ~ BBIYMCIUTENIBHOM  CUCTEMBI, SIBISETCS  MOJENb CHHXPOHHU3ALUH,
MO/ JIepKUBAaEMas allapaTypor KOMIIbIOTEPA IPU B3aUMOACHCTBUN LIEHTPAJIIBHOTO IIPOLECCOPa €
BHEIIHHMH YCTPOWCTBAMH.

s wmoctpanuu  paccMoTpuM  nmpuMmep. IlycTh  BBINONHAEMOW B KOMIIBIOTEPE
porpaMMe HeoOXO0IMMO 3anucaTh OJIOK JaHHBIX Ha MarHUTHBIA nuck. UTo Oyner npoucxoauTh
B cucTeMe Npu o0paboTke 3aKa3za Ha JaHHbIM oOMeH? B0O3MOXXHBI JABE MOJENH peaau3aliu
oOMeHa, pacCMOTpPUM HX.

Cunxponnast pabdora c¢ BY. Ilpu cuHXpoHHOW oOpraHuzanuu OOMEHa B MOMEHT
oOpallleHuss K BHEIIHEMY YCTpPOMCTBY IporpaMMa OyJeT MpHOCTAaHOBJIEHA /IO MOMEHTa
3aBepiieHust oomena (Puc. 39). Tem cambIM NpH HCHOJB30BAHUU TAKOM MOJIENHM B CHUCTEME
BO3HUKAJIHU 33J€PKKH, KOTOpbIE CHIKAIU 3P PeKkTuBHOCTh pyHKIIMOHMpOoBaHus BC.
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CI/IHXI)OHHaﬂ oOpraaHmianmusi o0MeHa

=
OGPZLT.[E!HI/IG K IIPHOCTAHOBKA BBIIOJIHEHIT oOpaneHne K
BHEIIHEMY IIpOorpaMMbL, OXILOAHIIE BHEIITHEMY
~ u
yCTPOi/’ICTBy 3aBEPHICHH S OOMEHA YCTPOHCTIBY

ACI/IHX])OHHaH opraHmsanmmd o0oMeHa

oOpalneHne K obparnenne K
BHEIIHEMY BBIOITHCHIIS BHETIHEMY
. mporeccal .
YCTPOHCTBY e YCTpOiicTBY
obpabdoTka 3aBeplleHHe 00PadOTEIL
IpephIBaHU S IIpephIBAHUS

! TIpimedane: MpOLece BELIONHSIETCS 0 BO3HIKHOBEHILI CIeAYIOMET0 IPePEIBaHIL
Puc. 39. CunxpoHHasi © acHHXpOHHas padora ¢ BY.

AcunxpoHHasi pa6ora ¢ BY. Ilpu acuHXpoHHOH opraHuzanuu pabOThl BHEIIHUX
YCTPONCTB MOCII€A0BATEILHOCTh COOBITUMH, IPOUCXOASIIUX B CUCTEME, CIIELYOLIAs:

1. Jis mpocToThl M3JOXKEHHs OyAeM CcuyuTarth, YTO B CHUCTEME IpepbIBaHUN
KOMIIBIOTEPA UMEETCS CIIELUaIbHOE BHYTPEHHEE NIPEPhIBAHNE «OOPALIEHUE K CHCTEMEY, KOTOPOE
WHULUHAPYETCS BBIIOJHEHUEM INPOrPaMMOM CIIELMAIBHON KOMaH[bl. [Iporpamma vuHMIUUpPYET
IpepbIBaHNE «OOpallleHHe K CUCTEME» U INepeJaeT 3aKa3 Ha BBIIIOJHEHHE OOMEHa, IapamMeTphl
3aKa3a MOTYT ObIThb IepelaHbl 4yepe3 CHelMabHbIE PErucTphbl, cTeK U T.I. B omepanmonHoi
CHUCTEME MPOUCXOAUT 00paboTKa MpephIBaHUS, MIPU ATOM KOHKPETHOMY JpaiBepy yCTpoOMHCTBa
nepeaaeTcs 3aKka3 Ha BHIMOJIHEHHE OOMeHa.

2. [Tocne 3aBepmieHus 0OpabOTKH «OOpaIeHHs K CHCTEME» IporpaMMa MOMKET
IPOJIOJKUTH CBOE BBITOJIHEHHE, MIIK MOXKET OBbITh 3aITyIIEHO BBIIOJHEHHE APYTOi MPOTpaMMBl.
3. ITo 3aBepiIeHNH BHIIOTHEHUSI 0OMEHa MPOUCXOIUT IPEPBIBAHKE, ITOCIIE 00padOTKH

KOTOPOTO MpOorpaMMa, BHITOJIHSABIIAs 0OMEH, MOKET MPOJOKUTH CBOE BBHIIIOJIHEHHUE.

AcuHxpoHHas cxema 00paboTku obpaieHuii k BY nosBosnser criaxkupath nucbananc B
CKOPOCTH BBIIIOJIHEHHUSI MAIIMHHBIX KOMaHJ] U CKOPOCTBIO JocTyna k BY.

B 3akmouenun otmeTum crenymomee. IlpencraBieHHas Bblllle cXeMa OpraHU3alluU
oOMeHa sBISIETCS JOCTATOYHO YIpolleHHoW. OHa He 3aTparuBaeT CiIy4aeB CHUHXPOHH3AIUU
JIOCTYTa K O0JacTsM TaMmsTH, y4dacTBYIOmUM B oOmeHe. IIpoGmema cocTouT B TOM, 4UTO,
HarpuMep, 3amuchiBas o0sacTh JaHHBIX Ha B3Y mocne o0paboTku 3aka3a Ha oOMEH, HO 10
3aBeplIeHUs] OOMeHa, MpOorpaMMa MOXKET MOMbBITAaTbCs OOHOBHUTH COAEPKHMOE 00JacTH, YTO
SBIISIETC HEKOPpPEKTHBIM. [103TOMy B peasibHBIX CHUCTeMax sl CHHXPOHHU3AIMH pPabOThl ¢
o0nacTsIMH HaMsTH, HaXOIAUIMMUCS B OOMEHE, HCIOJIb3YeTCS BO3MOXHOCTh €€ aIllapaTHOIo
3aKpBITUS HA YTEHUE W/WIIK 3a1iCh. TO €CTh MPH MOMBITKE 0OMEHa ¢ 3aKPBITON 00JIaCThIO MAMSITH
MIPOU3OMAET MpEephIBAaHUE. DTO MO3BOJISIET OCTAHOBUTD BBIIIOJHEHUE TPOTPAMMBI JI0 3aBEPILICHUS
oOMeHa, ecJIM porpaMma MONbITaeTCs BHIIOIHUTH HEKOPPEKTHBIE ONEPALIUH C 00JIaCThIO MaMSTH,
Haxozselcs B oOMeHe (IOMbITKAa YTEHUS NMpU He3aBepIIEHHOW omepanuu yteHus ¢ BY umu
3aIMCH MPH He3aBEPILIEHHOHN ONepaliy 3aucu TaHHoi obnactu Ha BY).

1.2.4.3 TloTroku naHHbIX. OpraHu3anus ynpasJjeHusl BHEIIHUMHU YCTPOHCTBAMHM

[Ipu paccmoTpeHuM pabOTHI JIOOOTO KOMIIBIOTEpAa HMMEIOT MECTO [[Ba IOTOKA
uHpopmanuu. [IepBriil TOTOK — 3TO MOTOK YIpaBJstoed nH(OpMAIUH, BTOPOU MOTOK — 3TO
NOTOK JAaHHBIX, HaJl KOTOPBIMHU OCYIIECTBIIsIETCS 00paboTKa B nporpamme. Eciu paccmarpuBath
9TH MOTOKH MH(OpMaIMK B KOHTEKCTE opraHu3auuu pabotsl B3Y, TO MOXKHO BBIAETUTH TaKKe
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MOTOK YMPaBIAONICH WHPOPMAIMK, BKIIOYAIOMNWNA B CeOs KOMaHIbI, OOECTICUMBAIONINE
YIPaBJIE€HUE BHEIIHUM YCTPONCTBOM, a TaK)K€ IIOTOK JIaHHBIX, epeMelatomuxcs Mexay B3V u
ONepaTUBHON MaMATHI0. PacCMOTpUM Teneps pa3InuHbIe MOJICIIM OpraHu3aluu ynpasienus B3VY.

[Ipocreliliei MOIENBIO SBISIETCS HEMOCPEeACTBEHHOEe YIIPaBJieHHEe IPoLeccoOpoOM
BHemHUMH ycTpoiictBamu (Puc. 40). OTo 03Ha4aeT, 4YTO HEHTPATBHBIA MPOIeCCOp (HaKTHIESCKU
«MHTETPUPOBAH» CO CXEMaMU YIPABJICHUS BHEIIHUMH YCTPONCTBAMM, UMEET CHelHaIbHbIC
KOMaHJbl YIpPABJICHUS MMM, a TaKKe IyTE€M HHTEpIpeTalyl MOCIeA0BATEIbHOCTH KOMAaH]
yIpaBJICHUS OCYLIECTBISIET yrpaBiieHue oOMeHoM. T.e. mporeccop moaaeT KOMaHbl YCTPOUCTBY
Ha IepeMelleHre roJIOBOK oOMeHa, Ha BKIIOYEHHE TOM WJIM MHON TOJIOBKHM, HAa OXHJAHUE U
CUHXPOHM3AINH TPUXOJa COJAepKATeIbHON MHpopMaruu u np. [loMrMO yKa3aHHOTO TOTOKA
KOMaH]1, IEHTpaIbHbIH Mpoieccop 00padaThIBaeT U MOTOK JTAHHBIX: OH CUUTHIBAeT HHGOPMALIHUIO,
Y4acTBYIOIIYI0 B OOMEHE, CO CHEIHAIbHBIX PETUCTPOB U MEPEHOCUT €€ B ONEPATHUBHYIO MaMsTh
(J1m60 ke MPOU3BOIUT 0OpaTHbIE MAaHUMYJIAIMH). TakuM 00pa3oM, U MOTOK yIPaBICHUS, U TIOTOK
JAHHBIX MPOXOJUT Yepe3 ICHTPAIBHBIN MPOIecCcop, YTO caMo Mo ceOe SABISETCS TPYIOeMKOU
3aJjaueii, K TOMY K€ 3Ta MOJIEJIb [0/Ipa3yMeBaeT JHUIIb CHHXPOHHYIO Pealln3alltIo.

A
\ 4

Bremnee
YCTPOKCTBO

A
Y

o3y
I

Puc. 40. HeHOCpeHCTBeHHOC YiupaB/jieHHM¢ BHCHITHUMHA yCTPOﬁCTBaMPl HEeHTPAJIBbHBLIM ITPOLECCOPOM.

i

Crnenyroias MOJIeIb Ipe/jiaraeT CHHXPOHHOE YIIPaBJieHHe BHEITHUMH YCTPOHCTBAMU C
WCIIOJIb30BAaHUEM KOHTPOJUIEPOB BHEHIHUX ycTpoucTB (Puc. 41). JlanHas monens MOsSIBUIACH
BCJIe/l 3a TMOSBICHHEM BHEIIHUX YCTPOWCTB, AJII KOTOPBIX HMENHCH SJIEKTPOHHBIE CXEMbI
YOpaBIIEHUSI ITHMH YCTPONUCTBAMU — KOHmMPOMIEpbl, — B3sBIIME Ha ceOs 4acTh pador
HEHTPaJIbHOrO TMpolleccopa IO YIpaBiIeHHIO oOMeHamMH. B 3ToM ciydae KOHTpoJuiep
B3aMIMOJICHCTBYET C IEHTPAIbHBIM MPOILECCOPOM OJOKaMH OOJBIIUX Pa3MEpOB, MPU ITOM
KOHTPOJIJIEP MOXXET CaMOCTOSITENIbHO BBIMOIHITH HEKOTOpPbIE pabOTHI MO HETOCPEICTBEHHOMY
yrpasieHuto B3V (Hampumep, MbITaThCs JOKAIM30BAaTh U HMCHPABUTH BO3MOXHBIE OIIWOKH,
KOTOpbI€ MOTYT CIIyYUThCS MPU UYTEHUM WM 3aluCU JaHHBIX). Ho mcTopuyecku Takoil Tumn
yrpasieHus: B3V n3naganbHO ObLIT CHHXPOHHBIM: IMPOIECCOP MOCHIIAET YCTPOMCTBY KOMAH bl HA
oOMEeH M OXHUAAeT, Korja 3TOT oOMeH 3aBepiiuTcs. UTo KacaeTcsi MOTOKa JAHHBIX, TO HUYETO
HOBOT'O B JAHHOM MOJEJIIM HE IMPEACTABIEHO: IMPOLECCOp MO-NPEKHEMY CUUTHIBAET HMX CO
CHEIHANIbHBIX PETUCTPOB BHEIIHETO YCTPOICTBA U MOMEIIAET UX B ONIEPATUBHYIO MaMSITh.

KOHTPOJLIEP
0O3Y |l 111 VI BHEIITHETO BHeHVIHee
yCTpOHCTBA YCTPOHCTBO

4

Puc. 41. CuaxpoHHOe/aCHHXPOHHOE yNpaBJjieHHe BHEIIHUMHU YCTPOHCTBAMH C WCHOJb30BAHUEM
KOHTPOJIJIEPOB BHELIHUX YCTPOICTB.

Benen 3a mpenbimymuM THIOM YCTPOWCTB MOSIBIIIMCH YCTPOWCTBA, IMO3BOJISIONINE
OCYILIECTBIISITH ACHHXPOHHOE yIIpaBJjieHHe ¢ Hcroib3oBaHueM koHTposuiepoB B3V (Puc. 41). B
9TOM Clly4ae IeHTPAbHBII MPOIEccCop MoAaeT KOMaHay Ha OOMEH M He JOXKHUAAeTCs, KOr/aa 3Ty
KOMaH]ly OTpabOTal0T KOHTPOJUIEP U YCTPOUCTBO, T.€. MPOIECCOP MOXKET MIPOJOJIKUATH 00pabOTKY
Kakux-To 3a7a4. Ho ams ocyiiecTBiIeHHs yKa3aHHON MOIENTH HE0OX0IMMO, YTOOBI B ccTeMe ObLI
peanu30BaH anmnapar IpepbIBAHNMN.
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3aTeM HUCTOPUYECKH MOSBUINCH T.H. KOHTPOJUIEPHI NMPSAMOro A0CTYyNa K NaMSATH
(DMA — Direct Memory Access, Puc.42). KoHTposiepsl TaHHOTO THIA HCKIIOYIN
[EHTPaABHBIN MPOIECCOp U3 00PaOOTKHU MOTOKA JAHHBIX, B3sB 3Ty (PyHKIHIO Ha ceOsi. B manHo#
MOJIETIH TIPEATIONAraeTCsl, YTO LEHTPAIBHBIN MTPOLIECCOP 3aHUMAGTCS JIUIIThL 00PAOOTKOM MOTOKOM
yrpagJstonei nHpopMaIn, a JaHHble epementatorcs mexay B3Y u O3V yxke 6e3 ero ygactus.

DMA-koHTpoJLI1ep
+
O3Y |«—— KOHTPOJLIEp MK
npoueccop
BBOJIa-BBIBO/IA

Bueminee
YCTPOHCTBO

11|

Puc. 42. Ucnioaib30BaHHE KOHTPOJLIEpa MpsiMoro goctyna k namsita (DMA) nin mponeccopa (kaHasia)
BBO/Ia-BBIBO/IA IPH 00MeHe.

U, HakoHen, nociaeaHs st MOJEIb OCHOBAHA HA UCIOJIb30BaHUU MPOLECCOPA MM KaHAJIa
BBOa-BbIBOAa (Puc. 42). B stom cimyyae mpeamoiaraercsi HaJlW4yHe CIEHUATIHN3MPOBAHHOTO
KOMITBIOTEPA, KOTOPBIA MMEET CBOW ITPOLIECCOPHBIM 3JIEMEHT, CBOKO ONEPATUBHYI NaMSATh,
KOTOpbIM (yHKIMOHHpYET Moja ympasieHueM cBoeil OC, u 3TOT KOMIIBIOTEp pacrojaraercs
JIOTUYECKH MEXJy LEHTPaAJbHBIM IMPOIIECCOPOM U BHEUIHHUMH YycTpolcTBaMu. B ¢dyHkunu
HOJOOHBIX TPOLIECCOPOB MM KAaHAJIOB BXOIMT BBICOKOYPOBHEBOE YIIPABJIEHHE BHELIHHX
YCTPOWCTB. B 3TOM cilyyae HEHTpaIbHBIN MPOLECCOP ONEPUPYET C BHEIMIHUMHU YCTPOMCTBAMU B
(opMe BEICOKOYPOBHEBBIX 3aKa30B Ha 00MeH. COOTBETCTBEHHO, PeaIn3alins HEMOCPEICTBEHHOTO
ynpaBiieHus: KOHKpeTHbIM B3V ocymiecTBisieTcss B mpolieccope BBOJa-BbIBOJA (B YaCTHOCTH, B
HEM MOXXET NPOMCXOJUTh MHOTOypOBHeBas (ukcanusi OmIMOOK, OH MOXET OCYIIECTBIISATH
anmnapaTtHoe K3IIMPOBaHWE OOMEHOB K KOHKPETHOMY YCTPOMCTBY U Tp.).

1.2.5 MWepapxua namatu

PaccmarpuBass BBIYMCIUTEIBHYIO CHCTEMY (WJIM KOMITBIOTEP) MOKHO BBICTPOHTH
HEKOTOPYIO MOCIIEI0BATEILHOCTh YCTPOUCTB, MPEIHA3HAYCHHBIX IS XpaHeHHUs WHPOpPMAIUU B
HEKOTOPOM PAaHXHPOBAHHOM IMOPSAKE — HEPAPXUHU. DTOT MOPSTOK MOXKHO ONPEICIIATH Ha OCHOBE
pa3INYHBIX KPUTEPUCB: HANPUMEpP, MO CTOMMOCTH XPAHEHUS €JAMHUIBI WHGOPMAIMU WIH IO
CKOPOCTH JOCTyIa K JAaHHBIM, HO TaK WJIM HHAUYe YCTPOHCTBA OyIyT pacroyiaratbCsi IPUMEPHO B
oxHoM nopsizike (Puc. 43).
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B3Y npamMoro gocTyna ¢ BHyTpeHHeH K 1II
oydepusanuu (ONCPATUBHBIN JIOCTYI K JIAHHBIM)
[

YBeIHUCHHE EMKOCTH

B3Y mnpamoro xoctynma 6e3 k3m oydgepuzaumun
(omepaTUBHBIN JOCTVYII K TAHHBIM)
I

YBenuueHue BpPEMCHH JOCTYIIA

VBeInUCHUC BPSMCHH XPAHCHHS
HH(OpMAaIHH

V MeHbIIIEHHE CKOpPOCTH UTEeHUS/3aIIICH

B3V po/mroBpeMeHHOI0 XpaHeHHMA JAHHBIX
(apxuBBI, Pe3epBHBIE KOIUH...) \ 4

Puc. 43. Uepapxus ycrpoiicTB XxpaHenus undopmanumn.

Camoit noporocrosimiedd U Haubosiee BBICOKOIPOU3BOAUTEIBHOW IAaMSTHIO SIBISETCS
naMmsiTh, KOTOpas pa3MellaeTcs B LIEHTPaIbHOM Ipolieccope (310 peructpoBas namsarh 1 KL
nepBoro yposus (L1)).

Craenyromum 3BeHOM B 3TOM uepapxuu MokeT sBiaThest KO BToporo yposus (L2).
OTO yCTPONCTBO JIOTMYECKU PACcIoaraeTcsi Mexay IpoLEeCCOPOM U ONIEPATUBHOM NaMsIThIO, OHO
ABIIsieTCS OoJiee IemeBbIM U MeHee ckopocTHbIM, yeM KOIII nepBoro ypoBHs, HO Gojiee goporoe
u Oosnee ckopocTHoe, ueM O3Y, koTopoe pacronaraercss Ha CIEIyIOLIed CTYNeHH UEpapXUU.
OaHUM M3 OCHOBHBIX CBOMCTB ONEPATUBHON MaMSTH SBISIETCS TO, YTO B HEW pacrojaraercs
UCIIOJIHSIEMasl LIEHTPAJIbHBIM IIPOLIECCOPOM B JAHHBIH MOMEHT Mporpamma, T.€. IPOLECCOp
«OepeT» ouepeHbIe ONepaHabl U KOMaH/IbI JIJIsl UCTIOIHEHUS UMEHHO U3 ONEPAaTUBHOM MaMATH.

Hwxe O3Y B mpuBeneHHON HEpapXuu CIEAYIOT YCTPOWCTBa, MpEeJHA3HAYCHHBIE IS
OTICPAaTHUBHOTO XpaHEGHHUS TMporpaMMHoOi wHpopManuu mois3oBatened u OC. CrHauana
€CTeCTBEHHBIM 00pa3oM cienytoT B3Y npsimoro nocryna ¢ Buyrpenseii KOLI-0ydepuzanueii.
DTO TOpPOTOCTOAILINE YCTPOICTBA, OHM TMpeIHa3HauYeHbl AJi1 Haubosee omnepaTUBHOrO oOMEHa.
Tak, Ha 3THUX YCTpOHCTBaxX ONEpallMOHHAs CHUCTEMa MOXXET pa3MellaTb CBOM BCSAKOIO poja
nH(})OpPMAITMOHHBIC TAOTHUIIBI.

Crnietom 3a IpeIbIY UM THIIOM YCTpoucTB cneaytoT B3Y npsimoro nocryna 6e3 KIIII-
Oydepusanuu, KOTOpble TakkKe 00eCIIeYnBaAIOT OMEPATUBHBIX JOCTYII, HO YK€ Ha 0osee HU3KHUX
cKopocTsix. Ha momoOHBIX yCTpoiicTBaX MOKET HaXOAUThCS (aiioBasi cCHCTeMa TOJIh30BaTeleH,
ko OC (TOCKONBKY JUISi CHCTEMHOT'O YCTPOKMCTBA, ¢ KOTOpPOro mpoucxoauT 3arpy3ka OC,
CKOPOCTh HE OCOOEHHO aKTyalbHa B OTJIMYME OT YCTPONCTBA, XPAHAIIETO JJaHHbIe paboTaromein
00).

W B camom Hu3y nepapxuu pacrnonaratorcs B3Y gonrospeMeHHoro xpaHeHust JaHHbIX.
DTO CHUCTEMBI Pe3epBHUPOBAHUS, CUCTEMbI apXWBHUPOBaHMS U T.A. HazHaueHHs JAaHHOTO Kiacca
YCTPOUCTB MOTYT OBITh CAMBIMH Pa3HBIMH, HO BCE OHU XapaKTEPU3YIOTCS HU3KOH CKOPOCTBIO
JOCTyTa K IaHHBIM U JJOCTaTOYHO HU3KOM CTOMMOCTBIO XpaHEHUS eIMHUIBI HH()OPMAIIHH.

1.2.6 AnnapatHas noadepXkKa OMepauuoHHON CUCTEMbI U CUCTEM
nporpaMmmMmmpoBaHus

Ecnu mMbl 00paTiM cBO€ BHUMaHHE Ha paCCMOTPEHUE KOMIIBIOTEPOB IIEPBOTO MOKOJIEHUS,
TO 3TO ObUH KOoMnviomepwvi (COMPUter — ewluuciIumens) B TPSIMOM CMBICIE CJIOBa, T.C.
MPOM3BOIUTENN TIEPBHIX KOMITBIOTEPOB CTABHIIM Tepes co0O0i 1enb CO3JaHne aBTOMATHYECKUX
BBIUUCIICHUHM (MpUyeM JO0CTaTouHo B OoibmioM koiuuectBe). Ho co BpemeHem Kpyr
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MOJIb30BaTENEH pacIIMpsIICs, YTO MPUBEIO K BOBHUKHOBEHUIO HEOOXOIMMOCTH B IPUCYTCTBUH B
amnmapaType KOMIBbIOTepa KOMIIOHEHTOB, MpPEIHAa3HAYEHHBIX HE CTOJBKO [JIsi OpraHu3aluu
ABTOMATHU3allMM BBIYMCIECHUN, CKOJIBKO JJI OPTaHU3alUU YIPABJICHHUS 3THUMH BBIYUCICHUSMH.
OTOT pa3fen TMOCBSIIEH TaKUM  KOMIIOHEHTAM KOMIIbIOTE€pa, KOTOpPhIE M3HAYAJIbHO
NpelHa3HayalluCh JUIsl  amnmapaTHOW  MOANEPKKH  (PYHKIIMOHUPOBAHUS  MPOTPAMMHOIO
obecnieuenus (I10), B yacTHOCTH, ONIEPALIMOHHON CUCTEMBI M CUCTEM IIPOrPaMMUPOBaHUS.

Mbl MOXXKEM MPOCHENUTh HUCTOPUUECKYIO IENOYKY COOBITUH, CBSI3aHHBIX C Pa3BUTHUEM
anmapaTtHoit noaaepxku [10. TlepBriif mar — 3T0 MOsBJICHUE TPOrPAMMUPYEMOT0 KOMITBIOTEPA,
T.€. yCTPOMCTBA, KOTOPOE YMEET UCIIOJIHATH TporpamMmy. BTopoii mar — 3710 1osiBjieHne perucTpoB
001Iero Ha3HAYEHHUs, KOTOPHIC TMO3BOJMJIA Ha MPOTPAMMHOM YPOBHE CIJIAJUTh Pa3HUILY
MIPOU3BOAUTEIIBHOCTA LEHTPAIBHOIO IMPOIECCOpa U ONEpPaTUBHOM mamsATH. Tperuil mar — 3710
MOSIBJICHUE aIlliapaTa MpepbIBaHUN, KOTOPBIA MO3BOJIWI OPraHW30BaTh aCHHXPOHHYIO padoTy C
BHEIIHUMH YCTPOMCTBaMU H T.11. BooO1ie, koHIenus ammapatioi nogjaepxku 110 Bcé 6omee u
0oJiee pacpoCTpaHsETCS B COBPEMEHHOM apXUTEKType. BcrmomMuuM, Harpumep, Teru, KOTopbie
INPUCYTCTBYIOT B sYeHKax HaMATH. Tern MCHoJIb3yrOTCA Kak JUIsi KOHTPOJISI COAEPKUMOIO,
LEJOCTHOCTHU JIaHHBIX, TaK U JIJI1 BO3MOXHOCTH «pacKpalllMBaHUs» JAHHBIX MO TUram. JlaBaite
MPOJIOJKUM 3Ty LENOYKY B CBSI3M CO CPEACTBAMHU MOIIEPKKU MYJIBTUIPOTPAMMHOIO pexXUMa
paboThI BEIYUCTUTEILHON CUCTEMBI.

1.2.6.1 TpebGoBanusi Kk anmaparype IJsi MOJIEP:KKH MYJIbTHIPOrPAMMHOIO
pexuMa

Bele yxe nuia pedys 0 MyJAbTHIIPOTPAMMHOM peskuMe — pexume padorsl BC, npu
KOTOPOM B Ka)X/Iblii MOMEHT BPEMEHHU B CHCTEME MOTYT 00padaTbIBaThcs JBE M OoJiee mporpaMm
HOJIb30BaTeNed (3T NPOrpaMMbl MHOIZA HA3bIBAIOT cmecvio npozpamm). Kaxnas u3 3Tux
IPOrpaMM MOJKET HAaXOAWUTHCA B OJHOM M3 mpex COCMOSHUL: BO-NIEPBBIX, IIPOrpaMMa MOKET
BBINOJIHATBCS Ha Mpoleccope (T.€. €€ KOMaH bl UCIIOIHSAIOTCS LEHTPAIbHBIM POLIECCOPOM), BO-
BTOPBIX, IPOTPaMMa MOKET 0’KUIATh 3aBEPIICHUS 3aMPOLIEHHOT0 €10 0OMeHa (17151 IPOI0JIKEHUS
€€ BBINOJHEHUs] HEOOXOJMMO OKOHYAaHMUS OOMEHa), U, HaKOHEl, B-TPETbUX, IPOrpaMMbl MOTYT
HAXOJUTHCS B OKUJAAHUU OCBOOOXKIEHHSI IIEHTPAIBLHOIO Mpolieccopa (3T MporpaMmbl TOTOBBI K
BBIMIOJIHEHUIO Ha TMPOIECCOpe, HO MPOIECCOp B JAHHBII MOMEHT 3aHAT MHOW MpOrpamMMoi).
MynbTHIIPOTPaMMHBIN PEXXUM — 3TO PEKUM Hambosee F3PPEeKTUBHOM 3arpy3Ku LEHTPAILHOTO
npoueccopa. Ha cerogusmnuil AeHb MyJIbTUIIPOTPAMMHBIN PEXHUM MO3BOJSET 00pabaThIBaThCS
Ha KOMIIbIOTEpe OOJIBIIOMY YHCIy NPOLECCOB (3a/1au), MPEJOCTAaBISIONINX I0JIb30BATEIIO
HIMPOKUHN KPYT pa3IuYHbBIX YCIIYT.

Paccmotpum cxemy opeanusayuu mynsmunpocpammuozo pesicuma (Puc. 44). Ilycte B
HavyaJbHBI MOMEHT BPEMEHHM Ha mpoueccope oOpalateiBaercs [Ipoepamma 1, KoTopas B
HEKOTOPBI MOMEHT BpeMeHH t1 BbIIaeT 3ampoc Ha 0OMeH, P 3TOM JaibHeias o0paboTka Ha
IpOLEeCCOpe HEBO3MOXKHA JI0 3aBEPIICHUs 3TOro oOMeHa. B ciydae cHHXpOHHOW opraHuzaluu
Ilpoepamma 1 6yaet npuocTaHOBIIEHA, U MPOLECCOp OyeT MpOoCTanBaTh JI0 3aBEPIICHUS OOMEHa
Ilpoepammor 1. COOTBETCTBEHHO, CO BPEMEHEM IMOCIEIOBAJIO €CTECTBEHHOE MPEIJI0KEHUE
3aryckaTh Ha 00paboTKy IIEHTPaJIbHBIM MPOLIECCOPOM JIpyrHe MporpaMMmel, oka [lpocpamma 1
OKHJAeT 3aBeplieHus cBoero oomena. Ha Puc. 44 mpowmmtocTprpoBaHa cuTyalus, Korjaa npu
3arycke oOMeHa ans Ilpoepammer 1 Ha cuet ctaButcs [lpocpamma 2, KOTOpas BBIOIHIETCS J10
HEKOTOPOTO MOMEHTa BpeMeHHu f2, mociie yero oHa NMPUOCTAHABIMBAECTCS MO TEM WJIM HHBIM
npu4YrHaM, U 3amyckaercsi [Ipoepamma 3. Tlocne 3aBepiueHust oOMeHa Ha 0OpabOTKY BHOBb
craButcs [Ipoepamma 1, cmensia Ilpoepammy 3 B MOMEHT BpEMEHH 13.
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Puc. 44. MyJabTHIPOTPAMMHBIN PeKUM.

EctectBeHHO, [UIsl NpPEIIOKEHHOIO IOJIXOJa BO3HMKAET BONIPOC, KaKUE amnnapaTHble
CpelcTBa HEOOXOAMMBI Al KOPPEKTHOro (yHKIHMOHUPOBAHMSA YyKa3aHHOM cuctemsl. Ilox
KOPPEeKTHBIM (YHKIIMOHUPOBAHUEM MBI OyJileM MOHUMAaTh, YTO B HE3aBUCHMOCTH OT CTEIICHU
MYJIbTUIIPOIPaMMHUPOBAHUs (0T KOJUYECTBA 00pabaThIBa€MbIX B CUCTEME IIPOrpaMM) pe3yJibTatT
paboThl KOHKPETHOM MpPOTpaMMbl HE 3aBUCHT OT HAJIUYUSA U JIEATEIBHOCTH APYTHX MPOrPaMM.
YroObl MOHATH, Kakue TpeOOBAaHUA NMPENbABIAIOTCSA MOJO0OHBIM cHcTeMaM, pa3depeM cHadaia,
Kakue TPYJHOCTH U MpOOJEeMbl MOTYT BO3HHKHYTH NPH MYJIBTUIIPOIPAMMHOM pEXUME. ITO
npo0JsieMbl, CBA3aHHbIE, B MEPBYIO OuYepelb, C «OOUIMM BEJIEHUEM XO3SHCTBay», T.€. KOrJa
oOpabaTbIBaeMble MPOrpaMMbl MPETEHAYIOT Ha JOCTYH K OJHUM U TeM ke pecypcam BC.

Bo3Hukaer cuTyanusi KOHKYPEHIMM — TIO3TOMY Ul KOPPEKTHOM palboThl HEOO0XOAMMO
oOecrnieynBaTh OrpaHUYEHUE JIOCTYTIA.
[lepBas mpobsiemMa, KOTOpass MOKET BO3HHMKHYTb, — 3TO BJMSHHE MpOrpamMm JApyr Ha

npyra. OdeHb HeXenaTeIbHa CUTYallHs, KOTJa OJIHA MPOorpaMMa MOKET OOpaTUTHCS B aipecHOE
MPOCTPAHCTBO JAPYTON MPOTrpaMMBbI i CYUTATh OTTY/A TaHHBIE (TIOCKOJIBKY BCE-TaKHu HEOOXOIMMO
obOecrieynBaTh KOH(PHUIIEHIIMAIBHOCT, HH(OpPMAIMK), U YXK COBCEM IUIOXO, KOTJa Apyras
IporpaMMa MOKET YTO-TO 3alKcaTh B YyXO€ aJpecHoe MpocTpaHcTBO. COOTBETCTBEHHO, NS
KOPPEKTHOTO MYJIbTUIIPOrPAaMMHUPOBAHUS CHUCTEMa JOJDKHA oOecreyuBaTh MporpaMmmam
OKCKJIFO3UBHOC BJIAACHUEC BBIACICHHBIMH HM YydYaCTKaMW IIaMsTH. Ecimm BO3HHMKaeT 3aa4dya
o0ecreyeHnss MHOXXECTBEHHOTO JIOCTYTA K MaMSTH, TO 3TO JOJKHO OCYIIECTBISTHCS C COTTIACHUS
BJIa/IeIbIIA 3TOM namsAThio. MTak, mepBoe TpeboBaHME K cUCTeMe — 3TO HaJu4ue T.H. annapama
3auumsl namamu o00padATHIBAEMBIX MPOrpaMM. OTO aNMapaTHO-MPOTPAMMHOE CPEJCTBO
KOMIIpIOTEpa. DTO O3HAYaeT, YTO OIEepalloOHHAas CHCTeMa, KOI/la 3arpykaeT mnporpamMmy B
OTIEpaTUBHYIO MaMsITh, HACTpauBaeT pabOTy Mpoleccopa, T.€. YCTAaHABIMBAET B CICHUATbHBIC
PETHCTPHI MPOIECCOPA PEKUMBI, KOTOPhIE OTPAaHUYMBAIOT HUCIIOIB30BAHKUE JTAHHOW MPOrpaMMOi
ornepaTuBHOW mamsATH. Cpazy OTMETHM, YTO PEXHUM 3allUTHl MAMITU Helb3s O0elamb YuUcmo
NPOCPAMMHBIM CNOCOOOM, TIOCKOJIbKY €CITU JaHHBIN pekuM OynieT obecriednBaTh oneparioHHas
cuctema (T.e. KaK/IbIid pa3 CpPaBHUBATH MOTyIa€MbIi HCTIONTHUTEIBHBIN aipec — He BBIIIEN JTU OH
3a TpaHULBl JI03BOJICHHOTO NIporpaMMe JHana3oHa aJpecoB), TO MPOU3BOAUTEIHLHOCTH
BBIUHCIUTEIFHON CUCTEMBI B 1I€JIOM OYJIET KpailHe HU3KOU.

Peanuzarus anmapaTa 3amuThl TaMATA MOXET OBITH IOCTATOYHO MPOCTOM: B TIPOIIECCOPE
MOTYT OBITh CTIELIMAIbHBIEC PETUCTPHI (pecucmpul 2panuly;), B KOTOPHIX YCTAaHABIUBAIOTCS TPAHUIIBI
IUarna3oHa JOCTYHHBIX JUIsl HCIOJNHSAEMOM 3aJauyd  aJpecoB ONEPAaTUBHON  MaMSTH.
CoOOTBETCTBEHHO, KOTJa YCTPOMCTBO YIPABIECHUS B ILIEHTPAIbHOM IIPOLIECCOPE BBIYUCISAET
OuepeIHOM NCTIOHUTENBHBIN apec (3T0O MOXKET OBITh apec ClIeaYyIoIIed KOMaH bl WM XKe aJpec
HEO0OXO0IUMOT0 OTIEPaH/Ia), ABTOMATHYECKH ITPOBEPSCTCS, TIPUHAJUICIKUT JIM TIOTYyUEHHBIN ajpec
3aJjaHHOMY nuana3oHy. Eciu aapec mpuHaIIEXKUT Iuana3oHy, TO MpojoikaeTcs oOpaboTka
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3a/1a4M, WHAYE )K€ B CHCTEME BO3HHMKACT MpEpPhIBAHUE (T.H. HPEpbleaHue no 3auiume RAMAMU).
OTtMmeTuM, 4YTO TpeajoKeHHas MOJAENh B PEabHOW amnmapaType MOXeT OBITh pealn30BaHa
MHOXECTBOM CIIOCOOOB, HO TJIaBHOE, 4YTO TIPH IIOCTAaHOBKE IPOTpaMMbl Ha 00paboOTKy
OTepalMoHHas cuctema (IMIPOrpPaMMHBIM CIIOCOOOM) 3a/laeT 3HAYCHHS yKa3aHHBIX PETHUCTPOB
TpaHULl, a JalbHEWIIas MpoBEpKa aIpecoB OCYIIECTBIIAECTCS allapaTHBIM CIIOCOOOM.

PaccmoTpuMm crnenyronuii  Kpyr BO3HHUKAIOMIMX TPH  MYJIBTUIIPOIPAMMHOM PEKHME
npobusieM. [Ipennonoxum, B Hamiel MyJIbTUIIPOIPAaMMHOI cucTeMe (HampuMmep, TepMUHATIHLHOM
KJIaCCE) UMEETCS €IMHCTBEHHOE I1€YaTalollee yCTPOUCTBO, U ECTh HECKOJIBKO IIPOTrpamMm, KOTOpbIE
BBIBOJIIT CBOM JaHHbIE Ha Ie4yaTh JAaHHOMY YcTpoicTBY. COOTBETCTBEHHO, €CIIM KaxKJas
nporpaMmMa OyJIeT WMETh JOCTyI K KOMaHJaM YIpPaBICHUS KOHEYHBIMU (U3NICCKUMU
yCTpOIiCTBaMH, TO MPU COBMECTHOH paboTe B peXuUME MYJIbTHIPOTPAMMHPOBAHUS 3THU
nporpaMMbl OyJIyT BIIEPEMEIIKY OoOpaliaTbesi K MedaTarolieMy YCTPOUCTBY M IeyaTaTh Ha HEM
MOPIUU CBOUX JIAaHHBIX, UTO B UTOTE MPUBEJET K HEBO3MOXXHOCTH MHTEPIIPETALIMN HarleuaTaHHOU
UH(pOpMAaIINK.

JlpyruM mOpuUMEpoOM MOXKET CIIY)KUTb TOJBKO 4YTO OOCY)KIABLIMIICS ammapar 3alllyuThl
naMsTH. 3Ha4YeHUs YKa3aHHBIX PETUCTPOB I'PAHMIl YCTAHABIMBAIOTCS MMOCPEACTBOM CIEIIMATBHBIX
MamHHbIX KoMaHA (OC HacTpauMBaeT TpaHUIIbL, a ammnaparypa aBTOMAaTHYECKHd IPOBEPSET).
[IpencraBbTe cUTyanuio, KOrja K yKa3aHHBIM KOMaHIaM CMOTYT oOpamatbcs MPOU3BOJIbHBIC
IPOrpaMMBbI: TOT/Ia CMBICIIA B anmapaTe 3alliThl MaMsATH IPOCTO He OyneT — nrobas mporpaMma
CMOJKET O0OMTH ITOT PEKUM IIOJIMEHON CBOMX PETUCTPOB I'PAHULL.

PaccMoTpenue npencTaBieHHBIX TPUMEPOB JOHKHO HABOAWTH HA MBICIb, YTO CHUCTEMA
JIOJDKHA KaKUM-TO CIIOCOOOM PaHXHPOBATh KOMAHJIbl U B COOTBETCTBUU C 3TUM PAaH)KUPOBAHHEM
OTpaHUYMBATh JOCTYN II0JIb30BAaTENECH pa3IUYHBIX KAaTeropui K MAIIMHHBIM KOMaHJIaM.
Pemennem crana ammapaTHasi BO3MOXKHOCTh pPaOOTHI IIEHTPAJIBHOTO IMpoIleccopa B JIBYX
PEXUMAX: B pexcume padomovl Onepayuonnoi cucmemsl (VLI RPUBUNEZUPOSAHHOM Pedcume,
WIH pexcume Cynepeu3opa) U B NOAb306aAmMenbCKOM pedicume (U HEenpueunezupoéanHom
pedicume, €llle paHblIe HCIOJB30BAJICS TEPMUH Mamemamuueckozo pexcuma). B pexume
pabotel OC mporeccop MOXET HCIOJHUTH JIF0OYI0 M3 CBOMX MAIIMHHBIX KoMmaHI. Ecmu xe
poTrpaMMa UCTIOTHSIETCS B MOJb30BATEIILCKOM PEKUME, TO € TOCTYITHO JUIsl HCTIOJTHEHHS JTUIIb
HEKOTOPOE MOAMHOXECTBO MAIIMHHBIX KOMaHJ (€Cciu ke Mpu 0O0pabOoTKe TakoW MPOrpaMMbl
BCTPETUTCS HEIOMyCTHMAasi KOMaH/a, TO B CHCTEME BO3HHKHET TpEphIBAaHHUE TI0 3arpenieHHON
KoMaHzae). B dacTHOCTH, B COCTaB 3ampenIéHHBIX KOMaH]| BKJIIOYAIOTCS BCE KOMAaHJbI,
ofecrieynBaroIe  yNpaBiIeHHE pPEKMMaMU  I[EHTPAJIBHOTO  IpoIeccopa,  YIpaBlIeHHE
(bU3NYECKUMU YCTPOUCTBAMU U T.I.

Torma Bo3HUKaeT BOMpOC, YTO K€ JOJDKHA JieiaTh IMporpaMma, oOpalaThiBaemas B
MOJIb30BaTEIHCKOM PEKUME, JIJIS eYaTH CBOMX JAHHBIX, HampuMep. Perenunii 31ech MOXKeT ObITh
JOCTAaTOYHO MHOTO, OJHUM U3 KOTOPBIX MOXKET OBITh HAJTMYHE B CHCTEME CIICIIUATEHBIX KOMaH/I,
HUHTEPIIPETHPYEMBIX KaKk 00pallleHus K ONepaluoOHHON crucTeMe (KOTOphIe B HEKOTOPBIX CUCTEMAax
paccMaTpUBAIOTCS KakK IpPEpbIBaHMS, B APYTHUX CHCTEMaxX — HE KaK NpepbIBaHUSA; Mbl OyJeMm
paccMaTpuBaTh HX KaK npepuleanus no oodpawjenuro K onepayuonHou cucmeme). Toraa
nporpamMma, padoTarm@as B HENPUBWICTHPOBAHHOM pEXHME, MOXXET BBI3BIBATH KOMAaHJIBI
oOpalleHns K ONEpalMOHHON CHCTeMe, a yepe3 MmapaMeTphl MepeaaTh HeoOXOIMMbIe JTaHHBIE,
KOTOpPBIE MOTYT CBHJIETEIHCTBOBATh O JKEJAHWW JAHHOW MPOTpaMMBbI pacriedaTarb KaKy-Iu0o
uH(GOpPMAIIMIO HA YCTPOUCTBE MeuaTu. Toraa cxeMa opraHu3aiyy neyaTu JaHHBIX Ha YCTPOUCTBE
Me4YaTd MOXKET BBIMVIAJETh CIEAyIIUM o0pa3oM. OmnepanuoHHass CHCTeMa MOJIy4aeT OT
MoJIb30BaTeNNei (T.€. OT IMOJIb30BATENBCKUX MPOrpaMM) 3aKa3bl HA Me4YaTh, M IS KKIOW W3
mporpaMmMbl OHa (OPMHUPYET HEKOTOPYIO TaOJUIly WIM 00JacTh MaMsATH, B KOTOpPOH Oyner
AKKyMYJIMPOBaThCsl MH(pOpMAIIHsI, KOTOPYIO HEOOXOUMO BBIBECTH Ha MpUHTEP. Torma KaKIabiid
3arpoc MporpamMM Ha MeydaTh MOPLHH JaHHBIX HE SBIISETCS pealbHbIM 00paleHUEeM K yCTPOMCTBY
MeYaT, HO CBUJACTEIBCTBYET JIUIIL O TOM, YTO TepeaaBacMasi Mopuus AAHHBIX JOJDKHA OBITh
pacnieyatana, a OC wux akkymynaupyer. PeanpHas medaTe OyneT OCYIIECTBIATHCS TPH
BO3HUKHOBEHUHU OJHOTO M3 TPEX COOBITHI. Bo-mepBbIX, MporpaMmMa, MochlIaroiasi JaHHbIE Ha
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nevarh, yCHEIIHO 3aBeplinjiach. JTO O3HA4YaeT, YTO TapaHTUPOBAHHO OHa He Oyxaer Ooiee
MOCHUTATh JaHHBIE Ha MeyaTh. Bo-BTOpEIX, B IporpaMMe oOHapy)uiack (araapHas ommbka, 94To
BeJIET K 0€3yCIIOBHOMY 3aBEPILECHUIO ATON MPOTPaMMBI, UTO ONSATh-TAKH FapaHTUPYET OTCYTCTBUE
OyIyIux 3arpocoB JaHHOW MPOTpaMMBbl Ha 1evaTh. U, B-TpeThuX, onepanruoHHas CHCTEMA MOKET
MOJyYUTh (OT HEKOTOPOTO BUPTYAJIBHOTO OnlepaTopa — T.H. WIAHUPOSUWUKA) KOMAaHly pa3rpy3uTh
Oyep nedaTy TaHHON KOHKPETHOM MPOrpaMMBbl.

W, Hakonen, emé onaHa cepbe3Has MmpoOiema, KOTOpash MOXKET BO3HUKHYTH IIpH
OpraHU3aIMy MYJIbTUIIPOrPAMMHOTO PEXXHMa, CBA3aHa C TOSIBJICHUEM B BBITIOJHAEMON B TEKYILUN
MOMEHT MpOrpaMMe CEMaHTHYECKON OMUOKU — npocpamma 3ayuxiunacs. COOTBETCTBEHHO,
€CJIM B 9TOM LIMKJIE HE BCTPEUAIOTCS KOMAHJIbI, KOTOPbIE MOTYT MPUBECTU K TE€M WU HUHBIM
MPEPHIBAHUSIM, TO B 3TOM CIIyyae BCSI BBIYMCIUTENIbHAS CHCTEMa «3aBUCACT»: HUKAKUE HOBbBIE
3aJa4d He CTaBsTCA Ha CUET U mp. Pemenune qanHoi mpodaemMpl MOXKET ObITh JOBOJIBHO HMPOCTHIM:
HeoOxoauMa (YHKLHMS YIpaBJICHUS BpEeMEHEM. DJTO O3HayaeT, YTO OIlepallioHHas CcHUCTeMa
JI0JDKHA KOHTPOJMPOBAaTh BPEMs HCIOJIb30BAaHUS LEHTPAIbHOIO IIpoLieccopa IporpaMMaMu
nosib3oBateneit. g 3TuxX mened KommbloTepy TpeOyeTcs mnpepbiBaHue MO Taimepy.
PesromMupys, MOKHO CKa3aTbh, YTO JUIS PEANU3aLUU MYJIbTHIIPOIPAMMHOIO PeKUMa HEOOXO0IUMO
HaJIMYUE amnmnapara MpepbIBaHUi, ¥ 3TOT ammapar, Kak MHHHUMYM, JOJDKEH BKIIIOYaTh B ce0s
anmnapar IpepbiBaHus O Taiimepy. B 3ToM ciyuae 3anukieHHas nporpamMma aBTOMAaTHUYECKU
OyneT mepuOAMYECKH TPEphIBaThbCSA, YIpPaBICHUE MEPUOJUYECKH OyIeT mepenaBaThes
onepanuoHHoil cucreMe (OC MoXkeT, HampuMep, CUUTATh BpeMs, KOTOPOE TEKYIIMH IpoLecc
WCIIOJIB30BaJ 3a mociaeanuii ceanc pabotel ¢ L{I1). DTo macT BO3MOXKHOCTH ONEPAIIMOHHON
CHCTEME NPUHATH pEIIeHUE — IMOCTABUTh HA CYET JPYTyI0 MPOrpaMMy JTHOO CHATH CO cyeTa
(Harpumep, 0 KOMaH i€ I0JIB30BaTENs ) ATy 3aBUCIIYIO ITporpaMmMy. CyIIecTBYIOT ABE CTPATeTUU
pabotel co BpemeHem. IlepBas crparteruss (kotopas wucnosbdyercs B Windows, B
«mpriorpeboBckoi» UNiX) cocrout B ToM, 4To 1000 mporece 6epér Bpemst L{IT mo Tex mop,
noka ero He yObioT. TeM He MeHee, MpHU 3TOH CTpaTeTruu 3alMKJICHHAs MporpaMma He Oyner
HUKOMY MeIath, T.K. OC OyJeT nepuonyecKu nojy4arh yIpaBieHHUe U MepeKIoYaTh IPOLECCHI.
Hpyrast crpaterus (KOTopas OOBIYHO MPUMEHSETCS A BBICOKOMPOU3BOIUTEILHBIX MAIIIHH)
OCHOBBIBAETCS HA TOM, YTO MIPOLIECC MTPEIBAPUTEIILHO OTOBAPUBAET, CKOJIBKO BPEMEHHU EMY MOKET
notpeboBatecsi. Ecnm mponece neitaeTcst NpeBbICUTH 3TO Bpemst, To OC cumTaeT, 4yTo mporecc
3aLUKIIUIICS.

3amaHue 7S pasMBIINIEHUS —  MONPOOOBaTh  CMOJAETUPOBATH  KOPPEKTHYIO
MYJIbTUIIPOTPAMMHYIO CHUCTEMY, KOTOpas OyneT paboTaTh, MMesl ammapar 3alluThl MaMsTH,
CIEIMANIBHBIN PEXXUM U TOJIBKO TIpephIBaHKe 10 TaitmMepy. Hampumep, BMeCTO TOro, 4TOOBI UMETh
IpephIBaHKE MO 3aBEPUICHUI0 OOMEHa, MOKHO MEePHOJUYECKH (10 TaiiMepy) MPOCTO CYUTHIBATH
KaKHe-TO PErUCTPhl U UX aHATU3UPOBATh.

Urak, TpeOyiorcs mpu annapamuvlx cpeocmea Komnviomepda, HEOOXOIUMBIX IS
MOJJIEPKKU MYJIBTHIIPOTPAMMHOTO peXUMa: anmapar 3alluThl TaMsITH, CIeIHaIbHbIe PEKUMbI
WCIIOJTHEHUSI KOMaHJ W anmapaTr NpephlBaHUM, COCTOANIMN, KaK MHUHHUMYM, W3 ammapara
npepeIBaHus 1Mo TaiiMepy. OTMETHM, UTO CIIEIUANBHBIX PEKUMOB MOXKET OBITH OOJIbINE ABYX: T.C.
4acTh KOMaHJI JOCTYIIHa BCEM TNIpOrpaMmaM, 4YacTh KOMAaHJ MOTYT BBINOJTHATHCA JUIIL B
3alLIUIEHHOM peXHUMe, ellle YacTb — B 0oJiee 3alUIIeHHOM pPeXUMe, U T.J.

MokeT BO3HUKHYTh PE30HHBI BOMPOC, KaK MPOUCXOJUT BKIIOUYCHHE pEXUMA
cynepBuzopa. OTBeT 37iech OyIeT 3aBUCETh OT apXUTEKTYPhl KOHKPETHOU cUcTeMbl. Hampumep, B
HEKOTOPBIX apXUTEKTypax CYHUTAETCSA, YTO OIEpallioHHAas CcHUCTeMa 3aHHUMaeT HEKOTOpoe
IpeoIpeIesIeHHOE aJpeCHOE MPOCTPAHCTBO PU3NUECKOi namsaTu. M ecnu ynpasieHue rnomnajgaer
Ha 3Ty 00JIacTh, TO BKIIIOYACTCSI PEXKUM ONEPALMOHHON CHUCTEMBbI. A BOT BBIKIIIOUEHUE peKUMaA
ONEPALIMOHHON CUCTEMBI MOXKET IPOUCXOIUTH IPOTPAMMHO: HAIIPUMED, ONIEPALIMOHHAS CUCTEMA,
3alycKkas MpOIECC, MOXKET MpeABAPUTEIbHO MPOrPAMMHBIM CIHOCOOOM YCTAaHOBHUTH €ro B
HENPUBHWICTHPOBAHHBIN PEIKUM.
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1.2.6.2 IIpo0.aemMbl, BOSHUKAKOIINE MTPU UCTIOJTHEHHH TPOrpPaMMm

PaccMoTpuM kpyr mpoOiem, KOTOpble, TaK WJIM WHAYe, BO3HUKAIOT MPHU HCIOTHECHUH
mporpamMm. ITH POOIEMbI PUBOIAT K CHIKCHUIO 2P (HEKTUBHOCTH CUCTEMBI.

Bioxennsie o6pamenusi k moamporpammam (Puc. 45). Heckonbpko et Hazan
MIPOBOJAMIIUCEH UCCIIEIOBAHMSI, KOTOPbIE aHAIU3UPOBAIIM paclpeesieHue BPEeMEHH HCIIOJIHEHUS
OpOorpaMMbl Ha Pa3HBIX KOMIIOHEHTaX MPOrPaMMHOIO KOJd, M BBIICHUJIOCH, YTO B CHUCTEMAX,
pacCUMTaHHBIX HE TOJBKO (M HE CTOJIbKO) HA BBHINOJHEHHE MaTEeMaTHYEeCKUX BBIYUCICHUN
(Hampumep, B cCUCTeMax 00pabOTKH TEKCTOBOW HMH(popMaIum), mopsiaka 70% BpeMeHH TpaTUTCS
Ha 00pabOTKy BXOJOB M BBIXOJIOB U3 MOANPOTrpaMM. DTO OOBSACHSAETCS TEM, UTO MpU oOpalleHun
K TOJAIporpaMMe HeoOXoaumo 3aduKCHpOBaTh agpec Bo3BpaTa, cHOPMHUPOBATH MapaMeTpHI,
nepesaBaeMble BBI3bIBAEMON IMOANPOrpamMme, Kak-TO COXPAHUTh PETUCTPOBBIA KOHTEKCT (T.e.
COXpPaHUTh COJIEP)KUMOE TEX PETHUCTPOB, KOTOPHIE HCIIOIB30BAIMCH B MPOTrpaMMe Ha JaHHOM
TEKYIIIEM YpOBHE).

o:

Nl R Ll
1
1

ce CoxpaHeHUE/BOCCTAHOBIICHUE |
CALL f (x) <«——\peructpos, UCMOJb3YEMBIX B 1
I

. .- {TIOAIpOrpamMme J. [

Puc. 45. BiaokeHHbIe 00panieHUsI K MOANPOrpaMMam.

Haxknagnele pacxoabl npu cMeHe 00padaTpiBaeMOll MPOrpaMMbl. DTO aHAJOTUYHAS
npoOJsema, CBsI3aHHasi CO CMEHOM 00pabaThIBaEMBIX MPOTPaMM (HIIA TIPOIECCOB): OnepayuorHHas
cucmema JOJKHA COXPAHUTh KOHTEKCTHI mporeccoB. K 3Tomy HeoOXoaumo 100aBUTH, YTO B
COBPEMEHHBIX KOMIIbIOTEpaX KOJMYECTBO OJHOBPEMEHHO 00pal0aThIBAEMBIX IMPOILIECCOB OUYEHBb
BEJIMKO, YTO JIUIIb YBEJINYUBAET 00bEM BO3SHUKAIOIIUX HAKJIAJHBIX PACXOIOB.

Ilepememaemocts mporpammbel  mo  O3Y. PaccMoTpuMm mpouecc  NOJIy4eHUS
ucnonusemoro koxa mnporpammsl (Puc. 46). Ilocne Toro, Kak MCXOAHBIA TEKCT MPOrpPaMMbI
MOTaIaeT Ha BXOJ KOMIWISITOPY, 00pa3yeTcsi 00beKTHBIA MOAYJIb. A YK€ U3 MOJIb30BaTEIbCKUX
MoJyJie 1 OMOIMOTEeUHBIX (HOPMUPYETCS UCTIOTHIAEMBIH KOJI, T.€. TOT MOJYyJIb, KOTOPBII MOXHO
3arpy3uTh B ONEPATHBHYIO TaMATh W HA4YaTh €r0 HCIIOJNHATH, MPHYEM MOMEHT CO3TaHUs
UCTIOJIHAEMOT0 MOJYJII M MOMEHT 3allyCKa ero Ha MHCIOJHEHHE pa3HECeHbl BO BPEMEHH.
BozHukaer mpoGiema MpHUBS3KH HCIIONHSIEMOTO MOJYJS K TOMY aJpecHOMY IMPOCTPAHCTBY, B
KOTOpoM OH Oyzaer wucnonHsThes (Puc. 47). Vcropuuecku mepBble HCHOIHSAEMBIE MOJLYIIH
HACTPaMBAJIMCh HA TE a/Ipeca ONIePaTHBHOM MaMATH, B PAMKaX KOTOPBIX ATH UCIIOTHIEMbIE MOTYJIH
JIOJKHBI OBLITM MCIIONHATHCS. DTO O3HAYaeT, YTO €CIM MaMATh B JAHHBIM MOMEHT 3aHATa APYTou
IPOrpaMMOii, TO 3Ty IporpaMMy MOCTaBUTh HA CYET He yJacTcs (IT0Ka NamsTh He OCBOOOAUTCS).
W, coOoTBETCTBEHHO, BO3HUKAeT mpobiema mepementaeMocTu mporpammel o O3VY: pecypc
cB00OO1HOM maMsaTH B O3Y MOXKeET ObITh TOCTATOYHO OOJIBIIIAM, YTOOBI B HEW pa3MeCcTUIach BHOBb
3arryckaemasi porpaMma, HO B CHITY MTPHUBSI3KU Ka)KJ0H MPOrpaMMbl K KOHKPETHBIM ajipecam O3Y
3Ty NPOrpaMMy 3allyCTUTh HE YIAeTCs.
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Hexommmrii Texct OODekTHEIT
> | Tpamcmarop |C—>| -
TIPOTPaMMBL

MOy b
Henomigemeril BubmioTexa 00BeKTHEIX MOTyTIe,
MOIYTIE : PeoaKTOp BHEITHIL CEI3ell

Puc. 46. TIpouecc mosry4eHust HCMOJIHSIEMOT0 MOYJISI IPOTPAMMBI.

Puc. 47. TlepememiaemocTh mporpammsi mo O3Y.

Bydep nporpamm,

03V ocC OXKHIAIONTHX HAYTATIA
Tporpamma 1 06paboTKn
IIporpamma 2
‘3&1‘1)}"31(& H Hadaso
BBINOJTHEHHS
IIporpamma K

CooTBeTCTBHE A7[pecoB, HCMONB3YeMbIX B IPOTPAMME, 00JIACTH
O3V, B KoTOpOIH OyZeT pasMelleHa JaHHAA MPoTpaMma

@parmentanus namatu. llomoxxuM, dYTO mTpensiaymias mpodiieMa, CBsI3aHHAsS C
MEPEeMEIIaeMOCThIO TPOTPaMMBbl, PEIlieHa B HAIIel cucrteMe: 00U HCMOIHSAEMBIM MOIYIh
MOXET OBITh 3arpykeH B Tpou3BoibHOEe Mecto O3Y s JaibHEWIIero BBITOJHEHUS, HO
porpaMMa 3arpy>kaeTcsi B HENPEPHIBHBIM (parMeHT mamsaTH. B 5ToM ciiydae BO3SHHKAET WHas
npobiieMa.

[lyctp Hama cucreMa (pyHKIMOHUPYET B MYJBTHIIPOTPAMMHOM pexume. VM B Hauane
pabotsl 6buTH 3arpysxensl B Ol u 3amyiens! Ha ucnonnenue [Ipoepamma 1, [Ipoepamma 2 v 1.1.,
BIUIOTh 70 HekoTtoporo HoMepa K. Co BpemMeHeM HEKOTOpble 3a/Jayd 3aBepIIAlOTCS, a,
COOTBETCTBEHHO, MeCTO, 3aHuMaemMoe umu B O3Y, BeicBoOOXkmaeTcs. OnepaluoHHas CUCTEMA
CrocoOHa OIeHUBaTh CBOOOJIHOE MPOCTPAHCTBO OMEPATUBHOM MaMsTH U U3 Oydepa mporpamm,
TOTOBBIX K HCIIOJIHEHHUIO, BEIOPATh Ty MPOTpaMMy, KOTOpask MOXKET TTOMECTUTHCS B CBOOOTHBIN
¢parment mamartu. Ho 3agactyro pasmep 3arpyxaeMoi MporpaMMbl HECKOJIBKO MEHbBIIE TOTO
¢dparmMeHTa, KOTOpBI OBIT cBOOOJMEH. WM TOCTENEHHO TMPOSBISETCS T.H. TMpodiema
¢pazmenmayuu onepamuenon namamu (Puc. 48). B HeKOTOPBIIt MOMEHT MOKET OKa3aThCsl, UTO
B O3V HaxoauTCs HECKOIBKO MPOIECCOB, MEXITY KOTOPBIMH MUMEIOTCS (PparMeHThl CBOOOTHOM
MaMSITH, KOXIbIM U3 KOTOPHIX (IO OTAENBbHOCTH) HE JOCTAaTOYEH JJIsl TOrOo, 4TOOBI 3arpy3uTh
KaKyI0-JIN0O TOTOBYIO K HCIIOJIHEHHIO TIporpaMMy. [Ipu 3ToM Kom4ecTBO MoA00OHBIX (pparMeHTOB
MO3KET OBITh HACTOJIBKO OOJIBIIKUM, YTO CyMMapHO cBOOOIHOE MpocTpancTBO O3Y mo3Bonuio 06l
pa3MecTUTh B HEM XOTsS OBl OJTMH TOTOBBIM K MCIOJNHEHUIO Tpoliecc. Takum oOpa3oM, cuctema
HAYMHAET JErpaJupoBaTh: UMesl pecypc CBOOOTHOM MaMsITH, Mbl HE MOYKEM €ro MCIOJIb30BaTh, a
3TO O3HAYAET, YTO CHCTEMA HCIOIB3YETCs B YCEUEHHOM KayeCTBe.
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Bydep mporpamm,

0c OKMJAIONINX Havajia
IMporpamma N1 00paboTku
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Iporpamma K =1
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K }. Vi B

[Iporpamma L ],. /i

Puc. 48. ®parmeHTanus namMaTH.

[Mocne Toro, Kak Mbl yKa3ajdd OCHOBHBIC MPOOJIEMbI, BO3HHKAIOIINE TPU HCIIOJTHCHUH
IPOrpaMM, PacCMOTPHM, KaKHe amllapaTHbIC CPEACTBAa MPUMEHSIOTCS Uil Pa3pellieHUs] ITUX
npobiem.

1.2.6.3 PerucrpoBble OKHa

OnHo u3 Oojee WIM MEHEE HOBBIX DPELICHUH, MpeJHAa3HAYCHHOE i MUHUMH3AIHUN
HAKJIaJHBIX PAaCcXOJOB, CBSI3aHHBIX C OOpalleHUSIMU K MOAIpOrpaMMaM, OCHOBaHO Ha
UCTIOJIb30BaHUH B COBPEMEHHBIX MPOIECCOPax T.H. pecucmposvix okon (register windows). 3to
pellieHre HaIleJIeHO Ha pelIeHne Mpo0sieM coXpaHeHHs/ BOCCTaHOBIEHUS peructpoB. CyTh 3TOTO
perieHus 3akiaodaercs B cienyromeM (Puc. 49). B nporieccope nmeeTcss HEKOTOPOE KOJTHYECTBO
K ¢usnyeckux peructpoB oO0IIero Ha3HAu€HUs, NpeJHA3HAYCHHBIX [JIS HCIOJIb30BAaHUS B
MI0JIb30BATENbCKUX MPOrpamMmax. DT perucTpsl nponyMepoBanbl oT 0 1o K—1. B ka1b1if MOMEHT
BpPEMEHHU MPOrpamMMe IOCTYIHO T.H. pezucmposoe okHo, coctosiiee u3 L perucrpos (L<K).
CootBeTcTBEeHHO, Bce K (pr3HuecKux perucTpoB pa3aeisiioTcs Ha PETUCTPOBBIE OKHA HEKOTOPBIM
crioco6oM. OI1H U3 croco00B MPENOIAraeT, YTO C HyJIEBOTO (PU3NUECKOTO pEerucTpa HAUMHAETCS
HyJeBoe (U3NYECKOe OKHO, TPUYEM B OSTOM HYJIEBOM (PU3MUYECKOM OKHE TporpaMme
MOJIb30BaTENsl JOCTYMHBI Pusudeckue peructpsl ¢ Homepamu ot 0 1o L-1. IlepBoe ¢usuueckoe
OKHO TIpeJCTaBiIsieT CO0OK0 ouepeqHble L perucTpoB, KOTOpbIe BHYTPH OKHA TaKKe HMEIOT
Hymeparuio oT 0 g0 L-1, HO B peampHOCTH MM COOTBETCTBYIOT (DU3UYECKUE PETUCTPHI C
HOMepaMmu, HaunHatomumucs ¢ L-1. T.e. okHa oprann3oBaHbl TAKUM CIIOCOOOM, YTO MOCIEIHUN
PETUCTp MPEeAbAYIIEr0 OKHA OTOOpakaeTcs Ha TOT ke (PU3NYECKUI Perucrp, 4To M HyJIEeBOH
pEerucTp CIeayIoLero okHa.

[Ipn oOpameHnn u3 TeKylledl mporpaMmbl B APYTyI0 MPOrpaMMy aBTOMAaTHYECKH
INPOMCXOJUT CMEHA OKHa, T.e. TEKyIled NporpaMMe CTaHOBUTCS JIOCTYIHO APYroe OKHO,
cocrosimee Toxe U3 L peructpoB. CTpyKTypa pEerucTpoBOro OKHa IMpeACTaBMMa B BHJE
cienytomiei nocienosarenbHocT peructpoB (Puc. 50). IlepBas rpymma perucTpoB — perucTpsl
dbopManpHBIX TapaMeTpoB (BKJIOUas ajapeca BO3BpaTa), BTOpas — PETUCTPHI JOKAJTbHBIX
apaMeTpoOB, TPEThsi — PETUCTPHI (PAKTHUECKUX MapameTpoB. KakIplii M3 pEerucTpoB OKHA
oTOOpakaeTcsi Ha OJMH M3 PErucTpoB 0a30BOro peructpoBoro ¢aiina. Jlamee, criemyroree
PETUCTPOBOE OKHO, KOTOPOE MOJYYHUT MporpaMMma Npu OOpamleHHH K MOIIpOTrpaMMme, UMEeT
nepeceyeHne ¢ TeKyIUM OKHOM, Yepe3 Hayallo U KOHEI[ PETUCTPOBOTO OKHA. JTO O3HAYaeT, YTO
€CIIM B TEKyIIeW MporpaMMe MbI 3arpy3WiIM 3HAUYCHHS Ha PETUCTPHI, 4epe3 KOTOopble Oyaem
nepenaBath (hakKTUYECKUE MapaMeTphl, TO MPU 0OpaIIeHud K MOAIporpaMMe OHa B CBOEM HOBOM
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OKHE IMOJIy4UT (PaKTHUECKHE TapaMeTphl Yepe3 COOTBETCTRYIOIIME opMaibHbIe apameTpsl. [lpu
9TOM JIOKAJIbHBIE PETUCTPHI TEKYIIEH MOIIPOrpaMMBbI COXPaHATh HE HYKHO.

Hrak, Becb UMeEIOMuUACS perucTpoBbiid (aitn, cocrosmmii u3 K ¢u3nueckux perucTpos,
pa36ut Ha N OKOH, B Ka&)K0M U3 KOTOPBIX peructpsl uMetoT Homepa ot 0 1o L-1. CooTBeTCTBEHHO,
B CHCTEME OpraHH30BaHa JIOTUKAa TAKUM CIIOCOOOM, YTO BCE OKHA PACMOJIOKEHBI B IIUKIMUYECKOM
CIIMCKE: HYJIEBOE OKHO IIEPECEKAETCS C MEPBBIM, IEPBOE — CO BTOPBIM, U TaK JaJiee, BILUIOThH J10
N-1-oro okHa, KOTOpPOE MEpeceKaeTcsi CHOBAa C HYJIEBBIM. Takke B CUCTEME UMEETCsl KOMaH/a
cMeHbl 0kHa. COOTBETCTBEHHO, ITPU 0OpAIEHUH K IOAIIPOrpaMMe Yepe3 NEPECEKAOINEcs TOUKU
NepealoTCs ajipeca BO3BPAaTOB, a BHYTPU OKHA MOXKHO paboTaTh ¢ perucrpamu, MmpuueM Mpu
oOpalleHny K moMPorpaMMe He BCTAeT HEOOXOIUMOCTh UX COXPaHEHUSI.

VmeroTcs 1Ba ynpaBIIsIONIMX perucTpa: ykaszarensb Tekyiero okHa (CWP) u ykasatenb
coxpanénHoro okHa (SWP). CyTb 3akiroyaeTcsi B TOM, YTO KOJHUYECTBO PETHCTPOBBIX OKOH
orpanuueHo. M ecnu riyOuHa BIOKEHHOCTH OOJIbLIE, YeM KOJMYECTBO PETUCTPOBBIX OKOH, TO
BO3HHKaeT npobieMa. B 3Tom cirydae kakoe-To OKHO HeoOxonumo coxpanuth B OIl mim creke,
YTOOBl MOTOM €ro Hcmosib3oBarh. [Ipu 3TOM 3G (HEKTUBHOCTH, €CTECTBEHHO, HAYHET MalaTh.

Cuuraercs, 9To HaubosIee ONTUMATBHBIN 3()PEKT ONTHMH3AINH JOCTUTACTCS MPH YETHIPEX OKHAX
— O3TO O3Ha4yaeT, 4YTO CPEAHHH YPOBEHb BIIO)KEHHOCTH MOJIPOrpaMM He O0ojiee 4YeThIpex.
Henocratkom Takoro pemieHusi siBisieTcss (PUKCHPOBAHHBIA pa3Mep KaXKJIOTO OKHA, YTO Ha
MPAKTHUKE YacTO OKAa3bIBAE€TCS HEONTHUMAJbHBIM (T.K. MHOTJA Tpebyercss OOJbIle PErucTpOB,
WHOTIa — MEHBIIIE).

Hwxe na Puc. 51 npuBeneHsl npocTeiinas nocae10BaTeIbHOCTh IEHCTBUMA MPU BXOJIE U
BbIXO/Ie U3 moanporpamM. llpoctoii mpumep pabOTBl ¢ JBYMsI PETUCTPOBBIMH OKHAMU

npejacrasies ma Puc.52.
Oi __________ g Oxkno 0
! i Oxno 1
0 0 L-1
_______________________________ >
\
\
\
\
\
\
______________ - \
___________ Ej% __O Okno N-1
[}
Oxno 0 !
i
“““ ': [~ CWP — ykasarean
=1 ! Tekyuiero okHa (current
Oxno 1 i window pointer)
:' SWP — yka3zarean
B ! COXPAHEHHOI0 OKHA
— Oxno N-1 ! (saved window pointer)
0 i
[}
- ]
]
1
’I
K-1 /
__________________________________ /
MHo:KecTBO L-1, v/
puznyecknx “ oo =
perucrpos e
BupTyajibHbIe perncTpbl

Puc. 49. PerucrpoBble OKHA.
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Puc. 50. CTpykTypa perucTpoBoro oKHa.
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Puc. 51. PerucrpoBsie okHa. Bxoa M BBIX01 U3 MOANPOrpaMMBI.
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Puc. 52. IIpumep padoThI ¢ perucTPOBHIMH OKHAMHU.

Moaeas opranu3anuu peructpoBoii mamsatu B Intel Itanium (Puc. 53). PaccmoTtpum
6osee 3pGeKTUBHYIO MOJIENIb padOThI C PETUCTPOBBIMU OKHAMHU. B cOBpeMEHHBIX KOMIIBIOTEPAX
UMeeTCs. BO3MOYKHOCTh BapbUpPOBaHUS pa3Mepa pPErucTpoBOro oxkHa. B uactHOCTH, B 64-
paspsimHbIx mporeccopax Itanium kommanuu Intel pasmep oxkHa OJunamuueckuii. B ganHOM
MpoIecCCOpe B PErucTpoBoM (paiine, cocrosimeM u3 128 peructpos, mepBbie 32 peructpa (c
Homepamu oT 0 nmo 31) sBisArOTCS OOHIMMM, a Ha PErucTpax ¢ Homepamu oT 32 mo 127
OpPIraHU3yIOTCS PETUCTPOBBIE OKHA, NPUYEM OKHO MOXXET OBbITh IPOU3BOJIBHOTO pa3zMepa
(mampumep, ot peructpa GR mo peructpa ¢ Homepom 32+N, rae N=0..95). Takast opraHu3anus
MO3BOJISIET ONTHUMU3UPOBATh PabOTy C TOYKM 3PEHMS BXOJOB-BBIXOAOB U3 (DYHKLUHUH U 3aMEHBI
(YHKIMOHATHHBIX KOHTEKCTOB.

CTtaTirieckie it

perucTprI (Static < |

Reglbtel b) GR31 Dusnyeckne | RSE! G

GR32 perucTper | -
JImmamiaeckue ’
/'
peructpsl (Stacked <
R127 : :
Registers) GR127 ! Register Store Engine

Puc. 53. Mogesn opranu3zanuu perucrposoii mamstu B Intel Itanium.
1.2.6.4 CucreMHblii CTeK

Bynem paccmaTpuBaTh CHCTEMBI, B KOTOPBIX UMEETCs allapaTHas MoAep)KKa cTeka. ITo
O3HAYaeT, YTO MMEETCsl PETHCTpP, KOTOPHIA CCHUIAETCS HA BEPIIMHY CTEKA, U €CTh HEKOTOPBIH
MEXaHMU3M, KOTOPBIM MojaepkuBaeT paboTy co cTekoM. Mcmonp30oBaHHE CHUCTEMHOTO CTEKa
MOXKET YaCTHYHO pemaTh MNpoOJieMy MHUHUMH3AIMKA HAKJIaJHBIX PACXOJ0B TPH CMEHE
oOpabaTbiBaeMOl MporpamMmbl. B yacTHOCTH, 3TOT MeXaHHM3M MOXKET MHCIOJIb30BAThCA MpPHU
00paboTKe MPEPHIBAHUS: €CIIM B CHCTEME BO3HUKAET IPEPhIBAHME, IPOLIECCOP MPOCTO COXPAHIET
B CTEKE COJCPKMMOE HEOOXOIMMBIX PEruCTpOB («Majoe ynpsTbiBaHHe»). Eciin e BO3HMKHET
BTOpPOE TIpEphIBaHHWE, TO TIPOIECCOP IOBEPX MPEAbIIYIIUX MAHHBIX CKHHET B CTEK HOBOE
COJIEPKHMOE PETUCTPOB, YTOOBI 00pabOTaTh BHOBD MIPHUILIEIIIEE IPEPHIBAaHHE.
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. Peructposslii Oydep (cnenuanbHbie
peructpsl wiu KOII L1)
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A
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Komanasbl paGoTsbl €O cTeKOM:
PUSH — no06aButh HOBBI
DJIEMEHT.

POP — u3BATE DIEMEHT U3
BEPIIUHBI CTEKa

OcHOBaHUE CTEKA

Puc. 54. CucreMHbIii CTeK.

Ho y pmannoro monmxoma ecTh M HeHOCTaToK. IlOCKONBKY CTEK pacrosiaraercs B
OMEpaTUBHOM MaMATH, TO MpPHU KaKIO0M 00pabOTKe TMpepbIBaHUS MPOIECCOPY MPHIETCS
o0pamaTbesi K ONEpaTUBHON MaMATH, YTO CUJIBHO CHHUKAET MPOU3BOJUTEIHHOCTh CUCTEMBI IIPU
YaCThIX BOBHUKHOBEHUSX MpephIBaHUH. Permenuit MmoxkeT ObITh HecKoIbKO (Puc. 54). Bo-niepBhix,
B IPOIIECCOPE MOTYT HCIIOJIb30BaThCs CIIEIUATBHBIE PETHCTPHI, HCIONMHSIOMME posb Oydepa,
AKKyMYJIMPYIOIIETO BEPIIMHY CTeKa HEMOCPeICTBEHHO B mpoiieccope. Bo-BTopeix, paboty co
CTEKOM MOXKHO OpraHu30Bath nocpeacrsom Oydepusanuu B K3Ille neporo yposns (L 1), Ho npu
KOUIMPOBAHUH CTE€Ka MBI 100aBIigieM enié OJ1H MOTOK WH(OPMAIIUH.

1.2.6.5 BuprtyajabHas naMsaTh

[lepeiiném Tenepsb K npodiieMe OpraHnu3aliuy, UCTIO0JIb30BaHM U YIIPaBJIEHUS ONepaTUBHOM
naMsTbi0. PaccMOTpeHHbIE BhINIE MPOOJIEMBI TepeMeniaeMoctd mporpamMmbel o O3Y u
(dparMeHTalMu NaMsITH CBSI3aHbl C HEOOXOAMMOCTBIO HAJIMYMA T.H. allapara eupmyanabHOll
namamu, T.e. aNINapaTHOTO CPEACTBa MpoIeccopa, KOTOPOe oOecreunmBaeT MpeodpazoBaHHE
(yCTaHOBIJIEHHE COOTBETCTBMSI) JOIMUECKUX AJPECOB, UCIOIb3YEMBIX BHYTPH NPOrpaMMBbl, B T
azpeca (pU3MUYECKON OMEpaTHBHON MaMATH, B KOTOPOM pa3MelIaercss mporpamMMa BO BpeMs
BBITTOJIHEHMSL.

Urto noHUMaeTCs 1Mo/ BUPTYaTbHON MaMsThIO M BUPTYaJIbHBIM aJpeCHBIM ITPOCTPAHCTBOM?
HedopmansHo supmyanvnoe adpecnoe npocmpancmeo MOXKHO OIPENEINTh KaK TO aJpecHOe
IPOCTPAHCTBO, KOTOPOE HCIIOJIb3YETCS BHYTPH MPOrpamMM (HAMCaHHBIX, HAIIPUMED, Ha S3bIKaX
IpOrpaMMUPOBAHUS BEICOKOTO YPOBHs). Beab korjga nporpaMMuCT NUILET IPOrpaMMy, OTIepUpys
TEMH WJIM MHBIMHU aIpECaMHU, OH 3a4acTyI0 HE 33 JyMbIBAETCS, K KAKUM (PU3UUECKUM a/IpecaM TH
aapeca OynyT mpuBsizaHbl. B HcIonHSEeMOM MoJyJie HCHONb3yeTcsl T.H. HporpamMMHas
(ormueckasi, BUpTyallpHas) ajapecanusi. BupTyaibHble ajapeca CYIIECTBYIOT «BHE MAaIIMHBD».
COOTBETCTBEHHO, CTOWMT TMpOOJieMa YCTAaHOBJICHHS COOTBETCTBUSI MEXKIy MPOTPaMMHOU
aapecanueit u puzndeckoit mamsaThio. M 3Ta mpobiema pemraercs 3a cueT anmnapaTa BUPTyallbHOU
MaMSITH.

Peanusanuenn onHOM M3 MOAENEH ammapara BUPTYyaJbHOM MaMATH SBJISIETCS ammapar
oazupoeanus aopecos. Mexanu3m 0a3MpOBaHM a[PECOB OCHOBAH Ha JIBOSIKOM MHTEPIIPETAIIUN
(Puc. 55) nomyuaeMbIX B X071 BBIIOJIHEHHS IPOTPaMMBbI HCIIOTHUTEIBHBIX afpecoB (Aucn. ™). C
OJITHOW CTOPOHBI, €F0 MOXXHO MHTEPIPETHPOBATH KaK AOCOIIOMHbBII UCHOTHUMENbHDLI adpec,
Korga (U3MYEecKHid aapec B HEKOTOPOM CMBICIIE COOTBETCTBYET HCIIOJHUTEIBHOMY aapecy
nporpaMMbl  (Aucn.?™= Aucn™"). Hanpumep, TpebyeTcs «IIpOuMTaTh SUEHKYy C aapecoM
(abcomroTHbIM aznpecoMm) O0», WM «IepefaTh yHpaBieHHE IO ajapecy Bxoia B 00paboTUHMK
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npepeiBanusi». C  apyrod  CTOPOHBI, HCIHOJHUTEIBHBIA  aapec MpPOrpaMMbl  MOXKHO
IIPOUHTEPIIPETUPOBATh KaK OMHOCUMENbHBLIL adpec, T.€. aapec, 3aBUCAIIMNA OT MecTa
nuciokanuu nporpaMmbl B O3V (agpec OTHOCHTEIBHO TOYKH 3arpy3Ku mporpammbl). MHbIMU
CJIIOBaMH, UMEETCsl ONIEpaTUBHAs NaMATh C s;luelikamMu ¢ Homepamu oT 0 1o Hekoroporo L—1, u,
Ha4YMHAs C HeKoroporo anapeca K, pacmosnokena mporpamma. Torma aapec Auen ™" BHyTpHU
MPOrpaMMbl MOKHO TPAaKTOBaTh, KaK OTCTYII OT (PU3MUECKOU siueiiku ¢ ajpecoM K Ha BeTUUHHY
Auen ™", JIns peanuzanmu Mojenu 6a3upoBaHUs UCIIONIb3YETCS ClIeUUalbHbIN pecucmp Ha3zvl, B
KOTOpPBI B MOMEHT 3arpy3Ku IIpoliecca B OINEpPAaTUBHYIO NaMATh OIEpPALMOHHAs CHCTEMa
3anuchiBaeT HaudajdbHbIA anpec 3arpy3ku (T.e. K). Torma peanbHblil dusznuyeckuit anpec
nonyuaercs, ucxoas u3 GopMymsl Aven = Aven P +<Reas>.

mpor.
‘/qut“‘l\‘
o~ s —
Abco/noTHblil aapec OTHocHTeabHBIII (agpec
= A, 0= A o OTHOCHTEeJIbHO HavuaJjla

nporpaMmbI)
- :chn,q]m. = Ancn‘“lmr‘ W <R0’a3m>

Puc. 55. ba3upoBaHue ajpecoB — penieHue MPooJeMbl epeMelnaeMOCTH MPOrpaMMBbl 10
03Yy.

Takum o0pa3oM, OazupoBaHHE aJqPECcOB — 3TO CPEACTBO OTOOpaKeHHS BUPTYaIbHOTO
aJpeCcHOr0 TPOCTPAHCTBA TPOTPaAMMbI B (PH3UYECKYIO TaMSITh «OJIWH B OJIWH». Ammapar
0a3upoBaHuUs MO3BOJISIET pa3pelIUTh MpodiIemMy nepemerniaeMoctu nporpamm 1no O3V, mockoIbKy
MIPOIIECC MOXKHO 3arpy3uTh B OO0y o0nacTh namatu. Ho mpu 3ToM HE0OX0IMMO TIOMHUTH, YTO
nporpaMma IMpeiCTaBisieTCsl B BUJIEC HEMPEpbIBHON 001acTH BUPTYaJbHOW MaMATH, KOTOpas
3arpy’aeTcsi B HeMPEPhIBHBIN (hparMeHT pusudeckoi mamsta. [losToMy [utst pemeHus: mpoOaemMbl
dbparmenTanuu amnmnapara 0a3WpOBaHUS HEJOCTATOYHO, W HCIOJB3YIOTCS Oojee pa3BUTHIC
MexaHu3Mbl opraru3anui O3Y U BUPTyaIbHOM MaMSTH.

Pa3BuTHem anmapaTta BUPTyalIbHOMN AMSTH SBISETCS aNlllapaT CMPAHUYHOU OP2AHUZAUUU
namamu. Huxe MBI pacCCMOTPUM MOO€/1bHbLI CUTEHO YIIPOUICHHBIN npuMep CTPAaHUYHOM TaMSITH
(Hama TeJib — PAcCMOTPEHHUE OCHOBHBIX KOHIEMIHI). JlaHHAs MOJENb IPEICTaBIsAeT BCE
aZpecHoe TMPOCTPAHCTBO OMEPATUBHOM TMaMsITH B BHJAE IMOCIEAOBATEIHLHOCTH OJIOKOB
(UKCHPOBAHHOTO pa3Mepa, Ha3bIBaeMbIX cTpaHUIaMu. Cmpanuya — 3T0 00JaCTh aIPECHOTO
MPOCTPAHCTBA (PUKCUPOBAHHOTO pa3Mepa: OOBIYHO pa3Mep CTPAHUIIBI KpaTeH CTETICHU JIBOMKU —
OyJeM cuMTaTh, uTO pasMep crpanuisl 2¢. Torma cTpykTypa ajgpeca NpeacTaBUMa B BHJE ABYX
noneit (Puc. 56): nmpaBbie K pa3psiioB MpeacTaBIsSIOT aapec BHYTPU CTPAHHUIIBI, a OCTaBIIHECS
pa3psIbl OTBEYAIOT 33 HOMEP CTpPaHMIIBI. TOraa KOJIMYeCTBO BUPTYAIbHBIX CTPAHHII B CHCTEME
OTPaHHYEHO Pa3psAHOCTHIO ToJist «HoMep BUPTyansHOM CTpaHUIIBD B aapece.

Utak, eupmyansnoe adpecnoe npocmpancmeo — >STO MHOXKECTBO BHUPTYalIbHbBIX
CTpPaHHUII, TOCTYIIHBIX JJIsi UCTIONB30BaHUs B porpamme. @uzuueckoe adpecHoe npocmpancmeo
— 3TO ONepaTUBHAS IMMaMATh, MOAKIIOYCHHAS K JAaHHOMY KOMIIbIoTepy. Dusmyeckas MmaMsTh
MOJKET UMETh MPOU3BOJIBHBIN pa3Mep MO OTHOIIECHUIO K pa3Mepy BUPTYalIbHOW MaMSTH (YUCIIO
(U3UYECKUX CTPAHUIl MOXKET OBITH MEHBIIIE, OOJIBIIE WIIM PABHO YHCITY BUPTYAJIbHBIX CTPAHUIL).

67



0" cTpanuna

CTpykTypa aapeca:
k k-1 0

ast
1" crpanuma Homep cTpanuiis Homep B cTpanuie

T

KonmdaectBo ctpanuy
OTPaHUYEHO Pa3MepOM
nosist «Homep cTpaHUIb)

Puc. 56. CtpanuyHasi opraHu3anus NaMsTH.

B nenrpansHOM mporieccope MMeeTcs anmapartHasi (perucTpoBasi) Tabiuia, Ha3biBaeMast
maédnuyel cmpanuy, NpeJHa3HAYCHHAS ISl OpPraHU3alluu 0TOOpaKeHUsI MEXKIY BUPTYaIbHBIMU
U (U3MYECKUMHU aJjpecamMH NMpHU CTPAHUYHOU OopraHM3auvu namsaTH. KoinmyecTBo CTpOK B 3TOU
TabJIMLe OmpeAesseTcss MaKCUMaIbHbIM YHCIOM BUPTYaJIbHBIX CTPAaHMIl, KOTOPOE 3aBUCHUT OT
cxeM paloThl mpoleccopa W MaKCUMaJIbHOM aJpecHOM paspsaHocTu mporeccopa. Kaxaoit
BUPTYaJIbHOU CTpaHHIIE MCIOJIHSIEMOW MPOrpamMMbl CTAaBUTCS B COOTBETCTBUE CTPOKA TaOIHIIbI
CTPaHUL[ C TEM K€ HOMEPOM (HYJIEBOM CTpaHUIE COOTBETCTBYET HyJIeBasi CTPOKa U T.11.). BHyTpu
KOKIOW 3amucy TaOMWIbl CTPAHMIl HAaXOAUTCS HOMep (U3NYECKOM CTpaHMIIBl, B KOTOPOM
pa3MeniaeTcs COOTBETCTBYIOIIAs BUPTyaibHas CTpaHuLia nporpaMMbl. COOTBETCTBEHHO, alnapar
BUPTY&JIbHOW  CTPaHHYHOH MaMSTH  [O3BOJSIET aBTOMATHYeCKH (T.c. ammaparTHo)
npeoOpa30BbIBATh HOMEP BUPTYAJIbHOW CTPAHHIIBI B HOMEP (PU3MUYECKON CTPAHHIIBI TOCPEICTBOM
obpamenuss k Tabmune crpanui (Puc. 57). IIporpaMMHBIX NEHCTBHH TpH TAaKOM TOIXOJE
TpeOyeTcsi MUHUMAJIBHO: TIPU BBIOOPE ONEparmoOHHON CUCTEMOM 0uepeaHOro MpoIecca, KOTOPHI
CTaBUTCS Ha 00pabOTKYy Ha HEHTPAIbHBIN MPOIIECCOpP, OHA JTOJIKHA JIHIIbL KOPPEKTHO 3aMOIHUTh
amnmapaTHyro TabJIMIy CTpaHHII ITpoIieccopa sl TaHHOTO MpolLiecca.

Tabamua crpaHin
LRI Apen™" k k-1 0

Howmep puptyaneHoil | Homep B

I CTPpaHHLBI CTpaHnnue

Ay k k-1 0
Homep ¢uznueckoii | Homep B
CTPaHHLBI CTpaHHIE

Puc. 57. Ctpanuunas opranmsanus namsatu. [Ipeodpa3zoBanue BHPTYaJBLHOIO ajgpeca B
buznueckmii.

TunoBas cxema npeobpazosanus adpecos noctatouno npocta (Puc. 58). [Tycts B Tabnuiie
ctpanun umeercss N cTpok. DTO 03HAYaeT, 4TO B KOMIBIOTEPE O3BOJCHO HCHOIb30BaTh N
crpanuil. CoaepKUMOe KakJOW 1-O CTPOKH TaOJHIBI — Oi — OMPEICNIICTCS ONEPaluOHHON
CHCTEMOI B MOMEHT 3aITycKa rporiecca. [IycTh B HaleM MoAeTbHOM puMepe eciu o> 0, To 3To
HOMep (PM3UYECKON CTPAHUIIBI, KOTOpPasi COOTBETCTBYET 1-0W BHUPTYaJIbHOM CTpaHUIIEC. 3aMETHM,
YTO HyJieBas (pusnueckasi crpaHuia o0byHO npuHaaIexxuT OC U He MOKET MCIOJIB30BaThCS B
HaMsATH MOJIb30BaTENIbCKUX MporeccoB. Ecnu ai = 0, TO 3TO 03HaYaeT, YTO JaHHOH CTPAaHUIIBI Y
MporpamMMBbl HET, U €CJIU B X0J1e 00pabOoTKH mpoliecca MpoIeccop 00pamaeTcsi K CTPOKE TaOJIUIIbI
CTPaHMIl C OTPHUIATECIBHBIM COACPKUMBIM, TPOUCXOIMT TPEPHIBAHHE MO 3alllUTE TAMATH, U
ynpasienue nony4daetr OC. [lpuuun 803HUKHOBEHUS. NPEPLIBAHUS. 8 OAHHOM CIyYae Moxcem 0ge.
Bo-TiepBBIX, MOKET OKa3aThCsl, YTO ACHCTBUTEIBHO i-OH BUPTYaIbHOW CTPAHHIIBI Y TPOrPAMMBI
HET, YTO CBUJETEIbCTBYET 00 omuOKke B mporpamme. Bo-BTOpbIX, MOXET OKa3aTbCs, YTO
COOTBETCTBYIOIIICH CTpaHMIIBI HET B ONEPATUBHOW MaMSATH — OHA PACIIOJIOKEHA HAa BHEIIHEM
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3armoMuHaromeM ycrpoiictee (B3Y), T.e. maHHas i-as BUpPTyalbHash CTPaHMIA JIETajdbHa, HO B
JnaHHbI MOMeHT ee HeT B O3Y. Tak unu nHaue, onepanroHHasl CUCTEMA aHAJIM3UPYET NPUIHHY
BO3HMKHOBEHHMS TIPEPBIBAHUS U JJIsI MOCIIEIHETO Cydasl OCyIeCcTBIsAeT noakauky u3 B3y B O3V
TpeOyeMoii cTpaHunbl. Takum 0O6pa3oM, 3aMedaTeNIbHBIM CBOWCTBOM CTPAaHHMYHOW OpTaHU3aINH
MaMSTH SIBJISIETCS TO, YTO MPH TaKOW OpraHU3alKi He 00s3aTeNIbHO 3arpy’KaTh BCIO IPOrpaMMy B
ornepaTuBHYIO namsATh. [Ipu cMeHe 3aaun cucreMa JoJKHA CHayajga CKOIMPOBATh COIEPKUMOE
TaOJIMLBI CTPAHUI] B CBOIO IIPOrpaMMHYIO TaOJUIly, a MOCIE 3TOr0 BOCCTAHOBHUTH COACPKUMOE
Ta0JINLBI CTPAHMI] TOM POrpaMMBbl, KOTOpast OyI€T UCTIONHSTHCS CIEAYIOLIEH.

OTMeTM, 4YTO CTpaHWYHas OpraHu3alMs MaMsITH PEIIAET BCE BBIIICIEPEUNCICHHBIC
npo0JIeMbl, CBSI3aHHBIE C BHIMIOJIHEHUEM IPOTPaMM. 3/1€Ch UMECTCS MeXAHU3M 3AuUmsl NAMAMU
(B 2TOI cxeMe MpoIecC HUKOTa HE CMOKET 00PaTUTHCA K «Uy KO CTPAHUIIE), HO TAKKE UMEETCS
BO3MOXXHOCTb DPa3ZeisiTh HEKOTOPbIE CTPAHUIbl MEXIY HECKOJBKMMM IpOIecCaMHU (B 3TOM
Clly4yae olepaloHHas CHCTeMa Ka)XJIO0My U3 IPOIECCOB JOMUIIET B TAaOJMIy CTPAHHI] HOMEpP
oOmelt ctpanullpl). JlanHas cxema 0071a1aeT JOCTATOUHON nPOU3B00UMENbHOCMbIO, TIOCKOJIBKY €€
(GYHKIMOHUPOBAHME OCHOBAaHO Ha WCMHOJIb30BaHUM PErUCTPOB. OCHOBHBIM JIOCTOUHCTBOM
JTAHHOTO TOJXO0/a SIBJISACTCS PELICHHE npobiemvl (hpacmeHmayuu, OCKOIbKY BCE HMPOTPAMMBI
ONEpPUPYIOT B TEPMHUHAX CTPAHUI] (KaXkK[Ias U3 KOTOPBIX MMeeT (PUKCUPOBAHHBINA pa3mep), U Mbl
MOKEM pa3MelllaTh MporpamMmy IO CTpaHHMLAM B MPOU3BOJILHOM mnopsake. ITomumo 3toro
pelaercs eie u npodrema nepemewjaemocmu npoepamm no O3y, npudem gaxke B paMKax OJHOU
IPOTPaMMBbI COOTBETCTBHE MEXKAY BUPTYaTbHBIMHU U (PU3NUECKUMHU CTPAHUIIAMU MOKET OKa3aTbCs
IIPOU3BOJIBHBIM: HYyJIEBas BHpTyallbHas CTPAaHUIA MPOTPAMMBbI MOXKET paclojiaraTbCsi B OJHOU
bu3nYECKOl cTpaHuIle, IEpBasi BUPTyallbHAS — B IPYTOH (COBEPIICHHO HE CBS3aHHOU C MIEPBOM)
dbuznyeckoil ctpanuue, u 1.1. Enie oqHUM Ba)KHBIM JOCTOMHCTBOM CTPAaHHMYHOIN OpraHU3aluu
HaMSTH 3aKJII0YACTCS B TOM, YTO Hem HeoOX00UMOCMU 0epuHcamy 8 ONepamueHoll Namamu 8ecob
ucnonuaemvlii npoyecc. ITO CBONCTBO MO3BOJIAET CYLIECTBEHHO IOBBICUTH 3((EKTUBHOCTH
ucnoas3zoBanus Oll. PeanbHo B O3V MOXET HAXOIUTHCS JIMIIb HE3HAUUTEIBHOE YHCIIO CTPAHMIL,
B KOTOPBIX PACIIOJIOKEHbI KOMAaH[Ibl U TpeOyeMble AJIsl TeKYIIMX BBIYMCIECHUHN ONEpaH]ibl, a BCe
OCTAaBIIIMECS CTPAHUIIBI MOTYT HAXOAWTHCS Ha BHEIIHEH MaMsITH — B OONACTAX MOJKAYKH.
CrnencTBreM TOJBKO YTO CKA3aHHOTO SBIISETCS TO, YTO pa3Mepbl (PU3MUECKON U BUPTyaIbHOU
HaMsTH MOTYT OBITh TPOU3BOJILHBIMU. MOXKET 0Ka3aThCsl, YTO (PU3UYECKON MaMITH B KOMITBIOTEPE
0oJbIlIe, YeM pa3Mephl aIpeCHOr0 MPOCTPAHCTBA BUPTYAJIbHOM MaMSATH, @ MOXKET OKa3aThCs U
HA000pOT: (PU3NYECKON MaMsTH CYILIECTBEHHO MEHbIe BUPTyaiabHOH. Ho BO Becex 3TuX ciyvasx
CcHUCTEeMa OKa)KeTCs pab0TOCTIOCOOHOM.
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Puc. 58. MoaejbHBIH NpUMep OPraHU3ANNU CTPAHUYHOI BHUPTyaabHO mamsaTu. Cxema
npeoOpa3oBaHHs aAPeCcoB.

Ho nannplii moaxoxm uMeeT U CBOM Hedocmamku. Bo-TIEpBBIX, 3TO CTpaHUYHAS
(dbparMeHTays, WU 6HympeHHsas (CKpBITas) ¢hpazmenmayus: Ciii B CTPAHUIIC UCIIOJIB3YETCS
XO0Ts Obl OMH Oa¥T, TO BCS CTPaHHUIIA OTBOJUTCS MPOIIECCY U CUUTAETCS 3aHATOU (T.€., PEIInB
BONIPOC C T.H. 6HeWwtHell (pazmenmayueil, Mbl B JaHHOM CJIy9ae HE HCIIOJIb3YeM IaMsTh,
pa3MepoM CO CTpPaHUIy MUHYC OOUH 0aiiT). BO-BTOPBIX, OMHCAHHAS BBIIIE MOJENb SIBISICTCS
8bIPOIHCOCHHOLL: €CITN Ta0JIMIIA CTPAHUIL IICIMKOM PACIIOJIaracTCsl Ha PETUCTPOBOM MaMSTH, TO B
CUJIy JIOPOTOBU3HBI MOCJEIHEN pa3Mephl MOA00HON TaOIHUIIBI JOJKHBEI OBITH CIHITKOM Mallbl (a
CIIeTOBATENIbHO, OyJeT HEBEJIIMKO KOJUYECTBO (DM3MYECKHMX CTpaHwWIl). PeaqbHbIe COBPEMECHHBIE
CUCTEMBI UIMEIOT 00Jiee CIIOKHYIO IOTHYECKYI0 OpraHU3alllio, U pedb 0 Hel moier Hike. Kpome
TOTO, TIPH CMEHE TPOIIECCOB TAOJHUITy CTPAHUI] CHaYaa 00sA3aTeIbHO HAJI0 COXPAHHUTh, a TTIOTOM
OOHOBUTH — JOTOJIHUTEIBHBIE HAKIIATHBIE PACXO/IbI.

Hamocneok 3aMeTM, 4TO JJaHHOE HaMH OIpejelICHUE alapara BUPTYyaIbHON MaMsATH
pacxoAuTCs C OMpeAeNeHUsIMA HEKOTOPBIX JAPYTUX MCTOYHUKOB. [loBTOpUM, YTO MBI
paccMaTpuBaeM MEXaHHM3M BUPTYaJIbHOM MaMSATH KaK MEXaHU3M MpeoOpa3oBaHUs BUPTYaIbHOTO
aJpecHOr0 MPOCTPAHCTBA B (hu3mueckoe. Bo MHOTHX M3/IaHUSAX, MOCBAIICHHBIX PaCCMOTPEHUIO
ONEpaliOHHBIX CUCTEM, BHpTyaHLHOﬁ NaMATBIO CYUTACTCSA TO, YTO MO3BOJIACT YaCTh IIPOrpaMMBbI
pa3Memniath Ha BHENIHUX YCTPOMCTBAX, T.€. CUUTAIOT MEXAHH3M BHUPTYalbHOW MaMATH Kak
CpPeACTBO yBenudeHUs: oObeMa (Qu3nyeckoid mnamMaTu. MBI cuMTaeM TaKoe OIpeIesieHNe
HEKOppeKTHhIM. Ecnmu paccmarpuBaTh, HampuMep, BUPTYAIbHYIO TMaMsATh KaK MEXaHU3M
yBEIWYCHUsSI 00beMa MaMATH, TO BO3HHUKAET BOMPOC: B ciaydae OONbIIOro o0beMa (PU3nIecKou
MaMsTH pa3Be BUPTyalbHas MaMATh OTCYTCTBYeT? COOTBETCTBEHHO, BO3HUKAIOT MPOOIEMBI C
MOT00HBIM OTIPEICIICHHEM.

N eme omHo BakHOE 3ameuaHue. B KommbroTepe uMeeTcs (u3mdeckoe aapecHoe
MPOCTPAHCTBO U BUpTyaibHoe. Du3nueckoe MpPOCTPaHCTBO — 3TO Ta ONEpaTHUBHAs MaMSTh,
KoTopasi (U3MYECKH MOXKET OBITh TOJKIIOYEHAa K KOMIBIOTEPY, a BUPTYyaJIbHOE aJpecHOe
MPOCTPAHCTBO — ATO TO MPOCTPAHCTBO, KOTOPOE JTOCTYMHO nporpamme. M Bo3HMKaeT BOIpocC,
YTO U KaKHM CIIOCOOOM 3a/1aeT MaKCHUMAIIbHBIE Pa3Mephl TUX aIpECHBIX POCcTpaHcTB. Ha pa3smep
BUPTYaJIbHOI'O aJPEeCHOr0 MPOCTPAHCTBA BIUSET PAa3psAHOCTb HCHOJHUTENIBHBIX aJ[PECOB,
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MOJIy9aeMBbIX B X0JIe 00pabOTKH MpOTrpaMMBbl Ha IIEHTPaIbLHOM mpolieccope. Pasmep dpusndeckoro
MPOCTPAHCTBA OMPENEIICTCS] XapaKTePUCTHKONW KOMIIBIOTEpA: 3aBUCHUT OT TOTO, CKOJBKO
GU3NYeCKH MOXKHO MOJKIIOYHTh MaMSITH K MalllMHe, M KakoBa pa3psIHOCTh BHYTPEHHEH
arnmnapaTHO mKUHbL. Ho ¥ TO, M Ipyroe ABISIOTCS alllapaTHBIMU XapaKTEPUCTUKAMU KOMIIBIOTEPA.

1.2.7 MHoromawmHHbIe, MHOIONpPOLEeCCOpPHbIe accoumnaumm

B HacTos1ee BpeMsi OTUHOYHBIA KOMITBIOTEP MOYKHO CPABHHUTH C TE€IC(POHHBIM aIlapaTomM
06e3 tenedonnoit ceru. T.e., roBops 06 OBM, mbI mompazymMeBaeM MalldHy B HEKOTOPOM
OKPY)KEHMM W B3aUMOJICUCTBUM C JPYrUMH MallMHamMu. B 3aBUCHUMOCTH OT CTENeHU
MHTETPUPOBAHHOCTH MAlIMH B paMKaxX OJIHOTO KOMIUIEKCA Pa3iMyaloT MHOTOMPOIECCOPHbIE
accolMaluu, TJe CTENeHb CBSI3aHHOCTH MAIIMH JIOBOJIBHO BEJIMKa, M MHOTOMAIIMHHbIC
accollMalny, B KOTOPBIX HAOIIOAAIOTCS clladble CBSA3HM MEKIY MallMHAMHU (B HEKOTOPBIX CIIydasiX
roBopAT 0 ceTsix OBM).

Haunnast gannyio Temy, Mbl, cieqys TPaJulMOHHOMY HAay4HOMY IMOJXOJIy, CHauajia
paccMOTpPUM KJIacCH(DHKAIIMI0O — 3TO IMO3BOJHUT BBISBHTH CpeAr OOJBIIOT0 pa3HooOpasus
MalIMHHBIX aCCOLMALUN TPYINIbl C HACHTHYHBIMH CBOICTBaMH, KOTOpbIE IIOMOTYT HaM
MO3HAKOMUTHCS ¢ HanboJsee o0IMMHU MOAX0AaMH, a0CTparupysach OT JAeTaliel pealn3aluu.

Jna xnaccudukanuy CyIIECTBYIOT MHOKECTBO METOJIOB, MPOBOASIIUX JAEJICHUE I10
pa3IMYHBIM XapaKTEPUCTHKAM (Hampumep, Mo TpousBoautensHocT). OnmHa u3 Hambolee
MPOCTHIX KJIACCUUECKHUX KIIacCU(PUKALUNA MHOTOMPOIIECCOPHBIX CUCTEM — 3TO KJIaccupuKanus
no ®daunny (M.Flynn), ocHoBaHHas Ha aHajgM3¢ HEKOTOPBIX XapPAKTEPUCTHK ITOTOKOB
uHpopManuu B MaminHe. OCHOBHAS! KOHIICTILINS 3TON KJIacCHU(pUKaUU — epedop BCEBO3MOKHBIX
XapaKTePUCTHUK MOTOKA KOMAaH] (MHCTPYKIIHIA) ¥ MOTOKA JaHHBIX. OO0paboTKa KaKIOro U3 ITHX
MIOTOKOB MOKET ObITh OJMHOYHAS TUOO MHOKECTBEHHASI.

B KoHTEKCTE MalTMHBI MOXHO BBIJICIHTH JBa MOTOKA MHPOPMAIUU: MOTOK YIPaBJIeHUS
(1S mepenayu yOpaBISIOIIUX BO3JCHCTBHII HA KOHKPETHOE YCTPOMCTBO) M MOTOK JaHHBIX
(IMPKYIHUPYIOMUNA MEXIy ONEepaTUBHOW MaMATHI0O M BHEIIHUMHU YCTpoicTBamu). B03MOKHBI
HEKOTOpPhIE ONTHUMH3AlUKA JaHHBIX TOTOKOB. B TMOTOKE KOMaHJ — 9TO Mepexo] OT KOMaH]
HU3KOTO YPOBHS K BEICOKOYpOBHEBEIM (koraa I[IT BMecTo paboThl ¢ MUKpPOKOMaH/1aMH HAaYMHAET
BBIPA0aThIBaTh BBICOKOYPOBHEBBIE KOMAHJIbI, KOTOPHIE TMEPEAAIOTCS «yMHOMY» YCTPOUCTBY
yIpaBJiI€HUs, HETIOCPEACTBEHHO PEATU3YIOIIEMY JIaHHbIE KOMaHbl); B IOTOKE JAHHBIX — 3TO
uckitoyenue yyactus LII1 B oOMeHax Mex 1y BHEITHUMH YCTPOWCTBAMU U ONIEPATUBHOM NaMSThIO.

ONUHH npearaeT pacCMaTpUBaTh KOMIBIOTEP C MO3UIUHU 2 MTOTOKOB:

- MOTOK KOMaH/I: BHIOOP OJTHOM WJIM TPYTITHI KOMaH]T

- MOTOK JaHHBIX, OMEPaH/IOB: C BBHIMOJHEHHEM Ka)KI0M KOMaHJIbl BBIOMpAETCs JHOO
eIMHUYHAs, MO0 MHOXKECTBEHHAs! MOPIMsS JaHHBIX. B pe3ynbrare momydaeM uemsvipe Kiacca
apxumexmyp:

— OKOJl (oauHOYHBIM MMOTOK KOMaHJ, OAMHOYHBIA MOTOK AaHHbIX, wiu SISD — single
instruction, single data stream) — 310 TpagWIMOHHBIE KOMITbIOTEPHI (OIM3KHE MaIIuHE (HOH
Heiimana) ¢ egunctBeHHbIM I[II. OHUM HMEIOT OJHO YCTPOMCTBO YMpPAaBIEHHUS, KOTOPOE
MOCNIeIOBAaTeNbHO BHIOMpAeT KOMaH[bl, W Kaxkaas KoMaHAa oOpadaTbiBaeT eIWHUYHYIO
MOPIIHIO JTAHHBIX.

— OKM/I (o1uHOYHBII TTOTOK KOMaH/, MHOKECTBEHHBIH MOTOK JaHHbIX, wiaun SIMD — single
instruction, multiple data stream) — HampuMep, BEKTOpHBIE KOMIIBIOTEPHI, CITOCOOHBIE
OTIepUPOBATH BEKTOPAMH JAHHBIX, MaTpUUHast 00pa0boTKa MaHHBIX. OOBIYHO ISl ATHX IEIeH
B JIaHHBIX MaIllMHAX CYIIECTBYIOT BEKTOPHBIE PErHCTPhl, a Takke OOBIYHO HMEIOTCA
BEKTOpHBIC OIepalliy, NPEANnoiaramlire BEeKTOPHYIO 00paboTky. B »Toil apxuTekType
uMmeeTcsl 0HO Y'Y, KOTOpoe MOCIe0BaTeIbHO BhIOMpaeT KOMaHAbI, a 00paboTkKa JaHHBIX
BENETCA arperupoBaHO. 3aMETUM, YTO TMPUHAJICKHOCTh KOHKPETHOW CHCTEMBI K
KOHKPETHOMY KJIACCy OTHOCHUTEIBHHO YCIIOBHA.
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— MKO/I (MHOXECTBEHHBI TMOTOK KOMAaHJ, OJWHOYHBIA MOTOK MaHHBIX, wiu MISD —
multiple instruction, single data stream) — umeercs cMech KOMaHI, KOTOpasi OIEPUPYET Hal
OTHUMHU M TEMH K€ JAHHBIMH. JTOT KJIACC apXUTEKTYyp SBIsieTCs CHOpPHBIM. CyIIECTBYIOT
pa3IUyYHbIe TOYKU 3PEHHUS O CYIIECTBOBAaHMHM KaKUX-THOO CHUCTEM JAaHHOTO Kiacca, U eclid
TaKOBbIE HMMEIOTCS, TO KaKMe HMMEHHO. B HEKOTOpOM CMBbICIIE CIOJJa MOXHO OTHECTH
CIIeIMaJIU3UPOBAHHBIE CHUCTeMBl 00paboTkM Buaeo- U ayauowHdpopmanuu (DSP-
MPOIIECCOPHI), & TAK)KE KOHBEHEPHBIE CUCTEMBI.

— MKMJI (MHOXECTBEHHBIH MTOTOK KOMaH/, MHOYKECTBEHHBIN MOTOK JaHHBIX, Wi MIMD —
multiple instruction, multiple data stream) — 3To cucTembl, KOTOpbIE COJCpPKAT HE MEHEE
JIBYX YCTPOMCTB yHpaBJICHHS (3TO MOXKET OBITh OJWH CJIOXKHBIN MPOILIECCOP C MHOKECTBOM
YCTPOMCTB ynpaBieHus). MHOKECTBO MPOLIECCOPOB OJTHOBPEMEHHO BBITIOJIHSIOT pa3iNyHbIe
MOCIIEJIOBATEILHOCTH KOMaH/ HaJl CBOMMHU JAaHHBIMU. DTO Hambosee pacmpocTpaHEHHAs
KaTeropusi apxuTekTyp. Ha ceronHsuiHuil 1eHp JaHHAsE KaTeropus BO MHOTOM OIpeneisieT
CBOMCTBAa M XapaKTEPUCTUKH MHOTOIPOIIECCOPHBIX U MapPaJICIBbHBIX BBIYUCIUTEIBHBIX
CHUCTEM.

Cpemu cucrem MKMJ] MOXHO BBIIEIUTh JBa IMOJKIAcCCa: CHCTEMbI € 00IIeit
ONnepaTMBHOM MAMSATBHIO U CHCTEMBI ¢ pacnpenejenHoii namaTeio (Puc. 59). lns cucrem
MIEPBOrO THUIIA XaPAKTEPHO TO, YTO JOOOW MPOIECCOp MMEET HeMOCPeIACTBEHHBIH IOCTYN K
mo00i# suelike 3Tol oOmieit onepaTuBHON MmaMsaTH. CIIOBO «HEMOCPEACTBEHHO» O3HAYAET, YTO
000 apec MOXKET MOSBISATHCS B MPOU3BOJILHON KOMaHIE B JIFOOOM M3 YCTPONCTB YIIPABICHHUS.
CucreMbl ¢ pacrnpefeNeHHOW NaMATBIO MPEJICTaBISIOT CO00I0 OOBIYHO OO0BEeIUHEHHUE
KOMITBIOTEPHBIX y3710B. [log y3/10M mNOHUMAaETCss CaMOCTOSITENIbHBIA MPOILIECCOpP CO CBOEH
JIOKQJIbHOM OmepaTuBHOM NaMAThi0. B JaHHBIX cucTemax r000H Mpoleccop He MOMKeT
MIPOU3BOJIBLHO 00paIIaThCs K MaMSATH APYTOro Mpoieccopa. YKa3aHHbIE CUCTEMBI ILTIOCTPUPYIOT
MIPOTUBOIMOJIOKHBIE MTOIXO0/IbI — HAa MPAKTUKE OOBIYHO BCTPEYAIOTCS MPOMEKYTOUHBIE PEILICHUSI.

MIMD
Cucremsl ¢ o0men CucTeMsl ¢ pacnpeeIeHHON
ONEPATUBHON MaMsATHIO ONEpPaTUBHOMN NMaMATHIO
UMA — cucrema ¢ NUMA — cucrema ¢
OJTHOPOJIHBIM JIOCTYIIOM B HEOTHOPOIHBIM JOCTYIIOM B MPP (Massively Parallel
namsthb (Uniform memory namsth (Non-uniform memory Processors — mporieccopsr ¢
access) access) MacCOBBIM MaDAILIETUIMOM)
ccNUMA — Cache Coherent
NUMA
h 4
SMP — cummeTpudHas COW (Cluster of workstations —
MYJBTHIIPOIIECCOPHAS CHCTEMA KIacTep paboumX CTaHIHi)

(symmetric multiprocessor)

Puc. 59. Kaaccnpuxamus MKM/I.

Paccmotpenue cucmem ¢ ooweir onepamusnou namamseto Haunem ¢ UMA. UMA
(uniform memory access) — cucremMa ¢ OJHOPOJHBIM JOCTYIOM K MamsTH. B jaHHOW Mopenn
IIPOU3BOJIBHBIA MPOLECCOPHBINA JJEMEHT MMEET JOCTYIl K IPOM3BOJIBHOW TOYKE OINEpPAaTUBHOMU
namsATH (JOCTYNl C OJMHAKOBBIM BpeMeHeM). To ecTh XapaKTepUCTHUKU JOCTyNa JoO0oro
IPOIIECCOPHOTO AJIEMEHTa B JII0OYI0 Touky O3Y He 3aBUCIT OT KOHKPETHOTO 3JIEMEHTa U aJipeca
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(Bce mporieccopsl paBHOIIEHHBI OTHOCHTENBHO nocTyma K mamsatu). [loasumom UMA-cuctem
sBisiercst mozenb SMP  (Symmetric multiprocessor — cuMMeTpuuHasi MyJIBTHIIPOIIECCOPHAS
cucrema). B oatoit momenmm (Puc.60) k oOmie cucTeMHOW WIWHE, WJIA MarucTpalid,
MOJICOCIUHSIOTCS HECKOJIBKO TPOIIECCOPOB M OJIOK OOIIel OmepaTUBHOW MaMsaTH. Y JTaHHOTO
pelIeHnsT MOXKHO OTMETUThH ClIeAylolue Hedocmamku. Bo-TIepBBIX, 3TO ILEHTpalM30BaHHAs
CUCTEeMa, ¥ O0IIIasl IIIMHA B HEH SIBIISICTCS «y3KUM FOPIOM», IOITOMY JaHHAs MOJIeTh HAKJIaIbIBACT
CYILIECTBEHHbIE OTPAHMYCHUS HA KOJMYECTBO IMOJAKIIOUYAEMBIX TPOIECCOPHBIX AJIEMEHTOB
(o0bryHO 2, 4, 8, BWIOTh a0 32). BO-BTOPBIX, BO3HHKAIOT JOMOJHUTEIBHBIC MPOOIEMBI
cunxponuzanuu KOIllelr mepBoro ypoBHs Kakaoro rnpoueccopa. PemeHnii TyT Kak MUHUMYM
nBa: mubo He ucnonb3oBatk KDL, mubo peanuzoBats KOUI-namsaTh co cnexenneM. B mocneanem
canydyae kKaxablid KOOI cioymaer mumHy W pearupyer Ha CHUTyalMioo B cucTeMe. Paznuynbie
CUTyallud TIOBEIEHHUS KJII-MAMATH C OTCICKMBAHWEM TIPU YTCHHH/3AIUCH TPUBEACHBI B
clenyromiei Tabnuue:

Omnepamun JIOKanBHBII K31 Ksmr Apyrux npoueccopos
IIpomMax npH YTEHHH 3amnHch 13 MaMATH B K311 Huuero
ITonmagaHue npH YTeHHH Hcnonp3oBaHIe K3llia Huuero (onepauus «He
BHJIHA»)
ITpomax mpH 3amucu 3amich B IaMATh CoOTBETCTBYIOIIAA 3aIHCh
B K3IIEe VaIgeTcsa
IMonagaHue MnpH 3amHcH 3aMUCh B MAMATEL H K30 | COOTBETCTRBYIOIIAA 3AIIHCEH
B K3IIEe VaIgeTcsa

IIpu npomaxe nipu ureHuu B jokaabHbld KOIII mporcxoaut 3anuch COOTBETCTBYIOIIETO
0JI0Ka; 3Ta onepanus MPOXOANUT Yepe3 OOIIYI0 MarucTpalb, KOTopyo ciaymaiotr apyrue KOy,
Hukakux aevicteuil KOIu npyrux npoueccopoB He mpou3Boadar. [Ipu nmomagaHuu npu 4YT€HUH
Mbl ucnionbdyeMm KOOI, u sTa omepauusi He NaéT HUKAKOM HArpy3ku Ha oOuryro muny. [lpu
poMaxe MpH 3allMCU OCYIIECTBISIETCS 3aluch B MaMsTh; Bce apyrue KOIu undopmammio o
3aMKCH CIYIIAIOT U MPOBEPSIIOT HAIMINE COOTBETCTBYIOMIETO OJIOKA y ce0sl — eclii OJIOK eCTh, TO
onu yaamsaT ero u3 ceoux KOIlleit. To ecTs mpu mpomaxe mo 3anucu MPOU3BOJIUTCSA TOJIBKO
OOHOBJICHHE TaMsITH, T.K. PEaM3yeTcs CTpaTerus, OPUECHTUPOBAHHAS Ha MPEUMYIIECTBEHHOE
yreHue. [Ipu nomajganum npu 3anucu CUTYyalMsl aHAJIOTUYHAs, TOJIBKO 3alMCh OCYLIECTBISAETCA
emié u B tokasbHbIA KOIII.

CPUO CPU 1 CPUN-1

Cache L1 Cache L1 . Cache L1 Bk

00Ias MIMHa
Puc. 60. Cxema SMP-cucremsl.

WNHoit moaxon K peanu3alid CHCTEM C OOIed ONepaTHBHOW MaMSTHIO IMpejJiaract
apxurektrypa NUMA (non-uniform memory access — cucreMa ¢ HEOJHOPOAHBIM JOCTYIIOM K
namstn). Crenens napamienn3sma B NUMA-cucremax Boie, ueM B SMP. [lnst NUMA-cuctem
(Puc. 61) xapakTepHbI CIICIYIONIHE CBONCTBA:

— TMPOLIECCOPHBIE AJIEMEHTHI padOoTaOT Ha O0IIEM aJpPEeCHOM MPOCTPAHCTRE;
— XapaKTepUCTHKHU JOCTYIa Ipoleccopa K 00JIIacTH ONMEPaTUBHON MaMSITH 3aBUCSIT OT TOTO, K
KakuM 00J1acTSIM uieT oopaiieHne (K JOKaTbHOW UITH HEJTOKAIBHOM MaMsITH).

KonTpomnep  mamsTM  MO3BOJSET  OCYIIECTBIATh  B3aUMOJCHCTBHE  MEXIY

BBIYMCIUTENbHBIMU y37aMu. [locTyn mporeccopa k cBoeil OIl ocymiecTBiseTrcss 4epe3 CBOM
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KOHTPOJIJIEP, K Uy>KOH — yepe3 ABa KoHTpouiepa. [Ipu oOpamieHnn He K CBOEH MaMsITH KOHTPOJLIEp
BHIOpAChIBAET 3alpOC Ha OOIIYIO IIMHY, LIEJIEBOM KOHTPOJUIEP €ro MPUHMMAET M BO3BpAIaeT
pe3ynbTar.
B NUMA-cucremax ocraércs npobnema cunxponm3aiuu KDIlla. CymectByet
HECKOJIBKO CITIOCOOOB €€ pelIeHHs:
e ucnoJsib3oBaTh npoueccopsl 6e3 KDIlla (ncronws3zoBatk Tosibko Cache L2);
e wucnonp3oBate Moaeab ccNUMA (Cache coherent NUMA) — sto NUMA-cuctema ¢
korepeHTHbIMU KO lamu.
CcNUMA-cucTemMbl O3BOJISIIOT OTCIEKUBATH COOTBETCTBUE JIoKabHBIX KOUleit apyr
Ipyry U cocrosiaue Beeit cucteMbl B 1iesioM. CCNUMA-crcTeMBbI TIOKITIOYat0T HECKOJIBKO COTCH
MIPOLIECCOPOB, HO OCTAIOTCSI OTPAaHUYECHHs, CBSI3aHHBIE C LIEHTpaM3allield — HCIOJIb30BaHUEM
CHUCTEMHOW INMHBI, a TaKXe BO3HUKAIOT OTrPAaHUYCHHs, CBS3aHHBIE C CC-apXUTEKTYPOU:
MOSIBJISIFOTCSL CUCTEMHBIE TMOTOKH CIIyeOHOH uH(pOpMaluu, YTO BeAeT K JOMOJHUTEIbHBIM
HaKJIaJHBIM pacxo/iaM — 3arpy3Ke o0l mHHbI ciay)eOHoi HHpopManuei.

CPU O JloxaneHag CPUN-1 JloKkanbHaA
maMATe 0 maMATe N-1
Kontponnep e Koutpomnep
namatu CPU 0 mamatH CPU N-1
| l\ oOIIAs IIIHHA

Puc. 61. Cxema NUMA-cucremsl

Teneps paccMOTpUM cucmemsvl ¢ pacnpedeneHHoll ONnepamusHoll namampilo. ITU
CHUCTEMBI TIPEJICTABIISIOTCS KaK OOBEAMHEHHE BBIYMCIUTEIBHBIX Y3JIOB, KaXKIBIH M3 KOTOPBIX
coctout u3 mpoueccopa 1 O3V, HEMOCPEACTBEHHBIN JHOCTYN K KOTOPOM MMEET TOJIBKO «CBOM»
IPOIIECCOPHBIN AIIeMeHT. J[aHHBINA KIIACC CHCTEM SIBJIIETCS HAMOOJIee MEPCIIEKTUBHBIM C TOYKH
3peHHsI X MAcCOBOTO PAacCHpOCTPAHEHUS U UCTOIb30BaHUsA. Cpeau HUX MOYKHO BBIACTHUTH JIBa
ocHoBHbIX Kiacca: MPP (Massively Parallel Processors — mporeccopbl ¢ MacCOBBIM
napaenu3mMom) u COW (Cluster of Workstations — kiactepbl pabouux cTaHIN).

[MpeumymectBom MPP-cuctem sBisiercsi BbICOKass S(PQGEKTUBHOCTh IPH PEIICHUU
onpenenéHHoro kinacca 3agad. OpgHako MPP  00bIYHO — SBIIAIOTCS  1OPOTrOCTOSIIIUMU
Y3KOCTICIMAIN3UPOBAHHBIMH ~ MHOTOINIPOILIECCOPHBIMH ~ CUCTEMaMH, TIOITOMY HE  HaXOHIST
MaccoBoro mnpuMeHeHHs. CHCTeMBbI JaHHOTO KJlacca HUMEIOT pa3HoOoOpas3Hble TOMOJIOTHUU
apxutekTyp (Puc. 62): 3To MOryT OBITH MAaKPOKOHBEHEPHBIE APXUTEKTYPbI, KyObl U TUIIEPKYOBI.

MakpokoHBeiiep: 3-MepHBIA THIEPKYO:

E2 212

IIpoueccopHEIl H3MEMEHT C

JIOKATEHOIT TAMATHI)
Me#31eMEHTHEIE KOMMYHUKALHH,
Ollpefersiomue TONONOTHIO

Puc. 62. Ipumeps! Tononoruii MPP-cucrem.

Uro kacaercss COW, T0O 3T0O MHOTOMAIIMHHBIC CUCTEMBI, COCTOSIIINE U3 MHOXKECTBA Y3JIOB,
KaX/Iblif U3 KOTOPBIX MOKET ObITh OOBIKHOBEHHBIM KOMIIBIOTEpPOM. B KauecTBe MUHMMAIBLHOTO
y3J1a MOXKET BBICTYNATh IIPOLIECCOP CO CBOEH JIOKAIBHOW ONEPAaTUBHOM IMAMSTBIO U almnapaTrypou
COMPSKEHMSI C JPYTMMH BBIUYMCIMTEIbHBIMU y3JIaMu. I CONPSKEHUS BBIYUCIIUTENBHBIX Y3JI0B
B KJIACTEpE UCIOJIb3YIOTCS CIIEHHAIN3UPOBAHHBIE KOMITBIOTEPHBIE CETH.

KiacTepbl MOTYT UCHIOIB30BAThCS ISl JOCTHXKEHHUS CIIENYIOIINX OCHOBHBIX yenel.
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— TIOCTPOCHHME KJacTepa, OOECIEeUUBAIOIETO HaodexcHocmy. CoO3MAI0TCS  TPOTrPAMMHO-
anmnapaTHble KOMIUIEKCHI JJii OOecleueHus yCTOMYMBOro (YHKIIMOHUPOBAHUS CHCTEMBI.
JlaHHBIN TUI KJIACTEPOB CTPOUTCS AJIs PELLIEHUSI KOHKPETHOW NPUKJIaHOM 3ajauu (HapuMep,
cepBep 0a3bl JAHHBIX aBHAOUJIETOB), IPU 3TOM BBIXOJI U3 CTPOSI HEKOTOPBIX y3JI0B HE O3HAYAET
OTKa3 BCEH CHCTEMBI: CHCTEMa MPOJOHKAET (DYHKIIMOHUPOBATh, MyCTh U CO CHIDKEHHON
POU3BOJUTENBHOCTHIO;

— TMIOCTPOCHHE KJIacTepa KakK 6bICOKORPOU3BOOUMETbHOU GbIYUCTUMENbHOU CUCHEMbl, T.C.
BBIUMCIIUTENBHOrO KiacTtepa (KpurepueMm 3p¢GEeKTHUBHOCTH BBICTYHAeT CKOPOCTh 00pabOTKU
uHpopManun). IT0 MHOTONPOLIECCOPHAS CUCTEMA, COCTOSAIIAsA U3 BBIUMCIUTEIBHBIX Y3JIOB.
Kaxplil BBIYUCIUTENIBHBIN y3€lI — 3TO KOMIIBIOTEP TPAIUIIMOHHON apXUTEKTypbl. Bee y3ibl
CBSI3aHBI JPYT C JIPYTrOM 4epe3 clielualbHble BHICOKOCKOPOCTHBIE CETH, U BCSA CHUCTEMa B
LIE€JIOM MCIOJIB3YETCS ISl TOCTHKEHUSI MaKCUMaJIbHON IIPOU3BOAUTEIBLHOCTH.

JIst TOCTPOCHHUS BBIYMCIUTEIBHBIX KJIACTEPOB 3a4acTyr0 UCMOB3y0T UNiX-cucTeMbl, a
st kinactepoB HagexHoctn — Windows-cuctembl. Ha ceropHsHuii 1eHb Kaacmepst — 3TO
CHEIMAIM3UPOBAaHHBIE CHUCTEMbl C COOTBETCTBYIOLIEH apXUTeKTypoil (Hampumep, alpha-
CHCTEMBI), IPU ITOM peub UJIET O CYNEPBBIYMCIUTEIBHBIX KIIACTEpaX, BKIIOYAIONUX B cels
COTHU — THICAYU Y31OB. [Ipeumyujecmeom KIACTEPHBIX CHUCTEM SABIIETCS  BBICOKas
3¢ (HEeKTUBHOCTh TIPH PEIICHUH IMUPOKOr0 Kpyra 3a7ad (3a MpUEeMIIEMYIO IICHY); KIacTepHBIC
CHUCTEMBbI HCIOJB3YIOT YHH(DUIMPOBAHHBIE CpEACTBa mporpammupoBanus (tuma MPI).
OCHOBHBIMU npobemamu KIACTEPHBIX CUCTEM SBISIOTCS OTBOJ TEIUIa M KOMMYHHUKAIUS (€Ciu
OyIeT WHCIIOJIb30BAaThCA EIMHCTBEHHAsT MarucTpaib, TO OHAa «3axJeOHETCS» OT IOTOKOB
nepeaaBaeMoil nHpopManuu, a OOIBIIUHCTBO Y3JI0B OYIyT MPOCTANBATB).

Hamocnenok xodercs OTMETUTh, YTO B pelTHHrax Haunbosiee BBICOKOCKOPOCTHBIX
BbuncauTenbHplx cucteM (Topl00, Top500 u mp.) BepxHHME CTPOUKM 3aHMMAIOT HMEHHO
KJIACTEPHBIE CUCTEMBI.

Teneps paccMOTPUM MTPOOIEMBI CETEBOTO B3aMMO/ICHCTBHSL.

1.2.8 TepmuHanbHble komnnekcbl (TK)

CoBpeMeHHbIE MHOTOIPOIIECCOPHBIE CUCTEMBI CTPOSITCA KaK CIENHUATU3UPOBAHHbBIC
KOMIbIOTepHbIE ceTH. OCHOBOM COBPEMEHHBIX KOMIIBIOTEPHBIX CeTel ObUIO TOSIBICHUE
TEPMHUHAIBHBIX KOMIUIEKCOB. TepMunanbhvlit KOMnjiaeKkc — 3TO MHOTOMAIllMHHAS aCCOLMAIU,
NpeAHa3HAaueHHas JUIsl OpraHu3allid MacCOBOTO JIOCTyHa YJAJ€HHBIX U  JIOKaJIbHBIX
MOJIB30BATENEN K pecypcaM HEKOTOPOU BBIUUCIUTEIBHON CUCTEMBI.

Cytp TK 3axmrouaercs B cienyromeM. [lyctb nMeercst Hekasi BBIUMCINUTEIbHAS CUCTEMA.
CraBurcs 3a7adya OpraHu3oBaTh MacCOBBIM JOCTYI K ee pecypcam. Ilon pecypcamu B 1aHHOM
Cy4yae€ MOTYT IIOHUMAaTbhCsA, HANpHMEp, BBICOKAs MPOU3BOJUTEIBLHOCTh pPAacCMaTpUBAEMOMN
CUCTEMBI WJIH k€ MH(DOPMAIMOHHBINA pecypc (MHPOPMAITMOHHOE HAMOTHEHHE, HHTEPECHOE s
MacCOBOT'O MOJIb30BATENsI, TAKOE KaK ANEKTPOHHAsI OMOINOTEKa).

MOIEM « * BrruncimrrenrsHag crcrema
Yoanmenwnernt | I ,,,,,,,,,,,,, . {}
TepMuHan | | Temedommas N -
| i | AyIBTIIIIEK COP
I  |ATC +—ATC| I I I
MOZEM [+—» - - —MOZEM L

&l ~ / ~ [
| ATC k| ATC L L
[ e e ' —v_

TepMimHanbHEIE yeTpolicTBa
Puc. 63. CTpyKTypa TepMUHAJIBHOI0 KOMILTEKCA.
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TepMuHanbHBIE KOMIUIEKCHI MPEAINOJAraloT HAJIW4YME€ B CBOEM COCTaBe CIEAYIOLIMX
koMmroHeHTOB (Puc. 63):

— OCHOBHAsI BEIUMCIIUTENBbHAS cucTeMa (K KOTOpOoil obecreunBaeTcst JOCTYII);
— JIOKaJbHbIE MYJIbTUILIEKCOPBI;

— JIOKaJbHbIC TEPMUHAIIBI,

— MOJEMBI;

— yIaJeHHBIC TEPMHUHAIIBI;

— yJlaJIeHHbIE MYJIbTUILUIEKCOPBI.

Cuutaercs, 4YTO MOJNbB30BATENb MOXET MCIIONb30BaTh TEPMHUHAIBHOE YCTPOMCTBO
(andaBuTHO-LM(POBOM TEepMUHAJ, T.e. AUCIUIEH C KJIaBHATypoi), Nedararollee yCTpPOMCTBO,
BHEIIHEE 3allOMHUHAIONIEE YCTPOWCTBO (HAampuMmep, MarHuTHas JieHTa). V3HauanbHO Bce
TEPMUHAJIbHBIE ~ yYCTPOWCTBA  pAacHoOJarajiuCb  Ha  HE3HAYUTEIBHOM  PAacCTOSIHUM  OT
BBIYUCIUTEIHFHOTO KOMILJICKCA.

TepMmuHanbHbBIE YCTPOICTBa MOKHO pa3ieIuTh Ha JIOKAJIbHBIE U yaJleHHbIe. JIokanbHbIe
TEpPMUHAJIbHBIEC YCTPOUCTBA UMEIOT JIMOO HETIOCPEICTBEHHOE Mo IKIt0ueHue K BC 1o jokansHOMY
KaHaJly CBs3H, JMOO MOAKIIOYEHHE Yepe3 MyJbTUIUIEKCOP (YCTPOMICTBO, MO3BOJIAIOLIEE Yepes
OJIMH BBICOKOCKOPOCTHOM KaHaJ CBSA3U NOAKIIOYUTH N MEHEee CKOPOCTHBIX KaHAJIOB). Y 1aJleHHbIe
TEpMUHAJIbHBIE yCTpOHCTBa mnoaxiatoyaroTcs kK BC yepe3 KOMMYHHKAIMOHHYIO —Cpeny.
W3HavaabHO ATOM Cpeod SABISUIMCH OOBIUHBIE TeNe()OHHBIE CETH, KOTOPbIe HCTOPUYECKH
OCHOBBIBAJIMCh HAa aHAJIOTOBOM Ccrioco0e nepeauu nH(pOopMaluy; KOMIIBIOTEPHbIE CETH OCHOBAHbI
Ha UG POBOM (IIMCKPETHOM) criocobe nepenayn AaHHbIX. s nepenaun mudpoBoit nHpopmanmu
yepe3 aHaJOroBble CETH HEOOXOIUMBI  aHAJOroBO-IM(PoBOH M  HU(PO-aHATIOTOBBIN
npeoOpazoBaren (MOJAEM — MOIYJISATOP-AeMOIyIaTop). Takum o0pa3oM, AJisd yAaIeHHOTO
COEJIMHEHUSI HEOOXOAUMBI, KaK MUHHUMYM, JIBa MoJieMa. Y JaJIEHHbIE TEPMUHAJIbl MOTYT TaKKe
MYJIbTHILTICKCHPOBATHCS, U 3TO MYJIBTUIUIEKCHPOBAHUE MOKET OBITh MHOT'OYPOBHEBBIM.

JIunuun  cBsizw/kaHaubl.  CyIIecTBYIOT TpU KpUTEpUs, IO KOTOPBIM  MOKHO
KIIACCU(PUITUPOBATH KaHAIIBI.

Bo-niepBBIX, C TOYKM 3peHMsI OpraHU3alMM KaHajla BCEe KaHaJlbl MOXHO IOJEIHUTh Ha
KOMMYTHpPYeMble 1 BbleJeHHbIE.

Kommymupyemolii  kanan — 3TO JHMHUS, BbIEIseMas Ha Becb ceaHC pPabOTHI
TEPMUHAILHOTO YCTpoiicTBa. DU3MUECKH KOMMYyTHpyeMasi JIMHUS MOXET HMETh DPa3IndHbIC
tornoJsioruy. [IpuMepoM KOMMYTHPYEMOTO KaHalla MOXKET CIIy’KUThb TeJIe(QOHHBIN pa3roBop.

Buidenennwvuii kanan obecneunBaeT CBsA3b TEpMUHAIBHOrO ycTpoiictBa ¢ BC Ha
MOCTOSTHHOM OcHOBe. U 371ech CyIIeCTBYIOT J1Ba MOAXO0/a: C OJHON CTOPOHBI, MOXHO MPOTSIHYTh
MEXy TEPMHHAIBHBIM ycTpoiicTBoM U BC gusnueckuii mpoBoJ (3TO JOPOro, HO 3TO HAWTYUIIHNA
crnocod o0ecneunTh BBIJCIEHHBIM KaHal), a ¢ JpPyrod CTOPOHBI, MOXXHO B35Th OJUH W3
KOMMYTHPYEMbIX MapuIpyToB Tele(oHHOH ceTH (3TOT TOJAXOA HECKOJIBKO JeIIeBIIe
MPEbIIYIIero, HO OH OCOOEHHO IUIOX TEeM, YTO YMEHBIIAET KOJUYECTBO KOMMYTHUPYEMBIX
MapuIpyToB B TeNe(OHHOM CETH, YTO, B KOHEUHOM CUeTe, HETaTUBHO CKa3bIBAeTCs Ha KAaUEeCTBE €€
paboThl «HO TMPSAMOMY Ha3HAYEHHUIO» — Ha obecrieueHUU TeleOHHONW (roJ0COBOM) CBSI3M).
[IpeumyiecTBa BBIIEICHHOTO KaHaja: IOCTOSHHAs TOTOBHOCTh (OTCYTCTBHE OTKa3a Ha
COEJIMHEHUE), JETEPMUHUPOBAHHOE KAUE€CTBO COEIMHEHUSI.

Bo-BTOpBIX, BCe KaHAIBI MOXKHO MOJICTUTE 10 KOAUYECME)Y YUACMHUKO8 0OUjeHUs.

— Kanaa mouyKa-moyka —OJIHO YCTPOMCTBO OOIIAETCS C OJHUM YCTPOMCTBOM (TIOAKIIOUEHHE
K YJQJIEHHOMY TepMHUHAITy 0€3 MyJIbTUIIEKCUPOBAHUS);

— MHO20moYeuHwlll  Kanan —  OOIEHHWEe  MHOTUX  YCTpOMlcTB  (Hampumep, mpHu
MYJIbTUIUVIEKCUPOBAHUM): TOJAKIIOUEHUE TEpPMHHANA OCYIIECTBISETCS Yepe3 JIOKAJIbHbII
MYJIBTUILIEKCOP.

W, HakoHem, KaHalmbl MOXHO [EIUTh C TOYKH 3PCHUS HANPAGIeHUs OBUINCEHUs
ungopmayuu B KaHame:
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— CUMNJIEKCHbLII — KaHAJl TTO3BOJISIET OCYLIECTBIATH Mepenady HHPOpPMAalUu TOJIBKO B OJJHOM
HalpaBJiIeHUU (HalpUMep, pPEernpoayKTOp I'POMKOM CBA3M Ha BOK3aJle WIM B OpPraHU3aLUIX;
ujieabHas JEKIus);

— OdynJaeKchulil (IByHAIIPaBICHHbIN) — KaHal nepefaéT nH(OpMaIMio B IByX HalpaBJICHUSIX
(mampumep, Tenedon);

— ROJYOynaeKCHblil — KaHaJ T03BOJISIET NepeaBaTh HH(GOPMALIMIO B ABYX HAIIPABICHUAX, HO
B K&XKJbIi MOMEHT BpEMEHH BO3MOXKHA Iepeiaya MHPOpMAaIUK JUIIb B OJJHOM HalpaBiIeHUH
(Hammpumep, panus).

1.2.9 KomnbrTepHble ceTn

Pa3BuTe TEpMHHAJIBHBIX KOMIUIEKCOB IIOJIOXKHWJIO OCHOBY pPa3BUTUS KOMIIBIOTEPHBIX
cereil. 1 mepBpIM IIaroM K CETSAM CTajla 3aME€HA TEPMUHAIBHBIX YCTPONCTB KOMIIBIOTEPAMU.

Komnwviomepnaa cems — 510 00BEAMHEHHE KOMIBIOTEPOB (MM BBIYUCIUTEIBHBIX
CHCTEM), B3aUMOJICHCTBYIOIINX Yepe3 KOMMYHHKAIMOHHYO cpeny (Puc. 64).

Kommynukayuonnas cpeda — KaHajbl U CpEJCTBa IIEPEAAYN TAHHBIX.

i E O6MeH
N

KommyHukanmmonHas
cpena

JaHHBIMIT

Puc. 64. KomnblotepHas ceTb.

MOHO BBIIETIUTD CIEAYIOLINE CBOUCMBA KOMNbIOMEPHBIX cemeli. BOo-TIepBbIX, TOTUYECKU
cemb MOJCem COCMOAmMb U3 3HAYUMENbHO20 YUCLA CEA3AHHBIX MexcOy co00lU a8MOHOMHbLIX
KOMNblomepos, KaXIbI W3 KOTOPBIX OOecrevyrBaeT pelieHHe OmpeAenéHHbIX 3aaad. JIBa
KOMITBIOTEpa HA3bIBAIOTCS CBS3aHHBIMH MEXIy COOOH, €ClIM OHH MOTyT OOMEHHBAThCA
uHpopMmanueit. TpeboBaHre aBTOHOMHOCTH UCTOJIb3YETCsI, YTOOBI HCKITIOUUTh U3 PACCMOTPEHUS
KOMIIBIOTEPHBIE CHUCTEMBI, B KOTOPBIX OJHMH KOMITBIOTED MOXET MPUHYJIUTEIBHO 3aMyCTHUTh,
OCTaHOBUTH JIPYTO¥ KOMITBIOTEP WIIM YIPABIATH €r0 paboTOM.

Bo-BTOpBIX, KOMIBIOTEpHAsi CETb MPENIOJIATAET BO3MONCHOCHb PACNPEOeNeHHOU
0bpabomxu uHgopmayuu, KOT1a MoJib30BaTe’Ih KOMIBIOTEPHON CETH MOXKET MOTy4aTh B KAaueCcTBe
pe3yibTara JaHHble, 00paOOTaHHBIE 32 CUET MHTETPAIIUH ITANOB 00paOOTKU JaHHBIX HA Pa3HBIX
KOMITBIOTEpaxX CETH.

Crnenytolee cBOWCTBO — pacuupsiemocms cemu. To €CTb KOMIIBIOTEPHAsl CETh JA0JDKHA
oOecreyrBaTh BO3MOKHOCTh Pa3BUTHS MO MPOTSHKEHHOCTH, IO PACIIUPEHUIO MPOIYCKHON
CHOCOOHOCTH KaHAJIOB, TI0 COCTAaBY M MPOU3BOAUTEIBHOCTH KOMIIOHEHTOB CETH.

W, HakoHel, 603MOJCHOCMb NpUMEHEHUs CUMMEempPUYHbIX uHmepgeticos o0dOMeHa
ungopmayue mexncdy Komnviomepamu cemu. ITH UHTEP(DENUCH MO3BOJISIOT MPOU3BOIHHBIM
croco6oM pacrpeaensiTh GYHKIUN CETH MEXTYy KOMITbIOTEPaMHU.

ByneM TOBOpPHTH, YTO JIOTUMECKM KOMIIBIOTEPHI, COCTABIAIONINE CETh, MOXHO
MOJpa3fe/iuTh Ha a0OHEHTCKHEe MAIIMHbI (WM OCHOBHBIE KOMIBIOTEPHI — XOCTBI) U
KOMMYHUKAIMOHHBbIE (MJIK BCIIOMOTATENIbHbBIE) KOMIIBIOTEPHI (IIUTF03bI, MAPIIPYTU3ATOPHI U TIP.)
(Puc. 65). Tlocmemnue  BBIMOMHSIOT — (DUKCHPOBaHHBbIC  (DYHKIHMH 1O  OOECICUCHHIO
(GYHKIMOHMPOBaHUS CeTH (BBIOOp MapuipyTa, Hepeiada WHPOpPMAIHMK H T.I.). DTO JEJICHUE
JIOTHYECKOEe — Ha MPAKTHKE MOXET OKa3aThbCsA, YTO OJHA MAIllMHA HCIOJHSET pOJib, Kak
A0OHEHTCKOM MaIINHbI, TAK U KOMMYHHKAITMOHHOM.
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Puc. 65. CocraBisiiomue KOMNbIOTEPHOIi CeTH.

C TOYKM 3peHus B3aUMOJCHCTBUS KOMIIBIOTEPOB B CETH, TPATULMOHHO JJIs
(YHKIMOHUPOBAHUS KOMIIBIOTEPHBIX CETEH MCIIONB3YIOTCS 3 MOJIENI OpraHU3aluy KaHaJIOB, I
3 MOJIeNU CeTei, — 3TO CeTH KOMMYTAIMU KAHAJIOB, CeTH KOMMYTAIMU COOOIEHUN U CeTH
KOMMYTaluu nakeroB. Cpa3y OTMETHM, 4YTO OOJIBIIMHCTBO COBPEMEHHBIX CETEH SBIAIOTCS
KOMOUHAIMSMHU 3TUX OCHOBHBIX MOJIEJIEH CeTeH.

Bynem roBoputh, 4ro aBa aOOHEHTa CETH OCYUICCTBISIOT B3aWMOJICHCTBHE CeaHCAMU
CBSI3U (KaXKABIM ceanc c6A3u SIBIAETCS MOCIEN0BATEIbHOCTbIO OOMEHOB COOOIIEHUSAMH MEXTY
abonenramu cetn). Ilog cooduenuem 6yneM noHUMATh JTOTMYECKH IIETOCTHYIO MOPLHUIO TAaHHBIX,
UMEIOIYI0 IPOU3BOJIBHBIA pa3Mep. B ceTm koMMyTanum KaHaJI0B KOMMYTallus KaHAJIOB
IIPOUCXOTUT HA 8ECH CEAHC C8A3U.

K 0ocmouncmeam nanHbix ceTeil MOKHO OTHECTH CIELYIOLIUE CBOMCTRA:

— KaHaJI BCerja HaxOJUTCs B COCTOSSHUM FTOTOBHOCTH;

— TpeOOBaHUS K KOMMYHHKAIIMOHHOMY OOOpyIOBaHMIO MHHUMAJbHBI: IO CYyTH, HET
TpeOoBaHUil K o0ecnieueHuto 0y pepuzannus;

— OOMEHBI NMPOUCXOJAT COOOLICHUSIMH, YTO BEJET K YMEHBIICHHIO HAKJIAJHBIX PACXOJIOB I10
nepeaaye MHGOPMAIIH;

— JIeTepMHUHUPOBAHHAS MIPOMYCKHAsl CIIOCOOHOCTH CETH.

Cpenu Hedocmamkoé TaHHON MOJAEN MOKHO OTMETHUTD CJIeIYIOLIHE:

— JIOpOrOBU3HA: JTIOOOH BbIJIEJICHHBIN KaHa TpeOyeT OOJbIINX MaTepUaIbHBIX 3aTpPaT;

— HaJINYME BHICOKOM M30BITOYHOCTH B CETH: IOJIKHO OBITh JINOO MHOTO KaHAJIOB, YTOOBI HE OBIIIO
KOJUTM3UH, 100 B CE€TH OyAyT KOJUIU3UU — IPU 3TOM NEPHO]] OKUJaHUsI CBOOOIHOTO KaHaja
HeJleTepMUHHUPOBAH;

— He3(pPEeKTUBHOCTh HCIOIb30BaHUS BBIACICHHOTO KOMMYTAllMOHHOTO KaHajla: B OTAEIbHO
B3SITOM CEaHCE MOXKET OBbITh HU3Kasi HHTEHCUBHOCTh 0OMEHA COOOIEHUSIMY;

— Tpu cOOSX WM OTKa3ax MOBTOPEHUE TIepeTaHHON MHPOPMALIUH SBIISICTCS CI0KHOMN 3a/1auei.

CeTu KOMMYyTaMHU COO0IIEHUIT — 3TO CETH, KOTOPBIE ONEPUPYIOT TEPMUHOM «IIepeaya
COOOILIEHUs», a HE «CeaHC CBsA3M». AOOHEHT-OTHpPABUTENb INEpPeAaéT COOOIIEHUE B CETh IO
IepBOMY CBOOOJHOMY KaHaly, KOTOpbI y 3Toro aOoHEHTa ecTh. BplgeneHue kaHana Juis
nepeaayu Kaxxa0ro COOOMEHHs IPOUCXOUT TOATAMHO (TI0 Mepe MPOJBUKEHUS COOOIICHUS) OT
OJIHOTO y371a K Jpyromy. Ha kax oM y3ie Ha yTH ClIeJOBaHUS IPUHUMAETCS pellieHne, CBOOOAECH
JU KaHal K cieayromemy y3ay. Eciu cBoboneH, To cooOuleHue nepeaaercs naiee, MHaue
IOPOMCXOIUT OXKUJaHUE OCBOOOXKIeHHs KaHana. K docmouncmeam u neoocmamkam RaHHOU
MOJIETT MOXHO OTHECTH:

— OTCYTCTBHUE BbIIEJIEHHOTO KaHaJla U, COOTBETCTBEHHO, 3aHATOCTU pecypca KOMMYTHPYEMOTO
KaHala Ha HEJAETEPMUHUPOBAHHBIM MPOMEXKYTOK BPEMEHH, T.e. YCTpaHEHa Jerpajarus
CHCTEMBI, BO3HUKAOLAs IPH OpPraHU3alluu CeTel KOMMYTAallMU KaHaJIOB;
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— B CBSI3M C TEM, 4YTO COOOIIECHHS MOTYT OBITh IMPOHW3BOJILHOTO pa3Mepa, BO3HHUKAET
HEOOXOUMOCTh HAJTMYHsI B KOMMYTAIIMOHHBIX y371aX cpeaicTB Oydepusamuu (B 001IeM cirydae
HEU3BECTHO, KaKOW MOIIHOCTH, MOCKOJBKY COOOIIEHHE MMEET MPOU3BOJIBHYIO JIMHY) —
TakUM OOpa3oM, JlaHHasi CeTh MMEET HEJIETEPMHUHHUPOBAHHBIE XapaKTEPUCTHKU (CKOPOCTh
nepeaadu 1o CeTu u T.11.);

— obecrieuenne Oydepusanuu TpeOyeT TOPOTrOCTOSANIETO KOMMYTAIIMOHHOTO 000pYIOBaHUS U
I10;

— HE0OXOJIMMOCTh MOBTOPEHHUsI COOOIICHUS B cllydae cOos Mpu mepenade, yTo caMo Mo cede
ABJISICTCS CIIOKHOM 3a7a4eil, XOTsSI MEHEE TPYAOEMKOM, YEM JIJISl CETE KOMMYTAIIMU KaHAJIOB.

Mognenbs ceTH KOMMYTAIMU NMAKETOB CTPOUTCS HA MPEINOJIOKEHUU HCIONh30BAaHUS B
CETH HEHAJCKHBIX CPEICTB CBsI3U. DYHKIIMOHUPOBAHKWE TAHHOHW CETH COCTOHMT B CIICAYIOIIEM:
KaK70e cooliieHue pasOuBaercss Ha OJOKH (PUKCHPOBAHHOTO pa3Mepa, KOTOpbIE HA3BIBAIOTCS
naxkemamu. To ecTb Tiepeada COOOMICHUS — ATO TIepeava IETOYKH MTAKETOB (JIBIDKEHHUE ITAaKETOB
0 CeTH — aHAJOTUYHO MpEeAbIAYLICH MOJEIH, HO CYHIECTBEHHOE pa3inuue MEXKAY 3TUMHU
MOJICTIIMU  3aKJTFOYACTCS B JICTCPMHHHUPOBAHHOCTH pa3Mepa makera). COOTBETCTBEHHO, Ha
CTOPOHE OTHpPABUTENS TPOUCXOAUT pa3z0MeHHe CcOOOIIeHHs Ha TMaKeThl, a Ha CTOPOHE
nosrydatesst — cOopka. JIroOboi makeT moMUMO HEMOCPEICTBEHHO CaMOT0 COOOIICHUS (M €ro
YacTH) UMEET CIy>KeOHYI0 HHpopMaIuio (KOTopasi 0OBIYHO MPEACTaBIEHA B 3ar0JIOBKE MaKeTa),
00eCIeYrBarONIyI0 BHYTPCHHIOIO IEJIOCTHOCTh IMakeTa (KOHTPOJIbHAS cymMMa TakeTa W Tp.);
aJpeCcHyI0 COCTaBISIONIYIO (IaHHbIE 00 OTHpaBUTENE U ajpecare), a Takxke WHPOPMAIUIO s
COOpKH COOOIIICHHSI M3 TTAKETOB.

[Tpu nepenave makeTa UCTONB3YETCS CASAYIONIAs CTPATETHUs: THO00MH y3€eT, TOTYUYHUB MaKeT,
mbeITaeTCsl cpasy oOT Hero u30aBuThes. [lockonbky r00ast ceTb uMeeT (PUKCHPOBAHHYIO
TOTIOJIOTHIO, a TaKkKe (PUKCHPOBAHHBIC KOJIMUYECTBO U PACIOJIOKEHHE a0OHEHTOB, TO BO3MOXKHO
MIPOCYHTATh €€ XapPAKTCPUCTHUKU W TPEABSIBHTH TPEOOBAaHUS K KOMMYHHKAIIHOHHBIM Y3JIaM.
JlanHast Moiens omyckaeT Oydepu3auio B y3iax nepenadu: naker, Ipus Ha y3el, MOXKET ObITh
MOCJIaH HECKOJIBKO I03Xe, €CIM BCE HEOOXOJHMMBIC BBIXOJHBIC KaHAIBI 3aHATH. Ho mepumon
3aHITOCTH KaHaJla TMPH HM3BECTHOW CTpaTeruu oOpaboTku Oydepa mpenomnpesesieH, MOITOMY
MOJKHO OIICHUTH npedeivbHblil pasmep 0ygpepa, a TAKKe npedeibHble Nepuoobl 0X4CUOAHUS TTAKSTOB
Ipu mepefade ux Mo cetu. TakuM oOpa3oM, eciiM M3BECTHA CTpaTervs mepeaadu, MpoIryCcKHas
CIIOCOOHOCTB SIBJISIETCS IE€TEPMHUHUPOBAHHOMN BEJIMYMHOM.

Cpenu  TOJOXKHUTENbHBIX CBOWCTB  JAaHHOW CHCTEMBl MOXHO OTMETUTh €€
oemepmMuHupo8aHHocms  (A€TEPMUHUPOBAHHOCTh  NEPEMEIEHUH, JIeTepMUHHUPOBAHHOCTD
TpeOoBaHUIl K KOMMYHUKAIIHOHHOMY OOOPYJIOBaHHIO), a TaKXe TO, YTO MpuU cO0e AOCTATOYHO
3aHOBO TOCJIATh MOTEPSHHBIC MAKETHI, 2 HE BCE COOOIIEHUE IIEITUKOM.

K HegocraTkaM MozieIM MOXHO OTHECTH YBEIWYeHHE Tpa(uKa M3-3a TOTO, YTO MO CETH
nepeMeniaeTcesl HakJIaJHas WHQPOpMaIus, KOTopas NPUOABISIETCS K KaXJIOMY TaKeTy Tpu
pa3bueHnn cooOuieHust Ha makeThl. Kak m3BecTHO, 3Ta ciyxeOHas nHdopmanus 3anumaet 80-
90% mnponyckHOl crnocoOHOCTH KaHana. Emie oxHO#M mpoOnemoi, CBsI3aHHOW ¢ pa3OueHueM
COOOIIIEHNs Ha MAKETHI, SIBISIETCA X COOpKa — ATO aKKyMYJIALIMA MTAKETOB, a TAKXKE cama cOopka
(HE0OX0IMMO 00ECTICUNTh HAIMYHME BCEX TIEPEaHHBIX MTAKETOB U UX MPABWIBHEIN MTOPSIIOK).

1.2.10 OpraHun3sauma ceTeBOro B3auMOAEUCTBUA. JITarloHHaaA MoAaerb
ISO/OSI

C mnosiBIeHHEM KOMIIBIOTEPHBIX CETe MOSBHIIACH MPOOJIeMa OpeaHu3ayuu cemego2o
83aumooelicmeus 4epe3 KOMMYHUKAIIMOHHYIO Cpely JByX M 0oiee KOMIBbIOTEPOB.
Pacnipenenenne QyHKIMI MEXTy 3TUMH KOMIBIOTEpAMU MOTJIO OBITh KaK HEHTPaTHN30BaHHBIM
(HampuMmep, apXUTEKTypa TEPMUHAIBHOTO KOMIUIEKCA), TaK U JELEHTPAIN30BAHHBIM (CETh,
COCTOSIIIAsl U3 PAaBHO3HAYHBIX MO POJISIM U MO (PYHKIMSIM KOMITbIOTEPOB). B pamkax mpoOiembl
OpTaHu3aIlH CETEBOTO B3aUMOJICHCTBHS MBI JOJDKHBI PEIIaTh MPOOJIEMBI HE TOJIBKO arapaTHOTO
B3aUMOJICHCTBUS YCTPONCTB, HO CONOCTABIECHHUS B3aUMOACHCTBYIOLIUX MPOTPAMM.
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[Ipu paccMOTpeHHH HMCTOPUM PAa3BUTUS KOMIBIOTEPHBIX CETEH MOKHO HCHOJIb30BaTh
AQHAJIOTUIO PA3BUTHUS BCEW BBIYMCIMTEIBHON TEXHUKU. V3HaYalbHO KOMIIBIOTEP CTPOMJICS Kak
YHUKaJIbHOE TEXHUYECKOe 00pa3oBaHHE, B KOTOPOM ObUIM YHHKAJIbHBIE, OPUEHTHUPOBAHHBIC
UMEHHO Ha 3TOT KOMIIBIOTED KOMIIOHEHTBHL. APXUTEKTYpa M CTPYKTypa KOMIIblOTepa Oblia
MOHOJIMTHOM, T.e. HE ObUIO YETKOW CTPYKTypU3allMH KOMIIbloTepa. Bcé€ 310 mpuBoamio k psaay
npobaeM. Bo-mepBriX, ObIIO KpaifHE CIOYKHO MOAKIIOYATh K KOMIIBIOTEPY HOBBIE YCTPOMCTBa
(omkHa OblIa POBOAUTHCS OYEHb TsDKENas anmapaTHas rnpopabotka). Bo-BTopbix, mosBieHue
HOBBIX KOMITBIOTEPOB MPAKTUYECKH 3aU&PKHUBAIIO BCE TO, UTO OBLIO JJISl CTAPhIX — OTCYTCTBOBANIA
porpaMMHasi IPeeMCTBEHHOCTh (IIEPEHOCUMOCTh Mporpamm). Bee 3Tu mpoOiemsl npuBenu K
HEOOXOIMMOCTH  CTaHAApPTU3aUMU  (KOMIBIOTEPHBIX  KOMIUICKTYIOLIUX,  MPOrPAaMMHBIX
untepdeiicoB). Crangaptuzanus HHTEp(ENHCOB TaeT BO3MOXXHOCTh B3aUMO3aMEHSIEMOCTHU
KOMIIOHEHTOB M uX paborocnocodHocTH. CraHmapTu3anus TO3BOJISET HaM, BO-TIEPBBIX,
JEIEHTPAIN30BaTh MPOU3BOACTBO KOMIIbIOTEpa (TIOSBHIIMCH HE3aBUCHMBIE IPOU3BOIUTENN
LEHTPaIbHON YacTH, nepudepuitHoro o00opyoBaHus, TPOrPAMMHOTO 00ECTIeUYeHHS U T.1.), BO-
BTOPBIX, MOSBUJIACH BO3MOKHOCTh JOCTATOYHO MPOCTON CTHIKOBKHU aJamlTallid, MOAECPHU3ALINUN
TexHukd. Ta xe camas mpoOieMa CTaHAAPTU3ALMU IPOCIEKHUBAIACH W B HPOTPAMMHOM
obOecrieueHnu. B mepByro ouepenp MOJIBEPIIUCH CTaHAAPTH3AIMH SI3bIKUM IPOrPaMMHUPOBAHUS.
Omnwucanue nr000r0 si3pika HecTporoe — 95% B HEM COBEpPUICHHO YETKOM M OJHO3HAYHOU
JeKIapaldy CUHTAaKCHUCa U CEMaHTHKU fA3bIKa, a 5% 4YéTKO He MPOJEKIapUPOBAHbI, YTO MOTJIO
NPUBOJUTH KO MHOTUM Mpobsiemam. [loaTomy HeoOxoauma crangaprusanus. Ciaenyromuil stamn
CTaHAapTU3allMd CBsA3aH C mosBieHueM UNiX, 4YTo [gajio CTUMYJT K MHOTOYPOBHEBOIA
cranaaptuzauu uarepdeiicop OC (0T crangapTU3anuu UHTEP(EHCOB CUCTEMHBIX BBI30BOB JIO
craHjapTu3anuu uHTEpdeiicoB cuctem o0padoTku komanx). Ilpossmiics cranmapt POSIX
(Portable Operating System Interface), koTopsiii ceiiyac ucCHONB3yeTCs NpH pa3paboTKe
OTIEPAIMOHHBIX CUCTEM.

Janee peub moiaeT 00 0OHOM aceKTe CETEBOr0 B3aUMOJICHCTBUSA, KOTOPHIH BO MHOTOM
SIBIISIETCS KJTFOUEBBIM, TPUYEM BaKHOCTH ATOTO acIleKTa IMPOCIIEKHBACTCS OYECHb JTaBHO — C
MOMEHTA MOSIBJIIEHUS] KOMITBIOTEPHBIX CETEH M MX MacCcOBOTO PACIHpPOCTPAHEHUS. DTOT ACIHEKT
CBSI3aH CO CTaHAapTU3AIUEN, TPUMEHSIEMON B BBIYMCIUTEILHON TEXHUKE.

Ha ceronnsmHuii 1eHb MOYTH BCE MPOU3BOJICTBEHHBIE UM TEXHOJIOTMYECKHE MPOLIECCHI,
KOTOPBIMH TIOJIB3YETCSl YEJIOBEK, CTPOSATCS Ha JOCTATOYHO TIIyOOKOHW OSIIEIOHMPOBAHHOU
crangaptuzanuy. CTaHAapTU3alus MO3BOJSET COBPEMEHHBIM MPOM3BOJICTBAM M OpraHM3alUsiIM
MIPOM3BOJICTBEHHBIX MPOIIECCOB OBITH Pa3BUBAEMBIMHU, PEMOHTOCIIOCOOHBIMHU, 0OCITYKUBACMBIMH.

M3HavaabHO KOMIBIOTEPHBIE CETH Pa3BUBAIUCH HA OCHOBE TEPMUHAIBHBIX KOMIUIEKCOB,
KOTOpPBIE CTPOMIIUCH TI0 BHYTPHUKOPIIOPATUBHBIM TpaBHUaM. Takue CETH HCIIOJB30BAN «CBOM»
KOPIIOpaTHBHbIE CTAHAAPThI HAa MOJKIIOUEHUE 000PYA0BaHMs, Ha Tepeiady JaHHBIX, HA TpPaBUIIa
B3aUMOJICHCTBHS KOMITBIOTEPOB U TIPOTPAMM B CETH.
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Pa3zButHe cereii onpeaeniio MacCOBOCTh UX MCIIOIb30BaHUs. Bo3HHUKIIa HEOOXOIUMOCTh
CO3MaHUS CETEH, KOTOPbIE MOTIU OBl JOCTATOYHO MPOYHO PACIIUPSITHCS O€3 MPUBJICUCHUS
CYILIECTBEHHBIX ME€PEIETIOK, B3aUMOEHCTBOBATh APYT C APYTOM, MOJIEPHU3UPOBATHCS, B KOTOPBIX
morsio 061 MeHAThes 110, no6GaBnAThCS HOBBIE CIyXObl. BC€ 3TO MPUBOIUT K HEOOXOAUMOCTH
CTaHJapTH3alUU B KOMIIBIOTEPHBIX CETsX. B CBA3M ¢ 3TUM MOSBUIICS LEIbIA CIIEKTp MoJeei
OpTraHMU3aINH CETeH (T.H. KOTKPBITBIX)» CETEI), B OCHOBE KOTOPHIX UCTIOIB3YETCSI MOJICTh CUCTEMBI
oTkpeiThix ~ uHTEpdeiico  (OSI— Open Systems Interconnection), npemokeHHas
MesxayHapoaHoii opranu3amnueii no crangaprusanuu (ISO — International Organization for
Standardization). Pabota Haj co3gaHueM 3TOi MOJICTH Beach ¢ cepeinHbl 70-X IT. 10 CepearHy
80-x rr. mponutoro Beka. Llenpro pa3paboTku 3TOW MoJenH ObLIO MOCTPOCHHE CTaHAapTa, Ha
OCHOBE KOTOPOT'O MOYHO OBLIO CO3/1aBaTh KOMITBIOTEPHBIE CETH, OTKPBITHIE K PACIIUPEHUIO U
mogudukaimu. CToutr orMeTuth, uTo MoOnenb ISO/OSI sBnsieTcs B HEKOTOPOM CMBICIE HE
CTaH/JapTOM, a peKOMEH 1alliel, KOTopasi B IOJIHOM 00bEME HUKOT'/1a HUT/IE He Obli1a peaii30BaHa.
Opnnako, monoOHo mpunimnaM ¢on Heiimana, BaKHOCTh 3TOW MOJENU TPYJHO NEPEOLICHHTb.
Mopens ISO/OSI paccmaTpuBaeT ceTh U B3aUMOJICHCTBHE KOMITBIOTEPOB B CETH B BHJIE CEMU
¢dyukunonanbHbIX ypoBHeW (Puc. 66). [lanHas mMomenb OCHOBaHAa Ha aHAIM3€ MCTOPUUYECKOTO
pPa3BUTHUS PEATTbHBIX KOMIIBIOTEPHBIX CETEH.

7. IlpukiiaiHON YpOBEHb
3

6. YpoBeHb IIpeICTaBICHUS
3

5. CeaHCOBBIN ypPOBEHb
3

4. TpancniopTHBIN YPOBEHb
3

3. CereBoil ypOBEHb
3

2. KananpHbIi ypoBEHb
3

1. ®uznueckuii ypoBEHb

Puc. 66. Moaesn opranu3auuu B3aumoneiicreus B cetu 1SO/OSI.

YpOBHH 3TOW MOJENHU PAaCIOJIararoTcs OT (HU3MUECKON Cpelpl Mepenaddl JaHHBIX JI0
NpUKIagHoro ypoBHS. [lpu 3TOM mpeamonaraercsi, 4YTO B3aUMOJCHCTBHE B CETH MOXKET
OCYUIECTBIIATECA MEXKIY OJHOMMEHHBIMHU (OJHOPAHIOBBIMH) ypOBHSAMHU. [lsl ocyliecTBieHus
ATOTO B3aUMOJICHCTBHUS MCIIOJIB3YIOTCS IPOTOKOJIBI.

IlIpomokon — 310 popManbHOE OMHMCAHUE COOOIIECHHU U MPaBHI, IO KOTOPHIM CETEBBIC
YCTPOWCTBA (BBIYMCIIUTEIBHBIC CUCTEMBI) OCYIICCTBISIOT 0oOMeH uH(opmanueil. [IpoTokon
oOecrieyrBaeT B3aMMOJIEUCTBUE B CETH MEXIY pa3IMYHBIMU CETEBBIMM YCTPOMCTBAMHU Ha
OTHOMMEHHBIX ypOBHsX. JI1OOOH H3 YpOBHEH MOXKET COJepkaTh MPOM3BOIBLHOE YHCIIO
IPOTOKOJIOB, HO OOIIAThCsS MOTYT JIMIIb MPOTOKONBI OAHOTO ypoBHS. Ilox mporokosom OymyT
MIOHUMAThCS TIPABUJIA B3aUMOJICHCTBHSI OJTHOMMEHHBIX, WA OJJHOPAHTOBBIX, YPOBHEH.

Humepgpeiic — nipaBuia B3aMMOJICHCTBHS BBIIIECTOSIIETO YPOBHSI ¢ HUKECCTOSIIIAM.

Cnyycoa unu cepeuc — HaboOp omepaluii, MPeIOCTaBIAEMbIX HIDKECTOSIIIUM YPOBHEM
BBIIIIECTOSIIIIEMY .

Cmek npomokon106 — TepeyeHb Pa3HOYPOBHEBHIX (OT MEPBOTO JO MaKCHMAIbHOTO
PEATM30BaHHOTO) MPOTOKOJIOB, peaTn30BaHHBIX B cucTteMe. CTEK MOXET OBITh MPOHU3BOJIBHOM
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IyOWHBI, T.€. B HEM, BO3MOXHO, He OyAyT MpeacTaBieHbl NMPOTOKOJBI HEKOTOPBIX YpOBHEH
monaenu ISO/OSI.

[Tpu ocyuiecTBiIeHNN B3aUMOAEHCTBUSA MH(pOpMaLKs AOHKHA OBITH CHayaia mepenaHa C
TEKyIIero Ha TIEpBbIiI YPOBHS Ha JaHHOM CETEBOM YCTpPOICTBE, 3aTeM IepefaHa IIo
KOMMYHHKAIIMOHHOW Cpesie, MPUHATA Ha IPYTOM CETEBOM YCTPOWCTBE, U, HAKOHEL, MOJHATA 10
COOTBETCTBYIOIIETO YPOBHSI Ha JpyroM ceTeBoM ycTpoiictBe. (Cxema JIOrMYECKOIo
B3aUMOJICHCTBHUS CETEBBIX YCTPOUCTB IO I-OMY MPOTOKOJTY IpuBeieHa Ha Puc. 67.

Tenepp Oosee 1eTaJbHO pACCMOTPUM HA3HAUYEHUE KaXA0I0 YPOBHS.

®usnyecknii ypoBenb. Ha 3ToM ypoBHe obecrieunBaeTCsi HEMOCPEACTBEHHO Meperadya
HECTPYKTYpPUPOBAaHHOTO TIOTOKa JBOMYHOW uH(popMmauumu. /[l mnepenadum HMCMONb3yeTcs
KOHKpeTHasl (pusnueckast cpena (kabeib, paIloBOIIHEI U T.11.). Ha taHHOM ypoBHE neknapupyercs
CTaH/apTU3aLUsl CUTHAJIOB U COEIUHEHUI.

KananbHblii ypoBeHb (WM YPOBEHb Nepeaayd JaHHbIX). Ha 3ToM ypoBHE pernatorcs
3aJaun O0ECIEUeHHUs MepeJadyr JaHHBIX MO (U3UYECKOH JMHUHU, 00ECTeYeHHs JOCTYIMHOCTH
buznyeckoil TMHUM, 00eCTIeUeHNs CHHXPOHU3AIMHU (HapuMep, epeJatoiero u NpUHUMAIOLIETO
y3JI0B), a TaKXKe 3a/1a4u 1o 60pboe ¢ ommbkamu. KananbHbIH ypoBEHb MAaHHUITYIUPYET MOPIUSAMH
JAHHBIX, KOTOPbIE Ha3bIBAIOTCS Kadpamu. B xaapax mpuCcyTCTBYeT U30bITOUHAs HH(pOpMAaLUs AJis
¢ukcarmu u ycrpaneHus ommOok. Takum oOpa3oMm, OCHOBHAs 3a7ada KaHAJIBHOTO YpPOBHS —
obecrnieyeHre Haa&KHON JUHUM CBS3U. Ha KaHanbHOM ypOBHE TakKe MOXKET peliatbes 3ajada
BHYTPEHHEH aIpeCallid yCTPOUCTB B JIOKAJIILHOM CETH.

CerteBoii ypoBeHb. Ha »TOM ypoBHE pemaroTcs 3aJadyd B3aWMOJICUCTBUS CETEM:
o0ecrieuynBaeTcs yrpaBlieHHE ONEepalusIMU CeTH (B T.4. ajipecarusi abOHEHTOB, MapIIPYTU3AIHS ),
a TaKke 00ecreynBaeTCs CBSI3b MEXK/1y B3aUMO/ICHCTBYIOUIMMH CETEBBIMH yCTpoicTBaMu. Takxke
Ha 3TOM YpPOBHE IPOMCXOJHUT YIPABICHHE [BWKCHHEM IIAKETOB, M TPU HEOOXOAMMOCTHU
nojiepKuBaeTcs ux oydepuzausi.

TpancnopTHbiii  ypoBeHb. Ha 1aHHOM ypoBHe oOecrmeyuBaeTcs KOPpEKTHas
TPAHCTIOPTUPOBKA JAHHBIX U  B3aUMOJICHCTBUE MEXIy MPOrpaMMOU-OTIIPABUTEIEM U
IporpaMMOii-rosryyaTeseM JaHHbIX, T.€. 00ecreunBaeTcs MporpaMMHOE B3aMMOAEHCTBHUE (a HE
B3aMMoOJieiicTBre ycTpoicTB). Ha 3TOM ke ypoBHe NpUHUMAETCs pelleHre O BblOOope Tumna
TPAHCIOPTHBIX YCIYT (TPAaHCIOPTHUPOBKA JaHHBIX C YCTAHOBJIEHMEM BHPTYaJbHOIO KaHaja WIN
e 0e3 oHOro). B ciydae ycTaHOBIIEHHS BUPTYaJIbHOTO KaHajla OCYIIECTBISIETCSI KOHTPOJIb 3a
(akTOM 10CTaBKH U 00paboOTKa OMMOOK (TIPU 3TOM B3aUMOJICHCTBHE POTrPAMMBI-OTIIPABUTENS U
porpaMMbI-TioyTydaressi o0ecrneunBaeTcs B TepMHHaX coobOmieHuit). Ecnau ke BUpTyanbHBIN
KaHaJl HE yCTAaHAaBIIMBAETCS, TO YPOBEHb HE HECET OTBETCTBEHHOCTH 3a JIOCTaBKy nakeroB. Ha
TPAHCIIOPTHOM YPOBHE MoOo/cem OOECIeunBaThCA BBISIBICHHE W HCIpaBICHHE OMIMOOK Mpu
nepeaade.

CeaHcoBbIil ypoBeHb. JTOT YpPOBEHb OOECIEYMBAET YMpaBIICHUE ceaHcaMmu CBsi3u. Ha
3TOM YPOBHE PEIIAIOTCS 3a/1a4K ONPEAEIICHNS aKTUBHOM CTOPOHBI, IOATBEPKACHHS IOJTHOMOYNI
U MapoJiel, a Tak)Ke pelIaroTcs 3a7aur OpraHu3ali METOK, UM KOHTPOJIbHBIX TOYEK IO CEaHCy,
KOTOpbIE OTPakalOT COCTOSHUE CeaHca CBS3M M IMO3BOJSIOT B CIIydae BO3HMKHOBEHHs cOOs
BOCCTaHABJIMBATh CEAHC C MOCJIeTHEH KOHTPOJIbHON TOUYKH (T.€. IOBTOPSATH NIEpeiady He C Havyaa,
a C IocJieJHEN YCTAaHOBJIEHHONW KOHTPOJIbHOM TOUKH).

YpoBeHb npeacTaBIeHUs] JAHHBIX 00ecreYnBaeT YHU(PUKALUIO UCTIOIb3yEMBIX B CETH
KOJIMPOBOK M (hOpMaTOB NepeaBaeMbIX JaHHBIX.

IlpukiaagHoii ypoBeHb (YpOBeHb NPHKJIAAHBIX mnporpamm). Ha »TomM ypoBHe
dopmanu3yroTcs npaBuia B3aMMOJEHCTBHS C MPUKIAJHBIMU CHCTEMaMM (HarmpuMmep, ¢ BeO-
Opay3epoM). Paau 3Toro ypoBHS BBICTpaMBaeTCsi BCA CTPYKTypa OpraHU3allUd CETEBOTO
B3aUMO/JICUCTBUA.
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Puc. 67. Jlornyeckoe B3auMo/1eiiCTBHE CETEBBIX YCTPOMCTB 10 i-OMY MPOTOKOJIY.
1.2.11 CemenctBo npotokonoB TCP/IP. CooTrBeTtcTBUe mogenu ISO/OSI

PaccmoTpuM enie ogHy MOZENb OpraHU3aluy CETEBOIO B3aUMOJEHCTBUS — CEMEWCTBO
nporokosnioB TCP/IP (Puc. 68). D10 Kiaccuyeckass 4eThIpeXypOBHEBas MOJEIb OpPraHU3alUH
cereBoro B3aumonencTBus. [Iporoxomnsl cemeiictBa TCP/IP ocHOBaHbI Ha CeTHM KOMMYTallUU
nakeroB. M3HauanbHO J[aHHBIE MPOTOKOJBI OBLIM pa3paboTaHbl KaK CTaHAAPT BOEHHBIX
IPOTOKOJIOB B areHTCTBE MEPCHEKTUBHBIX pa3padoTok DARPA munuctepctBa o6oponsl CIIA.
Llens aTOM pa3pabOTKK — CO3AaHUE YCTOMYMBOM ACTICHTPATM30BAHHONW CETH, KOTOPasi MOTJia Obl
(YHKIMOHMPOBATh B KOMMYHHUKAI[MOHHOH cpele, HMEIoIed HeAeTepPMUHUPOBAHHYIO
HaJ&KHOCTh U TPOU3BOAUTENBHOCTE. B ntore arentctBo DARPA pa3zpaborano cetb ARPANET,
KOTOpass B CBOEM pa3BUTHHU JIeTJa B OCHOBY COBpPEMEHHOH cetu Internet (mockosibkKy 3TO
CeMEHCTBO MPOTOKOJI0B ObLI0 HHTerprpoBano B OC BSD Unix).

4. YnoReHb MMHUKIATHRIX TTHOTDAMM

¢

3. TpanCcnmONTHRIN VDOREHHK

¢

2. Mexcereroit VhOREHB

¢

1. YpoRrennr nocrvria k cetm

Puc. 68. CemeiicTBo npotokosios TCP/IP.

[Tpoeném conocrasnenue moaeneit TCP/IP u ISO/OSI.

YpoBeHb AocTyna K ceTH. DTOT YPOBEHb COOTBETCTBYET (PM3NYECKOMY U KaHAJIbHOMY
ypoBHsM Mmogaenu [SO/OSI. Yposenb goctyna K ceTd crneuupHUIMpyeT TOCTYN K (HU3HMUECKOM
cetd. Ha 3TOM ypoBHe periarorcst mpoOIeMbl CeTeBOro aianTepa, JpaiiBepa CeTEBOro ajantepa u
poOJIeMBbI Cpeibl epeadn JaHHBIX.

MexkcereBoii ypoBenb (wiu internet-ypoBenn). B HekoTOpOM CMBICIE €My
COOTBETCTBYET ceTeBoil ypoBeHb Monenu ISO/OSI. T.e. Ha 3TOM ypoBHE pemaroTcst MpooIeMbl
aJipecaliv ¥ MaplIpyTU3aluu 1Mo ceTu. B oTinune oT cereBoro ypoBHs moaenu OSI, mexceTreBoit
ypoBenb Monieniu TCP/IP He ycTanaBmuBaeT COeTMHEHUI C IPyTUMH MallHHAMH.

83



TpaHCHIOPTHBINA YPOBeHb. DTOMY YPOBHIO COOTBETCTBYIOT CEAHCOBBIM M TPAHCIIOPTHBIN
ypoBau mozenu [SO/OSI. TpauncnoptHseiii ypoBerb monenu TCP/IP obecrieunmBaeT AocTaBKY
JaHHBIX OT KOMIIbIOTEpPA K KOMIIBIOTEPY, 00ECleYrBaeT CpeAcTBa sl MOAAEPKKU JTOTHUYECKUX
COCIMHEHUI MEXy TPUKJIaAHBIMUA IpOrpaMmMamMu. B oTiinure oT TpaHCIIOPTHOTO YPOBHS MOJIENU
OS], B pynkiuu TpancnoptHoro ypoBHs TCP/IP He Bceraa BXOaAT KOHTPOJIb 32 OMTUOKAMH U UX
Koppekuusa. Ha 3ToM ypoBHE nMMeeTcsi BO3MOXKHOCTh HCIIOJIb30BaHHUS IPOTOKOJIOB IE€peaauH,
KOTOpBIE€ YCTaHABIMBAIOT BUPTYaJIbHOE COCTMHEHNE WU HE YCTAaHABINUBAIOT €rO.

YpoBeHb NPUKJIAAHBIX NPOrpaMMm. DTOT YpPOBEHb pa3peuiaet MmpooOJeMbl ypPOBHA
MPEACTABICHUS M YPOBHS MpHUKIAAHBIX Tporpamm wmoxaenu ISO/OSI. YpoBeHb NpUKIAIHBIX
nporpamm mozenu TCP/IP cocrout u3 mpuKiIagHbIX MPOrpaMM U MPOLIECCOB, MCIOIb3YIOMINX
CeTh M JIOCTYIHBIX MOJb30BaTento. B omnune ot monenu OS], npukiagHble TporpaMMbl caMu
CTaH/apTU3YIOT NPEACTABIECHUE IaHHBIX.

Ot ypoBHu Mozaenu TCP/IP sBisioTcs MakeTHBHIMU: Ha KaXkKJIOM YPOBHE CHCTEMa
ONepHpyeT MOPLUUAMHU JTAaHHBIX, O0JIAAIOIIUMH XapaKTEPUCTUKAMH COOTBETCTBYIOIIETO YPOBHS
(Puc. 69). JIBurascey OT BEpXHEr0 ypOBHS MOEIH K HIDKHEMY, COJIep)KaTeIbHas HHPOpMAIHS TPU
HEOOXOIMMOCTH JAPOOUTCS Ha MakeThl (PUKCHPOBAHHOTO pa3Mepa, U K KaXIOMY M3 HHX
nobaBmsieTcst 3arosioBouHass uH@opmanus. [Ipu 3ToM moka conepkarenbHas HHGOpMaLuUs
JOXOJHUT A0 YPOBHS JIOCTyIa K CETH, 00bEM COOTBETCTBYIOIIEH el Ciry:keOHO# MH(popMayu
CTaHOBUTCS JOCTATOYHO OOJIBLINM.

YpoBeHb npuknagHbiX nporpamm MoTOK coobLieHne
TCP UDP
TpaHCnopTHLIN YPOBEHb CerMeHT naket
AN
MexceTeBol ypOBEHb penTtarpamma
YpoBeHb focTyna K ceTu dpeiim

Puc. 69. B3aumoseiicTBue Mexay ypoBHssMu npotokosios TCP/IP.

Wrax, ocHOBHBIE CBOMicTBa MpoToKoj0B cemeiictBa TCP/IP cnemyromiue:
e VYcroitunBas paboTa B HEIETEPMUHUPOBAHHBIX YCIOBUSAX JIUHUH CBSI3U
e  OTKpBITOCTH (IOCTYITHOCTD JJIl UCIIOJIb30BaHNUs1) CTAHIaPTOB IPOTOKOJIOB
e HesaBucumocTh OT anmapaTHOro oOecrieueHus CeTH nepeaadn JaHHbIX (3a CUET HaIUYus
YPOBHSI JOCTYTIA K CETH)
e VHu(HUUHPOBAaHHAS MOJIEIb UMEHOBAHHS CETEBBIX YCTPOUCTB
e (CraHzapTU30BaHHbIE POTOKOJIBI IPUKIIAJHBIX IPOTpaMM
Teneps ocTraHoBUMCS Ha KaxaoM u3 ypoBHel moaenu TCP/IP 6onee moapobHo.
[IpoTokosibl YPOBHSI 1OCTYNAa K CeTH 00ECIIEUMBAIOT CHCTEMY CPEACTB JUIsl MEepeaayvu
JAHHBIX JPYTUM YyCTPOHCTBaM B ceTH. B kadecTBe mpuMepa MOXXHO IMPHUBECTH CEMEHUCTBO
nporokosioB Ethernet, sinstomeecs pazpaboTKo# HCCIEIOBATEIBLCKOTO [IEHTPA KOMITAHUH Xerox
(1976 r1.). Tlporokomsr Ethernet mnpenmonarailoT HagHYWe ITHPOKOBEINATEIBHOW CETH,
WCIIONIB3YIOUIEH €UHYI0 MarucTpaib (00IIy0 MHHY). sl CeTEBBIX YCTPOMCTB, MOAKIIOYaeMbIX
K O3TOM Maructpajiu, O0eCleYMBaeTCsl PEXHUM, HA3bIBAEMBIH MHOJMCECMEEHHbIN OOCMYN C
Koumponem uecywei u obuapyscenuem xongauxmos (Carrier Sense Multiple Access with
Collision Detection — CSMA/CD). Dtu ceTeBbie yCTPOICTBa pabOTAIOT B CICIYIOIIEM PEXKUME.
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Tak xak ceTb wiuporkogeujamenbHas, Bce COOOIEHNS, KOTOPBIE IIepeMeNIatoTcs o o0uIei muHe,
BUJIHBI BCEM aJamnTepaM CEeTEBbIX YCTPOWCTB, KaXJO€ U3 KOTOPbIX HMEET YHUKAJIbHBIN
busznaeckuit aapec (T.H. mac-aapec). Kaxapiii anantep ciymaeT IUHY ¥ 3a0UpaeT Te COOOIIECHUS,
KOTOpPBIE aJApECOBAaHbl COOTBETCTBYIOLEMY CETEBOMY YCTPOWCTBY. TepMUH MHOICecmeen bl
OeyeHmpaau308anHblii 0OCMyn 03HAYAECT, YTO B JIOOOH MOMEHT JIt000€ U3 YCTPOHCTB MOXKET
MOTBITAThCSI BBIAATH COOOIICHHE Ha o0mylo mmHy. [Ipy 3TOM BO3MOXHO BO3HUKHOBEHHUE
KOH(QJIUKTHBIX CUTyauud. TepMHH KOHmMpOAb Hecywjell O3HAYaeT, 4TO KaKIbli aOOHEHT,
«CIymIash» CeTh, paclo3HaeT, CBOOOAHA OHA MK 3aHsATa. Kak TOIBKO CeTh CTAaHOBUTCS CBOOOIHOIM,
YCTPOMCTBO MOXKET «3aKHIBIBATh» OUYEPEAHYH NOpLUHUI0 AaHHBIX. IIpum 3TOM ycTpoilcTBO
«CITyIIaeT» Kak CBOIO Iepenady, Tak M nepenauu Apyrux aboHeHToB. «bpocas» cooOuieHue B
CEeTh, YCTPOMCTBO CIOCOOHO pacloO3HAaTh HCKAKEHUS, KOTOPHIE O3HAYAIOT, YTO KAKOE-TO eIl
YCTPOWCTBO TaKXe MBITACTCS MOCIATh JAAHHBIE B CE€Th. B 3TOM ciyyae OOBIYHO peanusyeTcs
clenyromiasi cTparerus: ooa aboHeHTa MpeKpallalT BelaHue U 0epyT TailM-ayT Ha HEKOTOPBIN
CITyJaHBIN TPOMEXKYTOK BpPEMEHHU (4TOOBI MHHHMH3UPOBATH MOBTOPHBIE KOJUIM3WH), & 3aTeM
MOBTOPSIIOT  CBOM  MONBITKH. JlaHHas ceTb oONagaeT TUNUYHBIMH  HEJAOCTaTKaMu
IIMPOKOBEIIATEIILHONW CETH: ITPH WHTEHCUBHOW padoTe 4acTO BO3HUKACT CUTYaIs, KOT1a o01mas
HIMHA 3aHsATa. TakKe Mpu MHTEHCUBHOW paboTe BO3pacTaeT yacToTa KOH(IMKTOB, YTO BEIET K
CHUKEHUIO MPOU3BOJIUTEILHOCTH CUCTEMBI.

B kauectBe Qusuueckoil cpebl epeayn JaHHbIX UCIIOJIb3YIOTCSA CaMble pa3HbIe CPEJIbl:
3TO MOXET OBITh «TOJCTHIi» Ethernet (k Toscroit MeaHO# MoJioCe afanTephbl MOAKIIOYAIOTCS C
HIOMOIIIBIO «KJIEMIOYHOT0» MEXaHNU3Ma), «TOHKHUi» Ethernet (anasor momaniHero TeeBU3HOHHOTO
kalems), BHUTas Tmapa (CKpyTKa CIYXHUT JJs TOTAlICHUs SJICKTPOMArHUTHBIX IOMEX),
ONTOBOJIOKHO, paauoCUrHal. Bce »3Tu cpeabl nepenaud JaHHBIX —CTaHAAPTU3UPYROTCS
nporokonamu Ethernet.

CewmeiictBo mpoTokojioB Ethernet smisiercss mmpoko pacnpoCTpaHEHHBIM, HO KpPOME
MIPOTOKOJIOB 3TOI'0 CEMEMCTBA HA YPOBHE AOCTYNA K CETU €CTh U APYTHe MPOTOKOJIBI.

MexcereBoit ypoBeHb. IIpomoxon IP — OnuH U3 OCHOBHBIX NPOTOKOJIOB, B YECTh
KOTOPOTO MoJy4rio Ha3BaHue BcE cemericTBo TCP/IP. JlaHHBIN MPOTOKOJ peain3yeT CICAYIOIIHe
byHKIUM:

— ¢opMupoBaHUe AeHTarpaMm;
— MOJJEpP’KaHHE CUCTEMBI aJJpecalliu;

0oOMeH JaHHBIMHU MEKy TPAHCIIOPTHBIM YPOBHEM U YPOBHEM JIOCTYIA K CETH;
— Opra’u3anys MapuIpyTHU3alUu AerTarpamm;
— pa3buenue u oOpaTHast cOOpKa JerTarpamm.

OtmeTtnM, uto mpotokon IP — 0e3 ycTaHOBIEHHS JIOTMYECKOTO COEIWHEHUs, U OH He
obecrieunBaeT oOHapy>KEHHE U MCIIPABICHHE OLIHOOK.
OcHOBHast (QYHKIMA 3TOr0 NPOTOKOJIA — TOAJEPKAHUE CUCTEMBI MedHCCemesoll

aopecayuu (internet-axpecanum), TO3BOJSIONIEH OOBEIUHATH pPa3IMYHbIC (TETEPOTeHHBIEC) CETH B
eIMHOE TIeJIOe, a TaKXKe opraHuzanus mapmpytusanuu. |P-adpec — »1o 32-x unu 64-x ducno,
KOTOpOe KOJIUpPYeT MH(OpMaIio 0 HOMepe KOHKPETHON CETH M HOMEpE CETEBOr0 YCTpoiicTBa
BHYTpH 3TOH cetn. HTepnpeTanus agpeca MPOUCXOAUT MO MPEUKCHBIM TBOMYHBIM pa3psaaMm.
Paccmorpum ctpyktypy 32-pa3psansix IP aapecoB. Anpeca pa30uBaroTCs Ha CIEIYIOINE KIacChl
(Puc. 70).

@®opmat KJacca A 1o3BOJISET 3a1aBaTh aapeca 10 126 cereli ¢ 16 MIIH. XOCTOB B KaX10i
(ceTpro Kiacca A o0aaroT Beayllue MeXHaIMOHaIbHbIE KOoprHopalun), kiacca B — no 16382
cerelt ¢ 65536 xoctamu, 1, HakoHell, kaacca C — 2 MiH. ceteil ¢ 254 xoctamu B kKax10il. Cpenu
IP-anpecoB kiaccoB A, B u C umerorcs npenonpenenéHibie (HampuMep, €Cil HOMEp CeTH U
HOMEp CETEBOT0 YCTPOWCTBA PaBHbI HYJIIO, TO cuuTaercs, 4yTo 310 IP-anpec tekyiero cereBoro
ycTporictBa). @opmar kJjacca D mpegHazHaueH i MHOTOAIPECHOM pacchliku. OcTanbHBIC
ajipeca MCIONB3YIOTCS IS CIIy KeOHBIX 1eneil. OTMeTHM, YTO Ha CEerOAHALIHUNA MOMEHT B MHpe
CKJIaJIbIBAETCSl CUTyalus, korjga 32-0utHeiX [P-ampecoB He xBaraer, U BeayTCs pa3paOOTKU IO
UCTIONB30BaHUI0 Oojiee anmuHHOW anpecarmu. Cucrema TCP/IP mpeamonaraer BO3MOXXKHOCTb
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SKOHOMHOTO pacxojoBaHus IP-ampecoB, T.e. UMeeTCsl BO3MOXHOCTh BbleNeHus |P-anpecoB mo
JByM CTpaTerusiM: JoJroBpeMeHHas (rmoctosiHHele |IP-anpeca) n kpatkoBpemeHHas (IP-ampeca
BBIJICJISIFOTCSI HA BPEMS CEaHCa).

II 32 6uTa II

|
\j

N R NN A R N A A N N N M B B

Knacc A
0 Cetb XocT

Knacc B
1|0 CeTb XocTt

Knacc C
1 1 0 CeTb XocTt

Knacc D
1 111 0 pynna

Knacc E
1 111 1 pynna

Puc. 70. Cucrema agpecanuu nporoxoia IP.

Kak oTmeuanock Bblle, KaKIbIH U3 YPOBHEH B3aUMOJIEUCTBYET C COCETHUMHU YPOBHIMHU
(B COOTBETCTBMM C TEMHM WM MHBIMH IPOTOKOJAMH) IOPLUHUSAMHU JAHHBIX, HMEIOLIMMHU
crenuuUHbIE IS KaXKI0T0 YPOBHS Ha3BaHUA. Tak, JIsl MEKCETEBOTO yPOBHS MaKeT Ha3bIBAETCS
oetimazpammou. OHa U3 OCHOBHBIX 3a/1a4 NpoTokona IP —3To MapiipyTuszanus qedrarpamm.

[Iporoxon IP monapa3ymeBaeT HCMOIb30BAaHUE HEKOTOPHIX CHEIHAIU3UPOBAHHBIX
KOMITBIOTEPOB. JTO KOMIBIOTEpHI, MpeJHa3HAYCHHBIE JUIsI OpraHu3amuud  (HU3HYECKOTro
0o0BeIMHEHNS Pa3IUYHBIX CeTel, Ha3bIBAIOTCS LLII03aMH. TO ecTh I3 — 3TO YCTPOMCTBO,
KOTOpPO€ €JMHOBPEMEHHO MOXKET IPHHAJIEKATh ABYM U Oojee ceTaM. B obiiem ciydae nuio3
UMeeT JIBa U 0oJiee CeTeBhIX ajamnTepa, Ha KOTOPhIX (QYHKIHOHHPYET COOTBETCTBYIOIIEE YUCIIO
(Ba mim OoJee) CTEKOB MPOTOKOJIOB.

[lepen MexceTeBBIM YPOBHEM CTOUT 3ajadya MapHIPpyTH3alUM — 10 umeroniemy [P-
azpecy ImojydaTenss HeoOXOJUMO OIpeAeauTh MaplIpyT CIeAOBaHMS MakeTa. JTa 3ajaya
pacmaziaeTcs Ha JiBe moj3ajaayu. [lepBas nojazasaya — 3T0 MpodieMa OpraHu3aliy aapecalny B
JIOKaJIBHOM CEeTH, B paMKaxX KOTOPOM MPOUCXOAUT B3auMoieiicTre. 1 31ech 0CoOBIX CIIOKHOCTEH
HE BO3HUKAET, MOCKOJIbKY CHEeIH(HKA MEKCETEBOIO0 YPOBHS MO3BOJIAET OTHOCUTEIBHO MPOCTO
OpraHM30BaTh B3aUMOJICHCTBHE MAlIMH B paMKaxX OJHOM JOKaJbHOU ceTu. Bropas moazagaya —
9TO OpraHu3alus aJpecald MEXIy pa3lu4yHbIMU ceTsMu. [l pemieHus 5Toil 3amadu
UCIIOJIB3YIOTCS IUIIO3bI, KOTOpBIE OJHOBPEMEHHO NPHUHAJUIEKAT Pa3HbBIM CETSIM, a TaKke
MapIIPyTHU3aTOPbI, KOTOPBIE PEIIAlOT 33/1a4y, Yepe3 Kakoi U103 HeoOX0IUMO OTIPABUTH MAKET.
Otmerum, uto ctek mnportokonoB TCP/IP mo3BonseT KoMIbIOTEpaM COBMENIATh HECKOJIBKO
GbyHKIUI: 0/THA U Ta K€ MAIllMHA MOKET OBITH OJTHOBPEMEHHO U ILITI030M, U MapIIPyTHU3aTOPOM,
¥ XOCTOM, IpUYeM pabOoTalONIMiA 3a HeH MOJb30BaTeIh MOXKET HE JIOTa/IbIBATHCS 00 OpraHu3auu
JIOKAJIbHOM ceTH, B KOTOPOW OH paboTaer.

Paccmorpum mpumep (Puc. 71). ITycTh HEOOX0IUMO TOCIATH COOOIIEHHE OT MAITHHBI A 1
MammHe A2. MammnHa Al Haxomutcs B cet A, a mamnHa A2 — B cetu C, mpudem cetb A
CoeJIMHEeHa JIIIb ¢ ceThio B mocpenctBom nuto3a G1, a cetb C coequHeHa TaKkKe JHILIb C CEThIO
B, HO mocpenctBom mumro3a G2. COOTBETCTBEHHO, MapIIPyTH3aTOP IOJDKEH YUMUTHIBATH 3THU
0COOCHHOCTH TIpH peHICHWH 3aJa4u MapumpyTtu3anuu. OOpatuM Bamie BHHMaHHE, YTO Ha
KOMIIBIOTEPHBIX IITI03aX PEATH30BAHO TOJIBKO IBa YPOBHS MPOTOKOJIOB, TOCKOIBKY ISl PEIICHUS
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3aJjauu TPAHCIIOPTUPOBKHU MAKETOB M3 OJHOM CETH B JPYIYIO AOCTATOYHBI JIMIIb HAJTUYUE ITHUX
JIByX YPOBHEM.

XocT A1 XocT A2
YpoBeHb YpoBeHb
npuKNagHbIX npuKnagHbIx
nporpamm nporpamm
TpaHcnopTHLIN TpaHCcnopTHbLIN
YPOBEHb YPOBEHb
Lno3 G: Wno3 G2
MexceTeBoW MesxceTeBoi MesxceTeBoi MesxceTeBoW
YPOBEHb YpPOBEHb YpPOBEHb ypOBE€Hb
YpoBeHb YpoBeHb YpoBeHb YpoBeHb
Aoctyna poctyna poctyna aoctyna
K cetun K ceTu K ceTu KceTtn

v

Vo

L

iy

( Cetb A )( Cetb B )( Cetb C )

Puc. 71. WcnoJsib30BaHMe NLTIO30B 115 MepeJavy MAKeTOB.

TpaHncnopTHbIi ypoBeHb. /[Ba OCHOBHBIX NPOTOKOJIAa TpaHCHOPTHOTrO ypoBHs — TCP u
UDP. OpauM w©3 BaXXHEHIIMX MPOTOKOJOB JAHHOTO YpOBHS sBisercsa mnpotokon [CP
(Transmission Control Protocol — npoTokou ynpasieHus nepeaayeii JTaHHBIX ), KOTOPBIHA, PABHO
Kak 1 mpotoko: [P, nan cBoe Ha3BaHUE BCEMY CEMENUCTBY IPOTOKOJIOB. DTOT MPOTOKOJI MOCITY KU
HEKOTOPBIM ~ «IIPAPOJUTENEM» 3TOTO CEMEHWCTBa IPOTOKOJIOB, IOCKOJIBKY MUHHCTEPCTBO
O6oponsr CIIIA, korma naunnanmo ucciaeaoBanue ARPANET, craBuio mepen coboit 3amgady
pa3pabOTKU CEeTH, yCTOMYMBOM K HEIETEPMHUHHUPOBAHHOMN (DU3MUECKOH cpejsie nepeaadn JaHHbBIX.
W oguuM u3 ycnoBuil ObLI0, YTOOBI MOJNy4eHHAs CeTh paboTalla KOPPEKTHO KakK Ha JUHUSX C
YCTOWYMBON mepenadell JaHHBIX (B KOTOPBIX KOJMYECTBO OMIMOOK Majo), TaKk U Ha JIMHUAX, B
KOTOPBIX BO3HUKAET OOJIBIIIOE YUCIIO OMIMOOK. DTO TpeOOBaHUE U €ro peanu3alus 00yCIOBUIO
pacnpocTtpanenue cemeiictBa mpotokosioB TCP/IP (u, B 00mIeM-To, pa3BUTHE COBPEMEHHBIX
ceTeil, MOCKOIbKY IpobiieMa qucbananca pa3IMyHbIX CeTel ¢ TOUKH 3pEHHs HaIeKHOCTH KaHAJIOB
aKTyaJbHa U 110 Ce JIeHb, a pa3pabdOTaHHbIE MPOTOKOJIBI PEIIATH ATy POOIEeMY).

[Tporokon TCP — 53T0 mpoTOKOJ], OOECHEYMBAIOIINKA YCTAaHOBJICHHUE BUPTYAJIBHOTO
KaHaja, a 3TO O3HAyaeT, YTO OH OOECleYMBAECT IOCJIEI0BATENIbHYIO Iepeady IaKeToB,
KOHTPOJIUPYET JAOCTaBKY MAaKeTOB W oTpabarhiBaeT cOou (MakeT aubO He JOCTaBiseTcs, JTUOO
JIOCTaBIISIETCS B LEJIOCTHOM COCTOSHMHK). [l oOecnedeHus 3asiBICHHBIX KauyecTB JaHHBIN
MIPOTOKOJN TOJpa3yMeBaeT OTIPaBKy MO CETH MOATBEepXkAarolield WHPoOpMaluu, H3-3a YEro
coJiepKaTebHas MPOITyCKHAs CIIOCOOHOCTh MOXET OYeHb CHJIBHO IMaJaTh, 0COOCHHO HA JIMHUIX
CBSI3U C IJIOXMMHU TEXHUYECKUMH XapaKTepucTukamu. Mtak, 3TOT MpOTOKOJI MOAPa3yMeEBAET, YTO
JUISL KQXKJI0TO TIOJyUYEHHOIro MakeTa ajpecar 00si3aH OTIPaBUTh MOJATBEp)KJIEHUE O nocTaBke. K
3TOMY HEOOXOAUMO 0OaBUTh, YTO B IAaHHOM IMPOTOKOJIE IEUCTBYET MOJJEPKKAa BPEMEHU: €CIIU
yepe3 HEKOTOPOE BpeMs IT0CIIE OTIPABKY MTAKETa OATBEPKICHNE TaK U HE IPUIILIO, TO CUUTAETCS,
YTO OTIPaBJIEHHBIN MMAKET MPOIaj, 1 HAYWHAETCS OBTOPHAS MOCHUIKA MTPOMABIIETO MAKETa.

Hexoropoit anbrepHaTuBoil ciyxut mporokon UDP (User Datagram Protocol —
MIPOTOKOJ TOJIb30BaTeNbCKuX aertarpamm). [Ipotokon UDP He obecreunBaeT ycTaHOBIECHHE
BUPTYaJIbHOIO coeMHEHUs. [laHHBIH MPOTOKOJ MOApPa3yMeBaeT OTIPABKY MAKETOB MO CETH 0e3
rapaHTUU UX JOCTaBKH (OH BHIOPACHIBACT MAKET U Cpasy ke «3a0bIBACT» O HEM).

Takum o00pa3oMm, Te NPUKIAIHBIE MPOTOKONBI, KOTOpBIE OCHOBBIBatoTcs Ha 1CP,
omnepupyroT nepenaueid coobmenuit. CooOuieHusi pa30UBaIOTCS Ha TAKEThl, M STU IMaKETHI
BbIOpachIBAIOTCS B CETh. [IpuHMMaloOas CTOpOHA HA KKl MPUIIEIIINI MaKeT OTHpaBiseT
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MOJTBEPKIICHNE W COOMPAET COOTBETCTBYIONIME MakeThl B cooOmieHue. [Ipu sToM mopsaok
OTIIPABKH TAKETOB MOXET HE COOTBETCTBOBATH MOPSIAKY HMX MPUOBITHS HAa MPHUHUMAFOIIYIO
cropony. [Ipuxiannaeie mpoTokonsl, ocHoBaHHbIe Ha UDP, onepupyroT nepenayeii makeTos.

YpoBeHb NPUKIATHBIX MNPOrpamMMm. ODTOT YPOBEHb CHEHU(DHIMPYET MPOTOKOJIBI
MIOCTPOCHHS PACIIPENICIEHHBIX CETEBBIX MPHIIOKEHUH. Ha 3TOM ypoBHE HaXOASTCS TMPOTOKOJIBI,
4acTh KOTOPBIX onupatorcs Ha npoTtokon TCP, a wacte — Ha UDP. Bribop mexay TCP u UDP
OCHOBBIBAETCSI Ha TOM, HACKOJIBKO KPHTHYHA TMoTepss mH(OpManuu, U Ha cdepe pearu3anuu
MPWIOKEHUH (IETEPMHUHUPOBAHHOE WIIM HEJACTCPMUHUPOBAHHOE KAUYECTBO JTMHUH CBSI3M).

[IpoTOKOINIBI, KOTOpPBIE OCHOBBIBAIOTCS Ha NpUHIMUNAX paboThl mpoTokosna TCP,
00ecreynBaroT 10CTY 1 paboTy € 3aBeIOMO KOPPEKTHOM HH(OpMaIieid, mpuyeM HIMEHHO B Cpejie
MEKCETEeBOr0 B3auMoieiicTBus (internet), u 3TH mpOTOKOJIbI TPEOYIOT KOPPEKTHOM NOCTaBKH. B
gactHocTH, 310 mpotokon TELNET (Network Terminal Protocol) — mpukiagHoi npoTokot,
AMYJIMPYIOIIUI TEPMHHAIBHOE YCTPOHCTBO (CETEBOW TEPMHHAN); MPOTOKOJI MEXKCETEBOTO
nepemernenus daiiios FTP (File Transfer Protocol); mporokos nepeaadn moYToBBIX COOOIIECHHIA
SMTP (Simple Mail Transfer Protocol).

EcTp psin mpukiIagHbIX MPOTOKOJIOB, OCHOBAaHHBIX Ha MCHOJb30BaHUM mpotokoia UDP.
OTH MPOTOKOJIBI OKA3bIBAKOTCS OTHOCUTEIHLHO OBICTPHIMH, TOCKOJIBKY MaKCHMAJIBbHO CHIKEHBI
HaKJIaJJHBIE PACcXO0/Ibl HA Mepelavy, HO OHH JOMYCKAIOT HAJIMYHUE OLIHOOK.

YacTh N0JJOOHBIX IPOTOKOJIOB ICHCTBYIOT B paMKaX JIOKAJIbHOW CETH, TJIe KAYeCTBO JINHUM
CBSI3U JIETCPMUHHMPOBaHO. B wactHOCTH, B OosbiHCTBe cityuaeB nmpotokoa NFS (Network File
System) ceteBoii (aitioBoii cCUCTEMBI (PYHKIIMOHUPYET UMEHHO B paMKaX JIOKAIbHOU cemu, W
OYEHb PEJIKO €T0 3aITyCKAIOT B MEXCETEBOM PEKHME.

Jpyrasi 4acTh MpPOTOKOJIOB JOJDKHA KOHTPOJIUPOBATHCS, C OJHOW CTOPOHBI, Ha
NPUKIAJHOM YPOBHE, a C JPYroil CTOPOHBI, 3TH HPOTOKOJIBI TPEAINOJIaraloT OOMEH OYEHb
HEOONBIIMMY TIOpUUAMH JaHHBIX. K Takum mporokosiam othHocutcss DNS (Domain Name
Service), KOTOPbIi MO3BOJISIET MHEMOHUYECKHM CIIOCOOOM MMEHOBATh CETEBBIE yCTpPOMCTBa. B
YaCTHOCTH, ITOT MPOTOKOJI OCYIIECTBIISIET peoOpa3oBanus [P-anpecoB B MHEMOHIUECKHE HMEHA
U 00patHO. MHEMOHMYECKUN aIpeC CTPOUTCS CTpaBa HAJIEBO MEPEUYHCICHUEM JIOMEHHBIX UMEH
COOTBETCTBYyMOIUX ypoBHed (mpumep — jaffar.mlab.cs.msu.su). JlomeHHBIC HMEHa IEPBOTO
YPOBHSI OTPEAEISIOT MPHUHAIEKHOCTh JAaHHOTO MMEHHU MO JBYM KAaTETOPHUSM: HAI[MOHAJIHHOU
(korma JOMEHHOE MMs ompenaesser ctpany — fi, ru, su, de m ap.) ¥ MO TPUHAIICIKHOCTH
KOMIThIOTEpA K OPraHU3aIl1K, 3aHUMAIOIIEICS OTPeIeIEHHOM IesTeIbHOCTRIO (COM, 0rg, gov, net
u jp.). CymiecTByeT opraHu3aiiisi, KOTopas pacnpeaesseT JOMEHHbIE UMEHa TIePBOro ypPOBHSI.
Brnazesnen HOMEHHOrO MMEHHU I-TO YPOBHS MOXET MO CBOEMY YCMOTPEHHUIO pacrpeieisTh
noMeHHbIe nMeHa (i+1)-ro ypoBHSL.
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1.3 OcHoebl apxumekmypbl oriepayuoHHbIX cucmem

DTOT pasfen Mbl HaYHEM C OMpeJesieHUs 0a30BBIX IMOHSATHH, CPeld KOTOPBIX OYECHB
BaXHBIM JUIS HAC CTaHET IMOHSITHE ONEPAalMOHHOW CUCTEMBbl. JTOT TEPMHH HMEET pas3lInyHbIe
TOJIKOBAHUS B PA3HBIX U3JJAHUSAX — MBI OCTAHOBHMCS Ha CJIEIYIOIIEM.

Onepayuonnaa cucmema — 3TO KOMIUIEKC MPOrpaMM, B (PYHKIIMHU KOTOPOTO BXOIUT
oOecrieyeHre KOHTPOJIS 32 CYIIECTBOBAHUEM, MCIIOJIB30BAHUEM U PACIIPENEICHUEM DPECYPCOB
BBIUMCIUTENBHON crucTeMbl. HamoMHMM, YTO BHIYMCIUTENbHAS CUCTEMA MOXKET BKJIFOYATh B CBOM
COCTaB Kak (hU3MUeCKHe, TaK U BUPTYyaIbHBIC pecypchl. UTOOBI 1aTh OoJjiee SICHYI0 KapTUHY TOTO,
YTO e MbI OyZIeM CUUTaTh ONEPallMOHHON CUCTEMOM, pa3depeM JeTalbHO e€ (PyHKUIUU.

Haynem ¢ Toro, 4Yro omepanMoHHAas CHUCTeMa OOECIeYMBacT KOHTPOJIb 34
cyulecTBoBanueM pecypcoB. [log 3TuM nmoHumaercs obecriedeHHe ONEepallMOHHONW CUCTEMOM
peali3alii BUPTYAIBbHBIX PECYPCOB M MPEIOCTABICHHUE CPEACTB JOCTyNa K (U3HYECKUM
pecypcam. [lig mo60ro pecypca cTeneHb ero A0CTYIHOCTH 3aBUCUT OT ONEPAllMOHHON CUCTEMBI.
Cy1IecTBYIOT PECYpChl, KOTOPBIE MOJTHOCTBIO 3aBUCSAT OT TOTO, UMEETCS JIM UX pealih3alusi B
ONEpPAIMOHHON CHUCTEME WU HET, €CIU €CTh, TO Kakas MMEHHO 3To peanusanus. [Ipumepom
NoJOOHOTO pecypca CIyKUT ailioBas cHUCTeMa: B3TOr0 pecypca MOXKET M He ObITh B
OTEpPAIIMOHHOIN CHUCTEME, MOXKET CYyIeCTBOBaTh OJHA MOJEINb, WU JIpyras MoJiejb, WIH Cpaszy
HECKOJIBKO MOJCIICH.

Crnenyromuil MyHKT — HCHOJB30BAHME PECypcoB. 37ech HMMEETCs B BUIY, UTO
OIlepallMOHHAs CUCTEMA MPEAOCTABIISIET BCE CPEACTBA, 00ECIIEUNBAIOIINE JOCTYITHOCTh PECYPCOB
BC nonb3oBatento (tounee nporpammam). [Ipu ucnosp3oBanuu 00X pecypcoB BC moxer
BO3HUKHYTH KOHKYPEHITHSI.

W, wnakoHel, pacnpeaejieHue: T10J d3TUM OyJeM T[OHUMaTh BBIOOP CTpaTeTuu
pacripeiesieHust 1 00ecTie4eHHe BCEBO3MOXKHBIX MOJICJICH perjlaMeHTaINH JIOCTYTIA.

Jlrobas omepannoHHas cucTeMa onupaeTrcs Ha HaOOp 0a30BBIX CYIIHOCTEH, Ha OCHOBE
XapaKTEPUCTUK KOTOPBIX BBHICTPAMBAIOTCS MOYTH BCE DKCILUTyaTAllMOHHBIE CBOMCTBA KOHKPETHOM
OTepaloHHON cucTteMbl. [Ipu 3TOM, A7 pa3NUYHBIX ONEPAIMOHHBIX CUCTEM HaOOphl 0a30BBIX
CYIIHOCTEW 3a4acTyl0 pa3/IMyaroTCs: OJHU OCHOBAaHbI Ha TMOHSTHUU YCTPOMCTBA, Ipyrue — Ha
noHsiTuu ¢aina, TpeTb — Ha MOHATUHM Habopa JaHHBIX. Ho B 60MbIIMHCTBE cllydyaeB B COCTaB
0a30BbIX BKIIIOYAETCS CYIIHOCTh, 00O3HAYaIONIasi UCHOJTHIEMYIO MporpamMMmy, 3ajady, 3aJaHue
WK npouecc. JTa CyIIHOCTb ONpeIesieT HEKOTOPBIN MPOLIeCC UCTIOHEHUS MTOCIIeI0BATETbHOCTH
KOMaH/I, IPUYEM 3/IeCh MOXKET y4aCTBOBATh €IMHCTBEHHAsI BETBh BHIYMCIICHHI, a MOXKET cpa3y U
HECKOJIbKO TapaJuleNbHBIX BeTBeil. M3 MHOKecTBa TPAaKTOBOK 3TOH CYIIHOCTH MbI BbIOEpeM
MMOHUMaHWE €€ UMEHHO KaK npouecca.

Ilpoyecc — >TO COBOKYITHOCTh MAITMHHBIX KOMAaHJl M JTaHHBIX, 0OpabaThIBaomIasics B
paMKax BBIYHCIUTEILHON CUCTEMBI U O0JIaarolias mpaBaMy Ha BIIAJCHHE HEKOTOPHIM HaOOpOM
pecypcoB BC.

Paz6epemcst B aTom ompeaenennn. [loHsATHE COBOKYNMHOCTHM MAIIMHHBIX KOMAHI H
AAHHBIX 0003HAYaeT TO, YTO MPUHATO HA3bIBATh HCIIOJHAEMON MporpamMmoil (T.e. 3TO KOI U
OTIEpaH/Ibl, UCTIOJIB3YyEMBIE B 3TOM K0j1€). Jlanee, moa tepmuHoM 00padoTku B pamkax BC Oynem
MOHUMATh, YTO 3TA Mporpamma chopMHupoBaHa U HAXOJUTCS B CUCTEME B pexkrMe 00paboTKH (3TO
MOJKET OBITh U OXKHJIaHUE, U UCTIOTHEHHE Ha MPoLieccope, U T.11.). U, TpeTbe, moHsATHE 001a1aHusl
NpaBaMHU Ha BJIa/IecHHe HEKOTOPHIM Ha00poM pecypcoB 0003HAUaET, MO CYyTH, BOZMOKHOCTh
noctyna. OTMETHM, YTO 3[I€Ch Pedb HE HAET 00 AKCKIIO3MBHBIX IpaBaX, MOCKOJBKY B 00IIEM
ciiy4ae 3T0 ObLI0 ObI HEKOppeKTHO. MTak, MHBIMM ClIOBaMH, IMPOLECC MOKHO ONPEICNIUTh Kak
UCTIONHSAEMYIO TMPOTrpaMMy, KOTOpas BBEJIEHa B CHUCTeMY /sl ee 00paboTKM M C KOTOPOH
ACCOLIMMPOBAHBI HEKOTOPHIE PECYPChI BHIYUCIUTEIBHON CHCTEMBI.

Pecypcul, BEIIETISIEMBIE TIPOTIECCAM, MOTYT OBITH 08yX munos. llepBasi KaTeropus pecypcoB
COCTOUT M3 T€X PECypCOB, KOTOPbHIE BBIIEISIOTCS MPOLECCY HA IKCKAIO3UBHBIX npagax. ITO
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03HA4yaeT, 4To ITOT PECypC, MOKa IMPOLECC UM BIAACET, NMPUHAUICKUT €My U TOJIBKO €My, H
HHUKAKOM MHOH Ipoliecc He UMEET MpaBo paboTaTh ¢ TaHHBIM pecypcoM. Bropas kareropus — 310
T€ pecypchl, KOTOpbIe OJTHOBPEMEHHO MOTYT MpUHAANEKATh ABYM U Ooliee mpolreccam, — TaKHue
pecypchl IPUHATO HA3bIBATh pazdensaemovimu pecypcamu. 31eCh caenaeM HeOOobIIOe MOSICHEHHE:
TO, YTO pa3lesiEMbI PECYPC MOKET 00HOBPEMEeHHO NPUHAOIeHcamb HECKOIBKUM TpolieccaMm, He
03Hauaem, 9TO K HEMY BO3MOXKEH 00Ho8pemenHblti docmyn. O003HaUYCHHAs MTPOOIeMa perraeTcs
Ha JPYroM YpPOBHE IOCPEICTBOM MCIOJb30BaHUS Pa3HbIX CXEM CHHXPOHM3aLHUHU JOCTyHa K
pas3zensseMoMy pecypcy, U 00 3TOM pedb IMOHAET HECKOJIBKO MO3XKE.

C Touku 3peHHs BBIACIEHUS pecypca MpoIleccy HCIONb3YITCS 08e cmpamecuu
opeanuzayuu 3TOTo evidenenus. [1epBolil cloco0 — 3TO npedsapumenvHas OeKnapayus pecypcos.
B stom ciywae m0 BBoJga mporpaMMbl B cucteMy M (OpMHUpOBaHMS JJIs Hee IMpoliecca
JIEKJIapUPYETCsl MePEUYeHb TE€X PECypcoB, KOTOPBIMH Iporecc Oyaer obnanats. Hampumep, 3To
MOKET OBITh NEepeueHb o0JacTel OMepaTUBHOM MaMsTH, KOTOpbIE OyAyT HOCTYIHBI JTaHHOMY
nporieccy (eciau cucTemMa MoAJIepKUBAeT MEXaHU3M BUPTYaJIbHOM MaMsITH, TO 3TO OyIeT NepevyeHb
oOracTeil BUPTyaJbHOU MaMSTH, IOCTYIHBIX Mpolieccy). i jxe 3To MOKeT ObITh IpeaebHOe
BpeMs IIEHTPAJIBHOTO IMPOIEccopa, KOTOPOE MOKET OBbITh MOTPAueHO Ha HMCIOJHEHHE TAHHOTO
npouecca. Tak wiu uHave, MpU BBOJE MPOrpaMMbl U (JOPMUPOBAHUU IPOLIECCa ONepalMOHHAs
cUCTEeMa IMOCTapaeTCsl BBIACIUTDh 6ce HEOOXOIMMBIE PEeCypChl, KOTOpble ObLTH MpEeIBapUTEIHHO
JeKj1lapupoBanbl. Eciiu B cCUCTEME HET 3aKa3aHHOI'O pecypca, TO OHA, CKOpEe BCETo, HE CTAHET
3aIyCcKaTh IIPOLECC, KOTOPBIH 3aIIpOCHII 3TOT pecypc.

Bropas mozenbs — 3T0 Ounamuueckoe nonoimeHue chucka pecypcos. JlaHHas MOJeb
IIpeIoiaracT BbIIEICHUE MTPOLIECCY pecypca y>Ke BO BpeMs BBIIOJIHEHMS 3TOrO IIpouecca. ITo
03Ha4yaeT, YTO B CHUCTEME IPOUCXOAMT 3aIyCK IPOLEcCa C BBIACICHHEM €My MHHHMAJIbHO
HE00X0IMMOM 00JIaCTH BUPTYAIBHOM MaMSATH, a 3aT€M, KOT/1a IPOIlecC 00paIaeTcsi K CUCTEME 3a
BbIJIETICHUEM JOMOJHUTENbHON 001acT, To OC 00pabaThIBaeT 3TH 3alIPOCHl COOTBETCTBYIOIIUM
oOpazoM. OTMETHM Takke, YTO Ha NPAKTUKE TaKXe MPUMEHSIOTCS M KOMOMHHMPOBAaHHBIE
MOJIXO/Jbl, HO BO MHOTHX CHCTEMax, C KOTOPHIMH Mbl CTaJKHMBaeMCsl B Halllel MOBCEIHEBHOMN
YKU3HU, OPUEHTALINA CENIaHa Ha TUHAMUYECKYIO MOJEIb BbIIEICHHSI PECYPCOB.

MHorue onepalnoHHbIE CUCTEMBI Pa3padaThIBAINCh U pa3padbaThIBAIOTCS TAKUM 00pa3zoM,
4T00BI 001aJaTh CIIEAYIOUIMMHU BaXKHBIMU C80UCIMEAMU: HAIS)KHOCTD, 3alIUTa, 3P (HEKTUBHOCTh U
MPEJICKa3yeMOCTb.

HanesxxHocTh O3Ha4yaeT, yTO CHCTEMa JIOJDKHA OBITh HAJEKHOW Kak IMpPOrpaMMHBIH
KOMIUIEKC, T.€. YHUCJIO MPOTrpaMMHBIX OIINOOK B CHCTEME JIOJKHO OBITh CBEJIEHO K MUHHUMYMY U
JIOJKHO OBITH COM3MEPUMO € KOJTMUYECTBOM BO3MOXHBIX allapaTHBIX COOEB.

3amura uHOpPMANMM HA CErOJHAIIHUNA JEHb SBISIETCA OJHUM U3 OCHOBHBIX
TpeboBaHul, mpeabaBiasieMblx K cucreme. OC nomkHa o0ecrieuynBaTh 3alIUTy WHGOPMALUU U
PECYPCOB OT HECAaHKIIMOHUPOBAHHOI'O JIOCTyMa. DTa MpobiieMa Ha CeroJHSIIHUNA AeHb OCTa&TCs
OTKPBITOM.

CBolicTBO 3(peKTHBHOCTH O3Ha4yaeT, 4TO (GYHKIUOHUPOBAHHE CHCTEMBI JOJKHO
YIOBJIETBOPSATH HEKOTOPBIM TPeOOBAaHUSAM — KpUTEpHUSIM 3()()EeKTHBHOCTH, KOTOpBIE, MO CYTH,
ABIISIOTCS OILIEHKOM COOTBETCTBUS.

W, HakoHel, 3TO MPeACKa3yeMOCTb CHCTEMBI, SIBISAIOLIASACSA TAKXKE OJHHUM U3 BaXKHBIX
cBoiictB OC, MOCKOIBbKY OOJBIIMHCTBO CHUCTEM, KOTOpBIE, TaK WM MHAue, SBJISIOTCS MacCOBO
pacrpoCTpaHEHHbIMH, MpPHU BO3HUKHOBEHHH PA3HOTO pojaa (hopc-MakOpHBIX OOCTOSTEILCTB
JIOJI’KHBI BECTU Ce0sI CTPOTO OIMpeIeIeHHBIM CIIOCOOOM. DTO CBOMCTBO JOKHO OYEPUYUBATH KPYT
BCEBO3MOXHBIX MpPOOJEM, KOTOpblE MOTYyT BO3HMKHYTh B TOM WJIM HWHOW CHUTYyalHH,
MPEIONPEeNATh NOCISACTBUS ATUX MPOOIIEM, a TaKXKe MoApa3yMeBaTh YCTOUYHUBOCTD CUCTEMBI K
BO3HHKHOBEHUIO cOOEB (KaK anmapaTHbBIX, TaK U IPOTPAMMHBIX ).

1.3.1 Crpykrypa OC

Cy1iecTByeT MHOKECTBO B3IVISIIOB, KACAIOIUXCSI CTPYKTYPhI ONEPallMOHHON CUCTEMBI, U
B OTOM DPa3zeiie peyb MOUIET O HEKOTOPBIX U3 HUX.
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[Ipocreiiliasi CTpyKTypHasi OpraHu3alus OCHOBAHA Ha MPEJCTABICHUU ONEPAIMOHHON
CHCTEMBI B BUJIC KOMIIO3UIIUH CJICIYIOIIUX KOMIIOHEHTOB (Puc. 72).

NHuTepdeiichl CHCTEMHBIX BBI30OBOB
(AP — Application Program Interface)

JluHaMu4ecku NoArpyKaemsele JpanBepsl
(U3NYECKUX U BUPTYaJIbHBIX YCTPONCTB

Snpo OC

Anmnaparypa

Puc. 72. CtpykrypHas opranmusanusi OC.

Aopo (kernel) OC — 310 pesunmentHas (mocrossiHHO pasmemaemas B OIl) gactes OC,
peayiM3yromias HEKOTOpyro 0a3oByto QyHkiuoHanbHOcTs OC U pabotaromias B pexUMe
cyrnepBu3opa (T.e. B IPUBWIETHPOBAHHOM pexxume). MTak, o onpeeneHuo sapo o0ecreynBaeT
pealin3anuio HeKOToporo Habopa (yHKUIUH OnepalliOHHOW CHCTEMbI. DTO MOXET ObITh OY€Hb
0ombII0l HAOOP (PYHKIINI, 8 MOXKET OBITh MAJICHBKUI — BCE 3aBUCUT OT KOHKPETHOM peanu3anun
CUCTEMBL. SIIpO MOXKET BKIIOYaTh B CBOM COCTaB JpailBEpbl OCHOBHBIX (DM3MYECKUX HIIU
BUPTYaJIbHBIX YCTPOMICTB.

Han ypoBHEM szpa MOKET HaJACTpauBaTbCA CIEAYIOIIMI YPOBEHb — 3TO )PO6EHb
OUHAMUYECKU NOOZPYHCAEMBIX Opailgepos hu3uueckux u GUpmyanvHulx ycmpoiicme. Ilon
AUHAMHMYECKH MOArPYKaeMbIMHM IIOHUMAETCS TO, YTO B 3aBUCUMOCTHU OT CUTYyallUH COCTaB ITUX
JIpaiiBEpOB Mpu UHCMALIAYUU U 3a2py3Ke CUCTEMBI MOKET MEHSThCS. COOTBETCTBEHHO, 3THU
JpaiiBepbl MOKHO MOJIEIUTh HA JBE KAaTETOPUU: pe3udeHmHbvle Opailgepvl N Hepe3udeHmHble.
Pe3udenmmnvie Opaiigepel IOTPYKAOTCA B CUCTEMY B ITPOLIECCE €€ 3arpy3KH U HAXOAATCA B HEU
o 3aBepuieHusi ee paboTel. IlpuMepom pes3uaeHTHOrO [paiiBepa MOXET OBITh JpaiiBep
¢usnueckoro nucka. Hepesuodenmmuvle Opaiiéepst BBHI3BIBAIOTCS OINEPALMOHHON CHCTEMOW Ha
ceaHc pabOThI C COOTBETCTBYIOIIUMHU yCTPOMCTBaMHU (HampuMep, apaiisep Giadi-namsTH).

OTtmeTuM, YTO OOJIBIIMHCTBO COBPEMEHHBIX OIEPAIMOHHBIX CHUCTEM HMEIOT B CBOEM
cocTaBe Ha0Op JpaiiBEpOB HIMPOKOTO CHEKTPa KOHKPETHBIX (PU3UYECKUX YCTPONCTB U, B
YacTHOCTH, (pr3nueckux AuckoB. [103ToMy 3a4acTyro mpu CMEHE YCTPOICTBa ApaiiBep MEHATH He
HaJI0: OH yXe ecTh B cucteMe. Ho mmpu 3ToM cricteme He3aueM JepKaTh JpaiiBepa BCEX YCTPOMCTB
B onepaTuBHON nmaMsTH. COOTBETCTBEHHO, ClIEAYs TOM WM MHOW CTpaTeruu, OyayT 3arpyKarbes
IpaiiBepbl TeX (U3MUYECKUX YCTPOMCTB, KOTOpBIE peajbHO OYyIyT OOCITYXHBAThCSI CHCTEMOM.
Crpareruun MOryT OBITH Pa3lIMYHBIMM, OJHOM M3 HHUX: MOXKET OBITh SIBHOE YKa3aHHE CHCTEME
CIIUCKa JpaiiBepoB, KOTOpPbIE HEOOXOIUMO MOATPY3UTH (B 3TOM cllydae, €ClIM B CHHCKE YTO-TO
OyZeT yka3aHO HENpPaBUIBHO, TO COOTBETCTBYIOIIEE YCTPOICTBO, BOSMOXKHO, MPOCTO HE OyIeT
pabotaTth). Bropas crTparerus mpezamnosaraer, 4yTo CHUCTEMa TMpPU 3arpy3Ke CaMOCTOATEIHHO
CKaHHPYET MOJAKIIOUEHHOE K Hell 000pyJoBaHME M BBIOMPAET T€ JpailBepbl, KOTOPBIE TOJIAKHBI
OBITH IOJATPY>KEHBI 1151 00CITY )KMUBaHUs HAWJIEHHOTO 000PYOBaHHUS.

Wrax, nmpuMepoM pe3uIeHTHOTO JpaiiBepa MOXKET CIIYKHUTh ApaiBep PU3NIECKOTO TUCKA.
OT0 OOBICHSIETCS TeM, YTO IHUCK SIBISIETCS YCTPOWCTBOM OIEPATHBHOIO JOCTYyMa, MO3TOMY K
MOMEHTY TIOJIHOM 3arpy3Kd CHCTEMbI BCE JIOJKHO OBITH TOTOBO JUIsl paOOThl. A, Hampumep, B
CHUCTEMax, I MOJb30BaTENIN PEAKO UCIOIB3YIOT CKaHep, AEpKaTh COOTBETCTBYIOUIUMN JpanBep
PE3UIEHTHO HE HMMEET CMBICIA, MOCKOJIBKY CKOPOCTh pabOThl CaMoOro YCTpOMCTBa MHOTO
MEJUIEHHEE, 4Y€M CKOPOCTb 3arpy3Kd JpaiiBepa W3 BHEHIHEH MaMsiITH B ONEPaTUBHYIO.
CoO0TBETCTBEHHO, JIpaiiBEp CKaHEpa B 3TOM CJIydae CIIyKUT OAHUM U3 IPUMEPOB HEPE3UAECHTHBIX
JIpaiiBEpoB, T.€. TEX JIpaiiBEpoB, KOTOpbIE MOTyT Haxomutbcsi B O3Y, a moryT OBITh U
OTKJIFOUEHHBIMH, HO OHH TAK)KE JUHAMUYECKH MTOArPYKacMble.
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B obmem citydae apaiiBepsl MOTYT paboTaTh Kak B MPUBHIIETUPOBAHHOM PEXHUME, TaK U B
M0JIb30BATEIHCKOM.

W, HakoHel, HEKOTOPOH JIOTHYECKOM BEPIIMHON paccMaTpuBaeMoii cTpykTypsl OC OyayT
SIBIISIThCS. uHmepgheticol cucmemnvix evizo6o06 (APl — Application Program Interface). Ilox
CUCHEMHBIM 6b13060M OyZieM TIOHUMATh CPEJICTBO OOpaIleHUs Ipolecca K SIpy OnepalnoHHON
CHUCTEMBl 3a BBINIOJHEHHWEM TOH WIM HMHOH (YHKIMU (BO3MOXKHOCTH, YCIYyTH, CEpBHUCA).
[IpumepaMu CHUCTEMHBIX BBI3OBOB SBISIOTCA OTKpbITHE (haiiia, YTEHHE/3alUCh B HErO,
nopoXxaeHue npouecca u T.0. Ominune oOpamieHuss K CHCTEMHOMY BBI30BY OT OOpamieHust K
OuOIMOTEKE MPOrpaMM 3aKJII0YAeTCs B TOM, YTO OMOIMOTEYHAasl MporpamMma MpUCOETUHSIETCS K
UCTIOJIHAEMOMY KOJly IIpoIiecca, IOITOMY BBIUMCIEHHE OWOMMOTEUHBIX (GYHKUUNA Oyaer
MPOUCXOIUTH B paMKax mporecca. OOpalieHne K CHCTEMHOMY BBI30BY — 3TO BBI30B TeX KOMaH/I,
KOTOpble WHHUIMUPYIOT oOpaimieHue K cucreme. Kak yxe oTMedanoch BBIIIE, HHULUAIMEH
oOpallleHus1 K ONEepallMOHHONW CHCTeME MOXET CIYXKUTh JUOO MpepbiBaHuE, JU00 HCIIOJIIHEHUE
crnenuanbHOM KomaHnel. CleayeT TMOHMMATh pa3iMydue MeEXJIy CHUCTEMHBIM BBI3OBOM U
oubmmoTeuyHoi GyHkuein. Hanpumep, ocymecTsisis padoTy ¢ ¢aitioM, UMeeTcss BO3MOKHOCTh
paboTBl ¢ HHUM TMOCPEJACTBOM OOpalIeHHWs] K CHUCTEMHBIM BBI30BaM JHOO TIOCPEICTBOM
MCIIOJIb30BaHusl OMOIMOTEKH BBOIa-BbIBO/IA. B mocneiHeM citydae B TEJO mpoliecca BKII0YAITCS
JOTIOTHUTEIbHBIE (DYHKIIMM W3 JaHHOW OWOTMOTEeKH, a YK€ BHYTPH JaHHBIX (QyHKIUN
MPOUCXOIUT OOpalieHne K HeOOXOIMMBbIM CUCTEMHBIM BBI30BaM.

WTtak, cymecTByeT HECKOJbKO MOJXOM0OB K CTPYKTYPHOH OpraHM3aluu ONEepallHOHHBIX
cucteM. OOuH M3 HUX MOXXHO Ha3BaTh KJIACCHMYECKHM: OH HCIOJb30BAICS B IEPBBIX
OTEPALIMOHHBIX CUCTEMax M HCIOJIB3YyeTCS JI0 CHX MOp — 3TO TOAXOJ, OCHOBAHHBIM Ha
UCIIOJIb30BAaHUU MOHOAUmMHKO020 Adpa. B stom ciydae siapo OC mpezacraBiseT o000 eIUHYIO
MOHOJIUTHYIO IIPOTPaMMy, B KOTOPOI OTCYTCTBYET sIBHAsl CTPYKTYpHU3aIus, XOTs, KOHEYHO, B HEH
€CThb JIOTHMYECKas CTPYKTypu3alus. OTO O03HA4aeT, 4YTO MOHOJIUTHOE SAPO COACPIKUT
(UKCUPOBAaHHOE YHCIIO PEATU30BAHHBIX B HeM 0a30BbIX (YHKIHH, MOATOMY MoAU(UKAISL
(GYHKIMOHAIBLHOTO Habopa JOCTAaTOYHO 3aTpyJIHUTENbHAa (HEOoOXOAMMa TMPAKTUYECKH MOJHAas
nepeienka siapa). YCTpOWCTBO MOHOJMTHOTO fpa HAalNOMHUHAeT (DU3UYECKYIO OpraHHU3aLUI0
NEePBBIX KOMIBIOTEPOB: B HHX TaKKe HEJIb3s OBUIO BBUICIHTH OT/ACIbHBIC (U3NIECKHE
byHKIIMOHATbHBIE OJIOKM — BCE OBUIO €IWHBIM, MOHOJUTHBIM M HHTETPUPOBAHHBIM JIPYT C
IpyroM. AHaJOTHYHBIMHA CBOWCTBAMH OOJIaa0OT OJHOIUIATHBIE KOMIIBIOTEPHI, Y KOTOPHIX BCE
HeoOxoumble kKommoHeHTHI (LIITY, O3V u np.) pacnoiokeHbl Ha OJHOM TIaTe, U, YTOOBI YTO-TO
WU3MEHHTD B 3TOM KOHPUTYpAIUH, TPEOYIOTCS COOTBETCTBYIOIINE HHKEHEPHBIC 3HAHMSL.

Ha Puc. 73 mpowmmtocTprpoBaHa CTPYKTypHasi OpraHHU3alis KIACCHYECKON CHCTEMBI
Unix. B nanHoMm citydae spo uMeeT (UKCUPOBAHHBIA MHTEPQEHC CHCTEMHBIX BHI30BOB. B HeM
peaTn30BaHO YIIpaBJIEHHE MPOLIECCAMH, a TaKXke JpaiBep (ailloBoil CUCTEMBI, peau30BaHa BCA
JIOTHKA CUCTEMBI TIO OPTaHU3AIMH padOTHI C yCTPOHCTBAMHU (KOTOPBIE MOXKHO Pa3/IeIUTh Ha OalT-
OpUEHTUPOBAHHBIC U OJIOK-OPUEHTHPOBAHHBIE) H TIP.
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Puc. 73. Ctpykrypa OC ¢ MOHOJUTHBIM SIAPOM.

Uro kacaeTcsi JOCTOMHCTB [JAHHOIO IIOJX0Ja, TO MOXXHO YTBEp)KIaTh, YTO MJIs
KOHKPETHOT'O COCTaBa (DYHKIITMOHAIIBHOCTH M JIOTHKH SIApa 3TO OYyIET Haubonee 3¢hghekmusroe
pemieHue (T.K. OHO IMEET MUHUMAJIbHOE KOJIMYECTBO UHTEPPEHCHBIX COUJICHEHUH, CBA3aHHBIX CO
CTpyKTypu3anueii). OqHako MpH TaKOM MOAXO0JIe OTCYTCTBYET YHHUBEPCAIbHOCTh, U BHYTPEHHSS
OpraHM3alus sjpa paccuMTaHa Ha KOHKPETHyIO peanusauuio. Henmoctatrok B 3TOM ciydae
3aKJII0YAETCsl B HEOOXOAUMOCTH MepenporpaMMHUpOBaTh SIAPO MPH BHECEHUU U3MEHEHUH, U 3TO
ABIII€TCS ~ IpeporaTuBod  paszpaborunmka. COOTBETCTBEHHO, JJIsi  BHECEHUS  HOBOM
(GYHKIIMOHATIBLHOCTH TOJBH30BATENI0 CHUCTEMBbI MPUXOAUTCS oOpamarbes K pa3paboT4HKy, YTO
3a4acTylo BeJIeT K MaTepHUaIbHbIM 3aTpaTaM.

AnbTepHAaTUBY JIJaHHOMY TMOAXOAY NpeajaraloT MHOIOCJIOHHbIC OlNePANMOHHbIE
cuctemMbl. B 3T0M citydae Bce ypoBHU pa3eaioTcs Ha HEKOTOPbI€ (PyHKIIMOHAIBHBIE CIIOU. 3/1€Ch
MO>XHO TPOBECTH AHAJIOTHUIO C MOJEIbI0 CETEBBIX NPOTOKOJOB. MeEXIy CIOSMH HMEOTCS
¢uKcupoBaHHbIE WHTEpPQEICh. YNpaBiIeHWE TNPOUCXOAUT TIOCPEJACTBOM B3aUMOACHCTBUS
cocenuux cioeB. [lockonpky mo0ast CTpyKTypusanus CHIDKaeT 3((ekTHBHOCTH (IporpaMma,
HalMcaHHasl B BUJI€ OJHOW OoublIoi QyHKIMH, paboTaeT ObIcTpee, YeM aHAJIOTUYHAs [TPOrpaMMa,
pa3duTas Ha MOJNPOrpaMMBbI, T.K. JII0OO€ OOpalleHHe K MOANpOrpaMme BeJeT K HaKIaIHBIM
pacxojiam), TO IOAOOHBIE CUCTEMBI 00J1a/1at0T OoJiee HU3KOU AP PEKTHBHOCTHIO.

Wtak, KaXnaplid CIOW MPEeAOCTaBIAECT ONPENENCHHBIN CEPBHUC BBIIIECTOSUIEMY CIIOHO.
JleneHue Ha CIIOU SABIISIETCS UHAUBHUIY AJIBHBIM ISl KAXK0M KOHKPETHOW ONEPAIMOHHON CUCTEMBI.
DTO MOXET OBITh CJION (palIOBOM CUCTEMBI, CJIOW YNPABJICHUS BHEIIHUMH YCTPOWCTBAMH U T.JI.
Toraa MozxepHU3aus NOJOOHBIX CUCTEM CBOAMTCA K MOJIEPHU3ALMU COOTBETCTBYIOLIUX CJIOEB.
BcenenctBue yero mpo6GieMa HECKOIBKO YIPOILIAETCs, HO PU STOM OCTAIOTCS OTPaHHUYEHHUs Ha
CTPYKTYpPHYIO OpPTaHU3AIMIO (HAapUMep, UMest CIod (ailIoBOM CHCTEMBI, MOKHO 3aMEHHUTH €TI0
JIPYTUM BapUaHTOM STOTO CIIOsl, HO MCIOJIb30BaTh OJHOBPEMEHHO JIBE€ pa3jiHuHble (ailloBbie
CUCTEMBI HE MPECTABIISAETCS BO3MOKHBIM).

Tpetuii moaxon MpemiaracT HCIOJIb30BaTh MHUKpoOsiiepHyio apxutektypy (Puc. 74).
@YHKIIMOHUPOBAHUE ONEPALIMOHHBIX CUCTEM MOAOOHOTO THIIA OCHOBBIBAETCSI HA MCIIOJIb30BaHUU
T.H. MuKkposaopa. B 5ToM cnyuyae BBIACNACTCS MUHUMANbHBIL HAaOOp (QYHKIHMHA (Hampumep,
nepBUYHas 00paboTKa MpephIBaHN M HEKOTOPBIE (PYHKIIUU YIIPABIICHHS MPOLIECCAMH), KOTOPBIE
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BKJIIOYAIOTCA B s1/1po. Bes ocranbHas GyHKIMOHAIBLHOCTH MPEACTABISIOTCS B BUJAE JIpailBepoB,
KOTOpBbIE MOJAKIIOYAIOTCS K SAPY MOCPEICTBOM HEKOTOPOTO CTaHIAPTHOTO HHTEpdeiica.
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Puc. 74. Ctpykrypa OC ¢ MUKPOSIAepPHOI apXUTEKTYyPOi.

Takast apXUTeKTypa MOJIy4aeTcs XOpPOILIO PaCUIMPsAEMOM, OHA IIOYTH HE UMEET HUKAKUX
OTPaHUYEHUH MO KOJIMYECTBY MOJKIIOUAEMBIX ApAaiiBEpOB U UX (DYHKIIMOHAIEHOMY HAIIOJIHEHUIO;
TpeOyeTcsl TOJIbKO cOoOMIoAeHNE IpaiiBepoM HHTepdeiica 11t oOpaleHust K MUKposapy. Takum
00pa3oMm, TaHHas apXUTEKTypa MPEACTABIISAETCS BBICOKO TEXHOJIOIMYHOM, XOPOIIO MOAXOAUT AJIs
IPUMEHEHHs] B COBPEMEHHBIX MHOTI'OIPOLIECCOPHBIX BBIYMCIUTEIbHBIX CHCTEMax (Hampumep, B
SMP-cuctemax, TOorga MOXHO paclpelneNiiaTh IpaidBepbl MO pa3iIMyHBIM MpoIeccopaMu U
MoJTIy4aTh COOTBETCTBYIOIIYIO 3(P(EKTUBHOCTD).

MuxkposiiepHasl CUCTEMa MOXKET CIIY)KUTb OCHOBOW JUIsl HAJCTPOMKH HAJl MUKPOSJIPOM
pa3HBIX ONEPALMOHHBIX CUCTEM. B 4acTHOCTH, TakOW MOAXOX MCIIOJIB3YETCS B PsliE CUCTEM, B
OCHOBE KOTOPBIX UCHOJIB3YETCsI MUKPOSIIPO crucTeMbl Mach.

WTak, TONbKO 4YTO OBLIM MPOAEMOHCTPUPOBAHBI JOCTOMHCTBA JAHHOIO Moaxona. Yro
KacaeTcsi HeIOCTaTKOB, TO OHM HEMOCPEICTBEHHO CBSA3aHbI C JOCTOMHCTBAMM U MPOSBISIOTCS B
3HAYUTEILHOM BO3PACTAaHUU HAKIAOHbIX pacxo0os. ITonoxum, npouecc obparaercs K (ainoBoi
cucTeMe, YTOOBI MPOU3BECTH OOMEH ¢ KOHKPETHBIM (PaiijIoM MOCPEICTBOM COOTBETCTBYIOIIETO
cUCTeMHOro BbI3oBa. /[lpaiiBep (aiioBoil cucTembl, MOJYyYyMB 3ampoc OT Ipolecca,
nepepadaThIBaeT €ro B MOCJIEI0BATEIBHOCTD 3aPOCOB HA OOMEH C JUCKOM (IIyCTh, CHayasa 3TO
OyayT BUpTyasibHbIi quck). [Tocne yero gaiinosas cucrema obparaercss K MUKpOsiIpy, KOTOpPOe,
B CBOIO O4Yepe/lb, HAXOAUT JpaiBep BUPTYAIBHOIO AMCKA U MEPENAaeT €My COOTBETCTBYIOIIUN
3anpoc. JlpaiiBep BHPTyalbHOTO JHCKa ONpeAesseT, ¢ KakuM (U3NYECKUM JUCKOM Oyjaer
NPOUCXOIUTh OOMEH, M TpPaHC(POPMHPYET IMOCTYNHBIIMH €My 3ampoc B 3alpoChl K ITOMY
(bu3nuecKkoMy JAUCKY, KOTOpbIE €My U TepelaroTcs Mo Toil ke cxeme. Takum oOpazom, oJIuH
3aIpoC pacnagacTcss Ha MHOXKECTBO IIOA3AIIPOCOB, CIAEAYIOIMX OT ApalBepa yepe3 MUKPOSAPO K
Jpyromy JpaiBepy, U3-3a 4ero 3(h(heKTUBHOCTh CUCTEMBbI CHUXKAETCS.

Hamocnenok oTMeTMM, 4YTO B PEANBHOCTH MCHOJB3YIOTCS CHUCTEMBI, I0JIy4acMble
KOMOUHAIMeN YKa3aHHBIX MOAXO0/I0B.

1.3.2 Jlorunyeckue cpyHkuun OC

O®yuknuoHanbHOCT OC MOXXKHO MNpEACTaBUTh B BHJE OOBEAMHEHHS HEKOTOPOTro
(UKCUPOBAHHOTO KoJMuecTBa 010k0B GpyHKUMH. CocTaB 3TOro Habopa BapbUpPYyeT OT CUCTEMBI K
cucTeMe, HO B OOJBIIMHCTBE CIIy4acB MOXKHO BBIICNUTH CIEAYyIOUMe (GyHKIMU: ynpasieHue
npoyeccamu, ynpaeieHue ONnepamueHou Namsamvlo, HIAHUpPOsanue W, HAKOHEL, ynpasieHue
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OaHHbIMU, PaliNOBOU CUCMeEMOU U YCMPOUCmeamu, a TAK>Ke B TIOCIICTHEE BpEeMsI CTaI 100aBIIsATh
0710K (QYHKIIMOHAIBHOCTHU Cemeso2o 83aumo0elicCmeaus.

OYHKIMS ynpasienus npoyeccamu 0XBaThIBaeT MpobiieMbl GOpMHUPOBaHUS MPOLIECCOB,
MOJJCPXKAHUST JKU3HEHHOTO [HMKJIA TIpoliecca, MpoOJieMbl OpraHW3allid  B3aUMOJICHCTBUS
poueccoB (T.e. OpraHMU3alMI0 B3aUMOJIEHCTBUS IpoIecca ¢ CUCTEMOM B LIEJIOM U C APYTUMHU
IpOoIecCaMU B YACTHOCTH) M paOOTHI IMPOLECCOB ¢ pecypcamul. DyHKIHS yIIPaBICHUS IPOLIECCAMU
ABIISIETCS KJIFOUEBOMU IS BCEX OMEPAIMOHHBIX CHCTEM.

OYHKUUA YHPAGIeHUA ONepamueHoll NAMAMbI0 BO MHOIOM OIpEIEIsieTCs TOU
anmaparypoi, Ha kotopou peanuzyercs OC. C TOYKHM 3peHHs] MPOTPAMMHON COCTaBJISIIOIIEH,
ynpasnenue Ol BKkIro9aeT KOMIIOHEHTHI, CBSI3aHHBIE ¢ BBIOOpOM cTpaTteruu opranmsanmu OIT (B
YaCTHOCTH, peain3yeTcsl MOoJJepKKa anmnapara BUPTyalIbHON MaMsATH), peliaeT 3aaud 3alluThl
OII oT HECAaHKITMOHUPOBAHHOT'O JIOCTYTIA, 33]]a4l KOPPEKTHOCTH PaOOTHI MPOLIECcca C BbIICICHHON
emy OII. Hekoropeie u3 3amau ynpasienust OIl mepecekarorcss ¢ QyHKIUSIMH TJITAHUPOBAHUS
(Hanpumep, 3a/1a4 BbIICJICHUS U U3BITUS IAMSTH y TPOLIECCOB).

OYHKIMS HIaHUpPO6anHusa BO MHOTOM orpejaenseT 0a3oBbie xapaktepuctuku OC. Panee
FOBOPUJIOCh, YTO B CHUCTEME MPAKTUYECKH BCEI/a BO3HUKAET CHUTyalMs KOHKYPEHILIMH 3a
o0JasaHye TeMH WK UHBIMU pecypcaMu. [Ipu 3ToM cpa3zy ke BO3HUKAET 3ajjaua periaMeHTaluu
JIOCTYTIa KOHKYPHPYIOIIUX MPOIECCOB K pecypcaM (T.e. 3a1aua 00paboTku ouepeneii 3anpocoB K
333pecypcam). Kiaccuyeckas 3ajaua IIaHUPOBAHUS — pacnpeoeienue 8pemeti YeHmMpaibHO20
npoyeccopa (T.e. IUNIAHUPOBAHUE JOCTYIIa IPOLECCOB K LEHTpaIbHOMY Ipoueccopy). Emé onna
3ajJjaya IUIAHUPOBAHUS — opeaHuzayus u obpabomka ouepedell obmena. B mpouecce
(YHKITMOHUPOBAHUS CUCTEMBI (DOPMHPYETCS MOTOK 3apOCOB HA OOMEH, M OYEHb YacTO 3TOT
MOTOK MOJKET TMpPEBbIIATh MPOMYCKHYIO CIHOCOOHOCTh YCTpOHCTBA, TO €CTh oOpasyercs
KOHKYPEHIIUSI 10 JOCTYIy K YCTPOMCTBY — BBICTPAaWBAETCsl OUYEpEb 3alpOCOB Ha OOMEH.
BosHukaer npobnema miuaHupoBaHUs oueperneil oOMeHa. [Ipu »ToM HEOOXOAMMO YYHTHIBATH
MPUOPHUTETHOCTH MPHU 00PaOOTKE KATErOpHii 3ampocoB, KoTopsie UAYT 0T OC U KOTOpPbIE HIYT OT
noJsib3oBateneil. Crnemyronias 3aa4a IIaHUPOBAHUS — oOpabomka npepwviganuii. [Ipu 06paboTke
MPEPBHIBAaHUIA TaKke eCTh MPUOPUTETHOCTh, TAK KaK NMpepbhIBaHHE MHOT/A TpeOdyeT ITOCTaTOYHO
OOJIBIITUX PECYPCOB CHCTEMBI U MOKET BO3HUKATH OYEPEIb MPEPHIBAaHUH.

Crnenyromas pyukius OC - ynpasnenue ycmpoiicmeamu u (haiineeoii cucmemoil. 31ech
paccMmaTpuBaeTcs yIpaBieHHe BHEIITHUMH YCTPOHCTBaMHU, U (haiijioBasi CUCTEMa paccMaTpUBaeTCs
KaK BHPTyallbHOE YCTPONCTBO, KOTOPOE SIBISETCS JOCTATOYHO 3HAYUMBIM JUISI OMEPAllMOHHON
CUCTEMBI. DTy QYHKIUIO MOYKHO pa3AesuTh Ha yIpaBiIeHHE yCTPOICTBaMH, KOTOpbIE HE TPEOYIOT
OTIEpATUBHOTO JOCTYTIA, U YIPABIEHUE YCTPONUCTBAMH, KOTOPHIE TPEOYIOT OMIEPATUBHBIN JTOCTYII
(KOTOpBIE MOTYT COJIEpPKaTh BaXKHYIO HWH(MOpPMAIMI0O W KOTOPHIE JOJDKHBI 00eCTieunBaTh
HaAEKHOCTh COXpaHeHHsl JToi uHpopManuu). OpraHuzanus yOpaBlIeHUS BHEIIHUMHU
YCTpOICTBAMHM  JIOJDKHA OCYIIECTBIATHCS HaAEKHO U d(PPexkTUBHO. ITO JOCTUTaercs
MOCPEACTBOM  MHOTOYpOBHEBOW  Oydepu3anuu  3ampocoB K BHEIIHHUM  YCTPOWCTBaM,
HCIIOJIb30BaHUEM JIOCTATOYHO CJIOXKHBIX CXeM obOecriedeHus! HaJEKHOCTH OOMEHOB C BHEIIHUMU
yCTpoiicTBamMu (HampuMep, MPOrpaMMHBIE CPEICTBA TyOTUPOBaHUS) U T.1.

Crnenytomast GyHKIHS — o6ecneyeHue cemesozo e3aumooeiicmeus. Ilpakruaecku modas
coBpeMenHass OC nomKHA UMETh CPEJICTBA B3aUMOJICHCTBUS C IPYTUMHU KOMITBIOTEPaMH B CETH,
To ectb OC nomkHa obecrnieunBaTh (PYHKIIMOHUPOBAHUE U pEATHM3AIMI0 CETEBBIX MPOTOKOJIOB.
[Tpu 5TOM 3aMeTUM, YTO HE 00S3aTENHHO BECh PEATM30BAaHHBIM B CHCTEME CTEK MPOTOKOJIOB
IoJKeH SBiAThbca komnoneHToM OC.

Crnenyromasi oueHb BaxkHast QyHKIHS — QYHKIUS ofecneuenusn dezonachocmu. Victopus
BO3HMKHOBEHHUS MpOOJEeMbl KOMIBIOTEPHONM  O€30MaCHOCTH  CBsi3aHa C  IOSIBICHHUEM
MHOTOTIOJIh30BATEIbCKIX BRIYHCIUTEIBHBIX CHCTEM, 8 UMEHHO, PEXKIE BCET0, HEOOXOAUMO OBLIO
obecreunTh, YTOOBI OJIUH 3aPETHUCTPUPOBAHHBIN B CUCTEME HE MOT A00paThCs J0 WHMOpMAIUn
JIPYTOro 3aperuCTPUPOBAHHOTO B CHCTEME TOJIB30BATENls M YTOOBI HE3apeTHCTPHPOBAHHBIN
MOJIb30BaTelb HE MOT MOJYYHUTh JOCTYN K cucTeMe. Pa3BuThe CEeTeBOro B3aUMOJIECHCTBUS
CYIIECTBEHHO YCIIOXHHUJIO TMpoOieMy O€30MacHOCTH, TaK KaK H3-32 KOHICTIHMH OTKPBITHIX
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unrepdeiico (1ISO/OSI, TCP/IP) y koMIbioTepa MOSIBUIOCH MHOKECTBO JJOTHYCCKUX «BXOIOBY,
4Cpe3 KOTOPLIC MMPOrpaMMbl JpyTUX KOMIIBIOTCPOB MOTYT CBA3BIBATHCA C NAHHBIM. IlossBunoce
MIOHSITHE KOMITBIOTEPHOW aTaKku Ha CETEBOE YCTPOWCTBO C IENBI0 HAPYIICHUS 3amuThl (JINOO ¢
eJIbIO HCCAHKITMOHUPOBAHHOT'O AOCTyIlla K  JaHHBIM, J'II/I6O C OCJIbIO HapyHuICHUA
(GyHKIIMOHATBLHOCTH yCcTpoiicTBa). To ecTh (pyHKIHS O€30MacCHOCTH JOHKHA 00eCreuynBaTh, BO-
ICPBLIX, yCTOI\/JILII/IBOCTL CUCTEMBI K BO3MOXHBIM aTakKkaM, a, BO-BTOPBbIX, aHaJIn3
(YHKIIMOHUPOBAHUS CHCTEMBI U BBISIBIICHUE TIONBITOK BTOPKEHHS B CHCTEMY (ITO TaK)XKe BaXKHO,
MIOCKOJIBKY OY€Hb PEIKO, KOT/Ia B3JIOM MPOMCXOTUT Cpa3y). DTO OYEHb CIOXKHas mpoliema,
KOTOpasi JI0 HACTOSIIEr0 MOMEHTa SIBIISICTCSI OTKpBITOW. CIEQYIONmUii acleKT oOecIeYeHuUs
0€30MaCHOCTH — 3TO MUHMMHU3ALUs yIepOa B Cllyyae BTOPKCHHUS.

1.3.3 Twunbl onepauuoOHHbLIX CUCTEM

OneparnyioHHbIE CHCTEMBl MOXHO KJIacCHU(UIIMPOBATh C TOYKH 3PEHUS KPHUTEPHEB
3¢ (EKTUBHOCTH U CTPATETHid UCIIOJIb30BaHUS IEHTPAIBHOTO TIporieccopa. MOXKHO BBIICIUTH TPH
OCHOBHBIX KJIacCa OTECPAIMOHHBIX CHCTEM: HAKeHIHble OTCPALMOHHBIE CHUCTEMBI, CHUCTEMBI
pazoeneHus 6pemeHu W CHUCTEMbl peanbHo20 epemenu. OCTAaHOBUMCS HA KaXKIOH U3 HUX
nonojipoOHee.

Ilakemnasa omnepanMoHHas CHCTEMa — OJTO CHCTeMa, KpurepueM 3(QeKTHBHOCTH
(GYHKITMOHUPOBAHHS KOTOPOM SIBIISIETCS MAaKCUMANIbHAS 3arpy3Ka IIEHTPAILHOTO mpoiieccopa (T.e.
MUHHMH3ALUST HAKJIAHBIX pacxo/oB). MHBIMH CIIOBaMH, OTHOILICHHE BCErO BPEMEHH pPadOTHI
mporeccopa KO BPEMEHH HCIIOJIHCHUS IOJIb30BATEIBCKUX MPOTPaMM JOJDKHO OBITh OJIM3KO K
eauHuIe. TpaIuIMOHHO IMAKETHBIC CHUCTEMBI MTPEIHA3HAYAINCH JUIS PEIICHUS] PACYCTHBIX 3ajad,
T.€. 33/1a4, TPeOYIOUINX ONpeAeTIeHHOro 00bemMa BpeMeHHu paboThl mporeccopa. Kak ciemyer u3
Ha3BaHUS, TH CUCTEMBI OTICPUPYIOT TEPMUHOM HAKEH RPOZPAMM.

Ilakem npozpamm — >5TO HEKOTOpas COBOKYIHOCTb IPOrpaMM, KOTOpBIE CHCTEME
HeoOxomumMo 00paboTaTh. OCOOCHHOCTh IMAKETHBIX CHUCTEM TPOCICIKUBACTCS B CTPATETHU
NEPEKIIIOUYCHUST  BBIMIOJHEHUS MPOIIECCOB HA MpOIecCope — MEPEKITIOYCHUE BBIOJHCHUS

MPOIIECCOB MPOUCXOIUT TOIBKO IO OJTHON M3 TPEX MPUYHH.

I[TepBast mpuunHa — 3aBepllIeHUE BBITOJHEHHS Mpoliecca (B CHITy YCIEIIHOT o Iepexoa Ha
TOYKY 3aBEpIICHUS IIPOTPaMMBI WX K€ B CHITy BOSHUKHOBEHUS OIIHOKH).

Bropas mpuunna — oOpalieHre K BHEIIHEMY YCTPOWCTBY C II€NIbIO OCYIIECTBICHHS
oOMeHa, T.e. BOBHUKHOBEHHUE MPEPBIBaHUS MO0 BBOIY-BBIBOJY, IIOCKOJIBKY OIlepalnus OOMEHa Tak
WK MHaYe TpeOyeT KaKoro-To MUHUMAaJIbHOIO HHTEPBajia BPEMEHH.

W, HakoHe1, TpeThs MpuunHa — (QuKcanus ¢akTa 3alMKINBaHU 1poliecca. B mpuHIumne
TOYHO ONpEAeNUTh (PaKT 3aUUKIMBAHUS TNPOrPaMMBbl CIOXHO, HO BCe-TaKd BO3MOXKHO. Ha
NpaKTUKE 3a4acTylo 1oJ (PaKTOM 3alUKIMBAHHS CYUTAIOT HCUYEPIIaHNE POIIECCOPHOTO BPEMEHU
(ToJ10%KMM, MOJITOpaA Yaca).

O4eBHIHO, YTO TIEPEKITIOUYEHUE TIPOIIECCOB B MOJOOHBIX CHCTEMaX MPOUCXOAUT JIHIIH IO
HEOOXOIMMOCTH, a 3TO 03HAYAET, YTO MPOMCXOIUT penkoe obpamieHne K pyHkuu OC cMeHb
KOHTEKCTOB 00padaThIBaéMbIX MPOIECCOB, YTO BEAECT K MAKCUMAILHOMY CHIDKCHHIO HAKIIAJHBIX
pacxo0B. B mo100HBIX crcTeMax CTeNeHb MOJE3HOM 3arpy3Ku mpoleccopa coctapisieT oT 90%
¥ BBIIIIC.

Crnenyromass MOJENb — cucmema pazoeneHus epemenu. JlaHHas MOAEITb MOXET
paccMaTpUBaThCs KaK Pa3BUTHE MOJICNU MAKETHBIX CUCTEM. B ITOMoIHEeHNe KO BCEM CBOHCTBAM
MaKETHBIX CHUCTEM HEOOXOIUMO J00aBUTH JOMOJIHUTENBHYIO XapaKTEPUCTUKY — IS KaKI0Tro
mpolecca B CUCTEME ONpENeNseTcs Keéarm TPOLECCOPHOIO0 BPEMEHHU, KOTOPBIM MOXKET OBITh
€IMHOBPEMEHHO MCIIONB30BaH IpoueccoM. [1on keanmom BpeMeHU LIEHTPAIBHOTO MPOLECCOpa
MOHUMAETCS HEKOTOPBI (PUKCUPOBAHHBIM OIMEPAMOHHON CHCTEMOW MPOMEKYTOK BpPEMEHHU
pabotbel mpoueccopa. COOTBETCTBEHHO, MEPEKIIOUYEHUE MPOIECCOB MPOMCXOTUT IO TEM IKe
IPUYMHAM, YTO U B MAKETHBIX CUCTEMax (3aBeplleHne Mpollecca, BOZHUKHOBEHUE MPEPhIBAHUSA,
¢dukcanms paxra 3aLUKINBaHNA), HO HEOOXO0AUMO T00ABUTH €Ile OJHY MPUYHHY — HCUEepIIAIICs
BbI/ICJICHHBIN KBAHT BPEMEHH.
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Kpurepuem 3¢ heKTHBHOCTH MOJOOHBIX CHCTEM CITY)KHT BOBCE HE 3arpy3Ka mpoiieccopa, a
MUHUMU3AIMS BPEMEHUM OTKIWKAa CHCTEMBl Ha 3ampoc IMoJib3oBarelsi (MOJIOKHM, €CId
MOJIB30BATEIh HAOUPAET TEKCT B TEKCTOBOM PEAAKTOPE, TO OYyJET BaXKHO, YTOOBI HAOpaHHBIC UM
TOJILKO YTO CUMBOJIBI OTOOPAXKAIUCh Ha DKPaHE JOCTATOYHO OBICTPO, MHA4YE PabOTaTh C CUCTEMOM
eMy Oyaer HeymoOHO). O4YeBHAHO, YTO B TMOJOOHBIX CHCTEMaxX MPOUCXOJUT dYacTash CMEHA
KOHTEKCTOB, YTO CBS3aHO C OOJBIIMMHU HAKJIAJHBIMH pacxofaMu. B MOmZOOHBIX cucTeMax
s dexTUBHOCT, MOXET cocTaBiATh nopsiaka 30-40%, a, coorBerctBeHHo, 60-70% OyayT
COCTaBJIATH HAKJIAJHBIE PACXO/IBI.

Bapwupys pasmepamu KBaHTa BpeMEHHU, MOXKHO MOJTy4YaTh CUCTEMBI JUIS PEILICHUS TeX WU
MHBIX 3a]a4. YBEIWYMBas KBAaHT BpPEMEHH [0 HEKOTOPOTO CpenHEero pasMmepa (mopsiaka
HECKOJIbKMX CEKYH]), MO>KHO HOJYyYUTh MAaKETHYI0 CUCTEMY, OPUECHTHPOBAHHYIO Ha 00paboTKy
OTJAIOYHBIX TMPOTpaMM. A €cli YBEJIWYHTH pa3Mep KBaHTa J0 OECKOHEYHOCTH, MOIYYUTCS
MaKeTHasi CUCTEMa B YHCTOM BUJIE.

[lpu opranuzanyy IUTAHUPOBAHHUS BPEMEHHU IIEHTPAJIBHOTO IpolLeccopa B CHCTEMax
pasziesieHus: BpeMeHU Heo0X0IuMo clieayromiee. Bo-nepBbIiX, pa3aenuTts Bce NpoIecChl Ha MPYIIIIbI
0 HEKOTOPBIM KPUTEpUSM (HAIpPUMEp, HHTEPAKTHBHBIC, OTIQJ0YHBIC U T.1.). BO-BTOPBIX, aiis
KKIOW U3 ATHX TPYII onpeneauth kBaHT BpemeHH LII1, koTopsiii OyaeT BhIAENATbCSA Mpolieccy
U3 KOHKPETHOM Tpynmnel. B-TpeTpux, pemmTbs BOIPOC CHPaBEUIMBOM  OpPraHM3aluu
BBIUMCIUTENBLHOTO Ipoliecca, T.e. OINPENeIUTbh MPUOPUTETH Ul KaXI0oM W3 KaTeropuit
nporieccoB. [Ipu 3ToM B KpuTepru cMeHbl 00pabaTHIBAEMOI0 MPOIECCa MOXKHO J100aBUTH eIé
OJIMH IyHKT — MOSIBJIEHHUE ITpolLiecca U3 6ojiee MPUOPUTETHOM Ipynbl. B-ueTBEPTHIX, NPUOPUTETHI
KaTeropui MpoIecCoB JODKHBI ONPEACNATHCS MO PacluCaHHuio (HallpuMep, B 3aBUCUMOCTH OT
BPEMEHH CYTOK).

Eme oaux kinacc cucTeM MPEACTaBISAIOT OnEePAUUOHHbIE CUCHEMbL PEAIbHOZ0 8PEMEHL.
OTO cleuuaIu3upoBaHHbIE CHUCTEMBI, KOTOpBIE MpelHa3HauyeHbl g (DYHKIHOHUPOBAHUS B
pamMKax BBIYMCIUTENBHBIX CHUCTEM, OOECIIEUMBAIONINX YIpaBICHUE U B3aHUMOJCHCTBHE C
Pa3IMIHBIME TEXHOJIOTHUECKUMHE Tiporieccamu. [Ipu pa3zpaboTke mogoOHbBIX cHCTeM Bee (DyHKITHH
TUTAHUPOBAHMSI OPUEHTUPOBAHBI Ha 00PabOTKY HEKOTOPOTO (PMKCHPOBAHHOTO HAOOpa COOBITHIA,
IpY BO3HUKHOBEHUHU JIIOOOTO M3 KOTOPBIX TapaHTHpyeTcs oOpaboTKa 3TOTO COOBITHS 3a
HEKOTOPBIN MPOMEKYTOK BPEMEHH, HE MPEBOCXOASIINI ONpPEeAEeTICHHOTO MPEIeIbHOTO 3HAYSHHUSI.

Jns wimocTpani  MOKHO NPHUBECTH CleAyromuid npumep. Paccmorpum mponece
KUTISTYeHUs! MOJIOKa. EClii eMKOCTh ¢ MOJIOKOM MTOCTOSIHHO HarpeBatb, TO Yepe3 HEKOTOpOe BpeMs
OHO HAYMHAET KHUIIETh, a €Ie Yepe3 HEKOTOPBIH JOCTATOYHO KOPOTKHU MEPUOJl OHO «yOeraeT»
(mocme wyero BoOOIIE HayMHaeT moAropars). llpomecc KUMAYEHHS MOJOKA MOXHO
aBTOMATH3UPOBATh, €CIM B COCYJ C MOJIOKOM TIOMECTHTH IATYWK TEMIIEPATyphbl, KOTOPBIHA
CHMMaeT TEeKylllee 3HAaYeHHE TEeMIIepaTyphl MOJOKAa M IepeAaeT 3TO 3HAUYEHHE KOMIIBIOTEpY.
COOTBETCTBEHHO, CTaBUTCS 3a/laya «IOHMaTh» MOMEHT (HUKCAIMK TEMIIePaTypbl KUIICHUS
MOJIOKa, MPUYEM CpearupoBaTh HEOOXOAUMO 3a HEKOTOPBIM (DUKCHPOBAHHBIA MPOMEXKYTOK
BpeMeHHU. Ecim peaxiusi mMpou30iAeT, MON0XKHM, Yepe3 MHHYTY, TO MOJOKO «YOEKHUT», H,
COOTBETCTBEHHO, I0JIb3a OT TAaKOH cucTeMbl OyneT MHUHHManbHOW. Takum oOpa3zom, mmeercs
(UKCHUPOBAHHBIA TIEPUOJT BPEMEHH, B T€UEHHE KOTOPOTO KOMITHIOTED JOJDKEH CHATH ITOKa3aHUs
JIaT4rKa, OMpPENEeNUTh, HE JOCTUTHYTa JIM TOYKA KHUIEHHS MOJOKAa, W B CIydae KHUIICHUS
BBIKJTFOUHUTH TTOJIOTPEB COCY/1a C MOJIOKOM.

Cdep npumeHeHUs: CUCTEM pealIbHOTO BpEMEHH B KHM3HH OYEHb MHOT0. J[ocTaTOYHO YacTo
CHCTEMBI PETbHOTO BPEMEHH CTPOSTCS MOJT KOHKPETHBIE 3a7au. BBIIEISFOT pa3TuaHbIE TPYIIIBI
CHCTEM DPEaJbHOTO BPEMEHH: JKECTKOI'0 BPeMEHH (HarpuMep, yrnpasieHue OOpTOoBOH cucTeMon
camoniéra), MATKOTO BPEMEHH U IIp.; HO OCHOBHOM MPUHIUN X (PYyHKIIMOHUPOBAHUS OJIMHAKOB U
0JJ00€H TOMY, KOTOPBIH OBbLIT MPOUJUTIOCTPUPOBAH BBIIIIE.

U, B 3akitoyeHue, KpaTKO OCTAHOBUMCS Ha PACCMOTPEHUU CemesblX U paAcnpeoeieHHbIX
onepayuonnwix cucmem. Kak y>xe 0TMEUaoch BbIIIE, OJUHOYHBIE OTHONIPOLECCOPHBIE CUCTEMBI
YXOZSAT B MPOILIOE, U BO MHOTUX CIIy4asX MPOLECCOPHBINA AIEMEHT WM KOMIIbIOTEPHBIH 371eMEHT
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paccMaTpuBaeTCs KaK COCTABIISIIONIAS MHOTOMPOIIECCOPHBIX MJIM MHOTOMAIITMHHBIX aCCOIMAIIH.
41 C 3TOI>1 TOYKHN 3pCHI/ISI OHCpaI_[I/IOHHLIC CUCTCMBbI MOKHO pas,ueJme Ha IBC KaTGFOpI/II/I.

B mepByio kareropuro MoxHO OTHecTH T.H. cemegble OC (Puc.75). CeteBas
OTEpalMOHHAs CUCTeMa — JTO CHCTeMa, o0ecneunBammas (yHKIMOHHPOBAHHE U
B3aMMO/JICVCTBHE BBIYMCIUTEIBLHON CUCTEMBI B MpeNiesiax CeTH. ITO 03HaydaeT, uto cereBag OC
YCTaHaBJII/IBaCTCSI Ha KaXIoM KOMHBIOTepe CCTU U 06CCHC‘-II/IBaCT q)YHKLII/IOHI/IpOBaHI/IG
pacmpe/ieieHHbIX TPUIOKEHUH, T.e. TeX MPWIOKEHUH, peanu3anus (QYHKIUH KOTOPBIX
pacmpejiesieHa 1o pa3HbIM KOMITbIOTEpaM ceTH. [IprumMepoB MOKHO IPUBECTH JOCTATOYHO MHOTO.
Tak, MOYTOBOE MPHIIOKEHUE MOKET OBITh PACIIPEACICHHBIM: €CTh (DYHKIIMH MIEpEMEIICHUS, eCTh
cepBep-ToNydaTeNib, €CTh KIMEHTCKas 4YacTh, oOecmeumBaromas uHTepdeiic paboTs
MOJIB30BATENS C YKa3aHHBIM CEPBEPOM.

I I I I
Pacnpenenennblie NpUnoxeHust

CereBas OC CereBas OC . CereBasa OC

y A y
A A

Puc. 75. Crtpykrypa cereBoii OC.

Bropyro karteropuio coctaBisioT pacnpeoenenusvte OC (Puc. 76). Pacnpenenennoi
OTIEPAIIMOHHON CHCTEMOU cuuTaeTcs cuctemMa, (PyHKIMOHUPYIOIasi HA MHOTOIPOIIECCOPHOM WIIH
MHOTOMAIIMHHOM KOMIDIEKCE, B KOTOPOM Ha KaXKJIOM M3 y3JI0B (YHKIIMOHUPYET OTIEIBHOE SAPO,
a cama cuctema o0ecreurnBacT peann3aluio pacupeaesieHHbx Bo3MoxHocTel OC (T.H. CEpBHUCHI
wi ycinyru). [IpumepoM pacrpeneneHHbIX (YHKIUH MOXKET CIIYyKUTh (YHKIHS YIpPaBICHUS
3a/laHusIMU (HATTIOMHHM, YTO B KJIACTEPHBIX CHCTEMaX 3aJJaHIe MOKET MTPEJICTABIATH COOO0TO 1IeI0e
MHOXECTBO MPOIIECCOB, W CTAaBUTCS 3ajJadya pPaCHpeleNIuTh ITH TPOILECCHl 10 HUMEIOIMIUMCS
IPOIIECCOPHBIM y311aM). J[pyruM mpuMepoM MOXKET CIYKHUTb pacrpeieienHas GaiioBas cuctema.
Tpanurmonnas ¢aitnosas cucrema OC UniX mpocTo He CIpaBUTCS C MOTOKaMH HH(OPMAIUH
MEXJTy Yy3JIaMA MHOTOIPOIIECCOPHBIX CHCTEM, MO3TOMY HEOOXOIUMBI MPUHITUITHAILHO HOBBIE
pelIeHHs OpTaHU3alliy XpaHEHHsI U JIOCTyna K (paiinam.

I I I I
PacripeneneHHble TpUIIOKEHUS

[ [ [ [
Pacnipenenennsie BO3MokHOCTH (cepBUCHI, yciayru) OC

Anpo Snpo .. SAnpo

Puc. 76. Ctpykrypa pacnpeneennoii OC.
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2 YnpaBneHue npoueccamu

2.1 OcHoOBHbIe KOHUenuuu

Beie yxe BCTpedanoch MOHSATHE mpoyecca W HEKOTOpble ero ompexaeneHus. Ilox
npoyeccom TIOHUMAETCS COBOKYIHOCTh MAIIMHHBIX KOMaHJ W JAaHHBIX, oOpabareiBaeMasi B
BBIUUCIIUTENIBLHON crcTeMe U o0Jajarolas IpaBaMH Ha BJIaJICHUE HEKOTOPBIM HaOOpOM pecypcos
BC. Takxe yxe TOBOPHIIOCH, YTO PECYPChl MOTYT ACKJIAPUPOBATHCS MOCPEICTBOM Pa3IMYHBIX
CTpaTeruii, mpuYeM pecypc MOMKET 3KCKJIIO3MBHO MPHUHAIJIEKATh OJHOMY €IMHCTBEHHOMY
IpoIecCy, a MOXKET OBITh pazdensaemvim, KOTJa PECypC MOXKET OJHOBPEMEHHO NPHHAUIEKATh
HECKOJIBKUM TiporieccaMm. C TOYKH 3peHHs BBIACICHHS pecypca MpoIeccy HCIONB3YIOTCS JIBE
OCHOBHBIC CTPaTEruu: MpeiBapUTeIbHAs AEKIApalus PecypcoB U JAUHAMHUYECKOE MOIMOJHEHHE
CHHCKAa TPUHAUICKAIIUX IPOIECCY PECYpPCOB; TaKKe NPUMEHSIOTCS W KOMOMHHPOBaHHBIC
HOJXO/IBI.

Takxe paHee 0TMeUaIoCh, UTO OJHOW M3 OCHOBHBIX 3amad OC sBiseTCS MOIACpKaAHUE
HCUBHEHHO020 yukaa Tipouecca. Ku3Hennwlil YUK NPoLecca — 3TO T€ ITalbl, YEPE3 KOTOPHIE
MOYKET MPOXOAMTH MPOIECC C MOMEHTA €r0 CO3JaHHs, B X0/I€ €ro 00pabdOTKH U 10 3aBEpIICHUS B
paMKax BBIYMCIHUTENIBHOM CHCTEMBbl. B peanbHOCTH KU3HEHHBIM IMKJI Mpoliecca NpeicTaBisieT
c00010 XapaKTEepPUCTUKY KOHKPETHOM OINepaliiOHHON CUCTEMBI.

Boiienum crenyroiye TUIOBbIE ATAIbI d)KU3HEHHOTO LIMKJIa IPoLecca:

— oOpa3oBanue (mopoxjaeHue uin hopMupoBaHue) npouecca,

— 00paboTka (BBIMOIHEHKE) TPOIIecca Ha TPoIeccope,

— OKMJIaHWE MOCTAHOBKH TPOIIecca Ha MCIOJIHEHUE — OOBIYHO 3TO OXKHUJAHHE KaKOTro-IH0O
COOBITHS: OXXKMJAaHME OKOHYaHUS OOMEHa, OKMJaHHME BBIJCIICHHUS pecypca LEHTPAIbHOIO
npoleccopa u mp.,

— 3aBepIleHHE MpOoIlecca — 3Tall, CBA3aHHBIA ¢ BO3BPATOM IMPOIECCOM MPHHAICKAIUX EMY
pecypcosB.

2.1.1 Mopgenu onepaunOHHbIX CUCTEM

O0603HaUMM OCHOBHBIE XAapaKTEPUCTHKH MOAEJAbHOH ONEepPaAllMOHHOH CHCTEeMBI,
OTHOCHTEIIFHO KOTOPBIX OyZeM paccMaTpuBaTh MPOOJEMBI YIpaBlIeHHS TporeccamMu. byaem
cuntath, 4ro OC oOecrieuyuBaeT CyIIECTBOBAaHHE MPOIECCOB B JBYX cocTosHUAX. [lepBoe
COCTOSIHHE — 3TO pa3MeIICHHE TpoIlecca, WM MPOrpaMMel, B dyghepe esooa npoueccos (BBII).
B stom Oydepe pa3memarorcs nporecchl ¢ MOMEHTa UX (OpPMHUPOBAHUS, UM BBOJA B CUCTEMY,
JI0 Hadajga oOpabOTKHU ero MEeHTPabHBIM mporieccopoM. OTmeTnM, uTo Oydep BBOAA MPOIECCOB
ABIISIETCS HEOTHEMJIEMON YaCThIO MAKETHBIX CHCTeM. BTopoe cocTosiHue 00beIMHSAET COCTOSHUS
npoiiecca, CBsI3aHHbIE C pa3MeIeHUEM Tpoiiecca B oyghepe oopadamoieaemvix npoyeccos (bOII),
T.e. OyleM cuuTaTh, YTO BCE MPOIECCHl, KOTOphbIE Haudajdl oOpadaThIBaThCS IIEHTPATbHBIM
MPOIIECCOPOM, pPa3MENIATCS B JaHHOM Oydepe. Mbl BBIIEIHIA HUMEHHO JIBa JIOTHYECKHX
cocTosiHUS, T.K. Takas moaenbHas OC oTpaxkaer Haubosee oburyro kaptuny. [Ipoiecc mocne ero
dopmupoBaHus He 00s3aTelNbHO cpa3y IOMagaeT Ha MPOLEeccop. 3aMeTHM, YTO MHOTHE
MH(GOPMaILMOHHBIE CUCTEMHBIE CTPYKTYPBI 00pa3yroTCs TOIBKO TOT/IA, KOTAa MPOIECC HauUHAET
00pabaThIBaThCS, MO3TOMY, COOTBETCTBEHHO, MOKHO MPOBECTH pa3JefieHHe MO0 CTPYKTypHOU
opranuzaiuu. Pasmepsl OydepoB B pa3IMUHBIX CHCTEMaX MOTYT BapbHUPOBATHCSI.

Tenepp paccMOTPHM HEKOTOPBIE MOJEIBHBIE MPUMEPHI COBOKYITHOCTH COCTOSTHHMA
nporeccoB B 3aBucumoctd oT Tuma OC. Haunem paccMoTpeHne ¢ MOAENU HNaKeTHOM
ogHompoueccHoii cucrembl (Puc. 77). B momoOHO# cucTeMe >KU3HEHHBIM IMKI Ipolecca
COCTOMT Bcero u3 Tpex 3tanoB. [lepBriii aTan — GopMupoBaHue mporiecca U OKUJaHNe Havaa
00paboTKH, T.€. MOCTYIJIEHHWE IMpoIlecca B OYEpelb Ha HA4YaJlo OOpabOTKH MPOIECCOPOM U
OXHJaHHe UM Havana cBoeil 00paboTku (mporecc nonanaet B bBII). Bropoii atanm — o6paboTka
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(mepexox mu3 BBII B BOII). Ilocnegnuit 3Tam — 3aBepiieHue IMpoiecca, OCBOOOXKIECHUE
CUCTCMHBIX PECYPCOB. I[aHHaSI CHUCTEMA HEC UMECT O)KI/IILaHI/Iﬁ TFOTOBLIX MMPOLECCOB UITN O)KI/IIIaHI/Iﬁ
BBOJIa-BBIBOJ/Ia — 3TO OJHOIIPOIIECCHAS CUCTEMa, KOTopasi 00padaThIBaeT OHMH MPOIecC, IPUIeM
BCC OGMCHLI CHUHXPOHHBIC, U TPOLCCC HUKOrAa HC OTKJIaAbIBACTCH.

0 Oxunanue 1 O6pabotka 2
— Havaia > 1 » 3aBepiieHue
00paboTKn

Puc. 77. Moaesib nmakeTHOil ogHONpoLeccHOW cucTeMbl. 0 — MocTymieHHe Ipouecca B
odepear Ha Hayayo odpadorku III (mpouecc monmagaer B BBII). 1 — Hauaso
00pa6oTku npouecca Ha LII (u3 BBII B BOII). 2 — 3aBepuieHue BbINOJIHEHUSI
npomnecca, 0CBO00K/IeHHE CHCTEMHBIX PecypCoB.

Craenyromas MOJCIIb — MaKeTHast MyJbTHNpoueccHasi cucrema (Puc. 78). JlanHas
MoOJieTb yKe uMeeT Oosiee OoraTelii HAOOp cocTosiHUMM mporecca. ECTh cocTosiHME OXHUIaHUs
Hayaia oOpadotku B BBII, mocine xotoporo mpomecc momamgaer B bOII Ha o00paboTky
HEHTpaJIbHBIM TporeccopoM. [Tockonbky MBI paccMaTpuBaeM MOJIElb MAKETHOW CHUCTEMBI, TO
00pabaThIBaEMBbIil MPOIIECC MOXKET JTUOO 3aBEPIIUTHCA, JIMOO MEPEUTH B COCTOSHUE OXKUIAHUS
BBOJIa-BBIBOJIA (ecIu mpoliecc oOpaiaeTcs K onepanuu oomena). Koraa mporecc nepexoaut u3
COCTOSIHUSI 00pabOTKH Ha MPOIIECCOPE, CUCTEMa MOXKET ITOCTaBUTh HA CYET HEKOTOPBIH Mpoiiecc
60 u3 bBII, 1160 u3 ouepeny roToBBIX HA BHIIOJHEHHE MPOLIECCOB B 3aBUCUMOCTH OT TOW WU
MHOH peann3oBaHHON cTparernn. COOTBETCTBEHHO, IIOCIIE TOTO, KaK IMPOIECC 3aBEPIIUI OOMEH,
OH MEHSIET CBOH CTaTyC M MOMaJlaeT B Ouepe/ib Ha BHIMOJIHEHHE, U3 KOTOPOH MO3XKe OH MOMaJIeT
CHOBA Ha BBITIOJTHCHUC.

o || Oxmmamue |5 b, OGpaboTka 5 !
— | Hauama ——p 1 »  3aBepIlICHHE |
t | obpaborkum | | | :

: » 4 !

: BBII | 2 BOII ]
R v :

i Oxunanme Ouepenp Ha i

: onepanuu |

i BBIMTOJIHEHHUE .

: BBOJIA-BBIBO/IA 3 :

Puc. 78. Moneab nakeTHOH MyJbTHIPOLECCHON cucTeMbl. ) — MOCTyIJIeHHE Mpolecca B
ovepenb Ha Hayayio odpadorku LIII (mpouecc monagaer B BBII). 1 — Hauyauo
o0padorkn npomnecca Ha LIl (m3 BBII B BOII). 2 — mpomecc mpexkpamaer
o0padorky LIl mo npuunHe 0:XKUAAHUS ONePalliM BBOAA-BbIBO/A, MOCTYNAET B
oyepennb 3aBepumieHusi omepauuu odmena (BOII). 3 — omnepauus oOmena
3aBeplieHa, M TMPOIECC MOCTYymaeT B oO4Yepedb OXKHIAHUSA TPOIOJTKEHUS
pbinoJinenns L{IT (BOII). 4 — BpiOupaeTcs: mpouecc Aas BbimogHenus Ha LTI
5 — 3aBepuieHne BHINMOJIHEHUS MPoIlecca, 0CBO0OKIeHUE CHCTEMHBIX PeCypcoB.
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[TpousBens B pacCCMOTPEHHON MOJIEH TAKETHOW MYJIBTHUITPOIIECCHOM CUCTEME HEOOIbIITNe
W3MEHEHHsSI, MOXXHO TOJNyYUTh MOJIEIh ONMEPANMOHHOI CHCTEMbI ¢ pa3/ieieHHeM BpPeMeHH
(Puc. 79). CTpyKTypHO JAJIs1 3TOTO JTOCTATOYHO JT00ABUTH BO3MOKHOCTh MEPEX0/a U3 COCTOSHUS
00pabOTKH IEHTPATIBHBIM IMPOLECCOPOM B OYEpE/Ib TOTOBBIX HA BBINIOJIHEHHE IMPOLECCOB. T.e.
CHUCTEMa MMEET BO3MOXKHOCTb INPEpBaTh BBIINOJIHEHHWE TEKYIIEro mpoliecca (eciau ucueprnaics
BBIJICJICHHBIN KBAaHT BPEMEHH) U IIOMECTUTH MPOLIECC B YKa3aHHYI0 ouepens. Ho Takas Moziens He
IpeJnoiaraeT CBOIMMHTA, UM MeXaHH3Ma OTKayKy Mpoliecca BO BHEIIHIOK NMaMsTh. B npuHmumne,
TaKyH BO3MOXXHOCTh MOXHO TakXe J100aBUTh B Mojieib cucteMbl (Puc. 80) — Torma nosBisieTcs
€lle OJHO COCTOSIHUE, XapaKTepU3yIollee IMPOIecC, KaK OTKAYaHHBIM BO BHELIHIOW IMaMSTh.
3aMeTHM, 4TO B HOBOE COCTOSIHHE MOTYT MEPEXOUTh MPOLECCHI JIUIIb U3 OYepear TOTOBBIX Ha
BBITMIOJIHEHHE MPOLIECCOB, a MPOIIECCHI, 0XKUAAIOIINE OKOHYAHUSI BBOJA-BbIBO/A, CBOITUPOBATHCS
HE MOTYT, MHAa4Ye B CUCTEME OYyAyT «3aBUCATh» 3aKa3bl HA OOMEH.

0 | Oxnnanme i O6paboTka 5 ]
—p Hauana — 11T » 3aBeplueHue |
' | 0OpaboTku ) :

| | 4 i

' BBIl || 2 6 BOI ]
R v :

i Oxunanue Ouepenp Ha ]

| ornepanuu > !

. BBITIOJTHEHHE |

: BBOJ1a-BBIBOJIA 3 :

Puc. 79. Mopeans OC c pa3genenneM BpeMeHH. 6 — npoiecc npekpamaer odpadorky LI,
HO B JII0O0OW MOMEHT MOKET OBITh MPONOJKeH (McTek KBaHT Bpemenu LTI,
BbIleJIeHHBIH Tponeccy). IlocTymaer B odvepeab NPOIECCOB, O0KHIAIOIIMX
NPOJ0JKeHHUs BBINOJTHEHHS HEHTPaJbLHBIM nponeccopoM (BOII).

__________________________________________________________________

0 | Ozxnnanue E i1 Oo6paboTka 5 i
—1p Havama =y 1 » 3aBepuieHue |
t | obpabotku i : i

| | 4 |

' BB | 2 6 BOI ]
R v :

: Osxunanue Ouepenpb Ha i

| orepanuu > i

. BBIIIOJIHEHUE )

: BBO/Ia-BBIBOJA 3 :

Ccé0nuH2

Puc. 80. Mongear OC c pa3sneiennem BpeMenu (Moaudukamusi). 3a010KHPOBAHHBIIH
Nnpouecc Mo:kKeT ObITh OTKAYaH (CBONUPOBAH) HA BHEIIHMN HOCHUTEIb, a HA
0CBOOOJUBLIEECH MECTO MOKET ObITh MOJKAYEeH NMPOLECC ¢ BHEIIHEr0 HOCHTEJIs],
KOTOPBIi ObLI 0TKa4eH paHee, 100 B3T HOBBII.
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2.1.2 Twnbl npoueccoB

Jlo maHHOTO MOMEHTa MBI pacCMAaTPUBAIH MPOIECCHl Kak HEKOTopbie cyObekThl OC,
KOTOpBIEC BJIAJICIOT PECypcaMu U SIBISIOTCS 00bEeKTaMU IUTaHupoBaHus. Ha camoMm nene, BHyTpu
npoliecca MOXKeT ObITh He OJIMH OOBEKT IJIAHMPOBAHUS, a /iBa U Oojee (T.e. B OJHOM Ipoliecce
MOXET OBITh JIBE U OoJiee Humu, uiu nomoxa). [Ipr 3TOM MBI Kak Obl BBOJIUM €IIE OJMH YPOBECHb
omnpenenenus nporecca (Puc. 81). [Iponece (nnu nosnosecusvlit npouecc) — ABISCTCS 00BEKTOM
IUIAHUPOBAHHUS ¥ BBIMOJHACTCS BHYTPH 3aIIMNICHHOW OO0JIACTH TaMATH. AJIBTEpPHATUBOU
SIBJISIFOTCSL T.H. J1€2KOGECHblE MPOUECcChl, U3BECTHBIC TAKKe KaKk Humu (WM HOMOKU), — ITO
IPOIIECChI, KOTOPbIE MOTYT aKTUBHUPOBAThCS BHYTPU IOJHOBECHOIO IPOIECCa, MOTYT OBITh
00BEKTaMHU TUIAHUPOBAHUS, W TPH TOM OHU MOTYT (YHKIIMOHHPOBATH BHYTpU OOIIeH (T.e.
HE3aIUIIEHHOW OT JAPYrMX HUTeW) obOnactu nmamsitu. OOpaTMM BHUMaHHE, YTO MbI TOBOPHM O
JIETKOBECHBIX TpoIleccax, Kak O TMpoIeccax JIpyroro HEPapXHuecKOro YPOBHS, HEKEIN
MIOJTHOBECHBIX (T.€. JIETKOBECHBIC MPOIECCHl PEaTM3YIOTCS BHYTPH IOJIHOBECHOTO MPOIIECCa).
[Tpruém HUTH, KOTOPBIE (GYHKIMOHUPYIOT BHYTPH 00HO20 TIOJIHOBECHOTO TIpoIiecca, paboTaroT B
€0UHOM aJIPECHOM TIPOCTPAHCTBE, U OHU HE3aIUIICHBI APYT OT Apyra. [Ipu 3Tom mianupoBaHuio
MOJIBEPTaeTCsl KaK/ask HUTh, T.€. IUTAHUPOBIIMK MOKET OCYIIECTBIIATH MEPEKIIOYCHUE C HUTU Ha
HUTbD.

OcHOBHasl IPUYHMHA UCTIOJIH30BAHUS MHOTOHUTEBOM OpraHU3allid — 3TO MHUHHMH3AIUSI
HAKJIaJHBIX PacXoJ0B. MyJIbTUIIPOIIECCHPOBAHIE BHYTPH IOJIHOBECHOTO IMPOIECCa MOMydYaeTCs
oueHb YQ(PEKTUBHBIM, 01aroaapsi YMEHBIIICHHIO KOJIMIECTBA CMEH KOHTEKCTOB.

npouecc nporecc
2 2 2 2 2
= = = = =
= = = = =
= = = = =
a. 0.

Puc. 81. Tunsl npoueccoB: oIHOHUTEBas (a) 1 MHOrOHHTeBasi (0) OpraHn3anuu
NpoLecCcoB.

Taxke OTMETHUM, YTO MHOTOHHUTEBBIE MPOIECCHI XOPOLIO JIOXKATCAd HAa COBPEMEHHBIE
MHOTONPOIIECCOPHBbIE CUCTEMBI (HanpuMmep, SMP-cuctemsl), T.€. B HEKOTOPBIX CIIydasix IpU TaKou
OpraHu3aluM MoBbIIIAETCS 3(PPEKTUBHOCTD CUCTEMBI.

Kpome TOro, M™exaHusm HHUTEBOH  OpraHM3alMd  IO3BOJSIET  OCYIIECTBISATH
B3aUMOJICHiCTBME HHUTEH B paMKax OJHOIO TIpoliecca, NPUYEM aJpecHOEe NPOCTPAHCTBO,
MOCPEACTBOM KOTOPOT'O OHU B3aUMOJEUCTBYIOT, OCTAETCS 3aIMILEHHBIM OT JIPYTUX IIPOLIECCOB B
cucTeMme.

CoOOTBETCTBEHHO, MEpe] ONEPALMOHHON CUCTEMON, TOMUMO yIPaBIEHUS OJTHOBECHBIMU
npoleccaMy, INIAaHUPOBAHUS U BBIIETICHUS UM PECYPCOB, BO3HUKAET 3a/1a4a yIPaBJIE€HUS HUTSIMH.

Torna onpenenenue nporecca MOXXHO 0000IINTH — HOHATHE «HPOUecca» BKIIOYACT B ceOst
cieayrouiee:

®  UCHOJHAEMBIN KOJ;
e COOCTBEHHOE aJpecHOe MPOCTPAHCTBO, TMpeAcTaBisiomee co0oi  MHOXKECTBO

BUPTYaJbHBIX aJI[pECOB, KOTOPbIE MOKET HCIOIb30BaTh MPOILIECC;

® pecypchl CUCTEMBI, KOTOPbIE HA3HAYEHBI IIPOIIECCY ONEPALIMIOHHON CHCTEMO;
e XOTs Obl OJIHY BBIMIOJIHAEMYIO HUTb.
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B 3axmioueHue OTMETHMM, YTO MHOTHE COBPEMEHHBIC OINEPAIlIOHHBIE CHCTEMBI (KaK
cemerictBa UniX, Tak 1 Windows-CHCTEMBI, U JIp.) 00eCIIEYNBAIOT PA0OTy C HUTSIMHU.

2.1.3 KoHTeKcT npouecca

PaccmorpuM Temeph, Kakas MOJJCpKKA OINEPAMOHHONW CHUCTEMBI HeoOXonuma st
(GYHKIIMOHUPOBAHMS MPOLIECCOB. 3/1€Ch B IMEPBYIO OYepelpb CleAyeT OOpaTUTh BHHUMAaHHE Ha
NOHSTUE KOHmeKcma npoyecca. Ilon konmekcmom npoyecca OyneM NIOHUMATh COBOKYITHOCTh
JTAHHBIX, XapaKTEPU3YIOUIMX aKTyallbHOE COCTOsHHE mporecca. OOBIYHO KOHTEKCT Mpoliecca
COCTOMT U3 TPEX KOMIIOHEHT:

— IO0JIb30BATEJIbCKAasi COCTABJISIOMIASi — 3TO TEKYyIIEe COCTOSHUE MpOorpaMmbl (T.€.
COBOKYITHOCTh MAIIMHHBIX KOMaHJ U JaHHBIX, pasMelEHHbIX B O3Y U XapaKTepu3yIoLuX
BBITIOJIHEHHE JIAHHOTO TpoIiecca);

— anmapaTHasi COCTABJSIIOIIAA — OTPaXaeT aKTyaJbHOE COCTOSHHE LIEHTPAJIbHOTO
nporeccopa B MOMEHT BBIMOJHEHHs JAHHOTO Ipoliecca (T.e. 3TO aKTyallbHOE COCTOSHHE
PErucTpoOB, HACTPOEK IpoLEeccopa U T.1.);

— CHCTEMHasl COCTABJSIIOIIAA — OTO CTPYKTYpbl JQHHBIX OIEPALMOHHON CHUCTEMBI,
CoJIeprKallie XapaKTepUCTUKU IIpoLecca:

o coaepxkar uHpopmaruio uaeHtudukannonHoro xapakrepa (PI1D mporecca,
PID «pomurensi» u 1.1.); uHGopMaiuio o coaep;kumom peructpos (POH,
UHJICKCHBIE PETUCTPBI, (py1aru u T.1.);

o wuHpopMauus O BBIJCIEHHBIX MPOLECCY pecypcax, HACTpOHWKax U
HCIIOJIb30BaHUU BUPTYAIbHON M PU3NUYECKON ONEpaTUBHOM MMaMATH;

O UH(QOpPMALUIO, HEOOXOJUMYIO AJISl YIPABICHHUS MPOLECCOM (COCTOSHUE
npoiiecca, MPUOPUTET U T.1.). OTMETUM, YTO CHCTEMHAsl COCTaBJISIOIIAS
IIpoLecca COACPKUT KOIHUIO allllapaTHO-CUCTEMHOM COCTaBIISIIOIIEH, €CIIn
MPOLECC NPUOCTAHOBJIEH: K MpHUMEpPYy, B ClIydae, €CJIM HCIOJIb3YeTCs
BUpTyaJbHas CTpaHWYHAs TMaMsITh, TO B KOHTEKCTE€ pa3UeIIaeTcs
«»pacllupeHHasD» KOMusl TaOJIUIBl CTPaHUI] B KOTOPOH pa3MelaeTcs: BCs
uHpOpMalKs O KaXOW BUTPyalbHOW CTpaHHIe IIpolecca (HoMmep
(¢U3nMUeCKoil CTpaHUIIBI, €CIM OHA 3arpy’kKeHa B MaMsTh; PACIOJIOKECHUE
CTpaHHUIIBI Ha BHEIIHEM YCTPOWCTBE, €CIU Takas CTpaHUIa €CTb U He
3arpy’keHa B MaMsTh; IPU3HAK OTCYTCTBUS CTPAHUILIBI).

Takum o0Opa3zom, Korja MpOLECC HAXOJUTCS B COCTOSHUU BBIMOJHEHUS (TPLIECCOPOM), TO

aKkTyaJlbHa allllapaTHas COCTaBIISIONIAs, KOT/Aa MPOLECC OTIOXKEH — aKTyallbHAa CHUCTEMHast

COCTaBIISIOLIAS.

2.2 Peanu3sayus nonHoeecHbIx npoyeccoe 8 OC Unix

2.2.1 nMpouecc OC Unix

MexaHu3M yrpaBieHus 1 B3aumozaencTus npoueccoB B OC UNiX mociry>kKuil BO MHOTOM
OCHOBOI /Jisi pa3BUTHS ONEPALMOHHBIX CHUCTEM B IIEJIOM, M JIOTMUECKOTo OJIOKa yIpaBlieHUS
npoleccaMd B YacTHOCTH. Bo MHOrom opraHu3aims ympaeieHus npoueccamu B OC Unix
ABJISIETCS ATAJIOHHOM, IIOATOMY MBI PACCMOTPUM €€ Tereph OoJiee AeTalbHO.

C Touku 3peHus MOHUMaHUs TepMuHa npoyecca B OC UNiX, 1aHHOE MOHITHE MOXHO
onpenenuts ABOsKO. C  OAHOM CTOPOHBI, mpoyecc MOXKHO OIPEIEIUTh Kak OOBEKT,
3apEeruCTPUPOBAHHBIN B TAOIHUIIE MPOIIECCOB ONEPAIMOHHON cHcTeMbl. Tabyuia mpoueccoB —
OJlHAa U3 CHEIMAIbHBIX CUCTEMHBIX TA0JUL], KOTOpas sABJSETCA MporpaMMHOM Tabmauuel. Bropoe
OTIpeNieIICHUE OOBSIBIICT HPOUeccom OOBEKT, TOPOKICHHBIN crucTeMHbIM Bhi3oBoM fork(). Oba
ONpEENICHUsl SIBJIAIOTCS KOPPEKTHBIMM M PaBHOCWIBHBIMM (€CIM y4ecTb, YTO B CHUCTEME
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CYILIECTBYIOT JiBa OCOOBIX MPOLIECCa C HYJIEBBIM U IIEPBLIM HOMEpaMu, U 00 UX 0COOEHHOCTSAX peyb
TIOMJIET HUXKE).

OcTaHOBMMCSI CHayaja Ha MEPBOM TPAaKTOBKE Mpolecca. B omepanMoHHOW cuUCTeME
UMeeTCsl TabluIla TMPOIIeCCOB, IMpeIHA3HAuYeHHAs JUIS PETUCTPAllMH BCEX CYIIECTBYIONIUX B
JTAHHBI MOMEHT IPOIIECCOB B CUCTeME. PazMep 3Toi TaOIHIIbI SBIISETCS MTApaMEeTPOM HACTPONKH
OC, u, COOTBETCTBEHHO, KOJIMYECTBO IPOLIECCOB B CUCTEME SIBJISIETCS CUCTEMHBIM PECYPCOM.
Tabnuna mnpoieccoB obecrneynBaeT yHUKaJIbHOE HMMEHOBAaHHE IPOIIECCOB: OHA YCTpPOEHa
NO3UIIMOHHBIM 00pa3oM, T.e. UMEHOBAaHHE IPOIECCa OCYIIECTBIAETCS IOCPEICTBOM HOMEpa
3alycy TaOJIHIIBI, COOTBETCTBYIOIICH AaHHOMY Ipoueccy (HyMepauus CTPOUTCS OT HyJs /0
HEKOTOPOTro (PMKCHUPOBAHHOTO 3HAUCHUS). DTOT HOMEP 3aMUCH HA3BIBACTCS UOeHMUPUKAMOpOM
npouecca (PID — Process ldentifier). Kak To1pK0 4T0 0TMEYaI0Ch, ABE IIEPBbIE 3aIIUCH TaOIHIIbI
IpeopeesieHbl U HCIIONB3YIOTCS ISl CUCTEMHBIX HYXJ. Kaxknas 3anuce TabIuIbl MpOIEeccoB
(Puc. 82) wumeeT CChUIKY Ha KOHTEKCT MPOIECCa, KOTOPBIH CTPYKTYPHO COCTOUT U3
I10JIB30BATEIbCKOM, CACTEMHOM U alIIapaTHON COCTABJISIOLIUX.

IHonb30oBaTebckasi (MpOrpaMMHasi) COCTaBJISIIOIAST — 3TO Teyo mpoiecca. OObIYHO
TEJO IpOoLiecca COCTOMT U3 JIByX YacTeil: CErMEHT KoJa U CerMeHT JaHHbIX. Ceemenm kooa
COJICP’KUT MAIIMHHbIE KOMAH/Ibl M HEU3MEHsEMbIe KOHCTAHThI; CETMEHT KO/Ia — 3TO OOBIYHO HE
U3MEHSIeMas NpPOSPAMMHBIM CIIOCOOOM YacTh Tena Imporecca (OTMETHM, YTO B TNPHUHIIMIE
U3MEHEHHE MOXET OCYIIECTBISATHCS MOCPEACTBOM CHCTEMHBIX BBI30OBOB). Takxke B
MOJIb30BATEIBCKYI0 COCTABIISIOUIYIO BXOJAUT Ce2MeHm OaHHblX, BKIIOYAIOIIUN 00JacTb
CTaTHMYECKUX JAaHHBIX Mpolecca (B T.4. CTATUYECKUE IePEMEHHBIE), 00JIaCTh pa3/iesieMon MaMaTu
(T.e. 00MaCTH MAMATH, KOTOPAst MOXKET MPUHAJIEHKATH IBYM U O0Jiee mporeccaM 0JIHOBPEMEHHO),
a Taxke 00nacTh creka. Ha creke B cucteme peanusyercs nepenava (pakTHUECKUX IMapaMeTpoB
GYHKIUSAM, peali3yloTCs aBTOMAaTHIECKUE U PETHCTPOBBIC IIEPEMEHHBIC, a TAKXKE B 3TON 00J1aCTH
OpraHu3yeTcs JUHAMHYecKas MaMsTh (T.H. Ky4a).

Tabmia mporeccon

KonTeker nponecca [« PID

TTonb30BaTENbCKUHA

(Teno mporecca) ArnmnaparHbli CucreMHBbII

aopecroe npoCmpancmeo
npoyecca

aopecnoe npocmpancmeo A0pa

Puc. 82. Ta6auua npoueccos B OC Unix.

B OC Unix peanu3oBaHa Takasi BO3MOXXHOCTb, KaK pa3jiejieHue cermenTa koaa (Puc. 83).
OTa BO3MOXKHOCTb IIpeIHa3HaueHa JjIs onTuMu3anuu ucrnonb3zoBanus OIL. Jlomyctum, B cucteme
paboraer Heckosbko (mycTh 100) monb3oBaTesnel, KaxAbld W3 KOTOPBIX MOMHMO IPOYETO
paboTaeT ¢ OAHMM H TEM € TEKCTOBBIM penakTopoM. Takum o0pa3oMm, B cHCTEME
oOpabateiBatorcsi 100 xonuii TekcroBoro peaaktopa. CTaBUTCS BOINPOC O HEOOXOAMMOCTHU
nepxkath B O3V Bce cermenTtsl koga juist 3Tux 100 mpoueccoB. s onTuMu3anuu MOJ00HBIX
cutyauuit B OC Unix ucHosip3yeTcsl yKa3aHHbI MEXaHU3M pas3felieHusi cerMeHTa koja. Torna
KKl oOpabaThiBaeMblii B CHUCTEME MPOIIECC TEKCTOBOTO PEAAKTOpa B IMOJIH30BATENBCKON
COCTABIISIFOIIEH XPaHUT CCHUIKY Ha €AMHCTBEHHYIO KOIHIO CETMEHTa KO/a PeJaKTopa, a CETMEHT
JaHHBIX Y KaXJI0ro U3 mporeccoB cBoi. COOTBETCTBEHHO, B MPUBEICHHOM MPUMEPE B MaMSITU
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OylyT HaXOAUTHCS OJIMH cerMeHT Koja u 100 cermeHTOB AaHHBIX. HO paccMOTpeHHbIN MEXaHU3M
MOXKET UMECTh MCCTO B OC TOJIBKO B TOM cnyqae, Korga CSIrMCHT KOZda HEJIb3d U3MCHUTH. OH
3aKPBIT HA 3aIHCh.

JPPriae CermMeHt Tporecc;
JPtae JaHHBIX 1 ,
- 7
’,’ .
/’ _________ ’
------- AP TTT T -l .
[PPte . -~
e PR ~
N S~
KAV CerMeHr Koga ~.. - C N
/ RS P €rMEHT v
v TEKCTOBOT'O NP I [Ipouecca
v PRI NG JIAHHBIX 2 !
K penakropa Pt . g
Fs - . g
\ NN — R .-
~ S~ N - \»_,—
S~ TN et S
________ \\\_—___—-———______._-_——-"-_— \\\
~ ~
\\ N
~ N
\\ N
~ N
\\ N
e CermeHt \ Tpoecen
S~ manaeix N )

______

Puc. 83. Pa3jgeiienne cerMeHTa Koaa.

AnnapaTHasi COCTABJISIONIAsl BKIIOYAET B ce0s BCE PETUCTPHI, ammapaTHBIC TaOIHIIbI
nporeccopa M T.JI., XapaKTEpU3YIOIIME AaKTyaJlbHOE€ COCTOSIHHME TIIpoLecca B MOMEHT €ro
BBINIOJIHEHUS Ha Tporieccope. KoHKpeTHast CTpyKTypa ammapaTHOW COCTaBIIAIONICH 3aBUCHT OT
KOHKPETHOT'O TIpoleccopa; OOBIYHO OHA BKIJIIOYACT CUETYMK KOMAHJ, PETUCTP COCTOSHHSA
nporeccopa, anmapar BUPTyalIbHOH MaMsITH, PETHCTPhI 00IIero Ha3HauYeHHs H T.JI.

CucreMHasi cOCTaBJSAIOIIAS COJCPKHUT CUCTEMHYIO MH(OpMAIUio 00 UACHTH(PHUKAINN
npouecca (T.e. WACHTH(UKAIMS MOJIB30BATEN, C(HOPMHUPOBABILETO IPOIECC), CHCTEMHYIO
UHPOPMALIKIO 00 OTKPHITHIX M HCIIONIB3YEMBIX B Tporiecce (aiiiax u mp., a TaKkKe COXpaHEHHbIE
3HAYEHMS aNllapaTHON cocTaBisoniel. Mtak, B CHCTEMHOW COCTABIISIONIEH KOHTEKCTA Ipoliecca
coJiepKaTcs pa3UUHbIe aTPUOYTHI MPOIIEcca, TaKUe Kak:

*HJICHTU(HUKATOP POAUTEIHLCKOTO TPOLIECCa;

*TEKYIIIee COCTOSIHUE MPOIIECCa;

*[IPHOPUTET MPOIIECCa;

*peallbHBI MACHTU(UKATOP MOIB30BATENA-BIaAeblla (MACHTU(DUKATOP TOIH30BATEINS,

c(hOpMHUPOBABIIETO MPOIIECC);

3 PeKTUBHBII uaeHTuGUKATOP I10JIb30BaTEIIS-BJIaAEIIbIIA (uneHTUhUKATOP
MOJIb30BATENIsA, MO KOTOPOMY ONPEICNISIOTCS IMpaBa JOCTyMa Ipolecca K (aiioBoi
cucreme);

*peanbHBI  MISHTU(HUKATOP TPYyMIB, K KOTOPOW  TPHHAICKUT  BIajesel
(upeHTH(dUKATOP TPYIIBI, K KOTOPOH MPUHAIICKUT TOJIH30BATENb, CHOPMHUPOBABIIUI
TpoIiecc);

3 pexkTuBHBI WASHTHPHUKATOpP TPYMIBL, K KOTOPOW TNPUHAIJICKUT BIaJEsIell
(nnenTHdUKAaTOp TPYIIBI «3()(HEKTHBHOTO» MOIB30BATENS, IO KOTOPOMY ONPEACIISIOTCS
IpaBa JI0CTyIa npoliecca K (pailyioBoii cucteme);

*CITUCOK 00JacTeil mamsTy;

*Ta0JIMIa IECKPHUIITOPOB OTKPHITHIX (hailyIOB mporecca (MMEHHO JIECKPHUIITOPOB, T.K. OJWH
U TOT K€ (a1 MOXKET OBITh OTKPHIT B CUCTEME MHOTOKPATHO); (haiiyIOBbIi JECKPUITOP —
3TO CHCTEMHAas CTPYKTypa JaHHBIX, OTpaKalomlas aKTyallbHOE COCTOSIHHUE pabOTHI
nporecca ¢ (aimom;

105



suHQOpMAIMA O TOM, KaKas peaklusi yCTaHOBJIEHA Ha TOT WJIM MHOM CUTHaJ (ammapar

CHTHAJIOB MTO3BOJISIET ME€peIaBaTh BO3ACUCTBHS OT Spa CUCTEMBI IPOLIECCY U OT Ipoliecca

K MPOIIECCY);

suH(OpMAIHS O CUTHAJIAX, OXKMJIAIOIINX JOCTABKU B IaHHBIN MPOILIECC;

*COXpaHEHHBbIE 3HAUYECHMS amMnapaTHOW COCTaBJSAIONIeH (Korja BBINOJIHEHHE Mpolecca

IIPUOCTaHOBJIEHO).

PaccmoTtpum 6omee noipoOHO Takue aTpudyThl CHCTEMHOI COCTaBISIONIEH, KaK peanbHbIN
U 3¢dexTuBHbI HMACHTHGUKATOPBI MoNb30BaTesi-Biaaenbua. B OC Unix ¢dopmupoBaHueM
mpolecca CUYMTACTCS 3alyCK MCIONHAEMOro (aiina Ha BbIMoiaHeHHE. VCIoNHIeMbIM CUUTaeTCs
aiin, uMeroImuil yCTaHOBJICHHBIM COOTBETCTBYIOLINI OUT NCTIOJIHEHUS B IIpaBax JI0CTyNa K HEMY,
pu 3TOM (haiiT MOKET CoIepKaTh JINOO UCTIONHIEMbIN KO, 100 HaOOp KOMaH 1 1151 KOMaHAHOTO
uHTepnpeTaropa. Kaxplii monp3oBaTens cucTeMbl nMeeT cBor uaentudukatop (UID — User
ID). Kaxnpiii aitn uMeer cBoero Biajaenblia, T.e. i Kaxuaoro (aitma ompenenen UID
NOJIb30BaTeNsI-BIaienblia. B cucteme uMeercs BO3MOXKHOCTb pa3pelnaTh 3ammyck  (aitios,
KOTOpBIC HE MPHHAIJICKAT KOHKPETHOMY MOjb30BaTeto. bospmmacTBO KoManm OC Unix
NPECTABISAIOT COOON MCHOJHSEMbIe (ailiibl, MPUHAAISKAIINE CUCTEMHOMY aIMHHUCTPATOPY
(cynepriosib3oBaTento). Takum oOpaszoM, mpu 3amycke (aitia omnpezaeneHsl (pakTHYECKH JBa
MOJIL30BATEIsI: IOJIb30BAaTENb-BiIaenen (aiaa W TOJIb30BaTeNb, 3aMyCTHBIIMN Qain (T.e.
MoJIb30BaTeNNb-BIaenel mnpouecca). M sta nndopmanus XpaHUTcs B KOHTEKCTE IMpoliecca, Kak
peanbHBIl  MIACHTU(UKATOP — HWACHTHU(PHUKATOp BiIAjeNbla Imporecca, Hu  APPEKTHBHBIHA
uaeHTu(UKaTOp — UACHTU(UKATOP BiIaenbla aiina. A qanpiie BO3MOKHO CIEIYyIOIIee: MOKHO
NOJMEHHUTh TpaBa Ipolecca MO JAOCTymy K (aiimy ¢ peanbHOro wuiaeHTH(UKaTopa Ha
s dexTuBHbIN HaeHTUGUKATOP. COOTBETCTBEHHO, €CIIU MOJIH30BATENIb CUCTEMBI XOUET U3MEHUTD
CBOW Mapoib JOCTyNa K CHCTeME, XpaHAliica B Qaiiie, KOTOPHI NPUHAICKHUT IHUIIb
CYTEpIOIb30BaTENI0 M TOJIBKO UM MOXKET MOIUGUIIUPOBATHCS, TO 3TOT MOJIH30BATENb 3aITyCKAeT
npouecc passwd, y koroporo dS(GQGEKTHBHBIH WACHTH()UKATOP TIOJIB30BATENS —  ITO
uaeHtuduxatop cynepnonsizoBatens (UID = 0), a peansubiM uaeHtudukatopom Oyaer UID
JTAHHOTO ToJb30Batess. M B 3TOM cilydae mpaBa psiIoBOTO IOJIB30BATENsl 3aMEHSTCS Ha IpaBa
aJIMAHUCTPATOpPa, MOATOMY IIOJH30BATENb CMOXKET COXPAaHUTh HOBBIA IMapoib B CHCTEMHOU
Tabnuie (B COOTBETCTBYIOIIEM (aiine).

Crniemyst BTOpOil TPAKTOBKE, HPOUeCccom HA3bIBAETCS 00BEKT, MMOPOKIACHHBIM CHCTEMHBIM
Bb130BOM fOrk(). DTOT crcTeMHBIN BBI30B 00ECIEUMBACT CO3/aHKE KOIMUHU TEKYIIEro MPOoIecca.
Beime yxe ynmoMuHanIoch onpeaesieHne CHCTEMHOTO BBI30Ba, MOBTOpUM ero. [lon cucmemmnvim
6b13060Mm TIoOHNMaeTcs cpenactBo OC, mpegocTaBisieMoe MOJIb30BATENsAIM (2 TOUHEe, IpoIeccam),
MIOCPEJICTBOM KOTOPOTO TIPOIECCHl MOTYT OOpaIiaThCsi K SAPY OMNEPAIMOHHOW CHUCTEMBI 32
BBITOJIHEHHEM TeX MJIH MHBIX (QyHKIMHA. [Ipr 5TOM BBIIOIHEHNE CUCTEMHBIX BBI30BOB IIPOUCXOAMT
B IPUBHJIETHPOBAHHOM PEKUMeE (TTOCKOJIIBKY HETTOCPEICTBEHHYIO 00pab0TKY CHCTEMHBIX BEI30BOB
HOPOM3BOJUT S/IPO), AAXKE €CIU CaM MPOIIECC BBHIMOIHAETCS B IMOJB30BATEIBCKOM pexuMme. UYTo
KacaeTcs peajn3aliy CHCTEMHBIX BBI30BOB, TO B OJHHX CIy4asX CHCTEMHBIH BBI30B CUHUTAETCS
crenr(ruIecKkuM NpepbIBaHUEM, B IPYTHX CIydasX — KaK KOMaH/1a 00OpaleHus K ONnepauoHHON
CUCTEME.

2.2.2 ba3soBble cpeacTBa ynpasneHus npoueccamu B OC Unix
2.2.2.1 fork() — co3nanmne HoBOTO MpoIEcca

s nopoxkaenus HOBBIX mpoueccoB B UNIX cymecTByeTr equHas cxema, ¢ IOMOLIbIO
KOTOPOM CO37AI0TCS BCE MPOIIECCHI, CylecTByomue B paboratomem sx3emiusipe OC UNIX, 3a
UCKJIIOYEHHEM MEpBbIX JBYX mponeccoB (0-ro u 1-ro). Jlns co3maHus HOBOro Ipolecca B
omnepannonnoi cucteme UNIX ucnonb3yercst cucteMusiii Boi3oB fork().

PaccMoTpuM, uTO mpomcxomuT mpu oOpamieHHH K cuctemMHomy BbizoBy fork(). Ilpm
oOpaleHun nporecca K JaHHOMY CUCTEMHOMY BBI30BY, OIEPAllMOHHAs CHCTEMa CO3/IaeT KOIUIO
TEKYIIEro Mpolecca, T.€. MOABIISAETCS €I11€ OJUH IPOLECC, TEI0 KOTOPOro MOJTHOCTHIO0 UACHTUYHO
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HCXOHOMY IpoLecCy. ITO 03HAYAET, YTO CHCTEMA 3aHOCUT B TAOJIMILy MTPOLIECCOB HOBYIO 3aIUCh,
TEM CaMbIM HOBBIH MOPOKAEHHBIN MPOLIECC MOMyYaeT YHUKAIbHBINA uaeHTudukarop. s sToro
HOBOI'O TIpollecCa B CHUCTEME CO3/1aeTCi KOHTEKCT, Oobllias 4acTb COAECPKHUMOTO KOTOPOTO
UJCHTUYHA KOHTEKCTY POJUTENBCKOrO MPOIECCA, B YACTHOCTH, TEJIO MOPOXKAECHHOIO Ipolecca
COJIEPKUT KOITMU CErMEHTOB KOJA U TAHHBIX €T0 POAUTEIIA.
ChIHOBHMI IpolLIECC HACIELyeT OT POAUTEILCKOTO Ipolecca OONbIIYI0 4YacTh KOHTEKCTA,
a UMEHHO:
® okpyoceHue — Tpu (HOPMHUPOBAHMM TIpoIlecca €My IMepelaeTcsi HEKOTOpbId Habop
[IapaMeTPOB-IIEPEMEHHBIX, UCIOJb3YsI KOTOPHIE, IIPOLECC MOXKET B3aHMMOJEICTBOBATH C
OTIEPAIIMOHHBIM OKpY>KEHHUEM (MHTEPIPETaTOPOM KOMAaH[ U T.1.);
® ¢haiinvl, omKpsvimule 8 npoyecce-omye, 3a UCKIIOYCHUEM T€X, KOTOPBIM ObLIO 3alpenieHo
IIepeAaBaThCs MIPOLIECCAM-TIOTOMKAM € IIOMOIIBIO 33/IaHUs CIIELIMAIBHOIO ITapaMeTpa Ipu
OoTKpbITHH. (Peub UaeT 0 TOM, UTO B cUCTEME MPU OTKPHITUHU (haiiaa ¢ HUM acCOLUUPYETCS
HEKOTOPBIA aTpUOyT, KOTOPBI ONpeAeNseT MpaBuia Mepeaadn 3Toro OTKpHITOro (aiina
CBIHOBHUM TporieccaM. [1o ymMoa4aHuIO OTKpBITBIE B «OTILE» (Pailyibl MOKHO IepeaaBaTh
«IOTOMKaM»», HO MOKHO U3MEHUTh 3HAUEHHE 3TOr0 MapaMeTpa U OJIOKMpOBaTh Mepeaady
OTKPBITHIX B TPOIECCe-0TIe (haiioB.);
crocoObl 00pabOTKK CUTHAJIOB,;
paszpelieHue nepeycraHoBku 3 (HEKTUBHOTO UACHTU(PHUKATOPA MOTH30BATENS;
paszensieMble pecypcesl IpoLecca-oTLa;
TeKyIIHii pabounii U JOMAITHUIA KaTaJory;
U T.J1.
OtveruM, uto mpu Bbi3oBe fOrk() ChIHOBHHE Tpollecc HE HACIEAyeT CIICAYHOIIUe
COCTAaBJIAIOLIME KOHTEKCTa POAUTENIBCKOrO IIpoLecca:
e wuaentudukartop mpoiecca (PID);
e uaeHTUHUKATOP poauTeIbckoro nporecca (PPID);
®  CHUTHAJIBI, XIyIIHE IOCTAaBKH B POAUTEIHCKUAN MPOIIECC;
® BpeMs MOCHUIKM OXKHUJAIOUIET0 CHUTHalla, YCTAaHOBJIEHHOE CHCTEMHBIM BBI30BOM
alarm();
e OJOKHPOBKHU (haliIOB, yCTAHOBJICHHBIE POJIUTEIHCKUM MPOIIECCOM.

#include <sys/types.h>
#include <unistd.h>

pid_t fork(void);

Mo 3aBeprenun cucremuoro Bbi3oBa fork() xaxxplii U3 MPOLECCOB — POAUTEIBCKHNA U
HOPOX/IEHHBI, — TMOJYYHB YIpaBJIeHUE, MPOJODKAET BBHINOJHEHHE C OJHOM W TOH ke
WHCTPYKILUU OJHOM U TOM K€ MPOrpaMMbl, & UMEHHO, C TOM TOYKH, IJIe IPOUCXOAUT BO3BPAT U3
cucremuoro BbeoBa fork(). Bemor fork() B cimydae ycmemHoro 3aBepliieHHsT BO3BpallaeT
CBIHOBHEMY Tipolieccy 3HaueHue 0, a poaurenbckomy nporeccy — PID mopoxaenHoro mpoiecca.
OTO NPUHIMIINAIBHO BAaXKHO ISl pa3IMUCHUs CBIHOBHETO U POJUTEIBCKOIO MPOLECCOB, TaK Kak
CerMEHTHI KOJla y HUX HMICHTUYHBI. TakuMm o0pa3oMm, y MpOrpaMMHCTa UMEETCS BO3MOXKHOCTH
pas3enauThb MyTh BBIMOJIHEHUS HHCTPYKIMH B 3THX Mpoleccax. B ciryuae Hey1TauHOro 3aBepIieHHsI
(T.e. eclM CHIHOBHHI Tmporiecc He OBUI TOPOXJIEH, HAlpuMep, MO MPUYHUHE OTCYTCTBUS
CBOOOIHOrO MecTa B Tabimie mpoieccos), cucteMublii Boi3oB fork() Bosspamaer —1, a xox
OIMOKH yCTaHABJIMBACTCS B IEPEMEHHOM €rrno.

Paccmorpum mnpumep (Puc. 84). Ilycte B cucteme oOpabaThiBacTCsi MPOIECC C
uaeHTuGuKaTopoM 2757. B HEKOTOpPBIH MOMEHT BpPEMEHH J3TOT IMpolecc olpamaercs K
cucteMHomy Bbi3oBy fork(), B pe3ybrare 4ero B CHCTEME MOSBIISCTCS HOBBIM MPOLIECC, KOTOPBIiA,
IPEIONI0KUM, UMeeT uaeHtuduxarop 2760. Cpazy oroBopuMcs, 4TO CBIHOBHUHN MPOLIECC MOKET
HOJYYUTh COBEPILIEHHO POU3BOJIBHBIN HIECHTU(UKATOP, OTIIMYHBIN OT HYJISI U € AMHULBI (0OBIYHO
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CHCTEMa BBIJICTIIET HOBOMY IPOIIECCY MEPBYIO CBOOOAHYIO 3amuch B Tabsmie mporeccos). [1o
BbIXOy M3 cucteMHoro Bbi3oBa fork() mpomecc 2757 mpomoKUT CBOE BBIMOJIHEHUE C TIEPBOM
KoMaH bl 13 then-010ka, a cbIHOBHUH TIporiecc 2760 — ¢ mepBoit komaHabl U3 else-0moka. lanee
9TH MPOIIECCHI BEAYT ce0s HE3aBUCUMO C TOYKHU 3PEHUSI CUCTEMHOTO YIIPABIECHUS MPOIECCaMU: B
YaCTHOCTH, TIOPSAJIOK MX 00pabOTKH Ha MpoIieccope B 00IIeM clydae MoJIb30BaTEI0 HEM3BECTCH
¥ 3aBUCHT OT TOW WJIM MHON PEaM30BAaHHOW B CHUCTEME CTPATETMH IUIAHUPOBAHUS BPEMEHU
nporieccopa.

PID=2757

i main () i

b |

! if ((pid=fork())>0) i

| (...} :

' else !

i (...} |

) i

fork
()
PID=2757 ~— PID=2760
i main () i i main () i
v | o |
! if ((pid=fork())>0) i ! if ((pid=fork())>0)
! {...} ! | {...} !
! else ! ' else !
: {...} ! {...} !
i } ' ! } '
T Ilpenok: BemonustoTess B [loTOMOK: BBIMONMHAIOTCS.
orepatopsl B if-cekmuu orepaTopsl B else-cekuuu

Puc. 84. TIpumep ucnoib30BaHus1 cucTeMHOro BoizoBa fork().

PaccmoTpuM eliie ovH mpuMep. B 1aHHOM cilydae MCIONB3YIOTCS JOMOJHUTENBHO JIBa
cucTeMHbIX Bbi3oBa: getpid() ams momydenus uaeHtudukatopa Tekymero mporecca u getppid()
JUISL TIOJTyYeHHsI MIAeHTH(UKATOPA POAUTEIBCKOTO Tporiecca. MTak, TaHHbIH MPOIIECC TPH 3aITyCKe
reyaraeT Ha SKpaHe HICHTH()UKATOPHI ceOs U CBOETO OTIA, 3aTeM MPOM3BOAUT OOpaIlieHHe K
cucteMHoMy BBI30BY fOrk(), mociie yero m maHHBINA TpoIlECC, M €r0 MOTOMOK CHOBA IEYATAIOT
uneHTuuKaTopbl. COOTBETCTBEHHO, Ha HKPAHE B CIydae YCIEIIHOW 00pabOTKH BCEX CHCTEMHBIX
BBI30BOB Oy IyT HalleyaTaHbl TPH CTPOKH, 3 KOTOPHIX JIBE OYAyT OJAMHAKOBHIE.

int main(int argc, char **argv)

{
/* neuvars PID Texkymero mnpouecca u PID mpouecca-npepka */
printf ("PID=%d; PPID=%d \n", getpid(), getppid()):;
/* cospmaHme HOBOTO mpouecca */
fork() ;
/* c »TOroc MOMeHTa IBa mpouecca (YHKUMOHMPYIT NapalljIeILHO U
HesBaBucmMo */
/* oBa npouecca neuarawnT PID Tekymero mnpouecca u PID
npouecca-npeaka */
printf ("PID=%d; PPID=%d \n", getpid(), getppid())

}
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Crnemyer OTMETUTH, YTO B CIlIydae, €CJIM POJAMTEIbCKUN mporieec ChOpPMHPOBAB CHIHOBHUHN
3aBepUINTCS JIO oOpalieHus ChiHa K Printf, To B COOTBETCBYIOINIHIT CTPOKE BBIBOAA Y CHIHOBHETO
nporiecca PPID 6yzaer pasen 1 (pid init mporecca).

2.2.2.2 exec() — ceMeiicTBO CHCTEMHBIX BBI30BOB CMEHBI TeJla Mpolecca

Penko ObiBaeT, Koraa B mpolecce MpOUCX0IUT OOpallleHHe JUIIb K CHCTEMHOMY BBI3OBY
fork(). OObIYHO K HEMY MPOHMCXOAUT OOpaIlCHUE B CBSI3KE C OJHHUM M3 CEMEHCTBA CHCTEMHBIX
Bb130BOB exec(). [Tocmeanue obecrneynBaOT CMEHY Tela TEKyIIero mpoiecca. B 3To ceMeicTBO
BXOJISIT BBI30BBI, Y KOTOPBIX B Ha3BaHUU MpedUKCHAsI YacTh OOBIYHO MpEJICTaBICHA KaK €XeC, a
Cy(l)(bI/IKCHaSI YacCTb CIYXUT I YTOYHCHUA CUTHATYPbI TOIO WJIM MHOI'0 CUCTECMHOI'0 BbBI3OBA. B
Ka4eCTBE WUTIOCTPAIMH TIPUBEIEM ONPEeIe/ICHUE CUCTEMHOro Bbi3oBa execl().

#include <unistd.h>
int execl (const char *path, char *arg0, ..., char *argn, 0);

[Tapametp path ykaspiBaeT Ha uMms (Qailyia MporpamMMsbl, MOJICKAIICH HCIOTHEHUIO.
[Tapametpsr argo, ..., argn sBISIIOTCS apryMEHTaMu IPOTPaMMBbl, TIepeIaBaeMbIMU € TIPH BBI30BE
(3TO Te mapameTpbl, KOTOpbIE OYIYyT COePKAThCS B MACCHBE argVv mpH BXojie B mporpammy). [pu
HEyIa4yHOM 3aBEPILCHUN BO3BpAIaeTCs -1, a B IepeMEHHOM erfNO0 yCTaHABIMBACTCS KOJI OIIUOKH.

Hioke mpezcraBiieHbl NPOTOTHIBI (DyHKIME cemeiicTBa exec():

#include <unistd.h>

int execl (const char *path, char *argO0,..);

int execlp(const char *file, char *argO0,..);

int execle(const char *path, char *arg0,.., const char **env);
int execv(const char *path, const char **arqg);

int execvp(const char *file, const char **argq);

int execve (const char *path, const char **arg, const char
**env) ;

[TepBsIit mapaMeTp BO BCEX BBI30BAX 33/aeT UM (aiiia mporpaMMbl, O IeKallei HCIOTHEHUIO.
OT1oT (aiin KomKeH OBITh HCIIONMHIEMBIM (aiioM U MMOJIh30BaTEb-BIaIeTel] MpoIecca J0IKeH
MMETh NIPABO HAa UCIOJHEHHUE AaHHOTO ¢aina. [{ns pynkumii ¢ cydhduxcom «p» B Ha3BaHUU UM
¢aiina MoxxeT ObITh KpAaTKUM, IPU 3TOM IPU MOUCKE HYKHOro (paiia OyneT MCHoiab30BaThCs
nepemeHHas okpyxenus PATH. [lanee nepenaroTcs apryMeHTbl KOMaHAHOW CTPOKH JJisl BHOBb
3aIyCcKaeMoi IporpaMMbl, KOTOPbIE 0TOOPA3sITCsS B €€ MacCuB argv — B BUJE CIIMCKA apryMEHTOB
nepeMeHHON ITMHBI 11 QyHKIH ¢ cyhdukcoMm «1» mubo B BUAEC BEKTOPa CTPOK JUTsl PYyHKIIUH C
cyduxcom «v». B mobom ciyyae, B ClICKe apryMEHTOB JOJDKHO NMPUCYTCTBOBATh KAK MUHUMYM
2 apryMeHTa: UMs IPOTrpaMMbl, KOTOpoe oToOpasutcs B snemenT argv[0], u 3mavenune NULL,
3aBepiuaroniee cnucok. B Qynkmusax ¢ cyddukcom «e» umeercs TakKe ITONOTHUTETHHBIN
apryMeHT, ONMCHIBAIOIINI IEPEMEHHbIE OKPYKEHHs JUIsl BHOBB 3aIlyCKaeMON MPOrpamMMbl — 3TO
MaccuB CTpOK Buaa Name=value, 3aBepmennbiii 3HadueHnemM NULL.

KoHIlenTyaapbHO BCe CHUCTEMHBIC BBI30OBBI cemeiicTBa €XeC() paboTaroT ClieyrOIUM
oOpa3om. Yepe3 nmapaMeTpsl BbI30Ba MEPENACTCS YKAa3aHWE HAa MUMs HEKOTOPOI'O HCIOJIHAEMOTO
daitma, a Takke Ha0Op apryMeHTOB, KOTOpbIE NEPENAlOTCs BHYTPh MpPH 3alyCKe STOro
ucnonHsgeMoro ¢aiina. [Ipu BEIMOIHEHNH JaHHBIX CHCTEMHBIX BBI30BOB IIPOMCXOIUT 3aMEHA TeJla
TEKYIIEero IMpolecca Ha TeNo, 0Opa3oBaHHOE B pe3ylibTaTe 3arpy3kd UcHojHsemoro (aiina, u
yIpaBlieHUE MepeaacTcs Ha TOUKY BXOJAa B HOBOE TEJNO.

Paccmotpum HeOosbmioii mpumep (Puc. 85). 3amyckaercs mpoiecc (eMy CTaBUTCS B
COOTBETCTBHUE UACHTH(HUKATOP 2757), KOTOPBIH 0Oparaercs K cucteMHOMY BbI30oBY execl(), mis
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CMEHBI CBOETO TeJa TeJIoM KoMaH sl IS -1, koTopast oToOpaxaeT coep)KkuMoe TEKyIIero KaTaiora.
Peanu3zanust qaHHON KOMaHIBI XpaHUTCS, COOTBETCTBEHHO, B (paiine /bin/ls. Tlocne ycmenraoro
3aBepIIeHus ccTeMHOro BbI3oBa execl(), mpomecc (¢ Tem ke maeHtupukatopom 2757) Oyaer
COZIepIKaTh pean3aliio KOMaH bl IS, 1 yrpasieHue B HeM OyeT mepeano Ha TOYKy Bxoaa (T.e.
samyctutcst Gyrkius main()).

Wrtak, ceMeHCTBO CHCTEMHBIX BBI30BOB €XeC() MPOM3BOAMUT 3aMEHY Tela BBI3BIBAIOIIECTO
npoliecca, 1ociie 4ero AaHHbIA MPOIecC HauMHAET BBINOIHATH APYTYIO Mporpammy, rnepenaBas
yIpaBJIeHUE HA TOUYKY €€ BXoaa. Bo3BpaT Kk mepBoHAa4YaIbHOM MPOrpaMMe MPOUCXOAMUT TOJIBKO B
ciiydae ommOKy npu oOpamieHuH K exec(), T.e. ecnu (haKTUYECKON 3aMeHBI Tela mpolecca He
MPOH30IILIO.

3aMeTHM, YTO BBIIIOJIHEHHE «HOBOT'0» TeJla MPOMCXOJUT B paMKaX YK€ CyLIECTBYIOLIETO
npolecca, T.e. Iocjie BbI30Ba EXEC() coXpaHseTcs HISHTU(PHUKATOP Mpolecca, U UIACHTH(PUKATOP
POIMTENBCKOIO Mpolecca, TabluLa JECKPUITOPOB (ailyioB (3a HCKIKOYEHUEM, ObITh MOXKET,
(aiiioB, OTKPBITHIX B CIEIHATLHOM PEXHUME), MPUOPUTET U OOJIbIIAS YacTh APYTHX aTpHOyTOB
nporecca. @akTuyecky NPOUCXOAMUT 3aMEHA CErMEHTa KoJia M CerMeHTa JaHHbIX. M3mensercs
cieqyromas cucTeMHasi MH(opManus, KoTopas JOJDKHA KOPPEKTHPOBATHCS IMPH CMEHE Tela
npoiiecca:

® peKUMbl 00PaOOTKH CUTHANIOB: JJIsi CUTHAJIOB, KOTOPBIE IEPEXBATHIBAIIUCH, [10CIIE
3aMEeHBI TeNa Iporecca OyJeT ycTaHoBleHa 0OpaboTKa MO yMOIYaHHIO, T.K. B
HOBOH HporpaMMe MOIYT OTCYTCTBOBAaTh YyKa3zaHHbIE (DYHKUIUH-00paOOTUMKHU
CUTHAJIOB

e >bdexTUBHBIC UISHTH(PUKATOPHI BIAAETbIIa U TPYIIIBI MOTYT U3MEHHUTHCS, €CITU
U1 HOBOH BBITIOJIHSEMOM ITPOrpaMMbl YCTAaHOBIIEH S-OUT

e [Iepe] HauajoM BBIIOJIHEHUS] HOBOM ITPOrpaMMbl MOTYT OBbITh 3aKPBIThl HEKOTOPbIE
(aiinel, paHee OTKPBITHIE B TIpoliecce. ITo KacaeTcs TeX (aiyioB, JIsl KOTOPBIX MPU
nomomm cuctemHoro BbizoBa fcntl() Obwn ycranosnen d¢uar close-on-exec.
CootBetcTBylOLIME (PailIoBbIE JECKPUNITOPHI OYAYT NOMEUEHBI Kak CBOOOIHBIE.

[Ipn oOpamieHMM K CHUCTEMHBIM BBI30BaM ceMeicTBa €XeC() COXpaHSIOTCS OCHOBHBIC
aTpuOyTHl TEKYyNIEro Tmporecca (B YaCTHOCTH, WIACHTU(UKATOP Tpolecca, HIeHTH(UKATOp
POAMTENBCKOTO Mpoliecca, IPUOPUTET U JIp.), a TAKXKE COXPAHSIOTCS BCE OTKPBIThIE B TEKYIIEM
nporiecce ¢ailsel (3a UCKITIOUECHHEM, OBITh MOXKET, (PaifjIoB, OTKPBITHIX B CIIEHUAIIEHOM PEKUME).
C npyroil  CTOpOHBI, U3MEHSIOTCS PEXKUMBl OOpabOTKM  CUTHAJIOB, 3((deKTUBHBIE
WICHTU(HUKATOPHI BIAJEbIa U TPYNIBl U Npodas CHCTeMHasi WHopMamus, KOTopas IOJDKHA
KOPPEKTUPOBATHLCS MPU CMEHE Teja Mpolecca.

PID=2757 PID=2757

execl () |

1
1
|
execl (“/bin/1s”,”1s”, !
1
1
1
1

1
1
|
| /* peammuszaums :
! ”-1", (char*)0); !
1 1
1 1

1
1
i nporpamMer 1s */
1
1

Puc. 85. TIpumep uCro/ib30BaHUS CHCTEMHOr0 BbI3oBa execl().

[lpuBenemM psii TPUMEPOB JUISL WLIFOCTPALMH NPUMEHEHHS pPAa3JIHMYHBIX BBI3OBOB
cemeiictBa exec().

IIpumep. Ecau obpamieHre K CUCTEMHOMY BBI3OBY OyJET HEYCIEIIHBIM, TO (YHKIIHS
printf() oro6pasut Ha SKpaHe COOTBETCTBYOIIUI TEKCT.

#include <unistd.h>
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int main(int argc, char **argv)

{

/*Teno nporpammse*/

execl (*/bin/1s”, "1s”, "-1", (char*)O0);

/* unn execlp(“ls”, ”1s”, ”-1"”, (char*)0); */

printf (“»To HamewvaTaeTcs B ciaydYae HeyZadHOI'O obpameHmust K
npemsaymert QyHKUMM, K [NpUMEpPy, eciuM He Omul HaugeH damn 1ls \n”);

IIpumep. BoizoB C-komnmiasitopa. B nanHom ciydae BTOpo# mapameTp — BEKTOp W3
yKazareJei Ha mapaMeTphbl CTPOKH, KOTOpPBIE OYIyT IepeaHbl B BbI3bIBaEMYI0 TIporpammy. Kak u
paHee, MepBbIil yKazaTenab — UMS IPOrPaMMBbl, TOCIEAHUI — HYJIEBOM yKa3aTellb. DTH BBI30BbI
yA0OHBI, KOT/a 3apaHee HEM3BECTHO YUCIIO APTYMEHTOB BBI3BIBAEMOU MPOTPaAMMBI.

int main(int argc, char **argv)

{ char *pv[]={“cc”, “-0”, “ter”, “ter.c”, (char*)0};
);éeno nporpammsi* /
é#écv (“/bin/cc”, pv);

} . ..

Wtak, MBI paccMOTpend TIO OTACIbHOCTH cHcTeMHble BbI3OBBI fOrk() u exec().
Upe3BbIUaiiHO TMOJIE3HBIM sIBIISieTCSl Mcmob3oBaHue fOrk() coBMECTHO ¢ CHCTEMHBIM BBI30BOM
exec(). Kak oTMmedanoch BbIllle, CHCTEMHBIH BbI30B €XeC() HCMONB3yeTcs Ui 3alycka
ucronHseMoro (aia B pamkax cymiecTBytoriero npouecca. Huwke (Puc. 86) nmpusenena oOmas
cxema ucrnons3oBanus cBsizku fork() — exec(). B mannom ciydae poaurensckuii npomecc (PID =
2757) mopoxkaaeT CBOEro MOTOMKa IMOCPEICTBOM OOpaleHus K cucteMHoMy Bbi3oBy fork(), mocne
9ero B OTIIOBCKOM MPOIIECCe YIpaBJIeHHE MepexoauT Ha else-010k. B To sxe BpeMsi B ChIHOBHEM
nporecce (PID = 2760) ynpaBieHue nepenaercs Ha INepByl0 MHCTpykuuio then-Oioka, rae
POMCXOIUT oOparienue K cucreMHomy Bei3oBy execl(). TTocite uero Temo ChIHOBHETO IMporecca
MEHSIETCS Ha TeJI0 KOMaH kI |S.
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PID =2757

main ()
{
if ((pid=fork())== 0)
( PID = 2760
execl (“/bin/1s", "1s"”, " =1", main ()
(char*)0) ; {
} else {..} // peanmmuBsanmsi OporpaMMsl
} }
fork()
PID =2757 T PID =2760
main() main ()
{ {
if ( (pid=fork())== 0) if ((pid=fork())== 0)
{ {
execl (“/bin/1s” , "1lsv, " =17, execl (“/bin/1s” , "ls”, 7 =17,
(char*)0) ; (char*)0) ;
} else {.} } else {.}
} }

Puc. 86. TIpumep ucnoJib3oBanus cxembl fork-exec.

Paccmorpum eie oaun mpumep. [IporpamMma MOpoKAaeT TPH MPoIEcca, KaKIbIA W3
KOTOPBIX 3amycKaeT nporpammy echo nmocpenctsom cuctemuoro BoizoBa €Xec(). JanHblii npumep
JICMOHCTPUPYET BaXXKHOCTh MPOBEPKU YCIEIIHOIO 3aBEPIICHUS] CHCTEMHOTO BbI3oBa exec(), B
IPOTHBHOM CJTydae BO3MOKHO MCIIOJIHCHHE HECKOJIBKHUX KOIHUI HCXOMHOM mporpaMmel. B Harem
cllydae, €Clii Bce BbI30BbI €XeC() mpopaboTaroT HEYCIEIHO, TO KOMUi mporpaMm OyJIeT BOCEMb.
Ecnu Bce BbI30BbI €XeC() OymyT ychemHbIMH, TO mocjie mocienHero BbizoBa fork() Oymer
CYIIECTBOBATh YETHIPE KOMHM Tpollecca. B KakoM MOpSAAKE OHU IMOWAYT Ha BBITOJHEHUE
npeJicKa3aTh TPYIHO.

int main(int argc, char **argv)

{
if (fork () == 0)
{
execl (“/bin/echo”,”echo” ,”sT0” ,” coobmenne ommu”’ ,NULL) ;
printf (“oumbxa”) ;
}
if(fork() == 0)
{
execl (“/bin/echo”,”echo”,”sT0” ,” coobmenne nea” ,NULL) ;
printf (“oumbxa”) ;
}
if(fork() == 0)
{
execl (“/bin/echo” ,”echo” ,”sT0” ,”coobmenue Tpu” ,NULL) ;
printf (“oumbxa”) ;
}
printf (“npouecc-npenok BakoHuUMncs”) ;
}

PesynbraT paboThl MOXKET OBITH CIIEIYIOLIHM:
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OpouIecc-npeAoK BaKOHYMIICS
3TO coobueHne TPU

5TO0 CcoobmeHMe oOIouH

3TO coobumeHue OBa

Tenepb pacCMOTPUM CHCTEMHBIE BBI3OBBHI, KOTOPHIE COIYTCTBYIOT 0a30BBIM CHCTEMHBIM
BbI30BaM yrnpasieHus nporeccamu B OC Unix.

2.2.2.3 3anBeplueHue npouecca

[Ipexxe Bcero, peub MOWACT O 3aeepuieHuu npouecca. B ciydae, ecnu mporecc He
TpaccupyeTcs (TpacCHpoOBKa — CIEIHATbHBIN PEKUM paboTHI Tporiecca, P KOTOPOM POIHUTENb
SBJISIETCSL TJIABHBIM, @ IIOTOMK TIOAYMHEHHBIM), TO OH MOXET MOYET 3aBEPIIMTHCS I10
BO3HUKOHOBEHHIO OJTHOTO U3 JIBYX, HUKEYKA3aHHBIX COOBITHI.

1. Tlpuxox B mporecc curHaga (CHTHaJI MOKHO CYHTaTh IPOTPAMMHBIM aHAJIOTOM
IpEpPHIBAHUS, M pEYb O CHUTHAJAX MONAET HWKE NP OOCYKIECHHH BOIPOCOB
B3aUMOJICHCTBUS MPOIleccOoB). Bo MHOrMX cCiy4asx MpPUXOJ CHTHAlIa B IIPOLECC
WHHUIMUPYET €ro 3aBEepIICHHUE.

2. Bropas mpuumHa CBsi3aHa ¢ 0OpalleHHeM K CHCTEMHOMY BBI30BY 3aBEPIICHHUS MPOIIecca.
[Ipu sTOM oOOpalieHre MOXET OBITh SIBHBIM, KOTJa B TeJie MPOrPaMMBI BCTPEYACTCSI
oOpaiieHre K CHCTEMHOMY BBI30BY _€Xit(), WiId HESIBHBIM, €CJTH IPOMCXOUT BHITOJHEHUE
omeparopa return sizsika C BHYTpH (GyHKIIMA Main() Wik BEIXOJT Ha 3aKPBIBAIOIIYIO CKOOKY
¢dyukuuu main(). B mociaentnem ciaydyae KOMIUISATOP 3aMEHHUT JACHCTBUE oriepaTopa return
obpalieHreM K CHCTEMHOMY BbI30BY _eXit().

B citydae «3aBepIieHus» TpacCHPyeMOro Mmporiecca clieHapuu 00pabOTKH STHX COOBITHI Apyrue
U OyayT paccMOTpeHbl Mo3Xke (MPU PacCMOTPEHHHM CHCTEMHOTO Bbi3oBa ptrace). [lamee
paccMaTpuBaeTCs MMOCIEI0BATENBHOCTD IEUCTBHIH, CBSI3AHHBIX C PEabHBIM 3aBEPIICHUE PAOOTHI
Tporiecca.

#include <unistd.h>
void _exit(int status);

CuctemHbIi BbI30B _€eXit() HUKOrIAa He 3aBepIIacTCsl HEYJIauHO, TOATOMY ISl HEro He
MPEeyCMOTPEHO Bo3BpalaeMoro 3HayeHUs. C MOMONIbIO €IWHCTBEHHOro mnapaMerpa Status
IpolecC MOMKET IepelaTh MOPOAUBIIEMY €ro IMpoleccy HH(GOpPMAIMI0 O CTaTyce CBOEro
3aBCPIICHUSA - T.H. HpOI‘paMMHBIﬁ KO 3aBCPpUICHUA ITpOoIECCa. le/IHﬂTO, X0THd U HE ABJIHACTCHA
00513aTeJbHBIM NMPpaBUJIOM, YTO BO3BpaAT HYJI€BOI'0O 3HAYCHUA CUTHAJTIUIUPYET 00 ycneuarHomMm
3aBeplLICHUH MPoLecca; HeHyJIeBble 3HAYEHHUS TPAKTYIOTCS KaK OIIM004YHOe 3aBepleHue (B
YaCTHOCTH, MPOLIECC MOKET BO3BPAIIATH HEKMid KO OIIMOKH).

void exit(int status);

JIOTIOJTHUTEIBHO OTMETUM HAJTMUUe ONOIMOTeYHOM (yHKIMH eXit(), OCHOBHOE OTIMYUE KOTOPOTO
OT CHCTEMHOI'O BBI30Ba _€Xit 3T0 KOppeKTHBIN cOpoc (pasrpyska) GHOIHOTEUHBIX KIMI-0ydhepoB
nepesl 3aKphITUEM U, B KOHEYHOM UTOTe, 00palieHle K CHCTEMHOMY BbI30BY _eXit().

PaCCMOTpI/IM, 4TO NPOUCXOIUT C MPOUCCCOM U B CUCTEMCE ITPU O6paHIeHI/II/I K CUCTCMHOMY
BbI30BY _eXit(). OueBHIHO, YTO CHEOMHHYTHO MPOLIECC HE MOXKET 3aBEPIINTHCS, TIOITOMY ITPOLIECC
IIEPEXOIUT B IIEPEXOTHOE COCTOSTHAE — T.H. COCTOSTHUE «30MOu». [Ipy 5TOM BBITIOIHSAETCS 1eTast
COBOKYITHOCTb JICHCTBHUII B CHCTEME, CBSI3aHHBIX C 3aBEPIICHUEM Mpolecca» (0TAeJbHO Cayqai
TPACCHPOBKH)::
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1. KOppeKTHO OCBOOOKTAOTCS PECypChl (3aKpBIBAIOTCS BCE OTKPBITHIC JICCKPUIITOPHI
(aitnoB, 0CBOOOKIAIOTCS CETMEHT KOJIa M CETMEHT JIaHHBIX TpoIlecca U mp.);

2. ocBoboxmaercss Ooyblias 4yacTh KOHTEKCTa IMpOIecca, OJHAKO COXpaHsSETCs 3alucCh B
Ta0JIMIIEe TIPOIECCOB M Ta YaCTh KOHTEKCTa, B KOTOPOW XPAHUTCS CTATyC 3aBEPIICHUS
Ipolecca U CTaAaTUCTHKA €T0 BBIITOJIHEHUS,

3. BCE CHIHOBHHUE MPOIECCHI, YbH POJUTEIH 3aBEPIIMINCH, YCHIHOBISIOTCS TPOIECCOM C
HOMEpOoM 1;

4. mpolieccy-mipeiKy OT JaHHOTO 3aBepiaemoro mporecca nepeaaercs curHan SIGCHLD,
OOBIYHO OH, 0 YMOJIYaHUIO, UTHOPUPYETCH.

Takum o00pazoM, KaKAbIH MPOIECC MOXET OBITh JUOO B COCTOSIHUM 3aMOM WiIH OBITh
paboratorim. MHpopMmalyst 0 3aBepIIMBIIEMCS MPoLecce (B COCTOSHUM 30MOU) OKOHYATEIBHO
yAaISIeTCsl U3 CUCTEMBI (OCBOOOXKIAETCS 3alMCh B TAOJUIIE MPOIECCOB U MP.) MOCIE TOro, Kak
IpsSIMOM POANTENH WK ychiHOBHBIIHH ero nporecc Init (PI1D 1) oOpabatkiBatoT (akT 3aBepIICHUS
CBIHOBHETO TPOIIECCa TOCPEICTBOM OOpaICHUs K CHCTEMHOMY BbI30oBY Walit().

2.2.2.4 wait() — xxaemM «3aBepieHHs» Npoiecca

#include <sys/types.h>
#include <sys/wait.h>

pid t wait(int *status);

Pe3ynbpTaToM 0OpalieHnl K CHCTEeMHOMY BbI30BY Wait() MOXKeT ObITh:

1. ecnm kK MOMEHTY OOpalIeHHs K TOMY CUCTEMHOMY BBI30BY KaKHE-TO CHIHOBHHE
MPOLIECCHl HAXOMATCSA B COCTOSHUU 30MOH, TO mpotiecc noayuut PID oxHoro us
STHX MPOLIECCOB U TAHHBIN MPOLIECC YAATSIETCS U3 CHCTEMBI,

2. ecnu y Tpolecca UMEIOTCS TOJNbKO paloTaoliue ChIHOBHHE MPOIECCHI, TO MPH
oOpaleHnn K yKa3aHHOMY CHCTEMHOMY BBI3OBY OTIIOBCKHMH Tpolecc Oyzer
OJIOKMPOBaH 10 Mepexofa JIFo0Oro U3 CBOMX CHIHOBHHX IMPOLIECCOB B COCTOSHUE
30M0u;

3. ecnH y mpoliecca HeT ChIHOBHUX MPOIECCOB (KaKk paboTaronX, Tak U 30MOH) TO
npu oOpalieHuu K CUCTeMHOMY Bbi3oBY Wait(), Oyaer momyden kox orseta -1 (¢
yKa3aHHEeM B TIEpEMEHHOM €IrN0 KojJa OMMOKH, COOTBETCTBYIOIIEMY OTCYTCTBHUIO
CBIHOBBUX IIPOIIECCOB);

4. ecmy TIpU BBINIOJIHEHWH CHUCTEMHOTO BbI30Ba Wait B JaHHBIA MPOIECC MPHUICT
cUrHai, To Wait OyJeT nmpepBaH ¢ TOJTy4eHHEM Kojia OTBeTa -1 (CM. CHTHAJIBI);

Kpome Toro, B ciyvae, eciu cuUcTeMHbId Bbi30oB Wait() Bepuyn PID 3aBepiieHHOTO
nporiecca, To 4yepe3 mapamerp Status TOMmOTHUTETBHO MepeacTcs yKa3aTellb Ha IeIOUUCIICHHYIO
NepEeMEHHYI0, B KOTOPOI CHCTeMa BO3BpaIaeT Mpoleccy HHGOPMAIIHIO O TPUYHHE 3aBEPIICHUS
CBIHOBHETO Tporecca. JI[aHHBI MapaMeTp COACPKUT B MITAJIICH YaCTH HHIUKATOP MPUYHHBI
3aBepICHUS] MpoIlecca-MOTOMKa, ycTaHaBiauBaeMblid simpom OC  Unix  (cucteMHBIH KO
3aBepIICHUs] Tpolecca: MO0 KOA CTaHAApTHOrO 3aBepiieHus depes _exit(), mubo
3aBepIIICHUE/OCTAHOBKA 110 MPUYMHE MPUXO0Ja CUTHANA). B crapimeii yactu - KOJ 3aBeplICHHS
npoIriecca-moToMKa (1o1b306amenbcKuil KOO 3a8epuieHus npoyeccd, epelaBacMblil B Ka4eCTBe
napameTpa CUCTEMHOMY BBI3OBY _eXit() mpu mopmanvhom 3aeepwenuu, 1u00 HOMEp CUTHAA,
NpUX0J KOTOPOTO B CHIHOBHHH TIpolecC BbI3BaI ero 3aBepuicHue). C moapoOHOCTSIMHU
UCTIOJIb30BaHUsI CHCTEMHOT'O BbI30Ba Wait MOYKHO 03HAKOMHUTHCS B IOKYMCHTAITUH.

HeoOxomumo cienath 3aMedyaHue, Kacamolieecs CHCTeMHOro BbizoBa Wait(). aHHbIH
CHCTEMHBIN BBI30B HE BCET/Ia 0TpabaThIBAaCT HA 3aBEPIICHUN CBIHOBHETO Mpoiiecca. B ciydae ecnu
OTIOBCKHI TIPOIIECC TPOW3BOJUT TPACCUPOBKY CBIHOBHETO TMpOIECCa, TO IMOCPEACTBOM
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CHCTEMHOTo BbI30Ba Wait() MoxHO (ukcHpoBaTh (GaKT npuocmanoéku CHIHOBHETO Mpolecca,
IPUYEM CBIHOBHHH MPOLECC MOCIIE ITOr0 MOXKET OBITh MPOJOJDKEH (T.€. HE BCErja OH JOJDKCH
3aBEPIINTHCS, YTOOBI OTIOBCKHUH Mporece noay4duia nHdopmanuio o ceiHe). C 1pyroi CTOpOHSHI,
MUMEETCSI BO3MOKHOCTh M3MEHHUTh PEXUM PaOOThl CUCTEMHOTO Bbi3oBa Walit() Takum oOpa3zom,
9TOOBI OTIOBCKHH IpOIIecC He OJIOKMPOBAICS B 0XKUIAAHUH 3aBEPIICHHS OJHOTO U3 MTOTOMKOB, a
cpa3y Mojy4al COOTBETCTBYOILIHIA KOJ OTBETA.

W1, HakoHeI, OTMETHM, YTO IOCJE Mepeaadd HHPOPMAIMK POAUTEIHCKOMY MPOILECCY O
CTaTyce 3aBepIICHUs BCE CTPYKTYPBI, CBSI3aHHBIE C MPOIIECCOM-30MOU, 0CBOOOKIAIOTCS, U 3aIUCh
0 HEM yJaisercss W3 TaOuuIpl IpoleccoB. Takum 0o0pa3oM, NMEpexoa B COCTOSIHUE 30MOH
HEOOXOJMM MUMEHHO ISl TOTO, YTOOBI MPOIECC-IPEOK MOT TOJyYUTh WHPOPMAIHIO O CyAbOe
CBOETO 3aBEpIIMBIIErOCs IMOTOMKA, HE3aBHCUMO OT TOTO, BHI3BAJ OH Wwait() D0 WJIM TOCIE €ro
3aBEPLICHUSL.

YT0 7K€ MPOUCXOTUT C MPOIECCOM-TIOTOMKOM, €CIIH €ro MPeJoK BooOIIe He oOpammancs K
wait() u/uu 3aBeprimics panbiie moromka? Kak yke rOBOPHIOCH, MPU 3aBEPIICHUH MTPOIecca
OTIIOM JUIS BCEX €r0 IIOTOMKOB CTaHOBUTCS Iporecc ¢ uaeHTudukaropoM 1. OH 1 ocymiecTBIseT
CHCTEMHBIN BbI30B Wait(), TeM caMbiM, OCBOOOXKasi BCE CTPYKTYPbI, CBSI3aHHBIC C MIOTOMKAMU-
30MOH.

Yacro wucnonb3yercs couetanue ¢ynkimii fork() — wait(), ecim mporecc-cohin
npeaHa3HaueH Uil BBIIOJIHEHHUS HEKOTOPOH MPOrpaMMBl, BBI3BIBAEMOW MOCPEACTBOM (DYHKIUH
exec(). dakTuyecku, 3TO MPEAOCTABISACT MPOIECCY-POAUTEII0 BO3MOXHOCTh KOHTPOJIHPOBATH
OKOHYaHHE BBITIOJIHEHHS TIPOLIECCOB-ITIOTOMKOB.

PaccMoTprM mpuMep MCHOJIb30BaHUS CUCTEMHOTO BbI3oBa Wait(). Hwke npuBoaurcs
TEKCT MPOTPaMMBl, KOTOPas MMOCIEI0BATEIbHO 3aIyCKaeT IPOrpaMMbl, UMEHA KOTOPBIX YKa3aHbI
IIPU BBI30OBE.

#include<stdio.h>

int main(int argc, char **argv)

{
int i;
for (i=1; i<argc; i++)
{
int status;
if (fork() > 0)
{
/* mpouecc-npenok OXMOaeT COOBWeHMs:
OT mpouecca-noToMKa O 3aBepumeHun */
wait (&status);
printf (“process-father\n”) ;
continue;
}
execlp (argv[i], argv[i], 0);
exit(l); /* osmnauvaeT oumbka B execlp */
}
}

[TycTh CyIIeCTBYIOT TpH MCIIONHAEMBIX (haiima printl, print2, print3, kakaplit U3 KOTOPBIX
ToJibKO neuaraet TekcT first, second, third coorBercTBeHHO, @ KO/ BBIIIE PUBEIACHHOTO ITPUMEPA
HAXOIUTCS B UcHoHsseMoM (aiine ¢ mmeneM file. Torma pesymbraTrom paboThl KOMaHIbI

file printl print2 print3

Oyner:
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first
process-father
second
process-father
third
process-father

PaccmoTpuM eme onvH mpuMep. B maHHOM mpuMmepe mporecc-TmpeoK MOpOXkKIaeT JBa
nporecca, KakIblii M3 KOTOPBIX 3amyckaeT komaHmy echo. Jlamee mporecc-mpenok KaeT
3aBEpIICHUS CBOMX IOTOMKOB, ITOCIIE Y€ro MpoI0JKaeT BhIOJHeHHE. B manHoM ciydae wait()
BBI3BIBACTCS B IMKJIC TPU pasa: MEpPBbIC JBa OXKHUIAIOT 3aBEPIICHUS MPOLECCOB-TIOTOMKOB,
MOCJICTHUN BBI30B BEPHET HEYCIIEX, KOO0 X1aTh 00JIee HEKOTO.

int main(int argc, char **argv)
{
if ((fork()) == 0) /*nepemy npouecc-rnoToOMOK*/
{
execl (“/bin/echo”,”echo”,”this is”,”string 1”,0);
exit(l); /* osravaer ommbka B execlp */

}

if ((fork()) == 0) /*BTOpPOiT NpouLeccC-nOoTOMOK*/

{
execl (“/bin/echo” ,”echo”,”this is”,”string 2”,0);
exit(l); /* osravaer ommbka B execlp */

}

/ *npouecc-npenox*/

printf (“process-father is waiting for children\n”);
while (wait() '= -1);

printf (“all children terminated\n”);

exit(0); /* HopManbHOe BaBepumeHue npouecca */

2.2.3 )Xu3HeHHbIN uuKN npouecca. CocToaHUA npouecca

Kaxgas OC xapaktepusyeTcs )KM3HEHHBIM ITUKIIOM MPOIIECCOB, KOTOPBIE PEaIU3yIOTCA B
cucreme. PaccMoTpuM 00OOIIEHHYIO M HECKOJBKO YIPOIIEHHYIO CXEMY >KM3HEHHOTO IIHKIIa
nporieccoB B OC Unix (Puc. 87). M0OXHO BBIIEIHUTH HETYIO COBOKYITHOCTH COCTOSIHHIA, B KOTOPBIX
MOET HaXOAUTHCS MPOILIECC.
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niaanupoeanue npoueccos

A 4 A

fork() exit() wait()
»
—p Coznan > ToToB K Brinonsiercst > 3omoOu —»
BBINOJTHEHHIO
ouepeds 6 peodicume s0pa <
20MOBbIX
npepuoleanue
npoyeccos 6 NOJIb306AMENLCKOM <
pexrcume
\ 4
Baokuposan
»| oorcuoaem snewnezo
coovimus
sHewnee cobvimue

Puc. 87. KusHennstii muki1 npoueccoB OC Unix.

HauanpHOE COCTOSIHME — 3TO COCTOSIHME CO3/IaHUs Ipolecca: Iociie oOpamieHus K
cucteMHOMY BbI30BY fork() cosmaercst HOBBIN mporiecc B cucteme (emie pa3 OTMETHUM, YTO MHBIX
crocoboB co3mark mporecc B OC Unix He cymectByer). M3 3TOro COCTOSHHS MPOIECC
NPaKTUYECKH Cpa3y MOIMAAAeT B oUepeb MPOLECCOB, TOTOBBIX K BBINOIHEHUIO. 13 3T0i ouepenu
[0 PEIICHHUIO TUIAHMPOBIIUKA MPOIECC MOXKET NEPEXOJUTh B COCTOSIHUE BBHITIOJIHEHUS, a 3aTeM
00paTHO B COCTOSIHME TOTOBHOCTHM K BBINOJIHEHHIO (HampuMmep, B clydae MCUEplaHUs KBaHTa
BpeMeHH 00paboTkM Ha mporeccope). Ilepexoapl MeXay OSTUMH JBYMS COCTOSIHUSIMU
OCHOBBIBAIOTCSI HA TUHAMHYECKUX cpencTBax rmanupoBanus OC Unix. Dtu cpeacTBa OCHOBAHBI
Ha JMHAMUYECKOM MPUOPHUTETE IpoIecca: YeM JOJbIIe MPOIeCcC BBINOIHIETCS, TEM HIDKE
CTaHOBUTCSA €0 MPHOPUTET, a, C APYTOi CTOPOHBI, YEM JI0JIbIIE MPOLECC HAXOAUTCS B COCTOSTHUU
TOTOBHOCTH K BBITIOJIHEHHIO, TEM BBIIIE CTAHOBUTCS IPUOPHUTET TpoIIecca.

B cocTosiHuM BBINOJIHEHMS IPOIIECC MOXKET paboTaTh Kak B MOJIb30BATEIBCKOM PEKUME,
TaKk ¥ B pexuMe siapa (cynepuzopa). B pexxume sapa mpormecc paboTaeT mpu oOpamieHuH K
CHUCTEMHOMY BbI30BY, Kor/ia siipo OC BBINOJHSET (Ha CBOUX pecypcax) HEKOTOpbIe NEHCTBUS IS
KOHKPETHOT'O TpoIiecca.

N3 pexxuma BBINOJIHEHUS HPOLECC MOXKET MEPEeWTH Kak B COCTOSIHME T'OTOBHOCTH K
BBINOJIHEHHIO, TAK U B COCTOSIHME OJIOKMPOBKH. B coCTOSTHIM OIOKHPOBKH MPOIIECC HAXOTUTCH,
0’KU/1asl 3aBEpIICHUs] HEKOTOPOTo JACUCTBUS — HAIIPUMEp, OXKHJask 3aBEPIIECHUsS] B3aUMOJIeHCTBUS
C BHEIIHUM OKpykeHHeM. COOTBETCTBEHHO, ITPH BO3ZHUKHOBEHHWH COOTBETCTBYIOIIETO COOBITHS
IpoIecC NEPEXOAUT U3 COCTOSTHUS OJIOKUPOBKU B COCTOSIHUE TOTOBHOCTH K BBITNOJIHEHUIO.

IMocpencrBom oOpaieHuss K CHCTEMHOMY BbI3OBY _€Xit() mporecc mnepexoaut wu3
COCTOSIHUSL BBINIOJIHEHMSI B COCTOSIHME «30MOM» (COCTOSHHE 3aBEpIIEHUs] CYIIECTBOBAHUS
nporiecca), a mocjae MOJTyYeHUsT OTIOBCKUM IPOLIECCOM MH(OPMAIMH O 3aBEPIICHUH TaHHOTO
npoliecca OH 3aBeplIaeT CBON )KU3HEHHBIN ITUKII.

Hrak, MBI paccMOTpeNH yHPOIIEHHYIO MOJEb. I JTaBHBIM yIPOIIEHUEM B HEH MOKHO
CUUTaTh OTCYTCTBUE CBOIMHIA — OTCYTCTBHE OTKAuKM Mpoliecca BO BHELIHIOK MamsATh. Emé
OJTHO YIPOIICHUE — peallbHble COBpeMeHHbIe UNIX-CHCTEMBI ONIEPUPYIOT C HUTSAMH, U 3TO TOXKE
BHOCHUT CBOM OCOOEHHOCTH B )KM3HEHHBIN IIUKJI IIpoIiecca.

2.2.4 ®opmupoBaHue npoueccon 0 u 1

Bce wmexanm3Mbl B3ammopeiictBus mpomeccoB B OC  Unix yHubuuupoBaHsl u
OCHOBBIBAIOTCSI Ha CBSI3KE CUCTEMHBIX BbI30BOB fork-exec. A6coiotHo Bee mporecchl B OC Unix
CO3/IaI0TCs [0 MPUBEJCHHOM cXeMe, HO CYIIECTBYIOT JiBa mpoiecca ¢ Homepamu 0 u 1, KoTopbie
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ABIISIOTCA UCKIIOYEHUSIMU M3 JIaHHOTO MpaBuja. DTH JBa CUCTEMHBIX MpOIecca CYyIIECTBYIOT B
TEUYEHHUE BCET0 BPEeMEHHU pabOThl CUCTEMBI.

PaccmoTtpum neranbHO, Kak (OPMUPYIOTCS JaHHBIE TPOLIECCHI, HO AJISl 3TOT0 HEOOXO0AUMO
pa3o0paThCs, YTO MPOUCXOIUT B CHCTEME NpU BKIIOYCHHH KOMIbIOTEpa (T.e. B MOMEHT
HavaiabHOM 3arpy3ku UNix). IIpakTHyeckd BO BCEX KOMIBIOTEPAX HMEETCS 00J1acTh MaMSTH,
crocoOHasi TOCTOSHHO XpaHUTh HWHPOpPMALMIO, — T.H. MOCTOSHHOEe 3allOMUHAI0IIee
yerpoiictBo (II3Y). B 310it 00macTy maMsATH MOCTOSHHO HAXOJMTCS IpOrpaMma, KOTopas
HA3bIBACTCS ANMAPATHBIH 3arpy34MK KoMmmbioTepa. [Ipy BKIIOUEHHH KOMIIBIOTEPA CXEMBbI
yOpaBleHUs] 3aMycKaloT pabdoTy KOMIIbIOTEpa C aJpeca TOYKM BXOJa B JTOT ammapaTHBIN
3arpy34uK. [laHHBIHA 3arpy34rK B 00IeM cilydae UMeeT HH(OpMAIMIo O IEpeYHe U IPUOPUTETaX
CUCTEMHBIX YCTPOHCTB KOMIIBIOTEPA, KOTOpBIE alpHOPH MOTYT COJEp’KaTh OMNEpPALMOHHYIO
cucremy. (CucteMHOE yCTPOHCTBO — 3TO OJIOK-OPHEHTUPOBAHHOE YCTPOUCTBO MPSIMOTO JIOCTYTIA,
Ha KoTopoM MoxeT pasmematscsi OC.) Ilpuopurer ompenensieT TOT MOPSAOK, B KOTOPOM
anmapaTHbIA 3arpy34MK M0 CHUCKY OCYILECTBIISET epedop YCTPOUCTB B MOMCKAaX MPOTrPAMMHOTO
3arpy34rKa ornepannonHbix cucreM. (Hampumep, 6piBaet mosesto caenath floppy-mauck nanbdosnee
IPUOPUTETHBIM AJ1s 3arpy3ku OC, Tak Kak B HOPMaJIbHOM PEXHUME allapaTHbIA 3arpy34HK 3TOT
JTUCK HE OOHAPYIKHUT, U 3arpy3Ka OyeT OCYIIECTBISATHCS C HKECTKOTO TUCKA, a B CIy4yae «ruoesm»
XKECTKOrO JMCKa MBI KakK pa3 BOCHOJB3YeMCs BO3MOXKHOCTBIO 3arpy3ku c floppy-mucka.)
ATmnaparHbIil 3arpy34rK «3HAET» CTPYKTYpPY CUCTEMHOTr0 ycTpoiicTBa. OOBIYHO B HyJIEBOM OJIOKE
CUCTEMHOI'0 YCTPONCTBA HAXOAUTCS T.H. POrPAMMHBII 3arpy34MK, KOTOPbIIl MOXKET COIEPKATh
uHGOPMALIMI0O O HAJUYMU B PA3IMYHBIX pa3jeiaXx CUCTEMHOIO YCTPOWMCTBAa pa3IMYHBIX
OIEpPAllMOHHBIX CUCTEM. Pa3zien cucTteMHOro ycTpoicTBa — 3TO NOCIEA0BATEIBHOCTh MOIPST
UAyIMX OJIOKOB (BbIAEJICHHAs Ha BHEIIHEM 3allOMHHAIOIIEM YCTPOMCTBE), BHYTPH KOTOPBIX
UCTIONIB3YETCSl BHPTyalbHAsh HyMepalusi 3TUX OJIOKOB, T.e. KaXIblii pa3/ieN HAauMHACTCA C
HyJIeBOTO 6510ka. COOTBETCTBEHHO, €CJIM ONEPALMOHHBIX CHCTEM HECKOJIbKO, TO MPOTrpaMMHBIN
3arpy3urK MOXET MPEJUIOKHUTh MOIH30BATEINI0 KOMITBIOTEPA BHIOPATh, KAKYIO CHCTEMY 3arpyKaTh.
[Tocne 3TOrO0 MporpaMMHBIN 3arpy3udk OOpalaeTcsi K COOTBETCTBYIOIIEMY pas3felly JAaHHOTO
CHUCTEMHOI'0 YCTpPOMCTBa M M3 HyJIEBOTO OJOKa BBIOPAHHOTO pa3jieia CUUTHIBAET 3arpy3uuK
KOHKPETHON ONEepalMOHHON CUCTEMBI, II0CJI€ Yero HauMHaeT paboTaTh MPOrpaMMHBIHN 3arpy34uK
koHKpeTHOH OC. DTOT 3arpy3duk, B CBOIO OYEpEAb, «3HAET» CTPYKTYpy paszeina, CTPYKTypy
¢aitnoBoil cucTeMbl U HAXOAUT B COOTBETCTBYIOLIEH (paitoBoii cucteme (aiis, KOTOPbII 10JIKEH
OBITH 3aMyIIEeH B KAYECTBE siIpa ONEPAIIMOHHON CUCTEMBI.

Yro kacaercss Unix-cucteM, To nporpamMMHbIi 3arpy3uuk OC oCyIIECTBISIET IMOMCK,
CUMTBHIBAHUE B MAMSATH U 3aIyCK Ha MCIOMHEHHE (aiiia /UNiX, KOTOPBINA COACPKUT UCTIOTHICMBbIi
ko sapa OC Unix. PaccMoTpum Teneps AEHCTBHS Sapa IPHU 3amyCcKe.

CHayana MpPOWCXOMUT WHUIMANM3AINS aNMapaTHBIX W IMPOTPAMMHBIX KOMIIOHEHTOB
CUCTEMBbl. JTa WHUIMANIM3AIM BKIIOYAET YCTAaHOBKY HAYaJbHBIX MapaMeTpOB B almapaTHBIX
uHTep(deiicax: yCTaHABIMBAIOTCS CHCTEMHBIE Yachl (711 TeHepalliy MpephIBaHuil ), hopMUpyercs
JUCIIeTYep ONEepPaTUBHOM MaMSATH, YCTAaHABJIMBAIOTCS CPEJICTBA 3alUTHl ONEPATUBHON MaMSTH.
3areM, HCXOAd U3 MapaMETPOB HACTPOMKM ONEPAllMOHHONW CHUCTEMBI, OCYLIECTBIIAETCS
(bopMHpPOBaHNE CUCTEMHBIX NMPOTPAMMHBIX CTPYKTYP JaHHBIX (B 4aCTHOCTH, CO3JaeTcs Tabauna
nporeccoB, ycranaBinuBaeTcs pasmep KDOII-Oydepa). Ilocne atoro simpo cosmaeT HyneBOH
npouecc. [lpy MHUIMANM3aMKU 3TOTO Mpolecca Pe3epBUPYETCS MaMsTh MOJ €ro KOHTEKCT U
dopmupyercss HyneBas 3amuch B TalOnuie mnporeccoB. OTMETUM, YTO 3/I€Ch MBI ONEpUpYyEM
omnpenenenuem mnporecca B OC UNiX: simpo popMupyeT HyJIeBYIO 3aIIKCh B Ta0JIHIIE TPOIIECCOB U
0oJiee HUUET0, — ATO U €CTh CO30aHue HY1e6020 npoyecca. JTOMY HyJEBOMY Ipoliecc B 00IIeM
ciaydae cooTBeTcTBYET sipy OC (3T0 mporecc sapa), HO OH UMEET 0COOCHHOCTh — OTCYTCTBHE B
KOHTEKCTE MTPOLIecca CErMEHTa Koa (OTMETHM, YTO 3TO BOBCE HE 03HAYAET, UTO HYJIEBOH MTPOLIECC
HE UMeeT KoJa). TO 03HAUAET, YTO HYJIeBasl 3aMIUCh TaOJIMIIBI TPOLIECCOB CCHIIAETCS HA KOHTEKCT,
B KOTOPOM OTCYTCTBYET CCBLJIKa HAa CETMEHT KO/ IIpolecca.

WTak, OCHOBHBIMU OTJIMYHSIMH HYJIEBOTO MIPOLIECCA SIBISIFOTCS CIEAYIOINE MOMEHTHI:
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1. JlaHHBIN TIpoIiecC HE UMEET KOJOBOTO CETMEHTa — 3TO MPOCTO CTPYKTYpa JaHHBIX,
HUCIIOJIb3yCMasa  ApOM, H 1npouneccom €ro Ha3bIBAKOT IIOTOMY, qToO OH
KaTaJOTU3UPOBAH B TaOJIUIIE MPOIIECCOB.

2. OH cymIecTBYET B TEYCHHE BCETO BPEMEHHU PAOOTHI CUCTEMBI (3TO UUCTO CUCTEMHBIN
MPOIIECC), U CYMTACTCS, UTO OH aKTHBEH, Kornaa padoraet siapo OC.

1 1

0 1
Koumexcm Konmexcm Konmexcm Konmexcm
npoyecca npoyecca npoyecca npoyecca
KonoBbrii
A exec()
CEerMEHT

Puc. 88. ®opmupoBanue HYJIeBOT0 U MEPBOT0 MPOIECCOB.

Crnenyrolum 3Tarom s;ipo HadyuHaeT (opMHUpOBaHHUE NEPBOTO Mpoliecca, KOTOPBINA TaKkKe
co3maeTcs HecTaHIapTHBIM oOpa3oMm. Ilpu ero co3maHuu BBIMONHSAIOTCS CIEAYIOIINUE NEeHCTBUS
(Puc. 88). Slmpo ocyliecTBisieT KOMUPOBAHUE HYJICBOM 3amKcH (B Ta0IHIIE TPOLIECCOB) B IIEPBYIO.
[Tocne vero nns mepBOro Mpoliecca BbIAEISETCS MPOCTPAHCTBO ONEPATUBHON mamsTu. B sty
NaMATh 3arpy’kaeTcs MporpaMma MCIOJHEHHsSI CUCTEMHOTO BbI30Ba €XEC(), 1mociie 4ero BHyTpU
HIEPBOIO MpoIlecca MPOUCXOIUT OOpalleHHE K ITOMY CHCTEMHOMY BBI30BY € mapametpom /etc/init.
Takum 00Opa3oM, MOKHO OTMETHUTH, YTO CaM TEPBEIA mporecc GopMHUpPYeTCs HECTaHIAPTHBIM
MyTeM, HO TeJI0 ero B KOHIle (hOpMUPYETCs yKe «IPaBUIbHBIMY) 00pa3oM MOCPEICTBOM BHI30BA
exec().

Wtak, B UTOre B pamKax IMepBOro mporecca chopMmMupoBaH mporecc iNnit, KoTopblit
CYIIECTBYCT B CHUCTEME TaKXKe Ha MPOTSHKEHHHM Bcero ee ¢yHkuuoHupoBanus. IIporecc init
MOJIJICP)KUBAET COOTBETCTBYIOIINE PEKUMBI PabOThl CHCTEMBI: OJIHOMOIB30BATENBCKUNA JTHOO
MHOTOIOJI30BATEIbCKUM.  DTH  PEKUMBI  XapaKTEPU3YIOTCS — TMapamMeTpam, KOTOpbIe
OTIpeIeNIAI0TCS Ha CTAJIUH 3arpy3KH siipa U MHUIMATU3aun cucteMbl. COOTBETCTBEHHO, CHCTEMA
OMO3HAET OJMH W3 TMOJKIIOYEHHBIX TEPMHHAJIOB KaK CHUCTEMHYIO KOHcCoib. Ecimu cucrema
paboTaeT B 0OHONOIb308aMeENbCKOM PEKUME, TO TMPOUCXOAUT MOAKIIOUEHUE UHTEpIpeTaTopa
KOMaH/T K CHCTEMHOM KOHCOJHU (KOHCOJIb PETUCTPUPYETCS C KOPHEBBIMU TPUBUIIETUSIMHU U JJOCTYII
M0 KaKUM-JIMOO APYTUM JIMHUSM CBSI3U HEBO3MOXEH). Eciu ske peskuM mMHoeonons3oeamensckull,
TO Tporiecc INit oOpamaercs K CHCTEMHOM TaOJHIle TEPMHHAIIOB, XPaHSIICH BCe TEPMHHAIbHBIC
YCTPOICTBa, KOTOPbIE MOTYT OBITH B CUCTEME, U JJISl K&KJIOTO TOTOBOTO K paboTe TepMUHAja U3
3TOTO TiepeyHs OH 3amyckaeT nporecc getty (Puc. 89). Iporecc getty — ato mporiecc, KOTOPbIi
oOecrneuynBaeT pabOTy KOHKPETHOTO TEpMHHANA (T.€. c€aHC pabOoThI MOJIb30BATENs ). 3aMETUM, YTO
npotecc init cozpaer mporecc getty yxe cTanaapTHBIM CIIOCOO0M, U TIOCIIE BOOOIIE BCE POLIECCHI
co3aroTcs nuib 1o cxeme fork-exec.
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getty Tepmunan 1

getty Tepmuna 1

“1” — init

7\\

getty Tepmunan 1

Puc. 89. MHMIMAIN3ALMA CHCTEMBI: c031aHHe MHOTI0I0JIb30BATeJIbCKOI cpeabl.

B cBoro ouepens, mpouecc getty meuataeT Ha SKpaHe MpPUIJIAIIEHUE BBECTH JIOTHH
(Puc. 90). [Tocie Toro, Kak MoJib30BaTENIb BBOAUT JIOTHH, Ipoliecc getty 3arpyxaer Ha CBOE MECTO
npouecc noarsepxaeHus maposs login. CoorBercTBenHo, mnponecc 10gin 3ampammBaer BBOIA
napoJsl, MOCIIe Yero mpoBepsieT ero. Ecim BBeICHHBINM MapoIib OKa3bIBACTCSI BEPHBIM, HAUHMHACTCS
ceaHc paboThl ¢ mosib3oBaresnieM. CeaHc paOOThI € MMOJIb30BATENIEM, KaK M CeaHC paboThl Bcel
CUCTEMBI, OImpefensercs KoHPUrypaunoHHONM uHpopManueid. OTa HHQOpMAIMS MOMKET
XpaHUTbCs B 3amm(poBaHHOM BHUjE B (Qailyie peructpanuu naposiei passwd. Kaxmas 3amuch
Toro (aina COAEpPKUT UMS 3apETUCTPUPOBAHHOIO IIOJIb30BATENs, MApoOJb, YUYETHYIO
nH(GOPMALIMIO U HEKOTOPbIE HACTPONKHU pabOThI M0JIb30BaTeNs. B 4acTHOCTH, K TUM HAaCTpoiiKaM
OTHOCUTCSI T.H. JIOMAIIHMH KaTajor, T.e. TOT KaTajor (hailJIoBO CHCTEMBI, KOTOPBIH CTaHET
TEKYIIIMM, KOT/Ia MMOJIb30BaTedb HAYMHACT ceaHc paboThl. B 3To# ke 3amucu (aitna passwd
conepxurcs uHpopmaims o ToM uHTeprperatope komana (Shell), kotopeiit momken ObITH
3arpy»eH B HaJalie ceaHca paboThl nosb3oBarens. To ecTh, ¢ OAHON CTOPOHBI, CUCTEMA ITO3BOJISET
BapbUPOBATh MHTEPIIPETATOPHI KOMAH]I JJIsl Ka)/I0TO M3 TOJIb30BaTeNeH, a, C APYroi CTOPOHBI, B
KayecTBE MHTEpIIPEeTaTopa KOMaHJ MOXKHO 3alyCTUTh JHOOYI0 mporpamMmy (3TO MOXKET OBITb,
HarpuMmep, Mporpamma, IpoOBEPKH HEIOCTHOCTH (ailIoBOH CUCTEMBI).

C TOYKM 3peHHus UHTEepPIpeTaTopa KOMaH/, CeaHC padOThI MOJIb30BATENS MIPEACTABISAETCS
B BUJIe OOMEHOB C (aiiioM (T.e. B BUE onepanuii yTeHus u 3amucH). PaboTa monb3oBaTens ¢
CHCTEMOM 3akaHuMBaeTcs 3aKkpbiTHeM (aiina — momaueir EOF (end of file) (xom EOF BBoauTCs
nyTéM Haxatus komOuHarmu kiaBum Ctrl+D nHa xiaBuarype). Ilocie monydeHus oOT
noas3oBarenss EOF wmutepmperaTop 3aBepimaer cBoro pabory. Ilporece init ¢uxcupyer sty
CHUTYAaIlMIO U CHOBA 3aIlyCKaeT mpouecc getty.

TakoBa oOmias cxema ¢yHkimoHupoBanus Unix-cucrem. OnHa cTpouTcs Ha
UCTIOJIb30BaHUM HYJIEBOTO M TIEPBOTO TPOILIECCOB. DTO €IMHCTBEHHBIE MPOIECCHI B CHUCTEME,
KOTOpBIE CO3/IaI0TCS HECTaHIApTHBIM 00pa3oM (0e3 obpaiieHus K cucteMHoMy Bbi3oBy fork()).

init
Tlocne oxonuanis OKOHuaHue padomol
fork()/exec() pabomur shell cozoaem |
v Hosbil getty
getty shell
ITeuamaem login u Boiszvisaem
odrcudaem 6xo00a 8 NONb306AMENbCKUE
cucmemy npoepammol
: A
6600 3 login 6epHblLil Napoy
P anpawiueaem napono
p| U nposepsiem e2o

Puc. 90. Cxema pa6orsl moab3oBaress ¢ OC Unix.
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2.3 Peanu3sauyus ne2kogecHbIx ripoyeccos Unix (Humu)

JlerkoBecHbie mporuecchl UNIX winm HuTH (gajJee HHUTH) SBISIOTCS  PECYpPCOM,
JIOKQJIM3UPOBHHBIM B paMKax Ipolecca (MIOTHOBECHOTO Tporiecca). T.e. OHU CO3Aar0TCs M MOTYT
B3aMMOJICHCTBOBATh MEXKIy COOOM TOJILKO B paMKax Ipoliecca, B KOTOPOM OHH co3naHbl. Hutu,
CO3MaHHBIE B Pa3HBIX MpoIeccax APyr JApyra «He BUASAT» H, B OOIIEM cCiy4ae, HE MOTYT
OCYIIIECTBIISATh B3auMoieicTBUE. HUTH, CO3/TaHHbIE «BHYTPHY IIPOIIecca, pa3eisioT III00aIbHbIC
IIEPEMEHHBIE U CUCTEMHBIE PECYPBI, BbIIEIEHHbIE ITpoleccy. CTEeK U perucTpsl (BKIIIOUAsk CUETUUK
KOMaH/1) JIOKQJIN30BaHbI B pAMKaK Ka)KJI0H HUTH.

2.3.1 Co3paaHue/3anycK HUTH

int pthread_create(pthread_t *tid, const pthread_attr_t *attr, void* (*start)(void *), void *arg)

e tid — pthread ykasarens Ha 00JacTh MaMsATH, B KOTOPYIO OylIeT pa3MellcH
uaeHTU(UKATOp CO3MaHHOM HUTH Tua pthread_t. 3ameTnM, 94TO ATOT THUI «CKPHIT» B
peaiu3aluy HUTEH M HE 00S3aTEJbHO SBISECTCS MPOU3BOJIHBIM OT ILIEJIOr0 (MOXET
OBITh, HaIlpUMEp, CTPYKTypoi). B cCBsI3m ¢ Yem omepanuu Haja 3HAUYCHUSIMH
UACHTU(DHUKATOPOB HUTEH peanusyroTcs yepes creruanbibie ¢anuu (pthread_equal,
pthread_self — cm. Hmke).

e attr — WCIONIb3YEeTCS JUIS 3alaHusi CBOMCTB (wim atpuOyrtoB) HuTH. He
yIIIyOJISIsICh B MOAPOOHOCTH, OyZieM Tiepe1aBaTh B 5TOM apryMEHTE IyCTOM yKazaTelb
(NULL), 9T0 COOTBETCTBYET CO3/JAHUIO HUTH CO 3HAYCHUSMHU CBOMCTB 110 YMOTYAHHIO.

e start —  yKazaTelb Ha (QYHKUIUIO C (DUKCHPOBAHHBIM IPOTOTUIIOM.
Co3maHHas HUTh HAYMHACT CBOC BBIIIOHEHHUS CO BXO/Aa Ha (YKIMIO, yKa3aTelb Ha
KOTOPYIO TIepe/iaH B JaHHOM MapameTpe. B kadecTBe aprymeHTta, 3TOW (YHKIUU
nepeaaeTcsl 3HaueHue mapamerpa void *arg, Takum o06pa3zoM MMEETCS BO3MOXKHOCTh
«MapaMeTpU30BaThy CO3JaHUE M 3aIyCK SK3EMIUISIPOB HUTCH, UMEIONIUX OJMH U TOT
e koz. Bo3Bpamaemoe 3HaueHust qaHHO#M QyHKIHE VOid™*.

e void *arg - CM. OITMCaHWe TPEIBITYIIEro apaMeTpa.

@dyHkuus Bo3Bpamaer koj oreera: 0 — B ciyyae YCHEIIHOTO CO3JaHMs M 3amycka HUTH. U
3HayeHne #0 — B ciryuae BOSHUKHOBEHUS OIIMOKH (3amMeTuM, 4To B 3ToM cimydyae ERRNO ocraetcs
HEHU3MEHHBIM).

2.3.2 Onepauun ¢ N AEHTUHPUKATOPOM HUTHU

B of0mem ciaydae HICHTU(PHUKATOP HUTH €CTh 3HAYEHHE MPEAONPEISIICHHOTO THIa
pthread_t (#include pthread.h), koTopoe He 00sI3aTeIBHO SIBJISETCS MTPOU3BOIHOM 11esioro Tuma. K
npUMepy, 3HaYCHHUE UICHTH(PHUKATOPA HUTH MOXET ABJIATHCS CTPYKTypoii. KoHkpeTHOE pemieHue
3aBUCHT OT peanu3alMd KOHKpeTHOW Unix-cucrembl. Tak, Hampumep, MpPEACTaBICHUS THIIA
pthread_t Linux 3.2.0 ucnone3yet tum long int, Solaris 10 — unsigned int, a FreeBSD 8.0 u Mac
OS X 10.6.8 B xauectBe THma pthread t mcmons3yroT ykaszarens Ha cTpykTypy pthread. B cBsi3u ¢
YeM JUIsS OTiepaliii CpaBHEHUs UICHTH()UKATOPOB PEKOMEHIYETCSl HCIOIb30BaTh CICIHATbHYTO
GyHKIHO:

int pthread_equal(pthread_t tid1, pthread_t tid2)
e tidl, tid2 - cpaBHHBaeMbIe HACHTU(PHUKATOPHI HUTEH;
e Bo3Bpamaer #0, eciu uACHTUPUKATOPHI paBHBI U ), B IPOTUBHOM CITydae.

Jlis momy4eHus: uaeHTH(PUKATOIpa HUTH MOYKHO MCTIOIb30BaTh (PYHKIIHUIO:
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pthread_t pthread_self(void)
e BO3BpallaeT UACHTU(PHUKATOP BHI3BIBAIONICH (DYHKIIMIO HUTH.

2.3.3 3aBepLUueHue HUTU

3aBepmeHHe HUTHU MOXHO IIOApa3ACIIMTh Ha JABC PasHOBUIAHOCTHU: 3aBCPUHICHUC HUTH U
BCCTO IIpomccaa; 3aBCPUICHUC TOJIBKO HUTH. PaCCMOTpI/IM KaXXaAyro us3 0003HaYCHHBIX
paSHOBHHHOCTeﬁ.

2.3.3.1 3aBepuieHue HUTH U BCero nmpouecca.

3aBenieHre paboThI BCETO MpoLEcca MPOU30HIET B CIy4yae UCIOIHEHU B OJHOM U3 HUTEH
CHCTEMHOTO BbI30Ba _eXit (wiu 6ubmuoTeuHoi GyHkuuu exit). Takxke MPOU30HAET 3aBEPIICHUE
BCEro Ipollecca, €CIAM B MOMEHT BBINOHEHHS KOJa HUTU NPHUAET CHUTHAJ, BBI3BIBAIOLIUN
3aBeplIeHne paboThl mpoIecca.

2.3.3.2 3aBepuieHue oTaeJIbHOI HUTH

3aBepuieHue padOThl OTICILHON HUTH MPOU30MIET B CICAYIONIMX CIy4asx:

e Hurh MoxeT BbI3BaTh QyHKIHIO pthread_exit.

e [IpuHyauTEIbHOE 3aBEPUICHUE HUTU U3 JPYrol HUTH B TOM K€ MPOIIECCe.
e HuTh MOXKET 3aBEpUIMTHCS U BEPHYTh YIPABICHUE B APYTYIO HUTh

®yukuma pthread_exit

void pthread_exit(void *val_ptr)
e val_ptr — mapamerp «OTBeTa», 4epe3 HEro MOXKHO MepelaTh HUTH, OXKHIAFOIICH
3aBepILeHUs JaHHOH, HH(POPMAIIHIO O 3aBEPIICHUH (KO 3aBEPILICHUS).

- IPOUCXO/IUT 3aBEPILICHNE BbI3BABILCH (DYHKIIUIO HUTH.
DyHKIMS BCET/Ia 3aBEepIAcTCs YCIEIHO, TOATOMY BO3BpaliiaeMoe 3HaueHue Void.

Taxxe, HUTH OyJIeT 3aBepIIeHA B Clydae BbIXOJa W3 (QYHKIMH — «TOYKH BXOJla» B HUTH (TOM,
yKa3aTellb Ha KOTOpYIo ObLT mepenan uepe3 pthread_create npu co3nanuu 1aHHON HUTH). Bbixon
MOYKET OBITh OCYIIECTBJIEH MOCPEACTBOM BBIMOJHEHHS return (BO3MOXKHO € MmapaMeTpoM Koja
OTBETA).

B cnyuae, eciu 3aBeplieHUs] JaHHOM HUTH 0XXHMJIAET Jpyras HUTh, TO OHA IOJIyYUT 3HAUECHUE
napametpa «oTBeTay. [logpoGHee 00 F3ToM HIKE.

3aBepuieHue ¥ nepeaavya ynpasJeHHs B APYIYIO HUTh

int pthread_join(pthread_t tid, void** val_ptr)
e tid - ugeHTHDHUKATOP HUTH;
e val_ptr -Bmepemennyto val_ptr Oyaer pa3sMeliieH KoJ] «0TBETa» 3aBEPIICHHON HUTH
(yxazarenb Ha KOJ OTBETA);
e Bo3Bpamiaet 0 B cilydae ycrexa, KOJ{ OITMOKH — B clTydae HeYJauH.
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- oOparuBmascs K (yHKOUM HHUTH OyneT 3a0JIOKUpoBaHa JO TeX MOp, IOKa HUTh C
unentudukaropom tid He 3aBepmurcs (BimoaHenue pthread exit, BBIXOA U3 «BBI3BIBAIOMICH
(GYHKIMH WM TPUHYIMTENBHOE 3aBepuicHue). TONbKO OJHa HHTh MOXKET JO0KUAATHCS
3aBEpUICHUS 3aJAHHOW HUTH.

IIpuHyauTeJbHOE 3aBepPLIEHNE HUTH

int pthread_cancel(pthread_t tid)
e tid - ugeHTH(UKATOP 3aBEpILIAEMON HUTH;
e Bo3Bpamjaet 0 B ciiydae ycrexa, KoJl OIIMOKH — B cllyyae HeyJauu.

- mesjeBod HUTH ¢ wiaeHTH(ukaropom tid mepemaeTcst BO3aCiCTBHE, BBI3BIBAIOIIEE JCHCTBHS,
aHaJIOTMYHBIC oOpameHuto Kk pynkmuu pthread_exit c¢ mapamerpom PTHREAD_CANCELED. B
MIPUHITUIIE, [eJIeBasi HUTh MOXKET MEPEXBATUTh 3TO BO3ACHCTBHE U 00paboTaTh €ro (B YaCTHOCTH,
MIPOUTHOPHUPOBATH).

2.3.4 TpumMmepbl NporpaMmMuUpoOBaHnUA HUTEN

Heanb: nemoncrpanus 6a3o0Boro Habopa (yHKIMOHANA s paboThl ¢ HUTAMH B UNiX-cuctemax:
MOPOX/ICHUE HUTH, HISHTH()HUKATOp HHUTH, Tepefada MapaMeTpoB B TOYKY BXOia, paboTa ¢
oOmuMu(pasaenseMbIMi) AaHHBIMU; CUHXPOHU3ALUS BBIMOJHEHUS] OCHOBHOM IpOrpamMmbl U
MOPOXIEHHON HUTHU C MIOMOIIBIO MEXaHNU3Ma OXXHJIAaHHSI OKOHYAHHS BBITIOJTHEHHS.

Nporpamma 1.

OcHOBHas mporpamMMma: HHUIUAIU3UPYET OOIIyI0 TMEpPEeMEHHYI0 HyJIEM, CO3JaeT

HECKOJIBKO MapajiebHO paboTaromMX HUTEH, MOpoXKaas MX B IIUKJIE C Iepeadeld mopsIKOBOTO
HOMEpa B KadyecTBE IapameTpa B TOUKY BX0Ja. BHIBOIUT Ha ycTpOHCTBO BBIBOJA (Ha HKpaH IO
YMOJTYaHUIO) CUCTEMHBIN UICHTU(UKATOP KaKI0M CO3JaHHON HUTH.
Kaxnas mopoxa€HHas HHUTH: BBIBOJUT Ha YCTPOMCTBO BbIBOJA (HA 3KpaH MO YMOIYAHHIO)
MOPSAKOBBIM HOMED (ITOJIyYEeHHBIM B KayecTBe MmapamMeTpa) + cBOM uaeHTU(]UKATOp + TeKyliee
3HaYeHHe oOIIel NepeMeHHOIl + 3HaueHHe JIOKAIBbHOW MEepEeMEHHOM, yBeIMYMBaeT 3HaueHHUe
NIEPEMEHHBIX Ha 1.

#include <stdio.h>

#include <stdlib.h>

#include <pthread.h>

#define NUM_THREADS 3

/*0011as mepeMeHHas1, UCIoJb3yeMast HUTIMU */
int shared_counter = 0;

/*pyHKIMS — TPOTOTHUIT HUTH */
void* thr_fn(void *arg)
{
[*nokanbHas epeMeHHas™*/
int local = ©;
/*nay3sa pna "nepemewvBaHuA" BbINONHEHUA HUTeW*/
sleep(abs(5 - (int)arg));
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/*BbiBOAUM MHOOPMAUMKW O HUTU (NOPAAKOBLIN HOMEp W WAeHTUPUKaTop B
16pu4HOM BMAE), Tekylee 3HayYeHue obWen M NIOKaNbHOW NepemMeHHbIX (U
yBenm4nBaem Ha 1) */

printf("***Thread #%d with ID %#x: shared value is %d, local value
is %d\n", (int)arg, pthread_self(), shared_counter++, local++);
return NULL;

}
int main()
{
pthread_t th _id;
inti,err;
for (1 =0; IKNUM_THREADS; i++) {
/*cco3maeM HUTb, UCTIONIB3YEM IOCIEAHUN apryMEHT JUIsl Iepeladu MOpsIKOBOrO
HOMeEpa 110 3HaueHuro! */
err = pthread_create(&th_id, NULL, thr_fn, (void *)i);
printf("MAIN: created thread with ID %#x\n", th_id);
}
/*nay3a - 1aTh BO3MOYKHOCTb BCEM HUTSAM OTpa0OTaTh M BBIBECTH HHPOPMAIIHIO O cebe™/
sleep(10);
return O;
}

Bo3MOHBIN BBIBOJ Ha YKPaH:

MAIN: created thread with 1D 0xda8f2640
MAIN: created thread with ID 0xda0f1640
MAIN: created thread with 1D 0xd98f0640
***Thread #2 with ID 0xd98f0640: shared value is 0, local value is 0
***Thread #1 with ID 0xda0f1640: shared value is 1, local value is 0
***Thread #0 with ID 0xda8f2640: shared value is 2, local value is 0

PexoMeHnnoBaHHbIE 3a1aHUS.
1) 3amycTuTh MpOrpaMMy, peaar3yIOIIyI0 IPUMEP Ha KOMITBIOTEPE.

2) [IpoBecTH U 3aITyCTUTh HA KOMITBIOTEPE MOAU(DHUKAIINHN TIPOTPAMMBI, PEATU3YIOIICH MpuMep, B
YacTH:

e 100aBJIeHUs KOHTPOJIA U 00pabOTKH BCEX BO3MOYKHBIX OITHOOK;

e cenarh nay3y JUisl IepeMeIInBaHNs BRITOTHEHUS TOPOXKAEHHBIX HUTEH CIyqaiiHOM;

OOpaTuTh BHUMAaHME. TIPH HCIIOJIh30BAaHHH HEKOTOPBIX KOMITWIIATOPOB (Hampumep, gCC) ais
HOJJICPKKH HUTCH MOKET MOTPeOOBAThCS YKa3aHHE JOMOTHUTEIBHOM OMIMY KOMITWIATOPA TPH
coopke mporpammsl: “-lpthread” nnm “-pthread”. IloagpoOGHOCTH CileyeT YTOYHUTH B HHCTPYKIIUU
KOMITHJISITOPA.

[lporpamma 2.
OcHoBHast mporpamma: CO31a€T HHUTb, [OKHIACTCI €€ OKOHYAHWSA, BBIBOJUT Ha
YCTPOWCTBO BBIBOJA (HAa HKPaH MO YMOJTYAHHIO) CUCTEMHBIH MACHTU(PHUKATOP HUTU U BPEMS B
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CEeKyH/IaX, KOTOPOE 3aHsUIO BBHITOMHsUTHEHHE HUTH. [loposkaEHHAst HUTH: Mocie Hadana paboThI
3achINaeT Ha HeCKOoJbKOo ceKyH I (oT 0 1o 10), mocie yero 3aBepIuaeTcs.

#include <stdio.h>

#include <stdlib.h>

#include <time.h>

#include <pthread.h>

/*byHKumMAa - npotoTun HUTM */

void* thr_fn(void *arg)

{
/*time(©) BO3BpawaeT KOAMYECTBO CekyHg ¢ ©01.01.1970 po

MOMeHTa Bbi30oBa */

sleep(time(®) % 10); /*3achinaem Ha 0..10 cekyHp */
pthread_exit(NULL);

}

int main()

{
pthread_t th_id;
void *pret;
/*co34aéM HUTb M 3anoMWHaeM BpemA co3gaHuna */
pthread_create(&th_id, NULL, thr_fn, NULL);
time_t tm_start = time(9);
/*oxnpaem 3aBeplweHuAa paHee CO34AHHOW HUTKU */
pthread_join(th_id, &pret);

printf("Thread %#x execution time = %u\n", th_id, time(9) -
tm_start);

return 9;

PexoMeHT0BaHHBIE 3aJaHUS.

1) 3amycTHTh IPOTpaMMy, PEATH3YOIIYO0 MPUMEP Ha KOMITBIOTEPE.
2) [IpoBecTy u 3aMyCTUTh HA KOMIIBIOTEPE MOAU(DHUKAIINHN TPOTPAMMBI, PeaUu3yIOIIei nmpumep, B
YaCTH:
e 00aBleHUs KOHTPOJIA U 00pabOTKU BCEX BO3MOYKHBIX OIIMOOK;
e 100aBHTH BapHAHT C HEHYJICBBIM KOJIOM 3aBEPIICHHS HUTH M pacrieyaTaTh HHPOPMAITUIO
0 KOJI€ 3aBEpILICHUsI B OCHOBHOM MpOrpaMme.

OOpaTuTh BHUMAaHME: TIPH HCIIOJIh30BAaHHH HEKOTOPBIX KOMITWIIATOPOB (Hampumep, gCC) aus
HOJJICPKKH HUTECH MOKET MOTPeOOBAThCS YKa3aHHE JOMOTHUTEIBHOMN OMIMY KOMITWIATOPA TPH
coopke mporpammsl: “-lpthread” nnm “-pthread”. IloagpoOGHOCTH CileyeT yTOYHUTH B HHCTPYKIIUU
KOMITHJIATOPA.
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2.4 [lnaHupoeaHue

2.5 Bsaumodelicmeue npouyeccos

2.5.1 Paspensemble pecypcCbl U CUHXPOHU3aUNA gocTtyna K HUM

OpnHolt M3 BaXXHBIX NPOOJIEM, KOTOpbIE MOSBUINCH B COBPEMEHHBIX ONEPALMOHHBIX
cucTeMax, sBJIeTcs mpodiieMa B3auMOeHCTBUS MPOLIECCOB.

Byaem roBoputh, 4TO MpOLIECCH HA3BIBAIOTCS NAPALIEIbHBIMU, ECIU UX BBITOJHEHUE
XOTsl OBl YaCTUYHO MNEPEKPHIBACTCS MO BpeMEHHU. T.e. MOKHO TOBOPHUTBH, YTO BCE MPOILECCHI,
Haxojsmuecs B 0ydepe o0pabaTeiBaeMbIX MPOIIECCOB, SABJISIOTCS MapAJJICIbHBIMU, T.K. B TOH WX
MHOM CTENEeHU BpeMEHa UX BBIMOJIHEHMS MEePEKPBIBAIOTCS APYT ¢ Apyrom. He ctouT 3a0bIBaTh,
4TO, FOBOPS O MapalIeNIbHBIX MPOLIECCaX, PeUb UJIET JUIb O NCe60Onapaienume, NOCKOIbKY
peanbHO Ha MPOLIECCOPE MOXKET UCTIOIHATHCS TOJIBKO OJMH IIPOLIECC.

[TapamienbHple Tpouecchl MOTYT OBbITh HE3aBUCHUMBIMH M B3aMMOJEHCTBYIOLIMMU.
He3zagucumple npoueccovt VCTHONB3YIOT HE3aBHUCHMbIE MHOYKECTBA PECYpPCOB; T.€. MHOXECTBA
pPECYPCOB, KOTOpbIE IPHUHAJJIEKAT HE3aBUCHUMBIM IIpOLIECCaM, B IIEPECEUYEHUU JAIOT IyCTOe
MHOXECTBO. AJIBTEPHATUBOM HE3aBUCUMBIM IIpoOLlECCaM  SIBJIAFOTCS  B3aMMOJECHCTBYIOILINE
npoueccsl. Bzaumooeiicmeyrowiue npoveccel COBMECTHO UCIIOIB3YIOT PECYPCHI, U BBIIIOJIHEHNE
OJIHOT'O IPOIIECCa MOKET OKa3bIBaTh BIUSHUE HA PE3YJIBTAT IPYTrOro NpoLecca, y4acTBYOIIETO B
3TOM B3aWMOJICVICTBUH.

CoBMmecTHOE ucnoab3oBanue pecypca BC nByms u 6osee napajiielbHbBIME MPOLECCaMH,
KOIZla KaXKIblii W3 HPOLECCOB HEKOTOPOE BPEMs BIALECET AITHUM PECYPCOM, Ha3bIBAaeTCs
pazoenenuem pecypca. PazneneHuio mnoasiexaT Kak almapaTHble, TaK W IPOrpaMMHBIE
(BUpTyasibHBIE) pecypchl. Pa3nensemMblil pecypc, KOTOPbIM B KaXAblii MOMEHT BPEMEHH MOKET
OBITH TOCTYIIEH TOJILKO OJJHOMY U3 B3aMMOJICHCTBYIOIINX MIPOIIECCOB, HA3bIBACTCS KPUMUYECKUM
pecypcom. (TakoBbIMH pecypcaMd MOTYT OBITh KaK BHEIIHEE YCTPOWCTBO, TaK M HeEKas
NepeMeHHas, 3HaYeHUEe KOTOPOH MOXKET M3MEHSTHhCS pa3sHbIMU IpolieccaMu.) COOTBETCTBEHHO,
4acTh NpOrpaMMsl ((akTHUecKu Habop omneparuii), B paMKax KOTOPOH OCYIIECTBIsIETCS padoTa ¢
KPUTUYECKHM  PECYpCOM, Ha3bIBACTCS KPUMUYECKOU cekyueil (uau  KpumuyeckKum
UHmMEPBEAIoMm).

[Ipu opranu3zanuu MHOTONPOLECCHOTO B3aUMOECHCTBUSA U UCIIOIB30BAHUS PA3IEISIEMBIX
pecypcoB, BO3HHMKAET IENIbI psAJ HOBBIX NpoOJieM, MO CPAaBHEHUIO C OJHOIPOLECCHBIM
nporpaMMupoBanueM. [ 1aBHbBIM 00pa3oMm, 3T poOIeMbl CBSI3aHBI C 00eCIIeYeHHEM KOPPEKTHOTO
JocTyna K pasJensieMbIM pecypcaM. Beinenstor nee BaxHeimue 3agaun OC: pacnpeneneHue
PECYPCOB MEXy MPOIECCAaMH M OpraHU3aIlHsl KOPPEKTHOTO AOCTYMa (T.€. OpraHu3aIlysl 3allUThl
PECYpCOB, BBIJIETIEHHBIX OIIPENEICHHOMY ITPOLIECCY, OT HEKOHTPOJIUPYEMOT'O JOCTyIIa CO CTOPOHBI
JIpYTHX IpolieccoB). B uacTHOCTH, MO opraHu3aiueil KOppeKTHOro JOCTyNa MOKET TOHUMATHCS
TpeOoBaHUe, JEKIapupyroliee HeoOXOIUMOCTh O00eCIeYeHHs] HE3aBUCUMOCTH  PabOTHI
NapajyieJbHbIX MPOLECCOB OT TMOPSAKa W HMHTEHCHUBHOCTH JIOCTyHa 3THX MPOLECCOB K
pazzensieMbIM pecypcam.

Paccmotpum cootBercTByromuii mpumep (Puc. 91). Ilycts umeercss HekoTopast oOmast
nepeMeHHas (pa3zaessieMblil pecypc) iN U Ba mporiecca, KOTopbie padoTaIOT ¢ ATOH MEPEMEHHOM.
[TycTh B HEKOTOPBIIf MOMEHT BpeMEeHH Iporiecc A MPHUCBOWI MEPEMEHHOM IN 3HaueHne X. 3aTem
B HEKOTOPBI MOMEHT mporiecc B mpucBomn 3Hauenue Y 3Toii ke mepemeHHoit in. lanee oba
Mpolecca YUTAIOT ATy NMEPEMEHHYIO0, U B 000HX CITydasx MPOIECChl MPoUTyT 3HadeHue Y. To ecTh
B OTOM CJIydae CHUMBOJ, CUMTAHHBIN MporieccoM A, ObUT TOTEPSH, a CUMBOJI, CUMTAHHBIN
nporeccoMm B, ObLI BhIBeIeH ABaKbI. Pe3ynbTaT BHITOTHEHUS MPOILIECCOB 31€Ch 3aBUCHUT OT TOTO,
B KaKOM MOMEHT OCYIIECTBIISIETCA NEPEKIIOYEHHE IPOLECCOB, U OT TOT0, KAKOW KOHKPETHO
nporecc OyneT BbIOpaH CHEAYIOWUM I BbIMOMHEHHs. Takum oOpa3oM, TpeboBaHue
HE3aBUCHMOCTH pabOThl MapajIesIbHbIX MPOLECCOB HapylaeTcs. Takue cuTyauus, Korja
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IpOIECChl  KOHKYPHUPYIOT 3a pa3jeisieMblii pecypc, Ha3bIBAIOTCS 2OHKOU npoueccos (race
conditions).

void echo ()

{

i char in; i
: input (in) ; i
i : SEEPUE (L) ;g ITpouecc A ITpouecc B
v | X input (in) ; Y
input (in) ; ‘/
output (in) ; Tl v
Y |« output (in) ;

Puc. 91. TIpumep roHKH MPOLECCOB.

EnuHcTBEeHHBII c11oc00 n30€KaTh TOHOK MPH MCIIOIB30BAHUN PA3JICISIEMbIX PECYPCOB —
KOHTPOJIUPOBATH JIOCTYII K JIFOOBIM pa3zesisieMbiM pecypcam B cucteme. [Ipu 3ToM HE0OX0 1Mo
OpPraHU30BaTh B3aUMHOE€ UCKJIIOUeHHEe — T.€. TAKOH crtocod paboThI ¢ pa3liesiieMbIM PECYPCOM,
Opd KOTOPOM IOCTYJHUPYETCs, YTO B TOT MOMEHT, KOTJa OJMH M3 IPOILECCOB paboTaeT ¢
paszessieMbIM PECypCOM, BCE OCTAJIbHBIC MPOIIECCHl HE MOTYT UMETh K HeMy noctyil. [Ipobiemy
OpraHM3aIy B3aMMHOTO MCKIIOYEHHS MOXKHO COpMYIIMpPOBaTh B Oosee oOmieM BHUE: 3aaada
B3aMMHOTO UCKJIFOYCHUS CBOJUTCS K TOMY, YTOOBI HE JIOMyCKAaTh CUTYAIMH, KOT/Ia JIBa Ipolecca
OJTHOBPEMECHHO HaXOMSTCS B KPUTHUCCKUX CEKIUAX, CBI3aHHBIX C OJTHUM U TEM K€ PECYpPCOM.

3aMeTHM, YTO BOIPOC OPTaHM3AlMU B3aHMMHOTO UCKJIFOUCHHS aKTyaJeH HE TOJIBKO JUIS
B3aUMOCBSI3aHHBIX MTPOIIECCOB, COBMECTHO MCIOJIB3YIOIINX OIPEICICHHBIC PECYpChI Uil OOMeHa
uHpopmanueii. Bpime oTMedanoch, 4YTO BO3MOXKHA CHUTyallusi, KOTJa TIPOLECCH, HE
TI0ZI03PEBAIOIINE O CYIIECTBOBAHUHU JPYT JPYra, UCIONB3YIOT TI00aJbHBIC PECYpChl CUCTEMBI,
TaKue KaK YCTPOMCTBA BBO/IA/BBIBOJIA, TPUHTEPHI U T.11. B 3TOM cilyuae uMeeT MeCTO KOHKYPEHITHS
3a Pecypchl, JOCTYN K KOTOPBIM TaKKE JIOJHKEH ObITh OPraHHU30BaH M0 MPHHIIAIY B3aUMHOTO
UCKITFOUCHHSI.

Jlyiss opraHu3aIliii MOJICITH B3aWMHOTO HUCKJIFOUEHUS UCIIONB3YIOTCS PAa3IMUYHbIC MOJICIIH
cuHXpoHu3aruu. [Ipexae uem paccMaTpuBaTh 3TH MOJICITH, HEOOXOIMMO OTMETHTD T€ IPOOJIEMBI,
KOTOPBIC MOTYT BO3HHKATh MPH OPTaHU3AI[MM B3aWUMHOTO HCKIIOUCHHUS, — 3TO OI0KUPOBKU W
mMynuKu.

Brokupoeka — 510 cuTyanus, KOrjga JOCTYI K pa3/ieliieMOMY pecypcy OIHOTO W3
B3aWMOJICHCTBYIOIIMX TPOLECCOB HE O00ECNeunBaeTCsl W3-3a AKTUBHOCTH JPYruX, Ooee
NPUOPUTETHBIX TporieccoB. OTMETHM clieytoliee. PacCMOTPUM OCHOBAHHYIO Ha MPHOPHTETAX
MOJIEJTb JIOCTYTIA K pa3IesieMOMY pecypcy, Koria 6oJiee MPUOPUTETHBIHN 3apoc Ha oOpalieHue K
pecypcy Oymer oOpaboraH ObicTpee, yeM MeHee MPHOPHUTETHBIM. M mycTh B 3TOW Mojenu
paboTaroT JBa mpoIecca, y KOTOPBIX MPUOPHUTETHI IOCTYMAa K KPUTUIECKOMY PECYpCy pas3HBbIE.
Torna, eciiu OoJiee MPUOPUTETHBIH MPOIIECC OYIET «4acTO» BhIIABaTh 3alPOCHl HAa OOpaIleHHE K
pecypcy, MOXKET BO3HUKHYTh CHTYaIlWs1, KOT/Ia BTOPOH Tpoiiecc OyIeT «BEUHOY» (MM JOCTATOYHO
JI0JITO) OXKHUIIATh 00pabOTKU Ka)KIO0TO CBOETO 3arpoca, T.€. ITOT MEHEee TPUOPUTETHBIN MPOIIECC
OyneTr OJIOKHPOBaH.

Tynuk, wiu deadlock, — 310 curyanms, korma (W3-3a HEKOPPEKTHON OpraHM3aiun
JIOCTYTIA U pa3fIelICHHs PECYypPCOB) KOHKYPUPYIOIINE 32 KPUTUIESCKHIA PECYPC TPOIIECCHI BCTYTAIOT
B KJIMHY — TIPOUCXOIUT B3aUMOOJIOKMpOBKa. PaccMoTpum mpumep mynuxogoii cumyayuu
(Puc. 92).
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[Tpouecc A 3 4 [Tponecc B
1 2
HocTyn 3akpbIT HocTyn 3akpbIT
Pecypc 1 Pecypc 2

Puc. 92. Tpumep Tynuxosoii cutyauuu (deadlock).

[Tpenmonoxxkum, 4To ecTh ABa mpouecca A u B, a Takke mapa KpUTHYECKHX PECypCOB.
[TycTh B HEKOTOPHIA MOMEHT BPEMEHH MpOIecC A BOIIENT B KPUTUYCCKYIO CEKIHIO PaOOTHI C
pecypcoM 1. DTO 03HauaeT, 4TO JOCTYIH JiItoOOTo JAPYroro mnpoiecca K JaHHOMY pecypcy Oynaer
0JIOKMpOBaH (TIOKa mporecc A He 3aKOHYUT ¢ HUM padboTaTh). [TycTh Takke B 3TO BpeMs mpoiiecc
B Boiiger B kpuTHueckyto cekuuio pecypca 2. M 31oT pecypc Takxke OyAer OJIOKMpPOBaH AJis
JOCTyTa IPYTUM Tiporieccam (rmoka mpoiecc B He 3akoHuuT ¢ HUM padotaTh). [TycTh mpomecc A,
HE BBIXOJI U3 KPUTUYECKOM CeKIMH pecypca 1, mpITaeTcsi 3axBaTuTh pecype 2. Ho mocnennuit
yKe 3axBadeH mporeccoM B, u mporecc A Oiokupyetcs. AHAJIOTUYHO, MyCTh npoiecc B, He
0CBOOOKIasi pecypc 2, MbITaeTCs 3aXBaTUTh pecypc 1 U Takke OJoKupyercs. DTO MpUMeEp
npocrteiiiero Tynuka. B 3TOM cuTyaluum KaXIplii U3 TPOLECCOB OXKHJIAET OCBOOOXKICHUS
HEJOCTAIONIEro pecypca, Ho 00a pecypca HUKOT1a He OyIyT OCBOOOKIEHBI, U ITPOLECChl HUKOTa
HE CMOTYT BBHITIOJTHUTHh HE0OX0uMbIe elcTBUsA. COOTBETCTBEHHO, PEIICHUEM B JJAHHOM CIIy4ae
MOJKET OBITh Mepe3annyCcK CUCTEMbI WIIH YHHUYTOKEHHE 0O0OUX HIIM OJTHOTO U3 MPOIIECCOB.

2.5.2 CnocoObl opraH1M3auMm B3aMMHOIro UCKNOYEHUA

B sTom pasnmene peub MOWIET O CpelCTBax, MO3BOJSIONIMX OpPraHU30BaTh paboOTy C
KPUTUYECKIMHU PECypCaMu, T.€. OPraHM30BaTh TaKOH CIIOcO0 paboTHI C pasesiieMbIM PECYPCOM,
IIPU KOTOPOM B JIF000 MOMEHT BpeMEHH K HEMY MOKET UMETh JJOCTYT He 60Jiee 0JJHOTO mpoliecca.
B HacTosmmii MOMEHT M3BECTHO MHOKECTBO CPEJCTB OPraHM3allMU B3aUMHOTO HCKIIIOYCHHS,
Cpeau KOTOpPhIX MBI paccMoTpuM cemadopsbl /leiikcTpbl, MOHMTOPHI Xoapa u anmapar
nepeaavu coOO0MEeHMIA.

Cemadghopvr  Jleikcmpor — 570  (QopManbHas MOJAETh OpraHU3alMd  JOCTYTa,
npeasiokeHHast B cepeiuae 60-X IT. TO/UIaHICKUM y4eHbIM J[eHKkcTpoit. OTa Moniens 6azupyercs
Ha cIeAyIolel KOHIIeNNU. FiMeeTcs crienuaibHbli TUIT JaHHBIX — T.H. cemaghop. IlepemenHbie
TUNA cemaghop MOTYT TPUHUMATH IEJIOYMCIICHHBIE 3Ha4deHus. Haag S>TUMH TepeMEeHHBIMH
OTpEe/IeTICHBI CICAYIONINE ATOMAPHBIE (HeleJuMblie) onepamuu: onyctuts cemapop down(S)
(nmu P(S)) u nogusate cemadop up(S) (i V(S)). Opurunansibie 0603HaueHus P u V, naHHbie
JleiikcTpoit ¥ MOTy4HBIINE IIMPOKOE PACIIPOCTPAHEHUE B INTEPATYPE, SBISIFOTCS COKpAIICHUIMU
TOJJTAHJICKHX CJIOB proberen — mposeputh 1 Verhogen — yBeIu4uTh.

Omneparst down(S) mpoBepsieT 3HaueHue cemadopa S M, €CId OHO OOJbIIE HYJS, TO
ymenbmaer ero Ha 1. Ecim ke 3T0 He Tak, mporecc OJOKUpYeTCs, MpUYEM CBsI3aHHAS C
3a0JIOKHPOBAHHBIM TIPOIIECCOM orepariyst dOWN cuuTaeTcs He3aBePIICHHOM.

Omnepanust Up(S) yBenmuuBaer 3HaueHue cemadopa Ha 1. [Ipu 3TOM ecinu B cucteme
HPUCYTCTBYIOT MPOIIECCHI, OJIOKMPOBAHHBIE paHee MPH BbioHeHHH dOWN Ha 3ToM cemadope, TO
OJIMH M3 HUX Pa30JOKUPYETCs U 3aBEpIIACT BHIOJIHEHHE onepaiui dOWN, T.e. BHOBb YMEHBIIAET
3HaueHne cemadopa. YBeIudueHHe 3HaueHus cemadopa 1, BO3MOXKHO, Pa30JIOKMPOBAHKUE OJTHOTO
U3 [IPOIIECCOB U YMEHBIIICHUE 3HAUCHUS ABJAAIOTCS ATOMaPHOIi, HeJle 1UMOIi onepanueii. Beidop
nporecca s pa30JI0KUpOBaHUS HUKAK HE OTOBApHUBAETCS.
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Emé pa3 ormetum, 4To onepaiiu UP U dOWN SIBASIOTCS aTOMapHBIMU (HEACTUMBIMH ), T.€.
WX BBITIOJTHEHUE HE MOXKET OBITh TIPEPBAHO MPEPHIBAHUEM.

Jnsg  ummocTpauu  pacCMOTPEHHOTO MEXaHM3Ma IPUBENEM CIEIYIOMIMHA IpUMep.
PaccmorpuM Hekuii yHuBepcaM. BXxox B TOProBbll 3al1 MarasuHa BO3MOXCEH JIMIIb IS
MIOCETUTEIIEH, UMEIOINX TeNexkKy. B marazune umeercs N tenexek. Tak, B HayaabHbIA MOMEHT
(korga Mara3uH OTKpBIBaeTCs) UMeeTcss N CBOOOIHBIX TenexkeK. Kaxk blii ouepeTHOM MOCeTUTEh
OeperT TenexkKy U MPOXOaUT B 3. Tak mpoaospkaercs, moka He nosiButcst (N+1)-blif moceTuTenp,
KOTOPOMY TEJIEXKKHU yxke He xBaraeT. OH BOUTH HE MOXET U KJIET CBOOOJHOW TENEKKU Mepe]l
BXOJIOM B TOProBbiii 3ai1. Eciu mpuxoasT emle NoKynaTeiau, TO OHU TaKXKe 0KUIAI0T CBOOOIHON
Tenexkku. [loCKONMbKy paccMaTpuBaeMblii (OpManu3M, Kak yHNOMHHAJIOCh BBIIIE, HHYETO HE
TOBOPUT O BBIOOpE oOuepenHOro 3a0JOKHMPOBAaHHOIO Ipolecca, TO OyAeM CUHuTaTh, YTO
pHUOBIBAIOIINE B Mara3uH MOKYIATEIN HE CTAHOBSTCS B O4€PE/b, @ CTOST B HEKOM «OECIIOPSIIKE)
(Tonmoii). Kak ToJbKO OJIMH M3 MOKYMAaTeNlel ¢ TEISKKOW MOKUIAET TOPTOBBIM 3aJl, MPOUCXOIUT
oreparus UP — MOSIBISIETCS OJTHA CBOOOIHAS TEJICKKA. DTy TENEKKY OEpeT OJIMH U3 OKUIAFOIIHX
MOCETUTENICH U MPOXOAUT B TOPrOBBIM 3aj. DTO O3HAYAET, YTO OJUH M3 3a0JIOKMPOBAHHBIX
KITUEHTOB Pa30JIOKUPOBAJIICS W TPOJOJDKUI paboOTy, OCTalIbHBIC K€ IMPOJOJDKAIOT JKIATh B
3a0JIOKMPOBAaHHOM COCTOSTHUH.

Ecnu tenexxka Obia OBl 01HA, TO 3TO OBLIO OBl WILTIOCTpAIMEl OpraHU3ally JOCTyIa B
peXHMME B3aMMHOIO HCKJIIOYEHHUS, T.e. B JIIOOOM MOMEHT BpEMEHH B TOPrOBOM 3aj€ MOXKET
OKa3aThCs JUINb OJWH TOKYIATeNlbh. JTO MPUMEP T.H. 080UUHO20 cemagopa — cemadopa,
MaKCHMaJbHOE 3HaUY€HHE KOTOpPOro paBHO 1. DToT Tun cemMadopoB U obecreunBaeT B3aUMHOE
UCKJIIOUECHHE.

B mnpusencuanom Hike (Puc. 93) mpumepe asomyHoro cemadopa pacCMOTPEHBI JBa
npoiiecca, Kax bl 13 KOTOPBIX UMEET KPUTHUECKYIO CEKIUIO0. 3a CUET UCII0Ib30BaHUSI IBOMYHOTO
ceMmaopa obecrieunBaeTcsi 6e3omacHasi padoTa B KPUTHUYECKON CEKIMM JIF0O0T0 U3 MPOIIECCOB,
T.€. €CIM OJMH W3 HHUX BOIIET B KPUTUYECKYIO CEKIUIO, TO TapaHTUPYETCs, YTO BTOPOH Mpu
MOTBITKE TAK)K€ BOWTH B CBOIO KPUTHYECKYIO CEKITMIO OyAeT OJOKMpPOBAH 1O TE€X IOp, MOKa
NEePBBIN HE IOKUHET OHYIO.

npoyecc 1 npoyecc 2
int semaphore; int semaphore;
down (semaphore) ; down (semaphore) ;
/* KpUTHUUeCcKas CeKIUs /* KpuUTHUUeCcKas CeKIUS
npouecca 1 */ npouecca 2 */
up (semaphore) ; up (semaphore) ;

Puc. 93. TIpumep ucnosib30BaHUs JBOUYHOT0 ceMadopa Jisi OpraHu3aluyd B3auMHOT0
HCKJIIOYEHHUS.

3aMeTHM, 4YTO TpeOOBaHWE aTOMapHOCTH omepanuii dOwn u UP HakIaJbIBacT
OTpaHWYEHUs Ha peanu3anuio cemadopoB JIeWKCTpb, W 3a4acTyl0 A3TO CJOXKHAs 3ajada.
Cy11ecTBYIOT pa3IMyHbIe TPOTrPaMMHBIE peali3allii ITUX ONEepalnidi, HO B HUX aTOMApHOCTh HE
BCETJa IPUCYTCTBYET.

TakuMm o0Opa3oM, cemadopbl JIeHKCTPLI — 3TO HH3KOYPOBHEBBLIE CPEICTBA
CHHXPOHH3AIMM, JJISI KOPPEKTHOH NPAaKTHYECKOil peaJH3alii _KOTOPbIX HE00X0IMMO
HAJM4YMe CEeNHATbLHbIX ATOMAPHLIX ceMa(GOPHBIX MAIIMHHBLIX KOMAH/IL.

PaccmoTpuMm Temepp MOAENb CMHXPOHM3ALMM, B KOTOPOH, B YaCTHOCTH, IPEANPHUHITA
HoMbITKa O0OWTH TpeOoBaHWE ammapaTHONM MOJAEPKKHA aTOMApPHOCTH YIOMSHYTBHIX BBIILE
onepanuii. Unes monumopa Ovuia Buepsbie chopmynupoBana B 1974 r. Xoapom. B otnuume ot
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cemadopa, MOHUTOP SIBJISIETCSI BHICOKOYPOBHEBOI KOHCTPYKLHEH (MOXXHO T'OBOPHUTH, YTO 3TO
KOHCTPYKLIMSl YPOBHSI S3bIKa IPOTPAaMMHPOBAHUs), peaju3alys KOTOPOW TMOAJEpKUBACTCS
CHUCTEMON MPOTPaMMHPOBAHUSA (KOMIOWIATOPOM). MOHHUTOp — 3TO CHEIHATIU3UPOBAHHBIN
MO/TyJIb, BKJIFOUAIOLIHH B €05l COBOKYITHOCTb MPOLEAYp M (YHKIMH, a TAKXKE CTPYKTYPbI JJaHHBIE,
C KOTOpBIMU paboTaloT 3TH mpouenypbl u (ynkuuu. Ilpu 3TOM AaHHBIE MOAynb oOnamaer
CIEQYIOIUMU CBOMCTBAMU:

1. cTpyKTypbl JaHHBIX MOHHUTOPA JIOCTYITHBI TOJIBKO Yepe3 oOpalieHus K MpoueaypaM Uin
(GYHKIMAM 3TOTO MOHHTOpPA (T.€. MOHHTOp TNpEACTaBiIsgeT cO00M HEKOTOPBIA aHAJIOT
00BbEKTa B 00BEKTHO-OPUEHTUPOBAHHBIX S3bIKAX U PEAIN3yeT HHKACYJISIUIO JaHHBIX);

2. CYMTAETCs, 4TO MPOIECC 3aHUMAET (UM BXOJUT B) MOHHUTOP, €CIIM OH BBI3BIBACT OJHY M3
npoueayp win GyHKIUI MOHUTOPA;

3. B KaXIbli MOMEHT BPEMEHH BHYTPH MOHHUTOpAa MOXET HaXOTUThCA HE Ooyiee OJHOTO
mporecca.

Ecnu nporiecc nbITaeTcst HonacTb B MOHUTOP, B KOTOPOM YK€ HaXOAUTCS APYTOH mporiecc,
TO (B 3aBUCUMOCTHU OT HCIIOJIb3YEMOI CTpaTeruu) OH JuOO Mody4yaeT oTKa3, JMb0 OIoKupyercs,
CTaHOBSCH B ouepesb. TakuM 00pa3oM, YTOOBI 3aLIUTUTE pa3elsieMble CTPYKTYPBI JaHHBIX, UX
JIOCTaTOYHO TOMECTUTh BHYTPh MOHUTOpAa BMECTE C MpOLEAypaMH, MPEACTABIAIOIIUMU
KPUTUYECKHE CEKIIUH I 00pabOTKH ATUX CTPYKTYP JAaHHBIX.

Mounutop npeacTaBisieT co00i KOHCTPYKIUIO SI3bIKA IPOTPAMMHUPOBAHUS U KOMIIHIIATOPY
U3BECTHO O TOM, YTO BXOJSIIME B HETO MPOLEAYPHl U JaHHbIE MMEIOT OCOOYI0 CEeMaHTHKY,
M03TOMY II€PBOE YCIOBUE MOKET IIPOBEPATHCS €Il Ha Tare KOMIUISIUU, KPOME TOT0, KOJI AJIst
IpOIEyp MOHHTOPA TOXKE MOXKET F€HEPHPOBATHCS 0COOBIM 00Pa30M, YTOOBI YAOBIETBOPSIOCH
TpeTbe ycioBue. [lockonbky opraHu3aius B3aMMHOT'O HCKIIFOUEHUS B JAHHOM CITydae BO3Jaraercs
Ha KOMIHWISATOP, KOJUYECTBO MPOTPAMMHBIX OIIMOOK, CBSI3aHHBIX C OpPraHU3allMeil B3aWMHOTO
UCKJTIIOYEHHSI, CBOAUTCA K MUHUMYMY

BrITOBOI MILTIOCTpaIield MOHUTOPA MOKET CIYKHUTh KaOMHA TaKCO(OHHOTO armnapaTa.

[ToBTOpMM, HYTO MOHHUTOp — JTO S3BIKOBas KOHCTPYKIUS C IEHTPAIU30BAHHBIM
yhpaBieHueM (B OTJINYHE OT ceMadopoB, KOTOpbIe He 00a1atoT neHTpanu3zanueit). Cemadops 1
MOHUTOPHI  SIBIIIIOTCSI, TJIAaBHBIM ~ 00pa3oM, CpEACTBAMH  OpraHu3alii  padoThl B
OJTHOIIPOLIECCOPHBIX CHCTEMAax JIMOO B MHOTONPOLIECCOPHBIX CHUCTeMax ¢ oOmieil namsaTeo. s
MHOTOITPOIIECCOPHBIX CHCTEM C PACIIPEICIIEHHON MaMSITHIO 3TH CPENICTBA HE OYCHB MOAXOAT. Jlis
HUX B HACTOSIIIIMI MOMEHT HanOoJjee 4acTo NCIOIb3YETCsl MEXaHU3M nepedauu cooOueHuil.

Cpa3y OTMETHM, YTO MEXaHU3M Iepe/laun COOOIMICHUH SBISETCS YHUBEPCATHHBIM B TOM
CMBICJIE, 4YTO OH IIPEJOCTaBIAET, KaK CpeJICTBAa OpraHU3alMd B3aHUMOJAEUCTBHUS MEXIY
npoIeccaMy, TaK W CPEJICTBA CHHXPOHHU3AIMH. MeXaHU3M nepeoauu coodujenuil OCHOBAH Ha
NBYX (YHKIIMOHAJIBHBIX TPUMHUTHBaX: SeNd (oTmpaBUTh COOOIIEHHE) W Feceive (TIpUHSTH
cooOmienne). JlaHHBIE OIEpaliyd MOXKHO pa3felUuTh IO TPEM XapaKTEPUCTHKAM: MOJEINb
CHUHXPOHH3AIMH, ajipecanus 1 opMaT COOOIIECHHS.

Cunxponmsanusi. Omnepanuu  MHOCBUIKM/ipUeMa  cooOHmIeHH  MOTyT  OBITh
O10Kupyrowumu v Heoaokupyrowumu. PaccMoTpuM pa3nnyHbie KOMOMHAIINU.

Broxupyiowuii send: mporecc-oTnpaBuTeNlb OyAeT 3a0JOKHpPOBaH 10 TeX IMOp, MOKa
MOCIIAHHOE UM COOOIIeHUE HE OYyIeT MOTyUYEeHO.

Broxupytowuti receive: mporecc-mnonydarenb OyneT 3a0J0OKUPOBaH 10 TeX TOp, MoKa He
OyZeT NOJTy4eHO COOTBETCTBYIOIIEE COOOIICHHUE.

CoOTBETCTBEHHO, HEOJIOKUPYTOIINE OTIEPAIINH, KaK CIIEAYeT U3 Ha3BaHUs, IPOUCXOIAT 03
OJIOKHPOBOK.

Wrtak, KOMOMHHUPYS pa3iuuHble omnepaiu Send u receive, Mbl mojyvaeM 4 pasinvHbIX
MOJIEJIN CHHXPOHM3AIINH.

Ajpecanusi MOXET ObITh HPAMOI WU KoceenHou. I1pu ipsiMoit afpecaliy yKa3blBaeTCs
KOHKPETHBIN ajipec IMoJiyyaTelnss W/WIM OTHpaBUTENs (HAampuMep, KOorjaa MoJydareib O0XHUIaeT
COOOIIIEHUsI OT KOHKPETHOT'O OTIPABUTEINSI, UTHOPUPYS COOOILEHUS APYTUX OTHpaBUTENEH).
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B cimyudae KOCBEHHOI ajpecali He yKa3bIBaeTcsl aJipec KOHKPETHOIO IMOydaTess MpH
OTIPaBKE WJIM aJpec KOHKPETHOTO OTIPABUTENS MPHU TOIYUYEHUH; COOOIIeHHe «Opocaercs» B
HEKOTOPBIA 00U MyJ, B KOTOPOM MOTYT OBITh pealn30BaHbl pa3MyHbIEe CTPATErHH JIOCTyIa
(FIFO, LIFO u 1.71.). OTUM IyJIOM MOXET BhICTyNaTh ouepean coobmenuit (FIFO) wnmm mouToBbIit
AIIUK, B KOTOPOM MOKET OBbITh peau3oBaHa J00as MOJAENb I0CTyma. BbITOBBIM mpumepoM
KOCBEHHOM aJjpecaliii MOKET CIY>KUTh MOJIEb 00CTYKHBAIOIIEH CUCTEMBI (COTPYIHUKY aTelbe
BCE PaBHO, Y€l MUIKaK OH YUCTHT).

Wrak, moBTOpHMCS, YTO MEXaHHM3M IepeJadd COOOIICHUI COBMENIAeT JBa CPEICTBA:
CPEJIICTBO Nepeaayu HHPOpPMAIK U CPEICTBO CUHXPOHHU3AIUH. DTOT amnmapat SBJisgeTcs 6a30BbIM
CPEJICTBOM OpraHM3alMi B3aUMOAECHCTBHS MPOLECCOB B MHOTONPOLECCOPHBIX CHUCTEMAX C
pacnpe/ielIeHHON MaMAThIO.

Mexaau3M Tiepenadud COOOIIeHUU peanusyeTcss Ha 0aze HHTEpeiicoB mepemayn
coobmienuit MPI. Ha ocHOBe 3TuX MHTEP(EHCOB CTPOATCS MOUYTH BCE KIACTEPHBIE CUCTEMHI (T.€.
CHCTEMBI C pacHpeAesICHHON naMsaThio), a Takke MPI Mmoxer paborars U B cuctemax ¢ oOmien
MaMSITHIO.

2.5.3 Knaccu4yeckune 3agaydm CMHXpPOHU3aLUKN NpoLeccoB

Knaccnueckue 3amauM  CHUHXPOHM3AlMM  IPOLECCOB  OTPAXKAIOT pas3Hble MOJAEIH
B3aUMOJICHCTBUSA U JEMOHCTPUPYIOT HCIIOJIb30BAaHHE MEXaHHW3Ma ceMadopoB U OpraHU3aluu
TaKOr0 B3aMMOJICHCTBHSL.

253.1 «O6enaromue Gpusiocopni»

I[Tycte cymectByet kpyriblit ctou (Puc. 94), 3a koTopsiM cuaut rpymmna ¢Gpuiocodos: oHH
NPUILTY TOOOIIATECS U MOKyIIaTh. KylaroT oHM criareTTH, KOTOpOoe HaXOIUTCs B OOIIEH MHCKe,
CTOALLEH B IEHTpe cTona. g mpreMa MUY OHU MOJb3YKTCS IBYMs BUJIKAaMH: OJHA B JIEBOU
pyke, Ipyras — B MNpaBoW. Bwikm pacnosararorcs IO OJHOW MEXKIY KaXIbIMH JBYMs
dunocopamu. Kaxiplii u3 puiocopoB HEKOTOPOE BPEMs Pa3MBIIUISET, 3aTeM OepeT 1Be BUIKU U
€CT CIareTTH, 3aTEM KJIaJET BUJIKHU Ha CTOJI U OISATh Pa3MBILUISLET, U Tak aanee. Kaxapiil nu3 Hux
BeJIeT ce0st He3aBUCUMO OT JIpyrux. Ouiaocodsl T0KHE COBMECTHO MCIOIB30BaTh UMEIOIIUECS
y HUX BUJIKH (pecypchl). 3a1a4a COCTOMT B OpraHU3aIMK JOCTYIA K BHIIKAM.

Puc. 94. O6emarwmue ¢puaocodsi.

Wtak, nanHHas 3ajaya WUIIOCTPUPYET MOJIENb JIOCTYNa PaBHOIPABHBIX IMPOLECCOB K
o0I1IeMy pecypcy, U CTaBUTCS BOIIPOC, KaK OPraHU30BaTh KOPPEKTHYIO paOOTy TaKOW CHCTEMBI.

PaccmoTpum mpocreiiniee pemieHre JaHHOM 3adauu, Hcnoib3ytomee cemadopsl. Koraa
oJtuH 13 (HUIT0cO(OB XOUET CTh, OH OEpET BUIIKY CIIeBa OT ce0sl, €CITM OHA B HAJTMYNH, a 3aTeM —
BIWJIKY CIpaBa OT ce0s. 3aKOHYMB €CTh, OH BO3BpaIlaeT 00e BMUJIKM Ha CBOM MecTa. J[aHHBIN
QITOPUTM MOXET OBITh MPEJICTABIICH CIIEIYIOIINM CIIOCOO0M.

#define N 5 /* xosmuecTBO dmiIocodpor */
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void Philosopher (int i) /* i - HoMep ¢unocodpa or 0 mo 4 */
{
while (TRUE)
{
Think () ; /*dunocod pymaer */
TakeFork (i) ; /* BssaTme neBoi BUIKM */
TakeFork((i + 1) % N); /* BBsiTMe npaBOM BMIKMK */
Eat () ;/* démnocod ectr */
PutFork(i); /* ocBoBoxpmeume JjeBOit BUIKM */
PutFork((i + 1) % N); /* ocBoBboxmeHmue HOpaBoM BUIKM */

}

Oyuknus take fork(i) omuceiBaer moBeneHue ¢uiaocoda 1Mo 3axBaTy BHIKU: OH JKIET, MOKa
yKa3aHHasi BUJKa He OCBOOOAUTCS, U 3a0Upaer ee.

OpaHako BbIIEOOO3HAUEHHOE PEIICHHE MOXKET MPHUBECTH K TYNMUKOBOHM curyanuu. Uro
IPOM30UIET, eci Bce PriIocodbl 3aX0TAT €CTh B OJHO U TO ke BpeMs? Kakplil U3 HUX HOTYUYHT
JIOCTYIl K CBOEW JIeBOI BUJIKE U Oy/leT HaXOJIUThCS B COCTOSIHMM OXKUAAHUSI BTOPOM BWIIKHU IO
OECKOHEUHOCTH, T.€. BOBHUKHET CUTyalls TyNUKa. J[pyruM perieHueM MOXKET ObITh alrOpUTM,
KOTOpPBIN 00ecreuynBaeT AOCTYI K BUJIKAM TOJIBKO YeThIpeM U3 mATH guiiocodos. B atom cirydae
BCErJa cpesu YeThipex GpuiaocodoB o KpaiHelt Mmepe oauH OyAeT UMETh IOCTYI K IBYM BUJIKaM.
JlanHOoe pelieHre He UMEET TYITMKOBOW CUTYalH. AJITOPUTM PELIEHUSI MOXKET OBbITh MPE/CTABIIEH
CJIEAYIOIIUM 00pa3oM.

#define N 5 /* xommuecTBO dMIOCOdOB */

#define LEFT (i-1)%N /* HOMep JeBOoro coceja Aanss i-ro ¢mmocodpa */
#define RIGHT (i+l)%N /*HoMep mpaBOro cocena manst i-ro dmnocoda
*/

/* cocTostuust dmunocodos:

«JmymaeT»,

«T'OJIOTEeH» ,

«KyumaeT»

*/

#define THINKING 0

#define HUNGRY 1

#define EATING 2

/*

MAaCCUB COCTOSIHMM KaxJoro m3 (muinocodoB, MHMUMANMBMPOBAHHEI HYJISIMU
*/

int state[N] = {0};

/* cemadop mnst mocTyma B KPUTUYECKYI CeKuuo */
semaphore mutex = 1;

/*

MaccuB ceMadopoB O OJHOMYy Ha Kaxaoro ms odmnocodos,
MHULIMANMBUPOBAHHEI HYJISIMU

*/

semaphore s|[N];
/* INpouecc-¢unocodp (i = 0..N-1) */

void Philosopher (int i)

{
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while (TRUE)

{
Think () ;
/* omunocop Bepér obe BMIKM MaM OIOoKMpyeTcss */
TakeForks (i) ;
Eat();
PutForks (i) ;
}

}

/* nonyuenme BUIIOK */
void TakeForks (int i)
{

/* BXOn B KPUTHMYECKYH CeKumwo */
down (&mutex) ;

state[i] = HUNGRY;

Test (i) ;

/* BHXOA U3 KPUTUYECKOM cexkumum */
up (&mutex) ;

down (&s[i]) ;
}

/* ocBoboxnmeHmue BUIIOK */
void PutForks(int i)
{
/* BXon B KpUTHMYECKYH cCekummo */
down (&mutex) ;
state[i] = THINKING;
Test (LEFT) ;
Test (RIGHT) ;
/* BHXOA M3 KPUTUYECKON cekuum */
up (&mutex) ;
}
/* OYHKUMSI NPOBEPKM BOBMOXHOCTU IMOJIyYEHUSI BUIIOK —
[IPOBEpPsIeTCSsI COCTOSIHME cocemel OaHHOoro bomimocodpa */
void Test (int i)

{

if (state[i] == HUNGRY &&
state[LEFT] !'= EATING &&
state[RIGHT] !'= EATING)
{

state[i] = EATING;
up (&s[i])

B osTtomM pemeHnn Kaxaelid  GUWIocod IKHBET 1O AHAJOTHUIHOMY ITUKIHYICCKOMY
pacTlopsiKy: pa3MBIIUIIET HEKOTOpOEe BpeMs, 3aTeM OepeT BWIIKH, KYIIAeT, KIaJeT BHIIKH.
PaccmoTpum niporieaypy monyuerust Buitok (TakeForks). Omyckaercs cemadop mutex, KoTopslii
UCTIONB3YETCS I CHHXPOHHU3AIIUY BXO/1a B KPUTHYECKYIO CEKINI0. BHYTpH KpUTHUYECKOM CEKIIUU
MeHsieM cocTostHue prtocoda (momeuyaem ero coctositaueM HUNGRY). 3aTem npennpuHumaeTcst
NONBITKA HAa4YaTh eCTh (BbI3bIBaeTCs QyHKIms Test). dynkuus Test mposepsier, 4To ecinu i-bli
¢dunocod romozeH, a ero coceaud B JaHHBIM MOMEHT HE eIsT (T.e. MpaBas M JieBas BWJIKH
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CBOOOJIHBI), TO 3TOT (pmnocod HaumHaeT npueM numm (coctossaue EATING), a ero cemadop
NOJHUMAETCS (3aMETHM, YTO U3HAYAIBHO 3TOT ceMadop HHUIMATH3UpOBaH HyJem). [Tocne sToro
MBI BO3BpalaeMcsi oopatao B (yukiuio TakeForks, B KkoTopoii manee MPOMCXOIWT BBIXOI U3
KPUTUYECKON ceKkuuu (mogHuMaeM cemadop Mutex), a 3areM omyckaeM cemadop 3TOro
dunocoda. Ecnu BayTpu dynkimu Test dumocody yaanocs HadaTh MpUeM MHIIH, TO ceMadop
NOJHAT, U omnepanus down oOHyIUT ero, He Oiokupysick. Eciu sxe ¢pynkuus Test He u3MEHUT
cocrostHue ¢umocoda, a TakKe He MOJHUMET ero cemadop, To omeparus down (B QyHKIHH
TakeForks) B aToit Touke 3a0JIOKUPYETCs JI0 TEX MOP, MOKa 00a cocea He 0CBOOOISAT BUIIKH.

Buytpu ¢yHkuuu ocBoboxmeHus BHIOK PUtFOrkS chadama mpouCXOAMT OMycCKaHUE
cemadopa MuteX, MpoUCXOAUT BXOJ B KPUTHUECKYIO CEKIIHIO. 3aTeM MeHseTcs cTatyc (uiocoda
(ma cratryc THINKING), mocne 4dero mpoBepsieM €ro cocelei: eciiu Jo0oi W3 HHUX ObLI
3a0JIOKMPOBAH JIMIIb W3-32 TOTO, YTO Haml i-biii (uiocod 3abpan ero BHIJIKY, TO MbI €ro
pa30JIoKupyeM, U OH HaYMHAET NpueM IHiy. [locie 3Toro npoucxoauT BBIXO U3 KPUTHUECKOM
CEeKIMH ITyTeM MoabeMa ceMadopa mutex.

3aMeTHM, YTO MCIIOJIb30BAHUE MEXAHUIMA B3AUMOUCKTIOUAIOWE20 HAXONCOCHUS GHYMPU
Kpumuueckou cexkyuu (3a cder cemadopa MULEX) rapaHTUPYET, YTO HE BO3HUKHET CUTYaIUs,
KOTJIa JIBa MPOIIECCa, COOTBETCTBYIONIME COCETHUM (riiocodam, OyayT Tak CIZIAHUPOBaHBI Ha
00paboTKy Ha mporeccope, 9ro (yHKIuUs TeSt B KaKIOM H3 HUX MPOpadOTaeT U pa3peiiuT
Ka)X/IOMy M3 HUX Ha4aTh MPUEM MUIIU (Y4TO, KOHEYHO XKe, ABJsieTcs ommoKkoii). Ecim ke aToro
MeXaHu3Ma He OyZIeT, TO BO3MOXXHO, YTO OJUH M3 IMPOIECCOB-COCEeNel BXOOUT B Test, memaer
NPOBEPKY Ha BO3MOXKHOCTh Hauayna mnpueMa numm. [IpoBepka gaeT WCTHHHOE 3HAUYCHHE,
yIpaBJIeHUE TEPEXOIUT K MepBOil KoMaHae BHYTpH if-Omoka. Ilocime 3TOro mpoucxoaur cMeHa
nporiecca Ha Mpoleccope, YIpaBleHHE MOIydaeT cocen 3toro ¢umiocoda. ToT Toxke menaer
NPOBEPKY BHYTPH (QYHKIMU T€St M TakKe IMONydyaeT MOJIOKUTEIBbHBIA OTBET, U YIPaBICHHE
MEePEXOIUT K MepBOi MHCTPYKIHH if-0s10Ka. J[anpHelimas padora OyneT HeKOPPEKTHOM.

25.3.2 «UurTareau U mucaTeim».

ITpencraBuM NpOM3BOJIBHYIO CUCTEMY PE3EpBHpOBaHMs pecypca. Hampumep, 3T0 MOXKeT
OBITH CHCTEMa pe3epBUPOBAHUSA MecTa B rocTUHUIE. B 1aHHOI cucTeme cyliecTByeT /Ba TUIA
nporeccoB A pabotel ¢ umHpopmanuend. OnHU TpPOIECCHl MOTYT YUTaTh HWHGOpPMAIHIO, a
JIpyrue — ee U3MEHATh, KOppeKTHpoBaTh. COOTBETCTBEHHO, BO3HUKAET BCE TOT K€ BOIPOC, KaK
OpPraHu30BaTh KOPPEKTHYIO COBMECTHYIO pa0dOTy ATHX MPOLECCOB. DTO O3HAYAET, YTO B JIIO0OM
MOMEHT BPEMEHHU YHMTaTh JaHHbIE MOTYT JIF000OE€ KOJMYECTBO IMPOILIECCOB-UMUTATENEH, HO €cliu
npoliecc-IucaTellb Hayajl CBOIO paboTy, TO BCE OCTalbHBIE MPOIECCHI (M YUTATENH, U TUCATEIH)
OynyT OJOKHpOBaHBI Ha BXOJI€ B CUCTEMY. 3a/laya 3aKJII0UaeTcs B MJIAHUPOBAHUU PabOThlI TaKOU
CUCTEMBI.

PaccmoTpuM MoJeNbHYIO pealu3aluio JaHHOM 3aJadd NMpH BBIOPAHHOW CleayroLIe
cTpareruu: OyJieM CUUTaTh, YTO HanboJiee MPUOPUTETHBIMHU SBIIAIOTCS YUTAIOUIME Mpoliecchl. To
€CThb Hpoliecc-nucaTesib OyleT 0XKHUAaTh MOMEHTA, KOT/Ia BCE JKEJaroIllue MPOLECChI-UUTATENN
OKOHYAT CBOM JICHCTBHSI B CUCTEME U MIOKUHYT €€.

[* cemadop AJsl J0CTYyNAa B KPUTHYECKYI0 CEKHHMI0 - KOHTPOJIb 32 JOCTYNIOM K «Io»
(pasneasimblii pecypce) */

semaphore mutex = 1;

/* cemagop s goctyna K 0ase JaHHBIX ¥/

semaphore db = 1;

/* KOIM4eCcTBO YNTATE/Ieil BHYTPH XpaHUWJININA */

intrc=0;
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/* nponecc-unraresn */
void Reader(void)

{

down(&mutex); /* moJay4uTh IKCKJIK3IUBHBIN T0CTYN K «FC»*/

rc =rc+ 1; /* eme ogHUM YHTATEJEM 00JIbIIE */
/* ecim 3TO MepBbIii YUTATE/Ib - 320JI0KHPOBATH 10CTYH K 0a3e */
if(rc==1)
down(&db);
up(&mutex); /*ocBodoauTh pecype rc */
ReadDataBase(); /* moctyn Kk JaHHBIM */
down(&mutex); /*moay4uTh IKCKIIO3UBHBINA 0CTYH K «rey»™/
rc=rc-1;/* renepb OIHUM YMTATE]IEM MEeHbIIE */

/*ecau 3TO MOC/IeIHUH YNTATEJIb - Pa30JIOKHPOBaTh 10CTYyN K O6a3e */
if(rc == 0) up(&db);

up(&mutex); /*BpIXo1 U3 KPUTHYECKO# cekuu rc*/
UseDataRead(); /* HekpuTuueckas cekuus */

/* mpouecc-nucaresb */
void Writer(void)

{
ThinkUpData(); /* nekpurudeckas cekuus */
down(&db); /* moJay4uTh IKCKI3IUBHBIN JOCTYN K JAHHBIM*/
WriteDataBase(); /* 3anucatp 1aHHbIe */
up(&db); /* oTnaTh IKCKIO3UBHBIN J0CTYN */
}

B mpuBeneHHOM pemieHHH NpPoOIecCc-YUTATeNb B KaXIOM IMKIE CBOEH pabOTHl BXOIUT B
KPUTUYECKYIO CeKLHUI0 paboTel ¢ IC  (omyckaeT cemadop MUteX), yBeTUYMBAET CUETUUK
YUTaTeNeH, HaXOSIIUXCS B XPAaHWIHIIE, HA 1. 3aTeM MpOBEpsIeT, UTO SBJSIETCS JIM OH TIEPBBIM
yuTaTeneM (T.e. B JaHHBIH MOMEHT OH €IMHCTBEHHBIH KJIMEHT B XpaHunuiie). Eciu nepssii, TO
oH omyckaet cemadop db, Tem cambIM, IPENSATCTBYS MUCATEISIM BOWTH B CHCTEMY.

Ecnmu xe cemadop db yxe ObLI omylieH, TO 3TO O3HAa4yaeT, YTO B JAHHBIH MOMEHT B

XpaHWIUIIE TPUCYTCTBYET IMUCATEIh, H 3TOT MEPBBII YATATEIh 3a0JIOKUPYETCS HA ATOH OTepaIu,
OKH/1as BBIXOJa MUcCATeNsl U3 CUCTEMBI. (3aMEeTHM, YTO 3Ta OJIOKHPOBKA MPOUCXOAUT BHYTPHU
KPUTHYECKON CEKIMH, MOATOMY OCTalbHBbIE YWTATeNH OymyT OJIOKMPOBAThCS HA OITyCKAaHHWU
cemadopa mutex.) Ilocie 3TOro MPOMCXOAUT BBIXOA M3 KPUTHUECKOM CEeKIMH (MOAbIMaeM
ceMmadop mutex), urenre nHGOpMaIUK U3 XpaHWIIUIIIA. 3aTeM MMPOU3BOATCS OOpaTHBIC ACHCTBUS
0 BBIXOJly M3 XpaHWIHIIA, KOTOPBIE TAKKe MPOUCXOIAT BHYTPU KpUTUYECKON cekiuu. Tak, Ha
BBIXOJIE MBI YMEHBIIIAEM YHCIIO YATATEIICH B XPAHWIIHIIE, U €CITH HEKOTOPBIA YHTATEIb SBISICTCS
TIOCJICTHUM KITUEHTOM B OMOJIHOTEKe, TO MPOMCXOAUT moaHsTHe ceMadopa db, paspemas padoty
nucatensiM (KOTopble K 3TOMY MOMEHTY MOTJIM ObITh 3a0JIOKHPOBAHbI Ha BXoe). B koHIle nukia
paboThl uuTaTenab 00pabaThIBa€T MOJIYYCHHBIE NaHHbIE M3 XPAaHWIMINA, IOCIE YEro IUKI
HIOBTOPSIETCSL.
[Tucarens B Hayase KaXAOTO IMKJIA CBOEH pabOTHI MOATrOTABIUBACT JAHHBIC JJISI COXPAaHEHMS,
3aTeM IIBITAaeTCSI BOWTH B XpaHuWIHIIe, onyckas cemadop db. Ecin B XpaHuiHIie KT0-TO €CTh, TO
OH OyJieT 0’)KUAaTh, OKA MOCTEeIHUMN KIMEHT (HEe3aBUCHMO OT TOTO, YUTATENb 3TO WM MTUCATENb)
HE NOKMHeT xpaHuuie. [lociae 3Toro oH Npou3BOAUT KOPPEKTUPOBKY JAHHBIX B XPaHWJIMIIE U
MOKHJIACT ero, moauumas cemadgop db.
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3amMeTuM, 4TO B JAaHHOM PEIICHUH €CITU XOTs Obl OJTUH YUTATE]Ib HAXOAUTCSI BHYTPU CUCTEMBI, TO
T000M CIIeTYIOINIA YUTATENh OECIIPETIATCTBEHHO B HEe TMOMAET, a MIcaTelb Ke OyAeT 0KuIaTh,
KOrJja BC€ IMOCETUTENM IMOKUHYT XpaHWIUIIE, T.C. pealu30BaHA CTpaTerusi MPHOPUTETHOCTH
gyuTaress nepes mucareiaeM. UToOsl 3TOro n3dexarb, MOKHO MOIU(MUIIMPOBATH AITOPUTM TaKUM
00pa3zoM, yToObI B CiTydae, €CiIu UMEeTCsl XOTs Obl OJMH OXKUIAIOIINN MPOIIECC-TTUCATENh, HOBBIC
MPOLECCHI-YUTATENN HE MOJIy4Yaju JOCTyla K PECYpPCY, a OKHMAAIM, KOIJa IPOLECC-IUCATEND
obnoBuT nanHblie. OmgHAKO, OOpaTHAs CTOPOHA JAHHOTO PEHICHUS B TOM, YTO OHO HECKOJBKO
CHUYKAET MPOU3BOUTEIHHOCTD IIPOLIECCOB-UYUTATENEH, T.K. BBIHYK/IA€T UX KJATh B TOT MOMEHT,
KOTJIa PECYpPC HE 3aHST B IKCKIIO3UBHOM PEKUME.

Jannslit mpumep Oyaet paboTaTh BEpHO, 3a UCKIIOYCHHEM CUTYallMH, KOT1a 10 IEPBOr0 YUTaTeNs
B CHCTEMYXE €CTh HECKOJIbKO MPOLECCOB-NIUCATENEN M OJMH M3 HUX HaX HAXOJIUTCS B
kputuueckoi ceximu db. T.e. oguH W3 mucareneit paboraer B kputuueckon ceximu db, a
ocTanbHBIC 3a0JI0KHMPOBAHBI HA BXOJIe B Hee. M B 3T0 ke BpeMs B cucteMe (OpMUPYETCs TIEPBBIN
HPOLIECC-YUTATEb, U OH TaKXKe OJIOKMPYETCS Ha BXOJe B KpUTHYECKYO cekuuio db (Tak kak oHa
3aHsTa nucareneMm). Korna nucarenb BBIAJIET U3 KPUTUUYECKOM CEKIMH, OJUH U3 IPOLIECCOB
pa30IIOKUPYETCs: 3TO MOXKET OKa3aThCs OIMH U3 3a0JIOKUPOBAHHBIX paHee MPOLIECCOB-MHUCATENEH,
0oJiee TOro, 3TO MOXKET OKa3aThCs MPOLECC MTUCATENb, KOTOPBIN BOILIET B CUCTEMY I10CJIE IEPBOTIO
mpolecca, 4To SBJISAETCA HapyLUIeHHEeM UCXOIHOM 3a1auu. Takum o0pa3oM pacCMOTPEHHOE BhIILIE
pELIECHHE HE SBIIAETCS MTOJTHOCTHIO KOPPEKTHBIM.

PaccmotpuM yTOouHeHue Hamiel 3ajaui ¥ KOPPEKIMIO IPOrPaMMHOTO KOJa.
Bce mporeccsl mucaTenu, KOTOphIE BOILIM B CUCTEMY [I0_BX0J1a NEePBOI0 NMPoIecca YnTarTelisi,
OJIKHBI OBLITL 00PAa00TAHBI.

I[OHO.HHI/ITCJIBHO BBCACM B KO/ CJIICAYIOIINEC ri00aIbHbIe KOMIIOHEHTHI:

e WC - CUETYHK MPOIIECCOB-TMCATENEH, KOTOPhIE BOILUIA B CUCTEMY JI0 TIEPBOTO
npouecca-uyutarens (MHuIuupoBad 0);

e mutw - cemadop AN OpraHM3AIMH KPUTUYCCKOW CEKIMH ISl padOThl ¢ WC
(vHUIIIUpPOBaH 1);

o mutflag - cumadop (naurpoBaH 0), U1t GJIOKMPOBAHHS IEPBOTO YUTATENS, 10 TEX
1op MoKa He 00pabOoTaIOTCs BCe MUCATENH, KOTOPhIE BOIIUIH B CHCTEMY JI0 TIEPBOTO;

e r_block - mnpusHak (¢mar) OIOKMPOBKH TmepBoro mporecca-untarens (1

3a0J0KMPOBaH; W3HAYAIbHO MHUIMaNU3upoBaH () B ciydae HEOOXOJUMOCTH OKUIAHUS
3aBepIICHMsI BOUIEIIINX PaHee MPOLeCCOB-THUCATENEH.

/* cemadop mnst mocCTyma B KPUTUYECKYI CEKUMIO - KOHTPOJB 3Ba
OOCTYIOM K «rc» (paspensiMsni pecypc) */

semaphore mutex = 1;

/* KOomMYeCTBO uMTaTeNeM BHYyTPM XpaHwmmua */

int rec = 0;

/* komuuecTBO mMcaTeneM AO BXOAa NepBOTro uurarens */

int we = 0;
semaphore mutw = 1; /* cemadpop mnst paborer ¢ wc */

/* cemadpop mns nmponycka wc nmucarenem, */
/* BomwepumMx JO BXOXa NepBOroO uurTarens */
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semaphore mutflag = 0O;

/*60KMpOBKa HNepBOTro uMraTensi: 1 — BabinokmporaH; 0 - HeT*/
int r block = 0;

/* cemadpop mnss mocTyma k 6ase maHHEIX */
semaphore db = 1;

/* npouecc-uurarens */
void Reader (void)

{

}

down (&mutex) ; /* NONYyYMTE SKCKIIOSMBHBI NOCTYIlI K «rcx»*/
rc = rc + 1; /* eme omuMM umraTesneM 6onbme */

/* ecnu BTO MEpPBHII UNTATENL, HYXHO 3abJlIOKMpOBaTH
SKCKJIOBMBHEI JOCTYIl K 6ase */
if(re == 1){

down (&mutw) ;
/*%OeM BHXOHN NnMcaTeNel, BomemumMx no l-ro uwmr.*/
if( we !'= 0){ =r_block = 1; up(&mutw);
down (mutflag); /* 6mokx. l-ro umr.*/
r block = 0;

} else up (&mutw) ;

/* B cmucreMe nmcareinem Her*/
down (&db) ; /* 6inokuporka 6asm */
};

up (&mutex); /*oceoBomauTe pecypc rc */
ReadDataBase(); /* mocTryn kK paHHmM */

down (&mutex) ; /*NOAyYMTE SKCKJIIOBMUBHEIL OOCTYII K «rc»*/
rc = rc - 1; /* Tenepr OOHMM uUMTaATeJIEM MeHbue */

/*ecnu 3TO GBI MOCNEeOHMM uUMTATENb, pPas3BIOKUMPOBATH
SKCKJIOBMEHEIM NOCTYIl K 6ase JaHHHxX */
if(rc == 0)up (&db) ;

up (&mutex); /*oceoBoamMTe pasmessieMil pecypc rc*/

UseDataRead () ; /* HekpuTuueckass cexuust */

/* npouecc-nucarenes */
void Writer (void)

{

/* w flag == — mMcaTeNks BOIleN [OCJe IIepBOI'0 uYMTaTeNs
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int w_flag = 1;

down (&mutex) ;
/* noxmcueTr mmcaTeney [O NpUXona NEepPBOrO umTarTens*/
if( (rec == 0)) {
/* ecnm umrmaTenenm eme Her */
down (&mutw) ; wc++ ;
w_flag = 0; /* nmucarene Bowen mo l-ro umrarens*/
up (&mutw) ;
}i

up (&mutex) ;

/* BpeMst B TO MOXeT BOMTM NepBHI umrarens (rc == 1),
HO OH elle He YCIeJ 3abJOKMPOBATE HaHHbe */
ThinkUpData(); /* HDOATOTOBKAa HJAHHHX IJsTI COXpPaHeHuss */

down (&db) ; /* nonyuMTE SKCKIIOSMBHEI OOCTYI K IJaHHBM*/
WriteDataBase(); /* sBanmcarTe paHHbe */
up (&db) ; /* oTmaTe 3KCKIKNOBMBHIL JocTyn */

down (&mutw) ;
if(w_flag == 0)

/* Bowesn mo nepmBoro uurarens*/
wC—-—,;

if ((r_block == 1)&&(wc == 0))
/* nucaTenm GHIM M BaKOHUMIUCH*/
/* pasBiloOKMpOBKa MNEepBOTO umuTarTens */
up (&mutflag) ;

up (&mutw) ;

IIponecc-unraresan. Ecau B cucreme Bouien nepsblii Takoi mporecc (IC == 1), To oH
JIOJDKEH JTOKAAThCSl BBIXOJA W3 CHCTEMBI BCEX MHCATENCH, KOTOPhIE BOILIM TYIy IO TIEPBOTO
nporecca-uutarenst (WC — CUYETYMK TaKMX mpoleccoB-nucateneii). [Ipomecc Onokupyercs Ha
cemadope mtflag u ycTanaBnuBaeT npu3HaK OJIOKHUPOBKH MepBoro mporecca-untatens (r_block =
1). [Hocne pa3dIOKMPOBKH, KOTJa BCE MPOLIECCHI-TIMCATENN 3aBepIIaT paboTy, YCTaHABIMBACTCS
npusHak (r_block = 0).

IIpouecc-nucarenpb. 3aX0AUT B KPUTHUECKYIO CEKIMIO uepe3 cemadop muteX. Ecmm
YUTaTeJIeH B CHCTEME HET, YBEIMYMBACT CUCTUUK IMHUCATENCH WC, BOIICANIMX B CHCTEMY JIO
nepBOTo yuTarens Ha 1, a Taxoke ycraHaBimBaeT w_flag = 0 (3To 03Ha4aeT, 4TO NP 3aBEPIICHUN
JTAHHOTO MHCATEIs] MbI JIOJDKHBI OyJIeM BBIYECTh U3 WC €IMHUYKY, T.€ JAHHBINA MHCATENb BOIIEH B
CHCTEMY JI0 TIEPBOTO YUTATEINS). B MPOTHBHOM CiTydae JaHHBIN MUCATENh 3a0JIOKHPYETCS Ha BXO/IE
B KPHUTHYECKYIO CEKIIMIO, OpPraHM30BaHHYI0 cemadopoM Mutex (o3nagaer, TO, 4YTO, JIMOO B
CHUCTEMYy BOIIEN TEpBbIA MPOIECC-YUTATENb W HAYaloCh OXHJAaHUE JOpabOTKH BCeX
IpeIIeCTBYIONMX nucatenei). JInbo oH 3a0J0KUpyeTcs Ha JOCTYIE K JaHHBIM (Ha cemadope
db), uTo O3HAYACT OKHMAHKE 3aBEPILICHHS BCE BOIICIIINX B CHCTEMY YMTATEIICH.
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Hanee, mocne Bcex HEOOXOAMMBIX Pa30JIOKMPOBOK MPOUCXOIUT AO0PAOOTKA 3aBEPIICHUS
nucatens. Ecnu mpormecc-mucaTens BOIIEN 10 TMepBOro yutarens npusHak w_flag == 0, mbl
yMeHbIlIaeM 3HaueHue wc (wc--). TIpu3HaKoM TOro, YTO TEPBbBI MPOIECcC-YUTaTEeNlb BOIICT U
JKJIeT BbIXO/a nucarenei — 3nauenue I _block pasuoe 1. Eciu ipu aToM cuetunk WC pasen 0 (Bce
nuycaTely, BOIIeIINE B CUCTEMY J0 MEPBOT0 YUTATENS BBIILIN), TO Mbl pa30JI0KHpPyEeM NEPBOTrO
yprarens up(&muflag) u ycranaBnuBaem npusHak pa3onokupoBku. Eciu ke 3Hauenue r_block
paBeH 0, 5TO 03HayYaeT, YTO B CUCTEME HET 3a0JIOKUPOBAHHOTO NIEPBOTO MPOLIECCa-UnuTaTes.

2.5.3.3 «Cnsuuii mapukmaxepm».

PaccmoTpuM mapukmMaxepekyro, B KOTOPOW paboTaeT OJMH MapuKMaxep, MMEETCsl O/THO
KpEeCJo I CTPUKKU M HECKOJIBKO Kpecesl B MPUEMHOW NIl MOCETUTENEH, OKUIAIOIINX CBOEH
ouepenu. Ecinu B nmapukMaxepckod HET IOCETUTEIIEH, MMAPUKMaxep 3achlIacT MpsIMO HAa CBOEM
pabouem Mecte. [losBUBLIMIICS MOCETUTENb AODKEH €ro pa3OynuTh, B peE3yJbTaTe Yero
napuKMaxep IpucTymnaer K pabore. Eciu B mpouecce CTPHKKH MOSBISIOTCS HOBBIE TOCETHTEIH,
OHM JIOJDKHBI JTMOO MOMOXKIATh CBOEH ouepenu, MO0 MOKUHYTh MAPUKMAaXEPCKyl, €CiIu B
OpUEeMHONH HeT CBOOOJHOTO Kpecha Uit OXuAaHus (T.. 3TO CTpaTerusi OOCIY>KUBaHHUA C
oTKazaMu). 3ajaya COCTOMT B TOM, 4YTOOBI KOPPEKTHO 3alporpaMMHUpPOBATh IOBEIEHUE
IIapuKMaxepa U IOCETUTEIICH.

JlanHas 3amada sABISETCS WUIOCTpAUUEd MOJENHM KIUMEHT-CEPBEP C OTPAaHUYEHUEM Ha
JUIMHY OYepeI KIMEHTOB.

Paccmorpum peanuzaruio mganHoi moxaenu. Ilonamobutcst 3 cemadopa: customers —
MOJICUMTHIBACT KOJHMYECTBO IOCETHTENICH, OXHUAAIONIMX B ouepeau, barbers — craryc
napuxmaxepa (0 — cnut/3ansr, 1 —roToB K pabote)! 1 MUteX — Ucronb3yercs i CHHXPOHH3ALMH
JIOCTYTIA K pa3jernsieMoil nepemeHHoi waiting. Iepemennas waiting, kak u cemadop customers,
COJIEPKUT KOJIMYECTBO MOCETUTENICH, OKUJAIOIINX B OUEPEIN. JTa IEPEMEHHAs UCIIOJIb3YETCS B
porpaMme JUist TOro, 4To0bl IMETh BO3MOKHOCTB IIPOBEPUTH, UMEETCS JIU CBOOOIHOE KPECIIO IS
OKUJIaHUs, U TIPU 3TOM He 3a0JIOKUPOBATh MPOLECC, €CITH KPEeciia HE OKaXeTCsl. 3aMETUM, UTO Kak
U B NIPEABIAYLIEM IIPUMEPE, 3Ta IEPEMEHHAS SBISIETCS Pa3JIEsIEMbIM PECYPCOM, U JOCTYT K HEN
oxpansiercs ceMadopom mutex.

/* KOMMYeCTBO CTYyJNBLEB B KOMHAaTe OXMOaHuss */

#define CHAIRS 5

/* Hanuuue noceTuUTeNnel, OXUAANIMX 1apuKkMaxepa */
semaphore customers = 0;

/* cocTosiHMe mnapmMkKMaxepa: COUT/BaHAT UIM TOTOB K pabore (0 wmnm
1)*/

semaphore barbers = 0;

/* cemadop mnst mocTyma B KPUTUYECKYI CEKUMIO - KOHTPOJBL 3Ba
OOCTYyIOM K NepeMeHHOM waiting */

semaphore mutex = 1;

/* KOMMYECTBO OXMIAMIMX NOCeTuTenem */

int waiting = 0;

/* Bpapmo6pen */
void Barber (void)
{

while (TRUE)

{

! B npuHuuIE BO3MOXHO paclIMpeHME 3ajaud juis ciydas N [apukMaxepoB, B 3TOM clydae, C
HE3HAYMTEIBLHBIME KOPPEKITHSIME Tiporpamm, barbers — konmdaectBo cBOGOIHBIX MapHKMaxepoB.
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/* ecnnm customers == 0, T.e. moceTuTeNeli HeET, TO
BaBJIOKMPYeMCsT A0 MOSIBJIEHMSI noceTurenst */

down (&customers) ;

down (&mutex) ; /* nomyuaeM gmocTyn K waiting */

/* yMeHBWaeM KOJI-BO OXMIOAKUMX KIMEHTOB */
waiting = waiting - 1;

up (&barbers) ; /* mapukMaxep TOoTOB kK pabore */

up (&émutex) ; /* ocBoBoxmaeM pecypc waiting */
CutHair (); /* npouecc cTpuxkmu */

/* Nocerurens */
void Customer (void)
{
down (&mutex) ; /* nomyuaem gmocTyn kK waiting */
if (waiting < CHAIRS) /* ecTr MecTO AN OxXumaHuss */
{
/* yBenImMumMBaeM KOJI-BO OXMIOAKIMX KJIMEHTOB */
waiting = waiting + 1;
/* ecnu napmkMaxep COUT, 3TO ero paséymur */
up (&customers) ;
up (&mutex) ; /* ocBoBoxpmaeM pecypc waiting */
/* ecny napukMaxep BaHST, [NePeXOOuM B COCTOSIHUE
OXMUIaHMSI, MHadYe — BaHMMaeM NapukMaxepa */
down (&barbers) ;
/* BaHsITE MeCTO U NepelTu K CTpuxke */
GetHaircut () ;

}

else

{
/*HeT CBOBOAHOTI'C Kpecija OJsI OXUAAHUS — NPUJeTcss yuTm */
up (&mutex) ;

}

[Ipomecc-napukmaxep cHadajga ormyckaeT cemadop CUSIOMErS, YMEHBIIUB TEM CaMbIM
KOJIMYECTBO OXUAAMIUX ToceTuTeneld Ha 1. Ecnu B KoMHare OXHIAHHWS HUKOTO HET, TO OH
«3aChIllaeT» B CBOEM Kpecie, MOKa He IOSBUTCS KIMEHT, KOTOPBIA ero pa3oyaut. 3arem
NapuKMaxep BXOTUT B KPUTHYECKYIO CEKIIMIO, YMEHBIIACT CUYCTUHK OKUIAMONUX KIHEHTOB,
nogHuMaeT cemadop barbers, curnanusupys KIMeHTY 0 CBOEH TOTOBHOCTH €ro OOCIYXKHTb, a
MIOTOM BBIXOJUT W3 KPUTHUYECKO# cexiuu. [locie ommcaHHBIX JCHCTBHI OH HauWHAET CTPUYb
BOJIOCHI TTOCETHUTEIIO.

[ToceTutenp MapuKkMaxepckod BXOJUT B KPHUTHYECKYH ceknuio. Haxomsce B Hel, OH
MPOBEPSIET, €CTh JIM CBOOOJHBIE MeCTa B 3aje OXuJaHWs. Eciu HET, TO OH MPOCTO YXOIUT
(TTOKHIAeT KPUTHYECKYIO CEKITUIO, TToJHUMAast cemadop mutex). MlHaye OH yBETMYHBACT CUCTUHK
OKHJAIONINX MPOIIECCOB U MOAHUMAET cemadop customers. Eciu ke 3TOT MOCeTUTENb SIBIISIETCS
€IMHCTBCHHBIM B JTAaHHBI MOMEHT KIHMEHTOM OpamoOpesi, TO OH 3TUM JeHCTBHEM pa3OyauT
Opamodpes. [lociie 3TOr0 MOCETUTENh BBIXOJUT M3 KPUTHYCCKOW CEKIMU M «3aXBaThHIBACT
Opamobpes (omyckas cemadop barbers). Eciu ke ator cemadop omyieH, TO KIHEHT Oyaer
TOXKUIAThCsI, Korna OpamoOpeit ero moJHUMET, U3BECTHB TEM CaMbIM, YTO TOTOB K pabote. B
KOHIIEe KJIHeHT oocnyskuBaetcs (GetHaircut).
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3 MexnpoueccHoe B3aumogencteusa B OC
Unix

3.1 basoeble cpedcmea peanusayuu e3aumodelicmeusi
npoyeccoe 8 OC Unix

Cpazy Heo0X0JUMO OTMETHUTh, UTO BO BCEX MILTIOCTPALIUAX OpraHU3aluil B3aUMOIEHCTBUS
MpoIeccoB Oy/IeM paccMaTpUBATh MOJHOBECHBIE MPOIECCHI, T.€. T€ KKJIACCUYECKUE» MPOIECCHI,
KOTOpBIE TPEICTABISIOTCA B BHJIE 00OpabaThiBaeMOil B CHCTEME MPOrpaMMbl, 00Jagaromen
SKCKJIIO3UBHBIMU TIpaBaMH Ha OIEPAaTUBHYIO MaMATh, a TaKXe IpaBaMU Ha HEKOTOpPHIE
JIOTIOTHUTEIIbHBIE PECYPCHI.

Ecnu mocMmoTpeTs Ha mpobiIeMbl B3aMMOISHCTBHUS MPOIIECCOB, TO MOKHO BBIJCIIUTH JBE
rpynnel  B3aumozeuctBus.  Ilepas  rpymma —  3TO  B3aMMOAECHCTBHE  IPOLIECCOB,
(GYHKIMOHMPYIOLIHMX 1oA ypasieHueM ofHoit OC Ha ogHO# jokansHON DBM. Bropas rpynmna
B3aUMOJICVCTBUSA — 3TO B3aMMOJICHCTBHE B Npelenax CeTU. B 3aBUCMMOCTH OT TOro, K Kakou
TpyIIe OTHOCUTCS TOT WJIM MHON MEXaHU3M, OH OyJ1eT 00J1a/1aTh COOTBETCTBYIOIIIMMH CBOWCTBAMU
U 0OCOOEHHOCTSIMH.

PaccmotpuM B3amMoaeiicTBMe B paMKax JIOKaabHOH DBM (moa ynpasJieHueM 0HOM
OC). Ilpexnae Bcero, BO3HUKAET 00IIast I 00CHX YIIOMSHYTBIX TPYII MP00JieMa HMEeHOBAHUS
B3aMMOJEHCTBYIOIIUX NPOLECCOB, KOTOpas 3aKjO4yaeTcs B OTBETE Ha BOIPOC, Kak, T.€.
MOCPEACTBOM KaKMX MEXaHHW3MOB, B3aUMOECHCTBYIOILIUE MIPOLIECCHI CMOTYT «HANUTH IPYT Ipyray.
B pamkax B3aumopeiicTBus noa ymnpasieHueM oJHON OC MOXXHO BBIACIUTH JBE OCHOBHBIE
IPYMIIBI pelieHuit qanHoi 3aaauun (Puc. 95).

B3aumopeiicteue
npoueccos

Bsaumopeiictaue B -
o Bsaumopeiictaue B

pamKax 10KanbHOM AMKEX CeTH

3BM (oaHoit OC) p
NpPOU3BO/IbHbIE 0ACTBEHHbIE

P PoA coKkems! MPI

npoueccol npoueccol
Ml umeHosaHHbIE HEeUMEHOBAHHbIE
KaHanb! KaHanb!

— CueHasnol mpaccuposKka

— IPC

CoKemol

Puc. 95. Cnoco0bI opranu3anuy B3anMoAeiicTBHSI TPOLIECCOB.

IlepBas rpynma penieHnii OCHOBaHa Ha B3aMMO/1eiiCTBMU POJACTBEHHbIX Mpoueccos. [Ipu
B3aUMOJICHCTBUU POJICTBEHHBIX IMPOLIECCOB, T.€. MPOLECCOB, CBSI3aHHBIX HEKOTOPON Mepapxueu
poactBa, OC OOBIYHO TNpenoCTaBiIsieT BO3MOXXHOCTb HACJIEIOBAHUS CHIHOBHUMH MpPOIECCaMHU
HEKOTOPBIX XapaKTEPUCTUK POJUTEIBCKHX NpoueccoB. M MMeHHO 3a cyeT HacinenoBaHUs
Pa3JIMYHBIX XapaKTEPUCTUK BO3MOXHO peasin3oBaTh TO camoe uMeHoBanue. K mpumepy, B OC
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UniX MOHO mepeiaBaTh MO HACIEACTBY OT OTIA ChIHY JCCKPHITOPBI OTKPHITHIX (aitnos. B
JTAHHOM CJy4ae UMEHOBaHHE OYIET Hes6HulM, NMOCKOJBbKY HE YKa3bIBAaIOTCS HEMOCPEICTBEHHO
HMMEHA MTPOLIECCOB.

JpyruMm pemieHueM B paMKax JaHHOW TIpyHnbl B3aUMOAECUCTBYIOLIUX POJCTBEHHBIX
MIPOLIECCOB SIBJIAETCS] B3aUMOJECHCTBUE MO LEMOYKE MPEJOK—IOTOMOK, IPUYEM HU3BECTHO, KTO U3
IIPOLIECCOB SIBJISIETCA MPEAKOM, & KTO — IMOTOMKOM. B 3TOM cilydae cyliecTByeT BO3MOXHOCTb
MpoLECcCy-MPeIKy 00pamaTbcs K CBOEMY IOTOMKY MOCPEICTBOM SIBHOI'O KMEHOBaHUs. B kauecTBe
UMEHH, HalpuMep, MOKET BBICTyNaTh uaeHTHdHKaTop npouecca (PID). A moTomok, 3Has ums
IpeJiKa, MOKET TaKkKe K HeMy 0OpaTUThCA.

Tak wiM wuHa4Ye, HO JaHHAas TpyNIa pealu3aluil B3auMOJCHUCTBUS POJCTBEHHBIX
MPOLIECCOB OCHOBaHa Ha TOM (hakTe, YTO HEKOTOpas HeoOXoAuMasl Al B3aUMOJICHCTBUS
UHPOpPMAaLIKA MOXKET OBITh MEpejaHa MO HACIE/ICTBY.

Cnenyromas rpynmna — 3TO B3aMMOJAeHCTBHE NPOU3BOJIBHBIX MPOLECCOB B paMKax
OJTHOM JIOKaJIbHOM MamuHbl. O4eBUIHO, YTO B 3TOM CIy4ae OTCYTCTBYET (akT HACIECIOBaHUSA, U
MO3TOMY JJIsl peHIeHUsI TPOOJIEMbl UIMEHOBAHUS JIOTUYHO HCIIOIb30BATh CIIEAYIOIINE MEXaHU3MBI.
Bo-nepBbIX, mnpamoe umenogéanue, Koraa IPOLECCHl JUIsl yKa3aHUs CBOUX IAPTHEPOB IIO
B3aMMOJICHCTBUIO HCIIONB3YIOT YHHUKAJIbHbIE KMMEHAa MapTHEPOB (HAmpuUMep, HUCHOIb3YS
UICHTU(PHUKATOPHI MPOLECCOB MU Xe mo-uHoMmy: PID mpuBsizbiBaeTcss K HEKOTOPOMY HOBOMY
YHUKaJIbHOMY UMEHH, U OOpalleHHe MpU B3aUMOJCHCTBUHM MPOMCXOAUT C HCIOJIb30BAHUEM
CUCTEMBI ITHX HOBBIX MMEH). BO-BTOpBIX, 3TO MOXET OBITH B3aUMOJEHCTBUE IOCPEACTBOM
obugezo pecypca. Ho B 3T0M ciyuyae BCTaeT mpoOiieMa MMEHOBAHUSI 3TUX OOIIUX PECYPCOB.

Wrtak, MBI paccMOTpENH MOZEIM B3aUMOACHCTBUS IIPOLIECCOB B PaMKax JIOKAJIBHOU
mamuael. OC UNiX mpeaocTaBiseT HEblid CIIEKTP MEXaHU3MOB B3aUMOJICHCTBHUS 110 KaX IO U3
yKa3aHHBIX rpynn. B dacTHOCTH, 11 B3aMMOACWCTBUS POACTBEHHBIX MPOILIECCOB MOTYT OBITH
HCII0JIb30BaHbI TAKNE MEXAHU3MBbI, KAK HEUMEHOBGAHHbIE KAHAIbL VI MPACCUPOBKA.

Heumenoséannwvlit Kanan — 5TO HEKOTOPBI peECypc, HACIENAyEMBbIH CHIHOBBSIMHU
mpoueccamM, IMpUYEeM JTOT MEXaHW3M MOXKET ObITh HCHOJb30BaH ISl  OpraHu3aluu
B3aMMOJIEICTBHS IPOU3BOJIBHBIX POJCTBEHHUKOB (T.€., YCIIOBHO T'OBOPS, MOXXHO OpPraHHU30BaTh
HEMMEHOBAHHBIN KaHAJI MEX/IYy «CHIHOM» U €r0 «IUIEMSIHHUKOM», U T.IL.).

HenmMenoBaHHbIE KaHATIBI — NPUMEP CUMMETPUYHOTO B3aUMOJEICTBHS, T.€., HECMOTPS Ha
TO, YTO Pecypc HEMMEHOBAHHOIO KaHaja IepelaeTcs MO HaCIEJCTBY, B3aHUMOJCHCTBYIOIINE
npoliecchl B 0o0IIeM cilydae, aOCTparupysch OT CEMAaHTHKH NPOrpaMMbl, UMEIOT HJAECHTHYHBIC
npasa.

Jpyroi MOJENbI0 B3aUMOJEHCTBUS SBIIAETCS HECUMMETPUYHASA MOJIENb, KOTOPYIO HHOT 1A
Ha3bIBAIOT M0O0€E1b «2/1A6HbII—N00YUHEeH b, B >TOM ciydae cpeld B3anMOJCHCTBYIOIINX
IPOIIECCOB MOKHO BBIJICIUTH MPOLECCH], UMEIOIIKE OO0JIbIIEe MOJTHOMOYHM, YeM Yy OCTaJbHBIX.
CoOTBETCTBEHHO, y TJIABHOTO Mpoliecca (MM IMPOLECCOB) €CTh LENbId CHEKTP MEXaHU3MOB
YIPaBJIE€HUS IOJYMHEHHBIMH IIPOLIECCAMH.

Jlns opranuzanyy B3auMOJEHCTBUS TPOU3BOJIBHBIX MPOIIECCOB CUCTEMA MPEIOCTABISET
HEeNbIi  CIEKTp CpeACTB B3aUMOACWCTBUS, CpeAM KOTOPBIX MpeoljalaloT  CpeicTBa
CUMMETPUYHOTO B3aHMOJCHCTBHUS (T.e. MpoleccaM IpU B3aUMOJEHCTBUU MPEIOCTABISIOTCS
paBHbIE NIpaBa).

Hmenoeannvle Kananpl — 53TO pecypc, TNpUHAUISKAININNA B3aUMOJCHCTBYIOINUM
mporeccaM, IIOCPEACTBOM KOTOPOTO OCyHIecTBiseTcs B3aumonelctsue. Ilpu 3TOoM He
00s3aTeNbHO 3HaTh UMEHA MPOLECCOB-TIAPTHEPOB M0 B3aUMOIEUCTBHUIO.

Ilepenaya cuenanoe — >TO CPEACTBO OKa3aHMs BO3ACHCTBHUS OJHUM IIPOLIECCOM Ha
Ipyroid mporecc B oOmeMm ciydyae (B YacTHOCTH, OJHUM U3 IPOLIECCOB B 3TOM BHJE
B3aMMOJIEHCTBHS MOKET BBICTYIATh MPOLIECC ONEPAlIMOHHON cucTeMbl). [Ipu 3ToM ncnosnp3yrores
HEIOCPEICTBEHHbIE NMEHA IPOLIECCOB.

Cucrema IPC (Inter-Process Communication) npenocTaBisieT B3auMOACHCTBYIOIIUM
mpoiieccaMm o0Iue pasaesieMble pecypehl (Cpenn KOTOPBIX HIDKE OyIyT pacCMOTPEHBI 0Ouias
namams, Maccug cemaghopos n ouepeov cooduyeHUil), TOCPEICTBOM KOTOPBIX OCYIIECTBISETCS
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B3auMo/iecTBUE TIporieccoB. OTMeTnM, uTo cuctemMa [PC sABisieTcs HEKOTOPHIM AJIbTEPHATUBHBIM
pelIeHNeM UMEHOBAHHBIM KaHajaM.

Armnmapar cokemoeé — yHU(DUIIMPOBAHHOE CPEJCTBO OpPTaHM3alliy B3ammojencTBus. Ha
CCTONHAIIHUNA MOMEHT COKEThl — 3TO He cTonbko cpeactBa OC  UniX, cKoibko
CTaHJApPTU3UPOBAHHBIE CPEACTBA MEXMAIIMHHOIO B3auMoOAeHcTBUA. B ammapare cokeroB
MMEHOBAaHHME OCYUIECTBJISIETCS TIOCPEACTBOM CBSI3bIBAHHS KOHKPETHOTO Ipoiecca (ero
uaentuduxaropa PID) ¢ KOHKpETHBIM COKETOM, Yepe3 KOTOPBINA U MPOUCXOIUT B3aUMOICHCTBHUE.

Wtak, MBI mepeyuciamii HEKOTOPbIE CPEICTBa B3aMMOJCHCTBHUS MPOILIECCOB B paMKax
OJTHO# JTOKaJIbHOM MaIIuHbI (TOuHee ckasaTh, B pamkax OC UniX), HO 3TO JIMIIb Majas 4acTh
CYIIECTBYIONIMX B HACTOSILIUNA MOMEHT CPEJICTB OPTaHU3AIlMU B3aUMOICHCTBUSI.

BTtopoii 6;10k opraHu3anuu B3auMOJCHCTBUS — 3TO B3aUMO/IeiicTBHE B Mpeiesiax CeTH.
B nanHOM ciryuae cTaBUTCS 3aJja4a OpraHU30BaTh B3aUMOJICHCTBUE MPOLIECCOB, HAXOASIIUXCS HA
pa3HBIX MaIIMHAX IOJ| YIPaBICHUEM pAa3JIMYHBIX OINEPAIlMOHHBIX CHUCTeM. Ta e mpoliema
MMEHOBAHMSI IIPOLIECCOB B paMKaX CETH PEIIAeTCsl JOCTATOYHO IIPOCTO.

[TycTp y Hac ecThb 1B€ MalIMHBbL, UMeroLMe ceTeBble MeHa A 1 B. [lycTb Ha 3THX MalnHax
paboraror mporieccel P1 u P2 coorBerctBeHHO. Torma, 4ToOBI MMEHOBATH MPOIECC B CETH,
JIOCTAaTOYHO MCIOJIb30BaTh CBA3KY «CETEBOE MMS MAlMHBI + UMs IIPOIEcca Ha ATOW MaluHe». B
HameM npumepe 3to OyayT napel (A—P1) u (B—P2).

Ho tyT Bcraer cnemyromas npobiema. B pamkax ceth MOTyT B3auMOJIEHCTBOBATbH
MaIMHBI, HAXOASIIIHUECS 10| YIIPABJICHUEM ONEPAIIMOHHBIX CUCTEM Pa3JIMYHOTO TUNA (T.€. B CETU
MoryT okazarbcsi Windows-marmmasl, FreeBSD-mamunasr, Macintosh-mammas! u nip.). Y cuctema
WMEHOBAHMSI JIOJDKHA OBITh TIOCTPOCHA TaK, YTOOBI 00ECIEYUTh BO3MOKHOCTH B3aUMOJICHCTBUS
MPOU3BOJBHBIX MAIlUH, T.€. 3TO JOJDKHO OBITh CTAaHAAPTU30BAHHBIM (YHU(PHUIIMPOBAHHBIM)
cpeactBoM. Ha cerousinuii 1eHb HanboJsee pacpoOCTpaHEHHBIMHU SIBJIIIOTCS ARRAPAm COKEnos
u cucmema MPI.

Annapam coxkemoé MOXHO paccMaTpuBaTh Kak 0a30BO€ CpEACTBO OpraHU3AINH
B3aUMOJICUCTBUS. ODTOT MEXAHU3M JIEKUT Ha YpPOBHE MPOTOKOJOB B3auMoneucTBus. OH
mpeanonaraer Juisi  oOecreueHUs B3aWMOJCWCTBUS HUCIIONIB30BaHHUE T.H. COKemos, U
B3aMMOJIeiicTBHE OCYIIECTBIIIETCS MEXKITY COKETaMH. Konkpernas TOTIOJIOTHSI
B3aMMOJICHCTBYIOIINX MPOIECCOB 3aBHCHUT OT 33/Ja4d (MOKHO OpraHM30BaTh OOIIEHHE OJHOTO
COKeTa CO MHOTHMH, MOXXHO YCTaHOBUTH CBSI3b OJUH—K—OJHOMY U T.I.). B KOHeUHOM cueTe,
MMEHOBAHHE COKETOB TAaK)K€ 3aBUCHUT OT TOIIOJIOTHH: B OJTHOM Cllydae HeOOXOAMMO 3HATh TOUHBIE
MMEHA B3aUMOJICHCTBYIOIINX COKETOB, B JPYTOM ClIydae MMEHA HEKOTOPHIX COKETOB MOTYT OBITh
MPOU3BOJIBHBIMU (HApUMEp, B CiIy4dae KIHMEHT—CEPBEPHON AapXUTEKTYphl OOBIYHO HMEHa
KIIMEHTCKUX COKETOB MOT'YT OBITh JIFOOBIMH).

Cucmema MPI (unmepgheiic nepedauu coodwienuit) Taxxe SBISETCS TOCTATOYHO
pacpoCTpaHEHHBIM CPEJICTBOM OpTaHM3AIlMK B3aWMOJICHCTBHS B paMKax CeTH. JTa CHCTeMa
WLTIOCTPUPYET MEXaHU3M Tepe/iadn COOOIIEHHIA, pedb O KOTOPOM IIuia BbIlIe (cM. pasznen 2.5.2).
Cucrema MPI Mmoxxer paboTaTh Ha JIOKaJbHOW MalllMHE, B MHOTOIPOIIECCOPHBIX CHCTEMAaxX C
pacmpeieieHHON MaMAThIO (T.€. MOXKeT paboTaTh B KJIACTEPHBIX CHCTEMax), B CETH B IIEJIOM (B
qacTHOCTH, B T.H. GRID-cuctemax).

[anee peub MOHAET O KOHKPETHBIX CPEJICTBAX B3auMOJIeCTBUS mporeccoB (kak B OC
UniX, Tak ¥ B HEKOTOPBIX PYTHX).

3.1.1 CwurHanbl

B OC Unix mpucyTCTByeT T.H. ammapaT CUZHA106, TIO3BOJSIOMINNA OJHHM IPOIECcam
OKa3bIBaTh BO3JICHCTBUSA Ha Apyrue npouecchl. CUrHaIbI MOTYT PacCMaTpPUBAThCS KaK CPEACTBO
yBEIOMJICHHSI TIpOIecca O HACTYIIEHUU HEKOTOPOro cOOBITUS B cucTeMe. B HeKoTopoM cMbIciie
arnmapaTr CUIHAJIOB MMEET aHAJOTUI0 C aIllapaTOM IIPEpPBIBAHUM, IOCKOJBKY IIOCICAHUN €CThb
TaK)Ke YBEJJOMJIEHUE CUCTEMBI O TOM, UYTO B HEHl Mpou301uI0 HeKoTopoe coObiTue. [IpepriBanue
BBI3BIBACT OMPCACIICHHYIO ACTCPMUHUPOBAHHYTO ITOCIICA0OBATCIIBHOCTD I[CflCTBPIfI CHUCTEMBbI, TOYHO
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TaK K€ IPHUXOJ] CUTHajla B IPOLIECC BBI3BIBAET B HEM OIPEIEIICHHYIO IOCIEI0BATEIbHOCTD
JEUCTBUM.

NHunmatopoM OTHpaBKH CUTHAA MPOIECCY MOXKET OBITh Kak mporiecc, Tak u cama OC.
Curnanbel, mnoceutaemple  OC, yBEIOMJISIIOT O  HACTYIUIGHUM  HEKOTOPBIX  CTPOTO
IpEeJONpPENeIIEHHbIX CUTYalMH (KaK, HaIpUMeEDp, 3aBEpILICHHE OPOXKIEHHOI 0 PoLecca, MOMbITKA
BBITIOJIHUTH HEJIOMYCTUMYIO MAIIMHHYIO UHCTPYKIIHIO, TOTBITKA HEJOMYCTHMOM 3aliCH B KaHAJl
U T.L.), IPY 3TOM KaXIOM Takoil CUTyalMM COIOCTaBJE€H CBOW curHai. [{ng wiiroctpanuu
npuBeeM cieayrouuii npumep. IlycTs B X0/1€ BBIIOTHEHUS HEKOTOPOTO MpoIiecca MPOU30IILI0
JieJIeHHE Ha HOJIb, BCJIEJICTBHE YEro B CUCTEME IIPOUCXOAMT IIPEPhIBAHUE, YIIPABICHHUE MTEPEIacTCs
onepannoHHoi cucreme. OC «BUIUT», YTO TO MPEPHIBAHUE «JICJICHUE HA HOJIbY, U OTIPABIISIET
CHUTHAJI IIPOLiecCy, B TeJIe KOTOPOro MPOU30Ia JaHHas omuoOKa. Jlanblie npolecc pearupyeT Ha
NOJyYeHHUE CUTHAJIA, HO 00 3TOM YyTh MO3KE.

MHuImMaToOpoM MOCBUIKM CHTHaJa MOXET BBICTyHaTh Jpyroi mpouecc. B kauectse
npuMepa MOXKHO MpUBECTH cieAylomyr cutyarutoo. [lonp3oBarens OC Unix 3amycTun
HEKOTOPBIN MPOLECC, KOTOPBIN B HEKOTOPBIII MOMEHT BPEMEHH 3allUKIUBaeTCs. UTOOBI CHATH 3TOT
IpoIecC CO CYeTa, IMOJIb30BATENb MOXKET IOCJIAaTh €My CHTHall 00 YHHYTOXKEHUH (Hampumep,
Ha)kaB Ha KiaBuatype komOuHarmio kiaBuin Ctrl+C, a 3T0 ecTh KOMaHJa HHTEpPIPETaTopy
koMaH1 nocnate koj curHaia SIGINT). B nanHom ciyuae mporecc MHTEprpeTraTopa KOMaH
HOLIET CUI'HAJ M0JIb30BAaTENIbCKOMY IPOLIECCY.

AnmapaT CHTHAJIOB SIBJISIETCS MEXaHW3MOM AaCHHXPOHHOTO B3aUMOJICHCTBHUS, MOMEHT
IpUXOJa CHUTHAJa Ipoleccy 3apaHee HeuszBecTeH. OJHAKO MPOLECC MOXKET MpeIBUICTh
BO3MOXHOCTH TIOTYYEHHUS TOTO MM MHOTO CUTHAJIA ¥ YCTAHOBHUTD ONPEACTICHHYIO PEaKIIUIO Ha €T
npuxoi. B 3ToM miaHe curHanbl MOXKHO paccMaTpUBaTh Kak MPOTrPaMMHBINA aHAJIOT alapaTHbIX
IIPEPBIBAHUMN.

Tak ke, Kak U annapar npepbIBaHUN, UMEIOUINH (UKCUPOBAHHOE KOJIMUYECTBO Pa3IMYHbIX
npepbiBaHuid, Unix-cucTeMbl UMEIOT (PUKCHPOBAHHBIA HAaOOp curHaios. IlepedeHb cUTHAJIOB,
peaTM30BaHHBIX B KOHKPETHOM OMEpPaI[MOHHON CHCTEME, 0OBIYHO HaxoauTcs B daiine <signal.h>.
B atom daiine nepeuncisercss Habop nap «MMs CUTHAJIA — €ro LEeJIOUNCIIEHHOe 3HaueHuey». Huxke
MIPUBEIEHO HECKOJBbKO MPUMEPOB (CIeNyeT 3aMeTuTh, YyTo B pas3Hbix Bepcusx UNIX umena
CHUTHAJIOB MOTYT pa3inyarbcs).

2 - SIGINT /*npeppiBaHue™/

3 - SIGQUIT  /*aBapwuiinblii BIXOA™/

9 - SIGKILL /*yHw4roxenwue mporecca*/

14 - SIGALRM /*npepsiBanue ot Taiimepa™/

18 — SIGCHLD /* mpouecc-moTomMok 3aBeprumics */

[Tpu mosmyyeHnH NpoLEeCcCOM CUTHAIA BO3MOKHBI TPH THIIA peakuuu Ha Hero (Puc. 96). Bo-
NEPBBIX, 3TO 0fpadomka cucHana no ymoauanuro. B mopasisionieM OOJBIIMHCTBE CIy4YaeB
00paboTKa cUrHasa 1o yMOoJI4aHHUIO 03Ha4aeT 3aBeplleHue mpoiecca. B 3ToM ciyyae cucteMHbIM
KOJIOM 3aBEpIICHUS TPOIIecca CTAHOBUTCSI HOMEP TPHUIIEANIETO CUTHATIA.

Bo-BTOpBIX, TIpOIIECC MOXKET nepexeamuléanms 00padomky npuuwieduiezo cucnana. Ecnm
IpOIIeCC MOJTyYaeT CHTHAJ, TO BBI3bIBACTCS (DYHKITHS, PUHAISKAIIAS TETy MpoIiecca, KOTopast
ObuIa crienManbHBIM 00pa30oM 3aperUCTPUPOBAHA B CHCTEME Kak ofpadomuuk cuznana. Cinenyer
OTMETHTB, YTO YacTh peann3oBaHHbIX B OC CHTHAJIOB MOKHO ITePEXBATHIBATh, & YaCTh CUTHAJIOB
nepexBaThiBaTh HENb3s. [IpuMepoM HemepexBaThIBAEMOI0 CHTHAJIa MOKET CIIY>KUTh CHUTHAJI
SIGKILL (xox 9), mpenHa3HayeHHBIA i1 OE3YyCIOBHOTO YHHUYTOXEHHs TMporecca. A
ynomsHyThIi Beite curian SIGINT (ko 2) mepexBaTHUTh MOYKHO.

B-TpeTbux, CUrHalIbl MOXKHO UZHOpUpPO8ants, T.€. IPUXOJ HEKOTOPHIX CUTHAJIOB MIPOLECC
MOXET NMPOUTHOpUpoBaTh. Kak u B cilyuae ¢ mepexBaThIBAEMBIMU CHTHAJIAMH, YacTh CUTHAJIOB
MOKHO urnopupoBats (Hanpumep, SIGINT), a vacts — net (Hanpumep, SIGKILL).
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eoaoamodi eroged

TIPHXOT CHTHAaTA

ObpaboTka Brrsos
CHTHATA TIO (yHxIIO-
VMOIYAHIEO oOpadoTUIKa

Hrnopuposanue
CITHATA

Puc. 96. Peakuuu Ha nojiyueHue MpoLeccoM CUIrHAJIA.

Ecnun B mpouecc OJHOBPEMEHHO JIOCTaBISETCS HECKOJIbKO Pa3IM4YHBIX CHUIHAJIOB, TO
HnopsiIoK ux o0paboTku He ompereneH. Eciau ke 0OpabOTKH KIYyT HECKOJIBKO 3K3EMILUISPOB
OJIHOI'O M TOIO € CHTHaJla, TO OTBET Ha BOINPOC, CKOJIBKO HK3EMIUISIPOB OyAET JOCTaBJIEHO B
MPOILIECC — BCE WJIU OJIMH — 3aBUCHUT OT KOHKpeTHOH peanuzanuu OC.

OTnenbHOr0 pacCMOTPEHMS 3aCIyKHUBAET CUTYyallysl, KOT/1a CUTHAJ IPUXOAUT B MOMEHT
BBITIOJIHEHHUSI CHUCTEMHOTo BbI30oBa. OOpaboTka Takoi cuTyauuu B pasHbix Bepcusx UNIX
peann30BaHa [0-pasHoMy, HallpuMep, 00paboTKa CUrHaIa MOXKET OBbITh OTJIOJKEHA /10 3aBEPLICHUS
CHUCTEMHOTO BBI30Ba; JIMOO CHUCTEMHBIH BBI30B AaBTOMATHYECKH IIE€PE3AIyCKACTCS IOCIE €ro
IpepbIBaHUsI CUTHAJIOM; JMOO CHCTEMHBIH BBI30B BEpHET —l, a B NEpPEeMEHHOH errno Oyner
yctanoBieHo 3HaueHne EINTR.

Jlns otnpaBku curHana nporeccy B OC UnixX uMeeTcst CHcTeMHbIH Bbi3oB kill ().

#include <sys/types.h>
#include <SIGNAL.H>
INT KILL (PID_T PID, INT SIG);

[epBbIit mapameTp BBI30Ba — HIASCHTU(UKATOP MPOIEcca, KOTOPOMY MOCHUIAETCS CHUTHAI
(B 4aCTHOCTH, MPOLIECC MOXKET MOCIATh CUTHAI camoMy cebe). CyliecTByeT Takke BO3MOKHOCTh
OJIHOBPEMEHHO I10CJaTh CUTHAJI HECKOJIBKMM IpoueccaM. Hampumep, eciau 3Ha4e€HHE 3TOrO
napamerpa ectb 0, curHan OyJeT nepeJaH BceM IpolieccaM, KOTOpble NMpUHAAIEKaT TOH ke
rpynme, 4Yro M IpoLecC, MOCBUIAIONIMNA CHUTHAJ, 3a HCKIIYEHUEM IIPOLECCOB C
uneaTudukaropamu 0 u 1.

Bo BTOpOoM mapameTpe nepenaercs HOMEp IochbUIaeMoro curtana. Eciau 3ToT nmapamerp
paBen 0, To OyZeT BBHINONHEHA MPOBEpKa KOPPEKTHOCTH oOpameHus k kill () (B yacTtHOCTH,
CylllecTBOBaHHMeE Ipolecca ¢ uaeHTu(ukaropom pid), HO HUKAKOI CUTHA B IEHCTBUTEIBHOCTH
MOCHUTATHCS HE OYIeT.

Ecnu npornecc-ornpaBuTens He 001a1aeT IpaBaMu IPUBUIIETUPOBAHHOTO MOJIB30BATEIS,
TO OH MOKET OTIPABUTH CUTHAI TOJIBKO TEM IPOIIECcCaM, Y KOTOPBIX peaIbHbIN HiTH (P PEeKTUBHBIHI
UICHTU(QHUKATOp BIAJenblla IMpolecca COBHAJaeT C pealdbHbIM WIH  3(()EKTUBHBIM
UICHTU(PHUKATOPOM BIIAJAEIIbIIa MPOIeCcca-OTIPABUTEIS.

IIpn ycnemHoMm 3aBeplIeHMM CUCTEMHBIM BbI30B kill ()  Bo3Bpamaer 0, nHade
BO3Bpamaercs -1.

UYroObl yCTaHOBUTH peEaKLUI0 Npolecca Ha NPUXOAALIMM CHUTHAJ, MCIOJIb3yeTcs
cucTeMHbIN BbI30B Signal().

#include <signal.h>
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void (*signal ( int sig, void (*disp) (int))) (int);

ApryMmeHT Sig ompenenseT HOMEp CHIHaja, PEaKlUI0 Ha MPUXOJ KOTOPOro Hajo
ycTaHOBUTh. BTopoii aprymeHt diSp ompejenser HOBYH PEakKIMIO Ha MPHXOJA yKa3aHHOTO
curHana. To ectb diSp— 3T0 MO0 OmpejeneHHas MOJb30BaTeeM (QYHKIHSI-00paObOTUHK
curHaia, 1100 onHa u3 KoHcTanT: SIG_DFL u SIG_IGN. Ilepsasd M3 HMX yKa3bIBaeT, 4TO
HEOOXOIMMO YCTaHOBHTH UIS TAHHOTO CHTHaJa 00pabOTKYy MO YMOJTYaHHIO, T.€. CTaHAAPTHYIO
PEAKIIMIO CUCTEMBI, @ BTOpasi — YTO JaHHbIM CUTHAI HE0O0X0AMMO UTHOPUPOBATh. [IpH ycnemHom
3aBEpIICHUH CHCTEMHBIN BBI30B BO3BpAIIAET yKa3aTeldh Ha MPEIbI Iy 00paboTUNK JaHHOTO
cUrHasia (OH MOXET HCIIOJIb30BaThCsl MPOLIECCOM, HANPUMEp, A BOCCTAHOBICHMS MpExHEH
peakLyy Ha CUTHA).

Kak BumHO U3 mpoToTuna Bei30Ba signal (), onpeeneHHas MoIb30BaTeNieM (hyHKIIHS-
00paboTUMK CUTHAJA I0JDKHA TIPUHUMATh O/IMH IeJIOYHCIICHHBIN apryMeHT (B HeM OyeT nepenan
HOMEp 00pabaThIBAEMOT0 CUTHAJA), U HE BO3BPAIATh HUKAKUX 3HAYCHUU.

OTMeTHM, 4TO MEXaHU3M CHTHAJIOB SIBJISIETCS IOCTAaTOYHO PECYPCOEMKHM, NOO OTIpaBKa
CHUTHAJIA MIPEJICTABIISET COOON CUCTEMHBIN BBI30B, & JIOCTaBKa CHUTHAJIA - IPEPHIBAHHE BHITIOTHEHHUS
npouecca-nonyyareis. BozoB QyHkunn-o6padoTdnka u Bo3BpaT TpedyeT onepanuii Co CTEKOM.
Ecnu MBIl ycmemHo ycTaHOBHJIM B KadecTBe 0OpabOTUMKa CUTHaia CBOKO (DYHKIUIO, TO HpU
BO3HHMKHOBEHHUH CHI'HAJa BBIIOJIHEHHE MpoIecca MpephIBaeTcs, PUKCUPYETCsl TOYKa BO3BpaTa U
yIpaBJIeHUE B TMPOLECCE MepeaacTcs AaHHOW (DYHKIUH, MPU 3TOM B KadyecTBE (PaKTHYECKOTO
IIEJIOYHMCIIEHHOT O MapaMeTpa MepefacTcs HoMep MPHIIESIIIEro CUrHaia (TeM CaMbIM BO3MOYKHO
UCTIONIb30BaHUE OAHOM (YHKIMM B KadecTBE O0pabOTUYMKAa HECKOJIBKUX CHTHAJIOB).
COOTBETCTBEHHO, NPH BBIXOJE W3 (YHKIMH-OOpaOOTYMKA yIpaBICHHE MNEpeNacTcs B TOUKY
BO3BpAaTa M MPOIECC MPOA0IDKAET CBOIO padoTy.

Crout 00paTuTh BHHMaHHE Ha TO, YTO BO3MOXKHBI U JJOCTATOYHO YaCTO IMPOHCXOMAT
CUTYyallMM, KOTJa CUTHAJ IMPHXOTUT BO BPEMs BBI30BAa MPOIECCOM HEKOTOPOTO CHCTEMHOTO
BBI30Ba. B 3TOM citydae mocnemyronye 1eHCTBUS 3aBUCAT OT PEaTn3allii CUCTEMBI. CHCTEMHBIH
BBI30B JIHOO «I0pabaThiBaeT» M0 KOHIIA, JIMOO MOBTOPHO MEpPE3aryCcKaeTcs MOCie OKOHYAHUS
00paboOTKK cHrHajga, JUOO0 TpephIBaeTCs C OIMMOOYHBIM KOJAOM BO3Bpara (00bHO -1) ¢
3aHECEHHEM B MIEPEMEHHYIO €FfN0 COOTBETCTBYIOMITO KO/1a OLIHOKH.

PaccmotpuM psig npuMepos.

IIpumep. IlepexBat n 00padoTka cursaJa.

B nannom mpumepe npu nosydyeHnu curHana SIGINT (4To cOOTBETCTBYET Ha)KaTHIO
CTRLAC) yeTbIpe pa3a BbI3bIBaeTCs ClielUalbHbIN 00padoTunk. Ha msTelil ke pa3 mpoucxoauT
00paboTKa curHajia 00pabOTYUKOM 110 YMOJYAHUIO, B PE3yJIbTaTe YEro MpoIece 3aBepIIaeTcs.

#include <sys/types.h>

#include <signal.h>

#include <stdio.h>

int count = 0;

/* byHKUMs — NOJBB3OBaTeNbLCKMM obBpaboTumk curHana */
void SigHndlr (int s)

{
printf("\n I got SIGINT %d time(s) \n",++ count);
if (count == 5) signal (SIGINT, SIG DFL);/* craBumM
obpaBoTuMk CHUTHAJAa N[O yMOJYaHuw */

}

int main(int argc, char **argv)
{

/* ycTaHOBKa peakuumu Ha CUTHAN */
signal (SIGINT, SigHndlr)
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while (1); /*”Teno nporpammm” */
return O;

IIpumep. YnajleHue BpeMeHHBIX (ailjIOB NpH 3aBepuUieHMH nporpammsl. [lpu
pa3paboTke MpOorpaMM HEpPEeAKO MPHUXOIUTCS CO3/aBaThb BPEMEHHbIE (Daisbl, KOTOpPBIE IO3XKeE
yaansrores. Ecnu mpou3onuio HenpenBUICHHOE COOBITHE, Takue (ailjibl MOTYT OCTaThCs He
ynaneHHeIMU. Huke npuBesneHa nporpamma, KOTopast 4 B cilydae «JopadaTbIBaHUsD 10 KOHLA, U
B ciayuae noinyuyeHus curiana SIGINT nepen 3aBepiieHreM yAaliseT CO3AaHHbBIN €10 BpEMEHHBIN
dariin.

#include <unistd.h>

#include <signal.h>

#include <sys/types.h>
#include <sys/stat.h>
#include <fcntl.h>

const char * tempfile = “abc”;

void SigHndlr (int s)

{
/* yHuUYTOXeHMe BPEeMeHHOTO (aiyla B cliyuae NOpMUXOAa CHUIT'HAla
SIGINT. B crnyuae, ecam Takom odann He cymecTeByeT (eme He
CoBIaH MIM yXe ynajieH) , BHBOB BepHeT -1 */
unlink (tempfile) ;

int main(int argc, char **argv)
{

signal (SIGINT, SigHndlr); /*ycTaHOBkKa peakummy Ha curHan */
creat (tempfile, 0666); /*cosmaHme BpeMeHHOTO darna*/

/ *yHUYTOXEeHMe BpPEeMeHHOTO Qaiyla B cilydae HOPMAJILHOTO
byuxumonnporannst npouecca */

unlink (tempfile) ;

return O;

B manHoM mpumepe 1utsi co31aHusl BpeMEHHOTO (paiiyia MCIomb3yeTcsi CACTEMHBIN BBI30OB
creat():

#include <sys/types.h>

#include <sys/stat.h>

#include <fcntl.h>

int creat(const char *pathname, mode t mode);

A cucremHbIl BbI30B unlink () ynanseTr uMms U (aiii, Ha KOTOPBIN OHO CChITAETCS.

#include <unistd.h>
int unlink (const char *pathname) ;
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IIpumep. Ilporpamma «0yamiabHuK». CymecTBYIOT 3aa4yu, B KOTOPBIX HEOOXOIUMO
npepBaTh BBHINOJHEHUE Ipollecca MO HMCTEYEHUH HEKOTOpOro BpeMeHH. B mgaHHOM mpumepe
cpeactBamu OC  “3aBoauTcs” OyIMIBHUK, KOTOPBIH OyIeT MOTOPAIIUBaTh BBECTH HEKOTOPOE
nMs. CHCTEMHBIH BBI30B alarm () .

#include <unistd.h>
unsigned int alarm(unsigned int seconds) ;

WHALIUAIN3UPYET OTIIOKEHHOE NOsBJICHHE cUrHasa SIGALRM - mporecc 3amnpaiiuBacT sapo
OTIPaBUTh EMYy CAMOMY CHUTHAJ I10 [IPOLIECTBUU OIPEAEIIEHHOIO BPEMEHHU.

#include <unistd.h>
#include <signal.h>
#include <stdio.h>

void alrm(int s) /*o6pa6orumk curmana SIG_ALRM */
{

printf (“\n xay mms \n”);

alarm(5); /* sapogumM BymmiabHMK */

int main(int argc, char **argv)
{
char s[80];
/* ycraHoBka oBpaboTumka alrm Ha OPMUXON CUTHAJNa SIG_ALRM */
signal (SIGALRM, alrm);
alarm(5); /* sapogumM BymuIbHMK */
printf (“Beeaure mmst \n”) ;
for (;;)
{
printf (“umsz: ) ;
if (gets(s) !'= NULL) break; /*oxmnmaem BBOZa mMMeHM */
};
printf (“OK! \n”);
return O;

B nannom npumepe npoucxoauT ycraHoBka oopaboTrurka curiaia SIGALRM (pynkuus
alrm()). 3aTeM mpoOHCXOAUT OOpallleHHe K cuCTeMHOMY BbI3oBY alarm(), kotopsiii 3aBOIUT
OyIWIBHVK HA 5 eTUHHIl BpeMeHHU. [10CKOIBKY MPOIOIKATEIEHOCTD €IMHUIIBI BPEMEHH 3aBUCHT
OT KOHKPETHOH peanu3alii CUCTEMbI, TO Mbl Oy/1I€EM CUMTATh B HAIlIEeM IIPUMEPE, YTO MPOUCXOUT
yCTaHOBKa OyJIMIbHHMKA HAa 5 CEKyHJ. DTO O3HA4YaeT, YTO MO MPOMIECTBHM 5 CEKYH]| Mpoliecc
nonyuut curHan SIGALRM. [lanee BbBIBOoAMTCS 3ampoc “Beedume umsa” W yIpaBieHHE
nepenaeTcsi 0eCKOHEUHOMY UKy fOr, BBIXO/] M3 KOTOPOTO BO3MOYKEH JIHIIIH IIPU BBOJIEC HEITYCTON
CTPOKH TekcTa. Eciu ke 1Mo MCTeueHUH 5 CeKyH]| BBOJA TaK M HE IMOCIEA0BANO0, TO MPUXOAUT
curHan SIGALRM, ynpaenenue nepenaercss 00paboTuuky alrm, KoTophlil medaTaeT Ha dKpaH
HAIllOMUHAaHUE O HEOOXOAMMOCTH BBOJIa MMEHH, a 3aT€M CHOBA yCTAHABJIMBACT OYIWIBHUK HA 5
cekyHn. /Jlamee ympaBiieHue Bo3BpamiaeTcs B (YHKIHIO Main B OECKOHEYHBIH IHKI, H
MOCJIEI0BATENbHOCTD JCUCTBUIM TOBTOpsieTcst. OTMETHUM, YTO €CIM B MOMEHT BBIIOJHEHUS
CHUCTEMHOI'0 BBI30BA BO3HHMKAET COOBITHE, CBA3aHHOE C CHUTHAJIOM, TO CHUCTEMa IpEepbIBAcT
BBINOJIHEHHE CUCTEMHOTO BbI30Ba M BO3BpAILAET KOJ OTBETA, PaBHBIN «-1».
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3.1.1.1 Ilpumep. [[ByxnpoueccHblii BApMAHT NporpaMmsl “ByanabHuUK”.

#include <signal.h>
#include <sys/types.h>
#include <unistd.h>
#include <stdio.h>

void alr(int s)
{
printf (“\n Brsicrpee!!! \n”);

}

int main(int argc, char **argv)
{
char s[80];
int pid;
/* ycraHoBka o6paboTumka alr Ha npuxon curHana SIGALRM */
signal (SIGALRM, alr);
if (pid = fork())

{
/* oTuoBCckmMIt npouecc */
for (;;)
{
/*npuocTaHaBIMBaeM mnpouecc Ha 5 cexkynn */
sleep(5) ;
/*ornpaensieM curHan SIGALRM mnpoueccy- ChHHY */
kill (pid, SIGALRM) ;
}
}
else
{
/* cmHOBHMM npouecc */
printf (“BeeguTe mmst \n”) ;
for (;;)
{
printf (“umMs:”) ;
if (gets(s) !'= NULL) break; /*oxmummaem BEOAA
uMeHN* /
}
printf (“OK!'\n”) ;
/* yBbuBaeM BaluuMKIMBHIErOoCss oTmHa */
kill (getppid() , SIGKILL) ;
}
return O;

B nanHOM ciydae mporpamma peanmsyercs B IByX npoueccax. Kak u B mpenpinyiiem
npuMmepe, umeercs QyHKIMS peakuy Ha curHai alr (), KoTopasi BRIBOAUT HA SKPaH COOOIEHHE-
3arpoc. B OCHOBHON mporpamMme Mbl TakXe yKas3blBaeM alr () Kak peakUuI0O Ha CUTHAI
SIGALRM. I[locne »3TOro Mbl 3amyCKaeM ChIHOBHHM TIPOLIECC, M OTLOBCKUH IPOLECC
(OeckoHEUHbIN UKI) “3achllaeT’ Ha 5 €QUHMI] BPEMEHHU, IOCJIE€ YEro OTHPABISAET CHIHOBHEMY
npoueccy curian SIGALRM c¢ momoinsio cuctemHoro Bei3oBa Kill(). TlepBeiM mapamerpom
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JAHHOMY CHCTEMHOMY BBI30BY IiepefaeTcsi uaeHTudukatop ceiHOBHero mporecca (PID),
KOTOPBIi OBLT moJTyueH mociie Bei3oBa fork().

ChIHOBHMI TIPOIIECC 3aMpaliuBaeT BBOJ UMEHH, a JANIbIIe B 0ECKOHEYHOM ITUKJIE 0’KUIACT
BBOJIa CTPOKM TEKCTa JO TeX MOp, MOKa HE MOJYy4YUT HEemycTyro cTpoky. Ilpu 3tom oH
MEPUOJUYECKH MOTYyYaeT OT OTHOBCKOTO nporecca curian SIGALRM, BciieicTBUE Yero BIBOJIUT
Ha 53KpaH HanomuHaHue. [locie mnosiydyeHus HEMmyCTOM CTPOKM OH [e€YaTaeT Ha JSKpaHe
noaTBepkaeHne ycrnemHocTd BBojaa (“OK!™), moceuraer mpomeccy-otiyy curdHan SIGKILL u
3aBepiiaetcs. [locaaTh curaan 6e3yclIOBHOTO 3aBEPIICHUS OTIIOBCKOMY MPOIecCy He0OX0IuMo,
MOCKOJIBKY TIOCJI€ 3aBEpIICHMs] CHIHOBHErO Ipollecca TOT OyJeT HEKOPPEKTHO CJlaTh CUTHAI
SIGALRM (B03MOKHO, 4TO UACHTU(HUKATOP MPOLECCA-ChIHA TTOTOM HOJIYYHT COBEPIIEHHO MHOM
MIPOIIECC CO CBOEH JIOTMKOM pabOoThI, a Ipolecc-oTel Tak U Oyaer ciath Ha ero PID curnams
SIGALRM).

3.1.2 HapeXHble curHansl.

OTtMeTuM 0/1IHY OCOOEHHOCTH peanu3anuu curHayioB B paHHuX Bepcusix UNIX na 6aze
signal: xaxaplif pa3 Ipy MOJYYEHHH CHTHAJIA €r0 JUCIO3HIMS (T.e. JCHCTBUE MPU TOJIYyYCHUH
curxaia) copacbIBaeTcs Ha JCMCTBUE MO YMOJYAHUIO, T.0. €CIH MPOLECC KeJal MHOTOKPATHO
00pabaTheIBaTh CUTHAJ CBOMM COOCTBEHHBIM OOpaOOTYMKOM, OH JOJDKEH OBbLI KaKIbIH pa3 mpu
00paboTKe CHUTHaja 3aHOBO YCTaHABIMBATh peakuuio Ha Hero. [lozgHee sTa peanu3anus
HOJBEPIJIACh KPUTHKE 32 HEJOCTATOYHYIO HAIEKHOCTh. XOTS U CYLIECTBYET BO3MOKHOCTb 3aHOBO
YCTaHOBHTH PEAKLHUIO Ha CUTHAI B (DYHKIMU-00pa0OTUYHKE, BO3MOXKHA CUTYyalHs, KOTAa MEXIY
MOMEHTOM BBI30Ba I0JIb30BATEIBCKOIO 00pabOTYNKAa HEKOTOPOr0 CUI'HajJa U MOMEHTOM, KOI/a
OH BOCCTAaHOBUT HY)XHYIO PEaKIMIO Ha 3TOT CHTHAJ, OyIyT NOJYYEHBI e€IIe HECKOJIBbKO
9K3EMIUISIPOB TOTO K€ CUrHaja. B aToM citydae apyrue sk3eMIuisipbl He OyAeT epexBayeHbl, Tak
KaK Ha MOMEHT UX NPUXOAa /Ui JAHHOTO CUTHAJA ACUCTBYET peakius 0 YMOIYaHHIO.

ITostomy B 6oiee coBpemeHHbIX Bepcustx UNIX (maumnas ¢ BSD UNIX 4.2 u System V.4)
IOMUMO OOHOBJICHHSI IOBeIeH!sI Ha 0aze Signal (0e3 copoca 0OpaboTymKa 1Mo MpUXOAy KaKIoro
CUTHAJIa), Tak)Ke OblUIa peaqn30BaHa JOTOJIHHUTENBHAS MOJENb TaK HA3bIBAEMBIX HAaJIE)KHBIX
CUTHAJIOB, KoTopas Bomwia v B crangapT POSIX. B 3Toit Moaenu npu nepexBaThIiBAHUN CUTHANA
SOpPO HE MEHSET €ro JHCIO3WIMI0, TEM CaMbIM TIOSBISIETCS TapaHTHs TiepexBaTra BCeX
IK3EMIUIApOB curHama. Kpome Toro, 4rtoObl u30exarb HEXeIaTelbHbIX J(PQPEKTOB NpU
PEKYPCHBHOM BBI30BE 00pa0OTYHKA TSI MHOKECTBA YK3EMIUISIPOB OJJHOTO M TOTO )K€ CHUTHAa,
PO OJIOKUPYET JOCTAaBKY JPYIHX SK3EMIUIIPOB TOTO K€ CHTHaJla B MPOIecC 0 TeX Mop, MoKa
GyHKIUA-00pabOTUUK HE 3aBEPIINUT CBOE BBIIIOJHEHUE.

B Moznenu HafeXHBIX CUTHAJIOB TaKXKe MOsSBUIACH BO3MOXKHOCTb Ha BpeMs OJIOKHPOBATh
JOCTaBKy TOTO WJIM WHOTO BHIAa CHUTHAJIOB B Tporecc. OTnuune ONOKUPOBKHM CHUTHAIa OT
UTHOPUPOBAHMS B TOM, YTO MIPUIIEIINE SK3EMILUIPbI CUTHAJIA HE OYIyT MOTEPSIHbI, a IPOU30UIET
JIMIIG OTKJIa/IbIBaHAE UX 00pabOTKHM Ha TOT MEPHOJl BPEMEHH, IMOKa MpOoIecc He pa30IIOKUpyeT
NaHHbIA curHan. TakuM o0pa3oM Mporecc MOKET OrpajuTh cedsl OT MpepbIBaHUs CUTHAIOM Ha
TOT TIEPUOJ, KOTJa OH BBITIOJHSET KaKWe-TMOO KpuUTHYecKue omepanuu. s peamuzamum
MeXaHu3Ma OJIOKMPOBAHUS BBOJUTCS MOHATHE CHTHAJBLHON MaCKM, KOTOpasi OMMCHIBACT, KaKHe
CUTHAJTBI M3 TOCBUTAEMBIX Ipolieccy 0okupytoTes. [Iporecc HacaemyeT CBOr CUTHAIBHY IO MacKy
OT pojuTeNs NpH HOPOKIECHHU?, M HUMEET BO3MOXHOCTh H3MEHATH € B IIPOLECCE CBOETO
BBITTOJTHEHHSL.

PaccMoTpuM cucCTeMHbIE BBI3OBBI A1 paOOThl C CHUTHAJIBHOM Mackod Iporecca.
CurnanpHas Macka OIMCBIBAETCS OWTOBBIM IoleM THna sigset t. Jlng ynpaenenus
CUTHAJIBHOW MACKOM MpoLecca CIIyKUT CUCTEMHBIN BBI30B:

#include <signal.h>

2 HecMoTps Ha 3TO, KaK ye FOBOPHJIOCh, CAMH CHUTHAJIbI, OKHUJAIOIIKME CBOEH 06pabOTKK POJAUTEILCKUM
MPOIIECCOM Ha MOMEHT TOPOXKICHHS TOTOMKA, B TOM YHCJIE ¥ OJIOKUPOBAHHBIE, HE HACIEAYIOTCS TOTOMKOM
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int sigprocmask (int how, const sigset_t *set, sigset t
*old_set);

3HaueHusl apryMeHTa how BIMSIOT Ha XapaKTep U3MEHEHUS! MaCKU CUTHAJIOB:
SIG_BLOCK — K TeKyllei Macke 100aB/IAI0TCS CUIHAJIBI, yKa3aHHbIE B Habope set;
SIG_UNBLOCK — u3 TeKyllel MacKu yIajsioTCsl CUTHAIIBI, yKa3aHHbIC B Habope set,
SIG_SETMASK - TeKylias MacKa 3aMeHseTCs Ha Habop set.
Ecnu B kauectBe aprymenra set nepenaercss NULL-yka3aTens, To curnanbHas Mmacka He
WU3MEHSETCs, 3HAUYCHHE apryMeHTa how Ipu 3TOM HrHopupyercs. B mocinegHem aprymeHre
BO3BpAILlACTCA IpPEXKHEE 3HAYCHUE CUTHAIIBHOM MAacKM JO H3MEHEHUs €€ BBI30BOM
sigprocmask (). Eciu npomecc He UHTEpeCyeTCs NPEKHUM 3HAYCHUEM MACKH, OH MOXKET
nepenath B kauectse 3Toro aprymenta NULL-yka3zatens.
Ecnu ogH wiM HECKOJbKO 3a0JIOKUPOBAHHBIX CHUTHAJIOB OyayT pa30J0KUpOBAHBI
MOCPEACTBOM BbI30Ba sigprocmask (), To g ux o0paboTku OylIeT UCHOoIb30BaHa
JIMCTIO3ULIASI CUTHAJIOB, JIEMCTBOBaBIIasi 10 BbI30Ba sigprocmask (). Ecium 3a Bpems
OJIOKMPOBAHHUS MPOLIECCY MPUIILIO HECKOIBKO 3K3EMIUISIPOB OJJHOTO U TOTO K€ CUTHAja, TO OTBET
Ha BOIIPOC O TOM, CKOJIBKO 3K3EMIUISIPOB CUrHasIa OyA€T 10CTAaBJIEHO — BCE WM OAMH — 3aBUCUT
oT peannzauuu KoHkpetHoi OC.
CymecTByeT psaa BCIHOMOTaTeNbHBIX (YHKIMHA, HCHONBb3YEMBIX JJI TOTO, YTOObI
copmupoBars 6uTOBOE 10OJIE THIA Sigset t HyxHOro Buja:
e luunumanu3zaius OUTOBOro HabOpa - OUUIIEHUE BCEX OUTOB:
#include <signal.h>
int sigemptyset (sigset t *set);

e [IpoTuBomnonoxHast mpeapIaynei GyHKIMs yCcTaHaBINBAET Bce OUTHI B HAbope:
#include <signal.h>
int sigfillset (sigset t *set);

e JlBe crneayromme (QYHKIIMU  TO3BOJAIOT  J00aBUTh WM  yJOaIUTh  (iar,
COOTBETCTBYIOIIUI CUTHATY, B HabOpe:
#include <signal.h>
int sigaddset(sigset t *set, int signo)
int sigdelset (sigset t *set, int signo)
B kauecTtBe BTOpOro aprymeHTa 3TuM (GyHKIHUSAM IepeaeTcsi HOMEp CUrHajla

e [JlpuBenennass Hwke (yHKIMUS TpOBepseT, YCTAHOBJIEH JU B Habope duar,
COOTBETCTBYIOLINI CUTHAILY, YKa3aHHOMY B KaueCTBE Ilapamerpa:
#include <signal.h>
int sigismember (sigset t *set, int signo);

OToT BBI3OB BO3Bpamaer 1, ecium B Macke set ycraHoBieH (iar,

COOTBETCTBYIOINI CUTHALY signo, u 0 B IPOTUBHOM CIIyyae.

Yto0b! y3HaTh, KaKHe U3 3a0JJOKUPOBAHHBIX CUTHAJIOB 0’KUJAIOT 1I0CTaBKHU, UCTIOIb3YETCS
¢yukuus sigpending () :

#include <signal.h>

int sigpending(sigset t *set);

UYepes apryMeHT 3TOr0 BbI30Ba BO3BpalllaeTcss HabOp CUTHANIOB, OXKHIAIOIINX TOCTABKH.

Ne N

3.1.2.1 TIlIpumep. PaboTa ¢ cHTHAJILHOW MACKOIi.

B nanHOM npuMepe aHanM3MpyeTcsl CUTHAJIbHAS MacKa Ipolecca, ¥ BhIJaeTcs COOOIIeHe
0 TOM, 3a0JIOKUpOBaH Ji1 curHajl SIGINT, U 0’KUAAET JIM TAaKOW CUTHaJl IOCTAaBKHU B mporecc. [
TOT0, YTOOBI Jierdye ObUTO YBHJIETh B JCHCTBUU PEe3yJIbTaThl JaHHBIX OINEpaluil, MpeaycMOTpeHa
BO3MOXXHOCTh JJOOABUTh ATOT CHUTHAJ K CHUTHAJIBHOM Macke Mpolecca W IMOCIaTh 3TOT CHUTHAI
camomy cebe.
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#include <signal.h>

#include <sys/types.h>

#include <stdlib.h>

#include <stdio.h>
int main(int argc, char **argv)

{

sigset t sigset;

int f1;

sigemptyset (&sigset);

printf ("IJobaBurs SIGINT k Texkymer macke? (yes - 1, no -
0) \n");

scanf ("sd", &fl);

if (fl)

{
sigaddset (&sigset, SIGINT)
sigprocmask (SIG _BLOCK, &sigset, NULL);

}

printf ("locmare SIGINT? (yes - 1, no - 0)\n");
scanf ("3sd", &fl);

if (fl) kill (getpid(), SIGINT);

/* mnojiydaeM CUTHAJIbHYI MacKy Ipolecca. Tak Kak BTOPOM
apryMmeHT NULL, TO IEPBHM apr'yMeHT uUTHOpupyeTcsa */

if (sigprocmask (SIG BLOCK, NULL, é&sigset) == -1)
{
printf (“Oumbka npm BHBOBe sigprocmask () \n”);
return -1;
}

else if (sigismember (&sigset, SIGINT)) /*npoBepsaeM

Haguume curHajga SIGINT B macke*/

{

printf (“Curuan SIGINT zabnoxuporaun! \n”);

sigemptyset (&sigset) ;

/*y3HaeM CUTHAaJE, OXMuIaoilye NOCTaBKu */

if (sigpending(&sigset) == -1)

{
printf (“Oumbra npu BEI3OBEe sigpending () \n”);
return -1;

}

/*npoBepsaeMm Hanuume curHasia SIGINT B Macke*/

printf (“Curuan SIGINT %s\n”, sigismember (&sigset,
SIGINT) ? “oxumaeT nocraBkm” “He oXupmaeT
mocrTaBku”) ;
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}
else printf (“Curuan SIGINT He zabioxuporBan. \n”);

return 0;
}
s ynpaBneHusi pabOTOM CUTHAJIOB HCIOJB3YeTCS (DYHKIIHSI, aHAIOTHYHAS (PYHKIIHH
signal () B peasm3zanuu OOBIYHBIX CHTHAJIOB, HO 00Jiee MOIIHAS, [TO3BOJISIFOIIAS YCTAHOBHUTH
00paboTKy cWrHaia, y3HaTh €€ TeKyIllee 3HaUeHHE, PUOCTAHOBUTH TOJTYYCHUE CUTHAJIOB!

#include <signal.h>

int sigaction(int sig, const struct sigaction *act,

struct *oact)

AprymMeHTamMu JaHHOTO BbI30Ba SABIISIIOTCS: HOMEP CHUrHaja, CTPYKTypa, OMHChIBArOLIas
HOBYIO PEaKIMI0 Ha CHTHAJ, U CTPYKTypa, 4epe3 KOTOPYH BO3BPAILAETCS MNPEKHUA METOJ
o0paboTku curHana. Ecinu mporiecc He uHTEpecyeTcs pekHel 00paboTKolM CUTHANa, OH MOKET
nepeaath B KauecTBe nocieanero napamerpa NULL-ykazaTens.

Crpykrypa sigaction coaepxur wuHpOpMaImi0, HEOOXOAMMYIO IJIs yIpaBICHUS
curHaiiamu. Ee nosisimu siBISItoTes !

void (*sa handler) (int),

void (sa_sigaction) (int, siginfo t*, wvoid*),

sigset t sa mask,

int sa flags

3nece mone sa_handler — (QyHkuMA-00paOOTYMK cuTHAna, JUMOO KOHCTAHTBI
SIG_IGN wimu SIG_DFL, roBOpsIIME COOTBETCTBEHHO O TOM, YTO HEO0O0XOIMMO UTHOPUPOBATH
CHI'HAJI WJIM yCTAHOBHUTH 00pabOTUMK 10 ymonuaHuio. B none sa mask ykaseiBacTcs HaboOp
CUTHAJIOB, KOTOphIe OYyIyT A00aBIE€HBl K MacKe CHUTHAJIOB Ha BpeMsi paboThl (PyHKIHU-
oOpaborunka. CurHaj, A KOTOPOTO yCTaHAaBIMBaeTcs (YHKIHSI-00pabOTUYMK, Takxke Oyaer
3a010KkMpOBaH Ha Bpems ee paboThl. [Ipu Bo3BpaTe U3 PyHKIMH-00pabOTUNKA MacKa CUTHAJIOB
BO3BpalIaeTcs B IEpPBOHAYAIbHOE COCTOSHHE. B mociegHeM Tmoiie yKas3bIBalOTCS (Quiard,
MoauduIupyromKe 10cTaBKy curnana. OIHUM U3 HUX MOXKeET ObITh (iar SA_SIGINFO. Eciu
OH YCTaHOBIICH, TO IIPY NOJIy4E€HHH 3TOr0 CHI'Hana OyeT BeI3BaH 00paboTuuk sa_sigaction,
€My IOMHMO HOMEpa CUTHaIA TaKXke OyJeT nepeaHa JOMOoTHUTEIbHAs HH(OpMAIIKs O MPUIHHAX
MIOJIyYEHUS] CUTHAJIA U yKa3aTellb Ha KOHTEKCT MpoLecca.

Utak, «HameKHBIe» CUTHAIBI SIBISIFOTCS 00OJee MOIIHBIM CPEACTBOM MEKIPOIECCHOTO
B3aUMOJICCTBUSL HEXETH OOBIYHBIE CHUTHAJIBl. B YacTHOCTH, 37€Ch JIMKBHJIUPOBAHBI TaKHE
HEJOCTaTKH, KaK HEOOXOJUMOCTh BOCCTaHABIMBATh (YHKIIUIO-00pabOTYMK TOCTE MONyYeHUs
CHUTHaJIa, MMEETCS BO3MOXKHOCTh OTJIOKHTH TIOJyYEHUE CHUTHAjJa Ha BpPEMsS BBIITOJTHEHUS
KPUTHYECKOTO y4acTKa MPOrpaMMbl, UMEIOTCSI OOJIbIIINE BOZMOKHOCTH MOMy4YeHUsl HH(OpMaIUn
0 IPUYMHE OTIPABJIEHUS CUTHAJIA.

3.1.2.2 TIlpumep. Ucnonb3oBaHne HAIe5KHBIX CUTHAJIOB.

IIpu mnomyyenun curHana SIGINT  4YeTBIPEXKIbI BBI3BIBACTCA YCTAHOBIICHHBIN
00paboTYHK, a B TIATHINA pa3 MPOUCXOAUT 00pabOTKa IO YMOTIAHHIO.

#include <signal.h>

#include <stdlib.h>

#include <stdio.h>

int count = 1;
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struct sigaction action, sa;

void SigHandler (int s)

{
printf ("\nI got SIGINT %d time(s)\n", count++);
if (count == 5)
{

/*usMeHseM yKasaTesb Ha DYHKLMO-0B6paboTunK
curHasa*/

action.sa handler = SIG DFL;
/* msMmeHsgeM oOpaboTumk nJjsg curHasa SIGINT */

sigaction (SIGINT, é&action, é&sa);

int main(int argc, char **argv)

{
sigset t sigset;
sigemptyset (&sigset); /* wuHMUMaAIU3MPyeM HaAOOP CUI'HAJIOB
*/
sigaddset (&sigset, SIGINT); /*mofaBisgeM B HAGOpP CUTHAJIOB
BUT, COOTBETCTBYOUNMIM CUTHaly SIGINT*/
/*yCcTaHaBJIMBaeM HOBYIO CUI'HAJILHYI Macky*/
if (sigprocmask (SIG UNBLOCK, é&sigset, NULL) == -1)
{
printf (“sigprocmask () error\n”);
return -1;

}

/* VHVIVAJIU3UPYEM  yKaszsaTeJlb Ha byHxIMIO-00pabOoTUMK
curHasna*/

action.sa handler = SigHandler;

/* wnaMeHdgeM 00pabOoTumMK [0 yMOJIUaHMIO IJjisg curHajga SIGINT

*/

sigaction (SIGINT, é&action, é&sa);
while(l); /* OECKOHEUHHM LMKI */
return 0;

}
3.1.3 HewumeHoBaHHbIe KaHanbl

Heumenosanunslit kanan (U RPOPAMMHBLI KAHA) TIPEACTABISETCS B BUAC 001acTh
MaMsATH, YHOPABISIEMOW ONEPAlMOHHOM CHCTEMOM, KOTOpasi OCYILECTBJISIET BbIJCICHUE
B3aMMO/JICHCTBYIOIIMM TpolieccaM YacTei U3 3TOM 006JacTy MaMATH JUIsl COBMECTHON paboThl, T.e.
3Ta 00JIaCTh NaMSTH SIBISETCS Pa3AeiieMbIM PECYPCOM.
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Jlig nocTyna K HEMMEHOBaHHOMY KaHally CUCTEMa acCOLMHUPYET ¢ HUM JABa (haioBBIX
neckpuntopa. OUH U3 HUX MIpeIHa3HaueH JAJIs YTeHUS MHPOPMAaLlUKU U3 KaHaja, T.€. C HUIM MOXKHO
accoIMupoBath (aiy, OTKPBITHIA TOJBKO Ha yTeHHUE. J[pyroi aecKkpunTop NpeaHa3sHA4YeH s
3anucu uHpopManuu B KaHal. COOTBETCTBEHHO, C HUM MOXET OBITh acCOUMHUpPOBaH (aim,
OTKPBITHIN TOJIBKO HA 3aMKCh.

JucuuiuinHa noctyna K nHGopMaIuy, 3aicaHHoOl B porpaMMHbIi kanai, - FIFO, T.e.
uHopMalus, epBO 3aMKrcaHHas B KaHai, Oy/JeT MpoYyuTaHa U3 KaHajia nepBoid. JTO 03HAYaeT,
4TO Ui NAHHBIX (ailJIOBBIX JECKPUITOPOB HEMPUMEHHMBI CHCTEMHBIC BBI30OBBI NEPEMEIICHUS
daitnoBoro ykazarens. [IpeaenbHblil pa3mep KaHaia, KOTOPBIA MOKET ObITh BbIIEJICH MTPoLieccaM,
JIEKJIapUpyeTCsl mapaMeTpaMu HAaCTPOMKH ONEPALIMOHHON CUCTEMBI.

JInst co3aHus HSMMEHOBAHHOTO KaHasia CITy>KUT CUCTEMHBIH BbI30B Pipe().

#include <unistd.h>

int pipe(int *£fd)

ApPryMEHTOM JaHHOTO CHCTEMHOIO BbI30Ba SIBJICTCS yKa3aTedb Ha MaccuB fd m3 nByx
IIEJIOUMCIICHHBIX JIeMeHTOB. Eciin cuctemHblil Bbi30B Pipe() mpopabaThiBaeT yCIENIHO, TO OH
BO3BpalllaeT KOJ OTBETa, PaBHBIM HYII0, a MacCUB OyJEeT COAepkaThb JIBa OTKPHITHIX (aillloBBIX
neckpuntopa. CoorBerctBeHHO, B fd[0] OyneT comepkarbesi IECKPUIITOP YTCHUS U3 KaHAJIa, a B
fd[1] — neckpunTop 3amucu B KaHai. [lociie 3Toro ¢ JaHHBIME (DAaHIOBBIMU JIECKPUIITOPAMH
MOKHO HCIIOJIb30BaTh BCEBO3MOXKHBIE CpeACcTBa paboThl C (ailamMu, MOANEPKUBAIOIINE
crpareruto FIFO, 1.e. mroObie onepanuu paboThl ¢ (aitmamu, 3a UCKIOYECHUEM TeX, KOTOpPHIS
KacaroTcsl epeMernieHus GpaiioBoro ykasares.

OpHako crenyeT 4YeTKO MOHUMATh pa3iudus mexcoy O00blYHbIM Qaiiom u
Kkananom. OCHOBHBIE OTJINYUTEIIBHBIE CBOMCTBA KaHAJIA, CIIELYIOIINE:

- B otiinume ot (aiina, K HEMUMEHOBAaHHOMY KaHaJly HEBO3MOKEH JOCTYII IO UMEHH, T.€.
€MHCTBEHHAs: BO3MOXKHOCTH MCIIOJIb30BAaTh KAHA — 3TO T€ (aillioBbIe 1eCKPUTITOPHI,
KOTOpBIE C HUM aCCOIMUPOBAHBI

- B ornuuwme ot QaiinioB HEMMEHOBAHHBIN KaHAN CYIIECTBYET B CHUCTEME, 0 TeX IOop,
MOKa CYLIECTBYIOT IPOLIECCHI, €ro HCHOJb3yIolme. To ecTh Ui CyIIeCTBOBAaHUS
KaHaJlla HeOOXOIMM MpOIecC, KOTOPhIM ero co3man jau00 MOIy4YHI B HACIEICTBO.
OTMeTHuM, 4TO KaHaJ MOKET OBITh JIOCTYIIEH KaK JJI MPOoIecca, KOTOPBIM €ro co3/a,
TaK M JJIS TIPOIECCOB, KOTOPHIE YHACIEIOBAIHN OTKPBIThIE (halIOBbIE TECKPUIITOPHI,
ACCOLIMMPOBAHHBIE C 3TUM KaHAJIOM. 3a CYET ATOM BO3MOXKHOCTH HAaCJEJI0BaHUS
HEMMEHOBAHHBIA KaHal MPEBPAIlaeTCsl B CPEIACTBO B3aUMOJECHCTBUSL POJACTBEHHBIX
IIPOLIECCOB.

- Kananm — 3T0 CTpyKTypa AaHHBIX, KOTOpas peain3yeT MOJEb IMOCIEI0BATEIbHOTO
noctyna k qaHaeM (FIFO), T.e. naHHbIe U3 KaHaIa MOXKHO MPOYUTATH TOJBKO B TOU
K€ TOCIIeI0OBaTeIbHOCTH, B KaKOW OHM OBUIM 3alMcaHbl B KaHal. DTO O3HAUYaeT, YTO
Ui (aMIOBBIX JECKPUNITOPOB, AaCCOIMUPOBAHHBIX C KaHAJIOM, HE OIpejaesieHa
onepanusi lseek () (Ipu MONBITKE OOPATUTBCA K ATOMY BBI30BY IPOM30MIET
ommoKa).

HeumeHoBaHHbIE KaHalbl B OOIIEM CIIy4ae MpeoOHA3ZHAYEeHbl OAA CUHXPOHU3AYUU U
OpeaHu3ayuy  83auUMOOCUCMBUsl POOCMBEHHbIX NPOYeccos, OCYIIECTBISIONIErocsS 3a CUeT
nepeavyn 1Mo HaCleJCTBY aCCOIMMPOBAHHBIX ¢ KaHAIOM (ailioBeIX AeckpuntopoB. Ho nHorma
BCTPEUAIOTCS BBIPOXK/ICHHBIE CITyYyau UCIOJIb30BaHUSI HEMMEHOBAHHOI'O KaHajla B paMKaXx OJHOTO
nporecca.

IIpumep. Ucnonb30BaHNe HEMMEHOBAHHOI0 KaHaJIa. B npuBeIeHHOM HIDKE MpUMEpPE
MPOU3BOAUTCS KOMUPOBAHUE TEKCTOBOM CTPOKM C MCIOJIB30BAaHMEM KaHaja. IJTOT MNpUMEp
ABJISIETCS «BBIPOKJICHHBIM»: OH WJUTFOCTPUPYET ClIydail MCIOJIb30BaHUs KaHAJIa B paMKaxX OJTHOTO
nporiecca — (paKTHUECKU OCYIIECTBISETCS MOChIUTKA JaHHBIX cCaMOMy cele.

int main(int argc, char **argv)

{
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char *s = “channel”;
char buf[80];
int pipes|[2];

pipe (pipes);
write (pipes[1l], s, strlen(s) + 1);
read (pipes[0], buf, strlen(s) + 1);
close (pipes[01]);
close (pipes[1l]);
printf (“%s\n”, buf);
return 0;
}

B npuBeneHHOM nprMepe MMEETCs TEKCTOBAsA CTPOKA S, KOTOPYO XOTUM CKOIIMPOBAaTh B

oydep buf. s aToro nonoaHUTENHEHO ACKIAPUPYETCS MACCHB PIPES, B KOTOPOM OYAyT XPaHUTHCS
(aiioBbIC JIECKPUIITOPBI, ACCOLUMUPOBAHHBIC C KaHaioM. [lociie oOpaimieHHsT K CHCTEMHOMY
Bb130BY Pipe() anement pipes[l] XpaHUT OTKPBITBIA (DalIOBBINA JECKPUIITOP, Yepe3 KOTOPBIN
MOXHO MUcath B KaHai, a Pipes[0] — ¢aiiioBeiii 1ecKpUnTop, yepe3 KOTOPbI MOYKHO YUTATh U3
KaHajla. 3aTeM IMPOUCXOJUT OOpalieHHe K CHCTEMHOMY BbI30BY Write(), 4TOOBI CKONHMPOBATH
COJZICP’)KUMOE CTPOKH S B KaHall, a MMoCje 3TOro HAeT obpalleHne K CHCTeMHOMY Bbi3oBy read(),
4TOOBI IPOYUTATH JaHHBIC U3 KaHaia B Oydep buf. [Torom 3akpbiBaeM HeCKpUNTOpPHI U TIeYaTaeM
coaepxumoe O0ydepa Ha dKpaH.

KaHall.

KpOMe TOIro, CYmCCTBYCT pAL OTJIMYUN I[Ipu opraHru3alun onepaunﬁ YTCHHA U 3aIlMCH B

IIpu yTeHun U3 KaHaja:

[Tpu yTeHun U3 MyCcTOro KaHaia mporecc OJIOKUpyeTcs 0 MOMEHTA MOSBJICHUS B KaHaie
JTAHHBIX.

Ecnu u3 xaHama ynTaeTcst MOpIHsl TaHHBIX MEHbBINAs, YeM HaXOIIascs B KaHaie, TO 3Ta
nopuus cuutbiBaercs o crpareruu FIFO, a octaBmasicst mopiyst HeIpOYUTaHHBIX TAHHBIX
OCTaeTcs B KaHaJe.

Ecnu genaercs momeiTka nmpoynTaTh OOJIBIIE JTaHHBIX, YEM UMEETCS B KaHalle, TO OyJeT
IPOYUTAHO (T.€. U3BATO U3 KaHaIa) JOCTYIHOE KOJINYECTBO JaHHBIX.

OtmetuM, 4TO OJIOKMPOBKA MPOUCXOAMT JIMIIb HPU YCIOBUH, YTO €CTh XOTS Obl OJUH
OTKPBITHIA JECKPUIITOpP 3allCH B KaHal. Eciu 3akpbiBaeTcs MOCIEIHHH IECKPUITOP
3alUCH B JaHHBIM KaHal, TO B KaHa! noMenaercs ko kouna (daitia EOF. B atom ciyuae
MIPOIIECC, OCYIIECTBISIFOIINIA YTEeHHEe, MOYKET BHIOpATh U3 KaHajla BCe OCTAaBIIHUECS JaHHbBIE
W MIpU3HAK KOHIIA (haiiia, Giarogaps KOTOpOMY OJIOKMPOBAHHS IIPY YTEHUH B 9TOM ClTydae
He npoucxoauT. COOTBETCTBEHHO, €CJIH 3a0JIOKMPOBAHEI ABa U OoJiee mpoliecca Ha YTEeHHeE,
TO MOPSIIOK Pa30JIOKUPOBKH ONPEENISIETCS KOHKPETHON peanu3anue.

IIpu 3anucu B KaHaI:

Ecnu mporuiecc meiTaercs 3anucath OoJibliee YUCIO 0alTOB, YeM JOCTYMHOE CBOOOJHOE
IPOCTPAHCTBO KaHaia (HO HE NpEBBILIAIONIEE MpenebHBbI pa3Mep KaHala), TO
3aIKCHIBAETCS] BO3MOYKHOE KOJMYECTBO JIaHHBIX, MTOCIIE YETo MPOIIEeCC, OCYIIECTRISIOIIUI
3anmch, OJOKUPYETCs 10 TEX MOp, IOKa B KaHaJIe HE MOSBUTCS I0CTATOYHOE KOJIUYECTBO
MecTa JIJIs 3aBEPILICHUs OTIepaIiy 3aHCH.

Ecnu xe mpouecc mbITaeTcss 3amucaTh B KaHal IMOPLHIO JAHHBIX, MPEBBIMIAIOINLYIO
IpesebHbINA pa3Mep KaHaia, To OyJeT 3alMCcaHo JIOCTYITHOE KOJUYECTBO JAaHHBIX, MOCIE
Yero mporecc 3a0JI0KUPYETCs 10 TOSIBIICHHUS B KaHasie CBOOOIHOTO MecTa JJF000ro pazMepa
(mycTh naxe u Bcero 1 0aiiT), 3areM npoliecc pazdIoKupyeTcsi, BHOBb IPOU3BOIUT 3alKCh
Ha JOCTYIHOE MECTO B KaHalle, M €clii JaHHbIE AJIS 3alHCU elle He HCUYepIIaHbl, BHOBb
OJIOKMpYEeTCsl 10 TOSBJICHUS CBOOOIHOTO MECTa W T.I., TOKa HE OYyIyT 3aIllMCaHbl BCE
JIAaHHBIE, TIOCIIE YeTO MPOUCXOAUT BO3BPAT U3 BbI30Ba write () .
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e Ecnu nporiecc nmeITaeTcs OCYIIECTBUTH 3alIUCh B KaHAJI, C KOTOPBIM HE aCCOLIMUPOBAH HU
OJIMH JIECKPUIITOP YTEHHUsA, TO OH Tnoiiy4aeT curHaa SIGPIPE (tem cambim OC
YBEAOMJISIET €0 O HEJIOIYCTUMOCTH TaKoi onepanun).

B cranpaptHOil cuTyauuu (mpH OTCYTCTBHM TEPENONHEHUS) CHCTeMa TapaHTHPYET
aTOMAapHOCTbH OIEpaly 3alKicH, T. €. IpHU OJHOBPEMEHHOH 3alMCH HECKOJBKUX IPOLIECCOB B
KaHaJl uX JaHHbIE HE MePEeMELINBAIOTCS.

[Ipouecc moxeT n3bexarTh OJIOKUpPOBaHUM MpHU paboTe ¢ KaHAJIOM, U3MEHUB JJIsl KaHala
pekuM OJIOKHPOBKHU C UCIOIB30BaHUEM CHUCTEMHOTr0 BbI30Ba fentl(). B HeOnokupytoiem pexxume
yopaBiieHue OyZeT cpa3y BO3BpAILEHO MPOIECCY C BO3MOXKHON YCTaHOBKOI COOTBECTBYIOILETO
KO/1a OIMOKH (B 3aBUCUMOCTH OT THIIA ONEPALUN U BO3MOXHBIX NEPENOTHEHU).

B obmem ciyyae BO3MOXHAa MHOTOHAIIpaBlieHHAs paboTa MPOLIECCOB C KaHAJIOM, T.€.
BO3MOYHA CUTYalus, KOTJa C OHUM U TEM K€ KaHAJIOM B3aUMOJICHCTBYIOT /1Ba U OoJiee rporuecca,
U KaX/Ibli U3 B3aMMOJCHUCTBYIOIMX KaHAJIOB MUIIET HHPOPMALIMIO B KaHAJ M YUTAeT U3 KaHaja.
Ho TpamunumonHoll cxemolf opraHu3anuy padoOThl C KaHAJIOM SIBJISIETCS OJHOHAIPABIICHHAsS
OopraHu3ainys, KOrja KaHal CBs3bIBaeT JBa (B OOJBIIMHCTBE CIy4yaeB) WM HECKOJIBKO
B3aMMOJICHCTBYIOIINX MPOLIECCOB, KaXAbId M3 KOTOPBIX MOXKET JMOO 4uTaTh, JUOO MUCATh B
KaHall

IIpouecc-oren IIpouecc-cbi
pipe();
fork()
fd[0] fd[1] —> fd[0] fd[1]
T T T T
: | ; ;
L ormimmimis s : i
L B L
H |
m--- KaHaJ -
ymenue < 3anuco

Puc.97. Cxema B3auMOJEHCTBUSI NPOLECCOB C MCMNOJIb30BAHHEM HEHMEHOBAHHOIO
KaHaja.

IMpumep. Cxema opraHu3aluu B3aNMMOJEHCTBHS TPOILECCOB € HCMOJb30BAHHEM
kanaiaa (Puc. 97). Cxema Bcerma TakoBa: HEKOTODPBIH POTUTENBCKUN IMPOIECC BHYTPU ceOs
MOPOXKJAaeT KaHall, MOCJe 3TOro MAYT oOpalleHus K cucTeMHbIM Bbi3oBaMm fork() — cosmaercs
JepeBo nporieccoB. [Ipu aToM 3a cyeT Toro, 4To NPy MOPOKACHUH IPOIECCa OTKPHITHIE (PaiiiIoBbIC
JICCKPHUIITOPBI HACJICYIOTCSI, CBIHOBHUH Tpoliece Takxke o0anaet (GhaiioBbIMU IECKPUIITOPAMH,
ACCOIIMMPOBAHHBIMU C KaHAJIOM, KOTOPBIH CO3JaJ €ro NpEeAoK. 3a CYeT 3TOr0 MOXKHO
OpraHM30BaTh B3aUMO/ICHCTBUE POJCTBEHHBIX MPOIECCOB.

B cnenyromeM mnpuMepe OpraHu3yercsi HEMMEHOBAaHHBIA KaHal MEXIy OTIOBCKUM M
CBIHOBHHM TIPOIIECCAMHE, TIPHYEM TPOIIECC-0Tel OyIeT MUCATh B KaHAI, a TPOLECC-ChIH — YUTATh
U3 HETO.

#include <sys/types.h>
#include <unistd.h>

int main(int argc, char **argv)
{

int f£d[2];

pipe (fd);

if (fork())
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{/*npouecc-ponuress*/
close (fd[0]); /* 3axkpeBaeM HEHYXHHIM I&CKPUITOP
*/
write (£d[1], ..);

glose(fd[l] )

else

/*npouecc-rnoToMok* /

close (fd[1]); /* 3axkpelBaeM HEHYXHBIM IE€CKPUITOP
*/

while (read (£d[07], ..))

{

}

B paccmotpeHHOM IpuMepe Mmociie CO3/1aHus KaHajla OCPEACTBOM CHCTEMHOIO BbI30Ba
pipe() u mopoaeHUsT CBIHOBHETO Mpoliecca MocpeicTBoM cucteMHoro Bbizopa fork(), ormosckuit
IIPOLIECC 3aKPbIBAET AECKPUIITOP, OTKPHITHIN Ha YTEHUE U3 KaHaJla, IOTOM IIPOU3BOJUT PA3IUYHBIE
NeMCTBUS, CPe KOTOPBIX OH MUIIET HEKOTOPYIO MH(POPMALIMIO B KaHaJI, MOCJIE Yero 3aKphIBaeT
JIECKPUIITOP 3aIlUCH B KaHAJI, U, HAKOHEI], M0CJI€ HEKOTOPBIX JeNCTBUI 3aBepiuaercs. [Ipomecc-
CBIH IIEPBBIM JEJIOM 3aKpbIBACT JECKPUIITOP 3alMCH B KaHaj, a IIOCIE ITOr0 LMKJIMYECKU
CUMTHIBAET HEKOTOpbI€ JaHHble U3 KaHama. CToUT OOpaTUTh BHHUMAaHHE, YTO 3aKpBITHE
JECKPUITOPA YTEHMSI B KaHAJI B OTLIOBCKOM IIPOLIECCE MOXKHO HE JI€NaTh, T.K. PU 3aBEPIICHUN
mporecca BCe OTKPBIThIE (ailyioBble AECKpPUNTOPHI OyAyT aBTOMaTW4ecKd 3akpeIThl. Ho B
CBIHOBHEM IIPOLIECCE 3aKPBITHE JECKPUIITOPA 3alMCH B KaHAJ 0053aTeNIbHO: B IPOTUBHOM ciIydae,
MOCKOJIbKY CHIHOBHHUH MPOIIECC YNTAET JaHHbIE U3 KaHalla yukauyecku (10 MOIy4eHHs Ko/la KOHIIa
¢aiina), OH HE CMOXKET MOJIyYUTh 3TOT KOJI KOHIIA (aiiyia, a HOTOMY OH 3allMKJIUTCS. A KOJ KOHIIA
¢aitna He OyJeT MoMellleH B KaHajl, TOTOMY YTO MPH 3aKPbITUU JECKPUITOPA 3allMCH B KaHAJ B
OTLIOBCKOM TIPOIIECCE ¢ KaHAJIOM Bce elle OyJeT acCOLMMPOBAH OTKPBITHIN JTECKPHUIITOP 3alHCU
CBIHOBHET'O Tpoliecca.

IIpumep. Peasim3anus kouseiiepa. [IpuBeneHHbIN HIDKE TPpUMEp OCHOBaH Ha TOM (akTe,
4to npu nopoxkaeHuu mporecca B OC UNiX oH 3aBeIOMO MOJy4YaeT TPH OTKPBITHIX (ailiIoBBIX
JECKPUITOPA: OECKPURMODP CMAHOAPMHO20 66004 (3TOT IECKPUIITOP UMEET HYJEBOM HOMED),
0ecKpunmop cmanoapmmuozo évléooa (MMeet Homep 1) u deckpunmop cmanoapmnozo nomoKa
owmubok (nveet HoMep 2). OOBIYHO Ha CTaHAAPTHHIM BBOJ MOCTYMAIOT JaHHBIE C KIIAaBUATYphI, a
CTaHJAPTHBIA BBIBOJ M MOTOK OMMOOK OTOOpa)aroTcs Ha AuUCIUied MoHUTOpa. MHTEeprpeTaTop
komaH UNIX no3BosisieT opraHn30BbIBaTh HEMOYKH KOMaH/I, KOTa CTaHAapPTHBIM BHIBOJ OJTHOU
KOMaH/Ibl MOCTYIAaeT Ha CTaHJApPTHBINA BBOJ JIPYroll KOMaHJAbI, U TaKUE LEMOYKH Ha3bIBAIOTCS
KOHBeliepoM KoMaH]l. B koHBeiiepe MOTyT yuacTBOBaTh JIB€ U 00Jiee KOMaH/IbI.

B nmanHOM mpuMepe peanm3yeTcs KoHBeiiep komaHnm IS|wc, B kotopoMm komanma IS
OCYILECTBIJIIET TeyaTh chucka (aiioB B paboueil IUpEeKTOpuu, a KoMaHaa WC BBIBOJHT
HEKOTOpbIE CTAaTHCTUYECKUE XAPAKTEPUCTUKHU BXOJHOTO IMOTOKA (KOJIMYECTBO OailT, CTpOK U
CJIOB), YTO MO3BOJISICT B UTOTE MOJyYUTh KOJIMYECTBO (QailyIoB B TEKYIIEH TUPEKTOPHUH.

int main (int argc, char **argv)
{
int f£d[2];
pipe (fd); /* opraHusoOBLIBAEM KaHay */
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if(fork()> 0)
{ /* TIPOLUECC- oTen */

/* OTOXIEeCTBMM CTAHIAPTHHEI BEBOI C GaljioBBEIM
ISeCKPUIITOPOM KaHaja, OpedHalSHAUeHHBIM OJd 3anmucu */
dup2 (£fd[1]1,1);

/* BakpuoBaeM GaMJIOBHI IOEeCKPUIITOP KaHala,
npenHas3HAYeHHEM OJ8 3anmcu */

close (£fd[1]);

/* BakpuoBaeM OGaMJIOBHI IOECKPUITOP KaHala,
npenHas3HAUEeHHHN OJIid 4uTeHus */

close (£d4[01]);

/* sBamnyckaem nporpamdmy 1s */
execlp(“1ls”,”1s”,0);

/* TIPOUECC-cuH */

/*O0TOXIeCTBIISeM CTAHIAPTHHEIM BBOI C GAMJIOBEIM IE€CKPUITOPOM
KaHajla, NpelHAa3HAUEHHBIM IJIS uTeHus */

dup2 (£d4[0],0) ;

/* BakpuBaeM OGaNMJIOBHI OECKPUIITOPR KaHalla, OIpelHa3HAUYEHHBIT IJid
yTeHusa */

close (£d4[01]);

/* BakpuBaeM OGaMJIOBHI OECKPUIITOPR KaHajla, OIpelHa3HAUYEHHBIT IJid
sanucu */

close (fd[1]);

/* BanyckaeM OpoTrpaMMy wWC */

execl (“/usr/bin/wc”,”wc”,0);

B npuBenenHol nporpaMMme co3iaéTcs KaHall, 3aTeM MOPOXKAAETCs CBIHOBHUM IPOLECC.
Jlanee OTIOBCKUE Tpoliecc oOpariaeTcs K CUCTeMHOMY Bbi3oBY dup2(), KOTOpBIN 3aKpbIBaeT
¢aiin, acconMupoBaHHBIA C ¢ailioBeIM jAeckpuntopom 1 (T.e. CTaHZApTHBI BBIBOA), M
accoruupyet ¢ainoBsiid geckpuntop 1 c¢ daitnomM, acconmupoBaHHbIM ¢ aeckpunrtopom fd[1].
Taxum 06pa3om, Teneps yepe3 NepBblii JECKPUITOP CTAaHIAPTHBIA BBIBOJ] OyI€T HANPaBIIATHCS B
ka"as. [locie storo daiinossie neckpunropsl fd[0] u fd[1] Ham OGosiee He HYXHBI, MBI HX
3aKphIBa€M, a B POAMTEIHCKOM IIPOILIECCE OCTAETCS ACCOLMHUPOBAHHBIM C KaHAJIOM (aioBbIi
neckpunTop ¢ HomepoM 1. [Tocie 3Toro mpoucxoauT oOpalieHne K CHCTEMHOMY BbI30BY execlp(),
KOTOPBIH 3aIyCTUT KOMaHAy IS, y koTopoli BeIXoIHast ”HPOpMAIHs OyIeT MUCATHCS B KaHAJ.

B criHOBHEM nporiecce TPOU3BOISATCS aHAJIOTHUHbIE JeHCTBUS, TOJIBKO 371€Ch UAET padoTa
CO CTaHJApPTHBIM BBOJIOM, T.€. C HYJIEBBIM (hallJIOBBIM JeCKpUNTOpoM. M B KOHIIE 3amycKaercs
KOMaHAa WC, y KOTOpoi BXojaHas MHbopManus OyAeT MOCTynaTh U3 KaHayia. TeM camMbIM Mbl
3aIyCTUJIM KOHBEHep 3TUX KOMaH/I: CHHXPOHHU3AIMS 3TUX MPOIECCOB OyAeT MPOUCXOIUT 3a CUET
peaN30BaHHON B MEXaHU3M€E HEMMEHOBaHHBIX KaHaIoB crpateruu FIFO.

IIpumep. «IIMHr-mOHr» (COBMECTHOE MCIOJb30BAHHE CHTHAJIOB M KAaHAJIOB — IS
CHHXPOHM3ALMM MCIOJb3YyeTCsl KaHAA MW anmnapatr CcurLaiaoB). B nanHoMm mnpumepe
o0ecrieuynBaeTcss KOPPEKTHAsh OpraHu3alys IBYHANpPaBICHHOW pabOThI, KOrAa KaxIblid U3
B3aMMOJCHCTBYIOIIUX ITPOLIECCOB MOXKET M YUTATh U3 KaHAJIA, U ITUCATh B KaHAIL.

Wrak, mycTs ecTh ABa mpouecca (POIUTENbCKUI M CHIHOBHMI), KOTOpBIE Yepe3 KaHall
OyIyT HEKOTOpO€ TMpEAONpPENEICHHOE YHCIO pa3 MEepPeKUAbIBaTh  «MSIUYUK»-CUETUUK,
HOJICUNTHIBAIOIIMNA KOJIMYECTBO CBOMX OpPOCKOB B KaHail. V3BemieHue mporecca o HOJIyYeHUU
yIpaBiieHus (KOI/1a OH MOKET B3ATh «MSIUMK» U3 KaHaNa, YBEJIMYUTh CBOE 3HaUeHue Ha | 1 CHOBa
OpocuTh B KaHai) OyJIeT MPOUCXOJUTh HA OCHOBE MEXaHM3Ma CUTHAJIOB. Takum oOpa3oM, Ha
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KaHaJl BO3J1araeTcsl posib Cpeibl JBYCTOPOHHEH mepenaud WH(opmanuu, Ui CUHXPOHU3ALUU
MCIIOJIB3YETCs KaHaJl ¥ anmnapaT CUTHaJIOB

#include <signal.h>
#include <sys/types.h>
#include <sys/wait.h>
#include <unistd.h>
#include <stdlib.h>
#include <stdio.h>

#define MAX CNT 100
int target pid, cnt;
int f£d[2];
int status;

void SigHndlr (int s)
{
/* B oBpaboTumMKe CUI'HAJa [NPOUCXOIOUT M UTEeHMEe, U 3anuch */
if (cnt < MAX CNT)
{
read (£d[0], &cnt, sizeof (int));
printf ("$d\n", cnt);
cnt++;
write (fd[1l], &cnt, sizeof (int));
/* MochJlaeM CMTHAaJI BTOPOMYy: [IO0pa UMTaTh M3 KaHajga */
kill (target pid, SIGUSRI);

else if (target pid == getppid())

/* YyCJIOBME OKOHYAaHMUsS MUTPH IPOBEPsAeTCS IOTOMKOM */
printf ("Child is going to be terminated\n");
close (£d[1]);

close (£4d[0]);

/* BaBepmaeTcsa NOTOMOK */

exit (0); /* HOpManbHOe BaBepumeHue */

}

else
kill (target pid, SIGUSRI1);
}

int main(int argc, char **argv)
{
pipe (fd);
signal (SIGUSR1, SigHndlr);
cnt = 0;

if (target pid = fork())
{
/* B poOOMTEeNbCKOM Ipolecce: */
write (fd[1], &cnt, sizeof(int)); /* crapr. cuHxp.*/
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/* XIemM 3aBeplleHMs I[IOTOMKA; eCJIM I[IPU D3TOM I[IPOUCXOIUT
[IOCTyIIJIeHMEe CHUIT'Hajla, TO CUMCTEMHBIM BE30OB WwWalt mnpepeBaeTcs C
KOIIOM 3aBepimeHus -1, [I0STOMY MCIOJIb3yeTCcd LUK */

while (wait (&status)== -1);

printf ("3aBepuenne poauTesLCKOTO Hnpoleccal\n") ;
close (£d[11]);

close (£4d[0]);

return 0;

else

/* CBIHOBHMI Mpollecc — XIOeM oTua: */
read (£d[0], &cnt, sizeof (int));
target pid = getppid();

/* CHHOBHUM MNPOLIECC HAUMHAET MIUMHI-TIOHT */
write (£d[1l], &cnt, sizeof (int)):;

kill (target pid, SIGUSRI);

for(;;);

Jnst CMHXpOHM3aIlMKM B3aUMOICHCTBYIONIUX MpoleccoB ucnoab3yercs: curian SIGUSRI.
OOBIYHO B ONEPALMOHHBIX CUCTEMAX IPUCYTCTBYIOT CUTHAJbl, KOTOPHIE HE acCCOLMUPOBAHBI C
COOBITUSIMH, IPOUCXOJSIIIUMH B CUCTEME, M KOTOPbIE IMPOIECCHl MOTYT UCIIOJIB30BATh 110 CBOEMY
ycMmoTpeHHto. KoiauuecTBO TakMX II0Jb30BAaTEIbCKMX CHUTHAJIOB 3aBUCUT OT KOHKPETHOMU
peanuzanuu. B mpuBeleHHOM HpUMeEpe peanu30BaH CIENYIOMIMA MpUHIUI paboThI: Mpoliecce
nosyuyaeT curHasl SIGUSR1, 6eper cueTunk U3 KaHasia, yBeJIMUMBAET €ro Ha 1 ¥ CHOBa MOMeIaeT
B KaHaJ, IOCIe 4Yero mnochuiaeT cBoemy HamapHuky curHain SIGUSRI. Jlanee neicTBus
MOBTOPSIFOTCS, IIOKa CYETYMK HE BO3pACTET JIO0 HEKOTOPOH (PUKCUPOBAHHOW BEJINYMHBI
MAX CNT, nocne 4ero npoucxoIaT 3aBEpIICHHS IPOLECCOB.

B xauecTBe cueTunka B JaHHOM IpOrpaMMe BBICTYIIAET LIEJIOYHUCIICHHAs IIepeMeHHas Cnt.
Paccmotpum pynkumio-o6padotunk curHana SIGUSRI1. B Heil nmpoBepsieTcs, He MPEeB30ILIO JIN
3HaueHue Cnt BenmunHel MAX CNT. Ecnu Her, TO U3 KaHaja 4yMTaeTCs HOBOE 3HAUYeHHE CNt,
MIPOUCXOUT MeYaTh HOBOTO 3HAYEHHs, MOCIE ITOr0 yBeIUuuruBaeTcs Ha | 3HadeHue CNt, U OHO
NIOMEIIAeTCsl B KaHall, a HanapHuKy nocsiiaerca curHan SIGUSRI1 (mocpeacTBoM CHCTEMHOTO
Bo3oBa Kill()).

Ecnu xe 3nauenue cnt okazanocs He MeHbllle MAX CNT, To HauMHaIOTCS AEUCTBUS TIO
3aBEepIICHHUIO IPOIECCOB, IPU ITOM MEPBBIM JI0JKEH 3aBEPIINTHCS CBIHOBHUI Tporiecc. J{is aToro
HpoBepsIeTCs] HACHTU(PHUKATOP Mpoliecca-HanapHuka (target_pid) Ha paBeHCTBO UaEeHTU(DUKATOPY
POAUTEIHCKOTrO Tpoliecca (3HAUEHHIO, BO3BpaIiaeMoMy cUcTeMHbIM Bbi3oBoM getppid()). Eciu
3TO TaK, TO B JIaHHbI MOMEHT yIpPaBJIE€HUE HAXOAMUTCS Y CHIHOBHETO NpOIEcca, KOTOPHIA U
WHUIMAIM3UpyeT 3aBepiieHrne. OH meyaTaeT CcOOOIIEHHE O CBOEM 3aBEPIICHUH, 3aKPbIBAET
JECKPUITOPHI, aCCOLMUPOBAHHBIE C KaHAJIOM, M 3aBEpLIAETCS IOCPEACTBOM oOOpallleHus K
oubmuoreuHoit Gpyukimu exit(). Ecnu ke yka3aHHOE YCIIOBHE JIOKHO, TO B JaHHBIH MOMEHT
YIpaBJIE€HUE HAXOJIUTCS Y OTLOBCKOIO IpOLEcca, KOTOPBIM cpa3y ke MepelaeT ero ChIHOBHEMY
nporeccy, nocbutasg curHan SIGUSRI1, npu 3ToM HuYero He 3amuchiBas B KaHal, MOCKOIBKY Y
CBbIHA YK€ UMEETCs 3HaU€HHEe IEPEMEHHOI cNt.

B camoii mporpamme (GyHKIME MAiN) MPOMCXOAWT OpPraHU3allMs KaHaia, yCTaHOBKA
oOpaboTtunka curHaiza SIGUSRI1 u wuHunmanuszamusi c4eTYMKa HYJIEBBIM 3HAYEHUEM. 3aTeM
IPOUCXOIUT OOpaleHne K cucreMHomy BbI3oBY fork(), 3HaueHme KOTOPOro MPHCBAHBAETCSI
NepeMeHHOl 1eneBoro uaeHtudukatopa target pid. Ecimm Mbl HaxogmMcs B POJUTEIHCKOM
Mpolecce, TO B ATOM MepeMeHHOW OyneT HaXOAWThCS HIESHTU(UKATOP CHIHOBHETO MpoIiecca.
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[Tocae 3TOTO OTHOBCKHI TpOIECC HAYMHACT OXKUAATh 3aBEPUICHHS CHIHOBHETO IpoIecca
MIOCPEICTBOM OOpallieHus] K CUCTeMHOMY BbI30BY Walit(). JlokIaBIInCh 3aBEpIICHUS, OTIIOBCKHIA
nporecc  BBIBOAWT  COOOMICHWE O CBOEM  3aBEpIICHUM, 3aKpPBIBACT  JIECKPHUIITOPHI,
ACCOITMMPOBAHHBIC C KAHAJIOM, M 3aBEPIIACTCS.

Eciu ke cuctemusiii Boi3oB fork() BosBpariaer HyeBoe 3HaueHHE, TO 3TO 03HAYACT, YTO B
JTAHHBI MOMEHT MbI HaXOJMMCS B CBIHOBHEM IIPOIIECCE, [TOITOMY MEPBBIM JICJIOM MEPEMEHHOM
target pid nmpucBamBaeTcs 3HaUCHHE WICHTH(PHUKATOPA POIUTEIHCKOTO MpOIecca MOCPEICTBOM
obpamienus Kk cucteMHomy Bbi3oBy getppid(). Iocie vero mporiecc MUIET B KaHAI 3HAYCHHE
nepeMeHHou Cnt, mockutaeT oTuoBckoMy mpoieccy curHail SIGUSRI1, tem cambiM, HauumHas
HTPY», ¥ BXOJHUT B OCCKOHCUHBIN ITHKIL.

IIpumep. «IIMHr-moHr» (COBMECTHOE HCIOJb30BAHHE CHTHAJIOB M KAHAJOB — JJIS
CHHXPOHM3ALMHU MCIOJIB3YeTCsl TOJbKO aNNapaT CHTHAJIOB).
#include <signal.h>
#include <sys/types.h>
#include <sys/wait.h>
#include <unistd.h>
#include <stdlib.h>
#include <stdio.h>

#define MAX CNT 100
int target pid, cnt;
int f£d[2];
int status;

void SigHndlr (int s)
{
if (cnt < MAX CNT)
{
read (£d[0], &cnt, sizeof (int));
printf ("pid=%d cnt=%d \n", target pid, cnt);
cnt++;
write (fd[1l], &cnt, sizeof (int));
kill (target pid, SIGUSRI);

else
if (target pid == getppid())
{
printf ("Child is going to be terminated\n");
close (fd[1]); close (fd[0]);
exit (0); /* HopmMmajbHOE 3aBeplueHue */

else
kill (target pid, SIGUSRI);

void Init(int s)

{
target pid = getppid();
write (fd[1l], &cnt, sizeof(int));
kill (target pid, SIGUSRI);
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int main (int argc, char **argv)

{
pipe (£d) ;
signal (SIGUSR2, Init);
signal (SIGUSR1l, SigHndlr);

cnt = 0;

if ((target pid = fork()) > 0)
{

/* OTCHUIaeM CBIHY CUI'HaAJ IJjsa cTrapra */
kill (target pid, SIGUSRZ);

while (wait (&status)== -1);
printf ("Parent is going to be terminated\n"

close (fd[1]); close(£fd[0]);
return 0;

~
~e

}

else

{

for(;;):

3.1.4 WmMeHOBaHHbIe KaHanbl

PaccMoTpeHHBIC BhINIE MPOTpaMMHBIE KaHAJIBI MUMEIOT Ba)XHOE OTPAaHWYCHHE: TaK Kak
JIOCTYT K HUM BO3MOKEH TOJIKO TIOCPEICTBOM JIECKPUIITOPOB, BO3BpALIA€MbIX NP MOPOKACHUN
KaHaja, He0OXOJUMBIM YCIIOBHEM B3aMMOJCHCTBHS MPOIIECCOB Yepe3 KaHal sSBISETCS mepeaaya
ATHX JECKPUIITOPOB IO HACIIEACTBY TPH OPOXKAeHUH Tporiecca. MimenoBannble kaHasl (FIFO-
(aiibl) pacIMpsIOT CBOKO 00JIACTh MPUMEHEHUS 33 CYET TOTO, YTO MOJKIIOYUTHCS K HUM MOKET
mr000#1 mporiecc B J000e BpeMs, B TOM YHCJIE€ U TOCIE CO3JaHMs KaHajla. DTO BO3MOXKHO
Onarogapst HaJIMYUIO Y HUX UMEH.

FIFO-¢aiin (mMeHOBaHHBII KaHAJ) MPEACTABIsIET COOOH cCrieruanbHbI THI (haiina B
datimoBoit cucreme UNIX, xoTopeiii obnamaer Bcemu atpulOyTamu (Qaiima, TaKUMH Kak HMS
BJIQJICTIbIIA, TIPaBa OCTyMa U pa3Mep. OCOOEHHOCTHIO ATUX (DANMIIOB SBIISIETCS UX OPTaHU3AIHS 110
crpaterun FIFO (T.e. HEBO3MOXHBI oOIllepallid, CBsS3aHHBIE C TMepeMelnieHneM (aiioBoro
yKazarers).

Taxum o6pazom, daiinsl FIFO MoryT ucnonib30BaThCs 111 OpraHU3aIldy B3aUMOACHCTBUS
IPOIIECCOB, TIPH ATOM B OTJIMYME OT HEMMEHOBAHHBIX KaHAJIOB ATH (PaliiIbl MOTYT CYIIECTBOBAThH
HE3aBHCHUMO OT MPOIECCOB, B3aUMOCHCTBYIONINX YEPE3 HUX.

Hns co3manust QaiinoB FIFO B pa3nuyHbIX peanu3anisx HCIOIb3YIOTCS pa3HbIe
CHCTEMHBIE BBI30BBI, OJHUM M3 KOTOPHIX MoxeT sBiarhes mkfifo()3.

#include <sys/types.h>

#include <sys/stat.h>

3 Ilnat cosnanus gaiina FIFO B UNIX System V.3 u panee ucnoibsyercs cucteMHblii Beizos mknod(), a B
BSD UNIX u System V.4 — Boi3o mkfifo() (atot BbI30B omaepskuBaetcst u cranmaprom POSIX).
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int mkfifo (char *pathname, mode t mode);

B 3TOM BBI30BE NEpBBIM apryMeHT IMpeAcTaBiIseT co00il uMs co3qaBaeMoro KaHania, BO
BTOPOM apryMEHTE YKa3bIBAIOTCS PEKUMBI OTKPBITHS, yCTaHABIUBAIOTCS MpaBa JOCTyIa K KaHATy
JUI BJaJeNblia, TPYNIBl M MPOYMX II0JIb30BaTeNiei, 1 KPOME TOro, YCTaHABJIMBACTCS (ar,
YKa3bIBAIOIIMK Ha TO, YTO CO3/1aBacMbIii 00BeKT siBisieTcss uMeHHO FIFO-daiinmom (B pa3HbIX
Bepcusax OC OH MOXKET UMETh Pa3HOE CUMBOJIbHOE 0003HaueHne —S_IFIFOmm I_FI FO).

[Tocne co3ganust IMEHOBAHHOTO KaHaa 000 MPOIIecC MOKET YCTAHOBUTH C HUM CBSI3b
HOCPECTBOM cHCTeMHOT0 Bbi3oBa 0pen(). [Ipu 3ToM AeHCTBYIOT ClieAyIOIIUE PaBUIIa;

— ecau npouecc oTkpbiBaeT FIFO-daiin mig ytenust, oH OJ0KUpYyeTCs 10 TeX MOp, OKa KaKO-
a10o mporecec He OTKPOET TOT )K€ KaHaJl Ha 3alllCh;

— eciu nponecc otkpbiBaeT FIFO-daiin Ha 3amuck, oH OyaeT 3a0I0KUpOBaH A0 TeX MOop, MOKa
KaKoW-1100 Mpoliecc He OTKPOET TOT e KaHall Ha YTEHUE;

— TIPOILIECC MOXKET N30eKaTh TAKOr0 OJOKUPOBAHMUS, YKa3aB B BbI30Be OPen() crieruaibHblii (iiar
(B pasubix Bepcusix OC OH MOXET HUMETh pPa3HOE CHMBOJIbHOE 00O3HauYeHHE —
O NONBLOCK wm O NDELAY). B aToM city4ae B CUTyanusiX, OMMCAHHBIX BBIIIE, BHI30B
open() cpasy ke BEpHET yIpaBJICHUE TPOIIECCY.

[IpaBuia paboThl ¢ MMEHOBAHHBIMHM KaHaJaMH (B YaCTHOCTH, OCOOCHHOCTH OIlepaluii
YTEHUA-3aMKUCH) MIOJHOCTHIO AHAJIOTMYHBI [TpaBUiIaM paboThl C HEUMEHOBAaHHBIM KaHAJIaMHU.

Huxe paccmarpuBaercs mnpumep, A€ OJUH U3 IPOLIECCOB SIBISETCS CEPBEPOM,
IIPEIOCTABIIAIOIIMM HEKOTOPYIO YCIYTY, APYToil %&e MpoLecc, KOTOPbI XOUET BOCIOJIb30BaThCS
9TOW yCIyToil, ABiseTcs KiIMeHTOM. KIMeHT mochuiaeT cepBepy 3ampochl Ha MPeIoCTaBICHUE
YCIIyTH, @ CEpBEP OTBEYAET HA 3TH 3aIPOCHI.

IIpumep. Mogeab «xiaueHT-cepBep». IIporecc-cepBep 3amyckaercsi Ha BBINOJIHEHHE
NepBBIM, co3fiaeT uMeHoBaHHBIN kKaHa (FIFO-daiin), oTkphIBaeT ero Ha YTEHUE B OJIOKUPYIOIIEM
peXKUME M BXOJUT B LMKI, MBITasICh MpoYecTb 4To-1nbo0. [Ipoliecc-kKIueHT MOAKIoYaeTcs K
KaHaJIy ¢ U3BECTHBIM €My UMEHEM, 3alTUCHIBAET B HETO CBOM MIIEHTH(UKATOP, a 3aTEM 3aKPbIBAET
(halIoBBIN JECKPUTITOP, ACCOIMUPOBaHHBIH ¢ TaHHBIM FIFO-daiinom. [IpounTtas naeHtudukaTop
KJIMEHTa, CepBEp BBIXOAUT M3 LHWKJA, TeYaTaeT STOT HIACHTU(UKATOP, a 3aTe€M 3aKphIBAET
JIECKPHUIITOP, aCCOIMUPOBaHHBIN ¢ JaHHBIM FIFO-(aiinom, n yHnuToxaet cam (aii.

/* mpoluecc-cepsep*/
#include <stdio.h>
#include <sys/types.h>
#include <sys/stat.h>
#include <fcntl.h>

#include <unistd.h>

int main(int argc, char **argv)
{

int fd;

int pid;

/*cos3many crneumanbHe Gang FIFO ¢ OTKPBITEIMMU IIJIS BCEX
npaBaMy OOCTYyIla Ha UYTEeHMe U 3anuchb*/

mkfifo("fifo", S IFIFO | 0666);

/* OTKPHUIM KaHajJl Ha uTeHue*/

fd = open("fifo", O RDONLY) ;

while (read (fd, &pid, sizeof (int)) >0) {
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o)

printf ("Server %d got message from %d !\n",
getpid (), pid);

}
close (fd);
unlink ("fifo") ;/*YHUUTOXMIM MMEHOBAHHEI KaHas*/

return 0;

/* mnpouecc-kKJIMeHT* /
#include <sys/types.h>
#include <sys/stat.h>
#include <unistd.h>

#include <fcntl.h>
int main(int argc, char **argv)

{
int fd;
int pid = getpid( );
/* OTKPHUIM CYHWECTBYOIMY KaHaJl Ha 3anuch*/
fd = open("fifo", O WRONLY) ;
write (fd, &pid, sizeof (int));
close (£d) ;

return 0;

3.1.5 HenokanbHble nepexoabl

PaccMoTpuM HEKOTOpBIE JAOMOIHUTENBHBIE BOZMOKHOCTH MO OPraHU3AIMK YIIPaBICHUS
xonoM mporecca B UNIX, a MMEHHO BO3MOXHOCTb Ilepefaud YIPABICHUS B TOUKY,
PacMoJI0KEHHYIO BHE TaHHOU (QyHKITUH.

Kak u3BectHO, onepatop goto Mmo3BoJsSeT OCYIIECTBIATh O€3yCIOBHBIN MEPEX0 TOIBKO
BHYTPH OJHOM (yHKUMH. DTO OrpaHHYEHHE CBA3aHO C HEOOXOJMMOCTBIO COXpaHEHUs
[IEIOCTHOCTH CTE€KAa: B MOMEHT BXO/Ja B ()YHKIIMIO B CTEKE OTBOJIHUTCS MECTO, Ha3bIBaeMoe
CTEKOBBIM KaJpoM, TJie 3alHChIBAIOTCS aJipec BO3Bpara, (hakTUUEeCKUe MapameTpbl, OTBOIAUTCS
MECTO IO/ aBTOMAaTHUYeCKHe IepeMeHHble. CTEKOBBIA Kaap OCBOOOKIAETCS TPH BHIXOJAC M3
¢ynkuuu. COOTBETCTBEHHO, €CJIM MPH BBHIOIHEHUU 0E3yCJIOBHOTO Iepexojia Mpolecc MUHYET
TOT (parMeHT KoJAa, TAe MPOUCXOAUT OCBOOOXKIEHHE CTEKOBOTO KajJpa, M YIpaBJICHHE
HETOCPEACTBEHHO TMepeaeT B ApPyryl0 4YacTh HpOrpaMMbl (HampuMep, B OOBEMIIIOIIYIO
GyHKIHIO), TO (aKTUUECKOE COCTOSHHE CTeKa He OyJeT COOTBETCTBOBATH TEKYIIEMY YYacTKy
KOJ1a, ¥ TEM CaMBIM CTEK ITOJIBEPTHETCS Pa3pyIICHHIO.

OpmHako Takoe OrpaHMYECHHE B HEKOTOPBIX CIIydasx CO3/aeT OOJbIIoe HEeyZoOCTBO:
HampuMep, B cllydae BO3HUKHOBEHHUS OIIMOKM B PEKYpCUBHOW (yHKIMH, mocie oO0paboTKu
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OIIMOKM HMMEET CMBICI MEpPEeHTH B OCHOBHYIO (YHKIIMIO, KOTOpash MOXET HAaXOJIWUThCA Ha
HECKOJIBKO YPOBHEH BJIOKCHHOCTH BbIIIE TEKyIlle. II0CKOJIIBKY Takod Iepexol HEBO3MOXKHO
OCYILIECTBUTH HU OIEPaTopoM return, HU ONEPaTOPOM goto, MporpaMMHCT OyJIET BHIHYKICH
CO371aBaTh KaKHUE-TO TPOMO3JAKHE CTPYKTYphI sl 0OpaOOTKM OIIMOOK Ha KaXKIOM YpPOBHE
BJIOKEHHOCTH.

Bo3M0XHOCTB nIEpeiaBaTh yIIpaBIeHUE B TOUKY, HAXOIALLYIOCS B OJTHOM U3 BBI3BIBAIOIINX
byHKIUH, TpenocTaBisieTcss IBYMsl CUCTEMHBIMH BBI30BAMH, PEATU3YIONIUMH MEXaHHU3M
HEJIOKAJIbHBIX NIEPEXOOB:

#include <setjmp.h>

int setjmp (jmp buf env);

void longjmp(jﬁp_buf env, int wval);

Br13oB setjmp () ucnons3yercs Ui perucTpaluyd HEKOTOPOM TOYKM KOJa, KOTOpas B
JnanbHelmeM Oy/leT HCHOJb30BaThCS B KAuyeCTBE ITyHKTa Ha3HAUEHUs J/JIs HEJIOKaJIbHOIO
nepexoja, a BbI30B longjmp () — Uil nepexoja B OJHY U3 paHEE 3aperHCTPUPOBAHHBIX
KOHEYHBIX TOYEK.

[Ipu obpamenuu k BbI30By setjmp (), IPOUCXOIUT COXpAaHEHUE MapaMeTPOB TEKYILIEH
TOUYKH KOJa (3HAUEHMs CUETUHKA aJipeca, MO3HUIMU CTeKa, PETUCTPOB MpoIleccopa U peakiuil Ha
curnanbl). Bce 5Tv 3Ha4eHMs COXpaHAIOTCA B CTPYKType Tuna jmp_buf, kotopas nepemaercs
BBI30BY setjmp () B kauectBe napamerpa. [Ipu 3ToM BbI30B setjmp () Bo3Bpamiaer 0.

[Tocne Toro, Kak Hy»Has TOYKa KOJIa 3apEruCTpUpOBaHa C IIOMOIIIbIO BbI30Ba setjmp (),
yIOpaBlieHUE B Hee MOXET ObITh IepeJaHo MpU MoMoulu Bbi3oBa longjmp (). Ilpu stom B
Ka4yecTBE IIEPBOro MapaMeTpa eMy yKa3bIBaeTCs Ta CTPYKTypa, B KOTOPO ObuIN 3a(hUKCUPOBAHBI
aTpuOyThl HYXXHOM HaM TOuku Ha3HaueHus. [locnme ocymiectBieHus Bbi3oBa longjmp ()
IPOIECC MPOJOJDKUT BBHIMOIHEHUE C 3a(UKCHPOBAHHOW TOYKM KO/, T.6. C TOTO MECTa, TIe
MPOUCXOIUT BO3BpaT u3 (PyHKIHH setjmp (), HO B OTIMYKME OT TEPBOTO OOpAILICHUS K
setjmp (), Bo3Bpamaroumm 3HayeHueM setjmp () craner He 0, a 3HaUeHHe apaMerpa val B
BbI30BE longjmp (), KOTOPBINA IPOU3BET MEPEXO.

OTMeTHM, 4TO €CIM MPOTrPaMMUCT JKEJIAET ONPENENIUTh B MPOrpaMMe HECKOJIBKO TOUYEK
Ha3HA4YEeHMsl JJIs HEJOKAJIBHBIX MEPEX0JI0B, KaXaasi U3 HUX JIOJKHA ObITh 3aperucTpUpoBaHa B
cBoel cTpykrype Tuna jmp buf. C apyroil CTOpoHbI, pa3yMeeTcs, Ha OJHY U Ty XK€ TOUKY
Ha3HAa4YeHHs] MOXKHO MEPEXOAUTh U3 Pa3HBIX MECT MPOTrpaMMBbl, IPU 3TOM, YTOOBI Pa3INYUTh, U3
Kakoil TOYKHM ObUI MPOU3BEICH HEJIOKAJIbHBIN Nepexoj, CleqyeT yKa3blBaTh IpU Iepexojax
pasHble 3HaueHusi mapamerpa val. B moOom cnyuae, mpu Bbi3oBe longjmp () 3HaueHue
napaMmerpa val He J0JKHO ObITh HyJIEBBIM (JaXke eciu oHO ecTh 0, TO BO3BpallaeMoe 3HaueHHe
setjmp () Oyzaer ycraHosiieHo B 1). Kpome Toro, nepexoa A0MmKEH MPOU3BOIUTHCS TOJIBKO Ha
TaKhe TOYKH, KOTOPbIE HAXOJATCS B KOJE OJHOM M3 BBI3BIBAIOIIMX (PYHKIMHA AJ TOH QYHKIHH,
OTKYJa OCYILIECTBIISETCS Mepexo/ (B TOM YHCIE, IEPEX01 MOXKET OBbITh MPOU3BeNIeH U3 (PyHKIUH-
obpabotunka currana). [Ipy 5ToOM B MOMEHT Mepexojia BCe COJEPKUMOE CTEeKa, UCIIOIb3yeMOe
TeKyei GpyHKIMel u BceMU BbI3BIBAIOLINMH, BIUIOTH 0 HEOOXOIUMOMN, OCBOOOKIAETCsI.

3.15.1 Ilpumep. Ucnosib30BaHUe HeJTOKAJbHBIX EPEX0/10B.

#include <signal.h>
#include <setjmp.h>
jmp buf env;

void abc (int s)

{

longjmp (env, 1) ; /*mepexon - B TOUKYy *** */
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int main(int argc, char **argv)

{

/* BamnoMmMHaeTCs IaHHas Touka Ipolilecca — *** */
if (setjmp(env) == 0)
{
signal (SIGINT, abc) ; /* yCTaHOBKA peakluy Ha

curTHaml */

/*Uuuky 0oBpa®oTKM MOAaHHBIX I[10CJEe BHE30BA OGOYHKIUU

setjmp () */
}
else
{
/* uukyg o0B6paboTKM IaHHBIX I[I0CJIe BO3BpaTa M3
obpaboTumka curHajga */
}
}
3.1.6 TpaccupoBKa npoueccoB - Moaernb MeXnpoLecCHOoro

B3auMOAeNCTBUSA «rnaBHbIN-NOAYUHEHHbLIN»

JlocTaTOYHO YacTO MpU OpraHU3alMyd MHOTONPOLECCHON paboThl HEOOXOAUMO HAIUYUE
BO3MO>XHOCTH, KOTJa OJMH IIPOLIECC SIBJISIETCA IJIaBHBIM [0 OTHOLIEHHMIO K APYTUM IIpoLieccaM
(TpaccupoBka mporieccoB). B wacTHOCTH, 3TO HEOOXOAUMO TSI OPTAHHU3AIMUA CPEACTB OTIAIKH,
KOI'Zla €CTh NPOLECC-OTIaAUMK U OTJIa)KUBAaeMbIl mpouecc. s MexaHusMa OTJIAIKU IOJIE3HO,
4TOOBI OTIaJYUK MOI' B IIPOU3BOJIBHBIE MOMCHTBI BPEMCHU OCTAaHABJIMWBATH OTNaXUBaeMBIH
IIPOLIECC U, KOT1a OTJIAXKUBAEMBIN IPOLIECC OCTAHOBIIEH, OCYIIECTBIIATh JEHCTBHS 110 €70 OTIAIKE:
IPOCMAaTpUBATh COJIEPKUMOE Teja IMpolecca, MPH HEOOXOJWMOCTH KOPPEKTUPOBAaTh TEJO
npouecca U T.4. Taxke sBIAETCS MOJE3HBIM BO3MOXXHOCTb YCTAHOBKM KOHTPOJIBHBIX TOYEK B
oTiaXknuBaeMoM mporiecce. OUeBUIHO, UTO MOJIHOMOYHS MPOLIecca-0Taa uuKa 0 OTHOILIEHUIO K
OTJIQ)KMBAEMOMY TIPOLIECCY SIBISAIOTCA IOJHOMOYMSAMHU TIJIABHOIO, T.€. OTJIATYMK MOKET
OCYHECTBIATE YIHpaBJICHUEC, B TO BpEMA Kak OTJIQ)KUBaeMBIi oponecc MOXKET JIMIIb
NOAYHUHATHCS.

B UNIX TpaccupoBka BO3MOKHA TOJIBKO MEXIY POJICTBEHHBIMH MPOLECCAMU: MPOIECC-
POIUTENb MOKET BECTH TPACCUPOBKY TOJIBKO HEMOCPEACTBEHHO MOPOXAECHHBIX UM IOTOMKOB,
IIPU 3TOM TPACCUPOBKA HAUMHAETCS TOJBKO IOCIIE TOr0, KaK MPOIIECC-IOTOMOK JIaeT pa3pelieHne
Ha 3TO0.

Jlanee cxema B3aMMOJEMCTBHSI MPOIECCOB IyTEM TPACCUPOBKU TAKOBa: BBIIOJHEHUE
OTJIQ)KMBAEMOI0 TPOIIECCA-IIOTOMKA TMPUOCTAHABIMBAETCS BCSIKUN pa3 IMpU IOJYyYEHUH UM
KaKoro-mmbo curxaia, a TakKe IpH BBIIOJHEHWU BbI3oBa exec (). Ecam B 310 Bpems
OTJIQXKUBAIOIIMN MPOLECC OCYHIECTBIISIET CUCTEMHBIN BbI30B Wwait (), 3TOT BhI30B HEMEJIEHHO
BO3BpallaeT ympaBleHHe. B To Bpems, Kak TpacCUPyeMbI NpOIECC HAXOAUTCA B
IPUOCTAHOBJIEHHOM COCTOSIHUM, IPOLECC-OTIaAUYUK HMMEET BO3MOXHOCTh aHAJIM3UPOBATh U
W3MEHATDH JIaHHBIE B aIpECHOM MPOCTPAHCTBE OTIAKMBAEMOTO IMPOIIECCa U B MOJIb30BATEIbCKON
COCTaBJsIfOLLIEN ero KoHTekcTa. Jlamee, mpolecc-oTIafdyuK BO30OHOBIJISET BBIIOJIHEHUE
TpaccUpyeMoro mporiecca A0 CIeAYIoNel MPUOCTaHOBKU (JIMOO, MPHU MOIIArOBOM BBITIOJHEHHH,
JUUIS1 BBITIOJTHEHUS OJHOM MHCTPYKIIUH).

JInst opraHu3aniy B3auMOICHCTBUS «TaBHbIH—TToqunHeHHBIH» OC UNiX mpemoctaBiseT
CHCTEMHBIN BBI30B ptrace().
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#include <sys/ptrace.h>
int ptrace(int cmd, int pid, int addr, int data);

B sTOM cucTeMHOM BBI30BE napameTp cmd o0o3Hauaer KOJI BBITTOJTHSIEMOM KOMaHJBI,

pid — wuaeHTH(UKATOP Mpollecca-MOTOMKA (KOTOPhIH MBI XOTHM TpaccupoBath), addr —
HEKOTOPBIA aJipec B aJpeCHOM MPOCTPAaHCTBE Ipolecca-IoTOMKa, M, HakoHel, data — cioBo
uH(pOopMaLuu.

[TocpencTBoM cucremMHoro Bbi3oBa ptrace() mMoxHo periate jaBe 3amaud. C oxHOU
CTOPOHBI, C TIOMOIIBLIO 3TOT'O BHI30BA MOAYMHEHHBIN MTPOIIECC MOKET Pa3peUIuTh POJIUTEITHECKOMY
npoIiecCy MPOBOIMTH CBOK TPACCHUPOBKY: JJISl ATOTO B KauecTBe mapamerpa cmd HeoOXoaumo
ykaszatb koManay PTRACE TRACEME. C apyroit cTOpOHBI, ¢ TOMOIIbIO 3TOTO K€ CUCTEMHOIO
BBI30Ba MPOLIECC OTJIATYMK MOXKET MAHHITYJIHPOBATh OTIAXHBAEMbIM mporeccoM. s 3Toro
UCIIOJIB3YIOTCS OCTAJIbHBIC 3HAYCHUS MapameTpa cmd.

CucteMHbIi BbI30B Ptrace() mo3BoJsieT BHIMOJIHATh CIACAYIOIINE ICHCTBHS:

1. yuTaTh TAHHBIC U3 CETMEHTA KOJIa M CErMEHTA JTAHHBIX OTJIAKMBAEMOTI0 MPOIIECCa;

2. 9UTaTh HEKOTOPbIE JaHHbBIE U3 KOHTEKCTA OTIAKUBAEMOTO Ipoliecca (B YaCTHOCTH, UMEETCS
BO3MOYKHOCTh YTCHHSI COJICPKUMOTO PETUCTPOB);

3. OCYUIECTBISATh 3alMCh B CETMEHT KOJA, CETMEHT JIAHHBIX U B HEKOTOPBIE 00JIACTH KOHTEKCTa
OTJIAXMBAEMOro Tporecca (B T.4. MOAUGUIMPOBATH COJAEPKHMOE peructpoB). Cremyet
OTMETHUTH, YTO MPOU3BOAUTH UTEHUE U 3aITUCH JAHHBIX (@ TAKXKE OCYIIECTBIATH OONBIINHCTBO
YOPABJISAIOMUX KOMaHA HaJ OTJIAXWBAEMbIM IIPOIIECCOM) MOKHO JIMIIb TOT/a, KOraa
TpaccupyeMblii IPoLIeCC MPUOCTAHOBIICH;

4. mpoJoyKaTh BBINOJHEHHE OTJIAXXHBAEMOIO IIpolecca C MPEpPBAaHHOM TOYKH WM C
IIPEIONPEAEICHHOTO a/ipeca CETMEHTA KOJa;

5. UCHOJHATH OTJaXMBA€MbIH IpPOLECC B MOLIAroBoM pexume. Ilowiazogwlii pexcum — 310
peXuUM, oOecreurBaeMbIi ammapaTypoil KOMIBIOTEPa, KOTOPBIA BBI3BIBACT IPEPHIBAHUE
MOCJie MCTIONHEHUs Ka)XXI0W MAallMHHOW KOMaHJbl OTJIaXKMBAEMOro Ipolecca (T.e. mocie
WCTIOJTHEHUS KaX/I0H MAaIIMHHOW KOMaH/Ibl IPOIECC MPUOCTAHABITUBACTCS ).

PaccmoTpuM ocHOBHBIE KOIBI oniepartuii (mapamerp cmd) cucremuoro Ber3oBa ptrace().

cmd = PTRACE TRACEME — ptrace() C TakuM KOJOM OI€palud ChIHOBHUM
IIPOLIECC BBI3BIBAET B CAMOM Hayalie CBOei paboThl, TO3BOJISISI TEM CaMbIM TpacCHUpoBaTh cedsi. Bee
ocTajbHble 00pallleHus K BbI30BY ptrace () oCylIecTBISIET TPOLEcC-0TIaIUHK.

cmd = PTRACE PEEKDATA — 4YT€HHE CIIOBa H3 aJPECHOIO IPOCTPAaHCTBA
OTJIAKMBAEMOT O Ipo1ecca no aapecy addr, ptrace () BO3BpalacT 3HAYEHUE ITOTO CIIOBA.
cmd = PTRACE PEEKUSER — YTCHHC CJIOBAa M3 KOHTCKCTa IpoIiecca. Peur et o

JIOCTYTIE K TI0JIb30BaTENIbCKON COCTAaBIAIONIEH KOHTEKCTA JAHHOTO Mpoliecca, CrpyNIupOBaHHOM
B HEKOTOPYIO CTPYKTYpY, OIIMCAaHHYIO B 3aroj0BOYHOM (aiine <sys/user.h>. B atom ciydae
napameTp addr yka3bpiBa€T CMENIEHUE OTHOCUTEIBLHO HaYaJla 3TOM CTPYKTYpPHI. B 3TOM CTpyKTYpe
pa3MenieHa Takas HHpopMaIus, Kak perucTphbl, TEKyIlee COCTOSTHUE IIpoIecca, CYETYUK ajipeca U
Tak jayee. ptrace () BO3BpallacT 3HAYEHUE CYMTAHHOTO CIIOBA.

cmd = PTRACE POKEDATA — 3alliCh JaHHBIX, Pa3MEILEHHBIX B MapaMmerpe data, mo
anpecy addr B aipecHOM NPOCTPAHCTBE MPOLIECCA-TIOTOMKA.

cmd = PTRACE POKEUSER — 3amnuch ciioBa 13 data B KOHTCKCT TPaCCHPYEMOI0
nporiecca co cmemeHueM addr. Takum o0pa3oM MOKHO, HAPUMED, U3MEHHUTh CUETYHK ajpeca
TpaccUpyeMoro mpoiiecca, 1 MpH MocIeAyoneM BO300HOBIEHUN TPACCUPYEMOTo Mpolecca ero
BBITIOJIHEHHE HAYHETCSA C MHCTPYKLUMH, HAXOJALIEKHCS 110 3aJaHHOMY aJIpecy.

cmd = PTRACE GETREGS, PTRACE_ GETFREGS — YT€HHE PETMCTPOB OOLIEro
Ha3Ha4YeHHs (B T.4. C TUIABAIOIIEH TOUYKOW) TPACCUPYEMOTO MPOIECCa U 3aMUCh UX 3HAYCHHS 110
anpecy data.
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cmd = PTRACE SETREGS, PTRACE_ SETFREGS — 3aluch B PETMCTPBI OOIIET0
Ha3Ha4yeHHs (B T.4. C IUIaBAOIIEH TOYKOI) TpacCUpyeMoOro Mnpolecca JaHHbIX, paCIOI0KEHHBIX
o agpecy data B TpaccupyroLIeEM IPOLECCE.

cmd = PTRACE_CONT — BO300HOBJICHHME BBIIOJIHEHHSI TPACCHPYEMOIO IpOIECCa.
OTtnaxxuBaeMslii iporiecc OyIeT BBIMOIHATHCS 10 TeX MOp, MOKa HE MOJTYYHUT KaKoi-T1100 CUTHA,
1100 MoKa He 3aBEPLIUTCH.

cmd = PTRACE_ SYSCALL, PTRACE_SINGLESTEP — 3Ta KOMaH/a, aHaJIOTHYHO
PTRACE CONT, BO300HOBJISET BBINOJIHEHUE TPACCHUPYEMOH IIPOTPAaMMBI, HO IIPH 3TOM
IPOM30MIET €€ OCTaHOBKA IOC]E TOTO, KaK BBIMOJIHUTCS OJHA MHCTPYKUMs. Takum oOpazom,
ucnone3ys PTRACE SINGLESTEP, MOXHO OPraHM30BaTh NOIIArOBYI0 OoTaaKy. C moMompro
xoMaH/pl PTRACE SYSCALL B0300HOBIISICTCS BBIIOJIHEHUE TPACCUPYEMOM IIPOrPaMMEI BILIOTh
no Omkaiiiero BXOJa WM BbIXOJAa W3 CHCTEMHOTO BbI3oBa. Mies ucnoib3oBaHus
PTRACE SYSCALL B TOM, YTOOBI IMETh BO3MOXXHOCTh KOHTPOJIMPOBATh 3HAYEHUS ApTYMEHTOB,
IIEPEJaHHBIX B CHCTEMHBIM BBI30B TPacCHUPYEMbIM IIPOLIECCOM, M BO3BpallacMO€ 3HAYCHUE,
HnepelaHHOe €My U3 CHCTEMHOI'O BBI30BA.

cmd = PTRACE KILL — 3aBEpILICHHEC BBIMOJIHECHUS TPACCUPYEMOrO Ipoliecca.

3.1.6.1 TIIpumep. O6masi cxeMa MCIOJb30BAHUSI MeXaHU3Ma TPACCUPOBKH.

PaccmoTrpuM THIIOBYIO CXe€My OpraHM3aluu TpacCUpPOBKU. byneM paccMarpuBath

B3aHMOHCﬁCTBHe pO,I[I/ITCJ'IBCKOl"O HpOHCCCﬁ-OTHaﬂ‘II/IKa C MIOAYNHCHHBIM CBIHOBHUM HpOHeCCOM
(Puc. 98).

if ((pid = fork()) == 0)

{
/* CBIHOBHMI MpPOLIECC paspemaeT TpacCupoBaTh ceba */
ptrace (PTRACE TRACEME, 0, 0, 0);
/* BaMemaeTcs TeJiIOM Ipollecca, KOTOPHM  HeOoOXOIOUMO
TpaccupoBaTs */
exec (“TpaccupyemMmet npouecc”, 0);

}

else

{/* =70 mpouecc, yINpaBJISoOIUNA TPAaCCUPOBKOM */

/* mnpouecc NOpMOCTaHaBJIMBAeTCd IO Tex I[0p, I[oKa OT
TpacCcUpyeMoOTo Ipoliecca He INpuueT coobueHre O TOM, UYTO OH
nprMoCcTaHoOBUJICS */
wait ((int ) 0);
for(;;)
{
/* BO3O0OOHOBJIIEM BHIIOJIHEHME TPACCUPYEMOM ITPOTPaMMEI
Ha 1 xoMaHmy*/
ptrace (PTRACE SINGLESTEP, pid, 0, 0);
/* mpollecc NpMOCTaHaBJMBAaeTCd OO Tex I[10p, I[IoKa OT
TpaccupyeMoro Mpollecca He OpuieT coobimeHre O TOoM,
UTO OH MPMOCTaHOBMJIICA */
wait ((int ) 0);

/* TEIEePhb BBIIIOJIHAKNTCH HYXHBIE OeCTBUS Han

TpaCcCUpyeMbIM IIpoLeccoM */
ptrace(cmd, pid, addr, data);

169



Ipouecc-nomomox clendn IIpouecc-npedok
poy SIGTRAP poyeccnp
ptrace (PTRACE TRACEME, Fommom--- >wait(...);
0, 0, 0); ! for(;;)
exec(...); = —mmmmmmmmmmmgemo-o- - {
( ________________ o o o
ptrace (PTRACE_S INGLESTEP,
)
““““““““ > ..
cueHan wait(...)
SIGTRAP }

Puc. 98. O6masi cxema TpacCHPOBKH MPOLIECCOB.

OtuoBckuili mpouecc (OPMHUPYET CHIHOBHHM IPOLECC M OXHUIACT €ro 3aBepIICHUS
HOCPEACTBOM OOpalieHust K cucteMHOMYy Bbi3oBy Wait(). ChIHOBHUI MpoIlecc MOATBEPIKIAET
NpaBO POJMTENSI €ro TpaccCHpoBaTh (0Opamiasch K cuCTeMHOMY BbI3oBY ptrace() ¢ komom
cmd = PTRACE TRACEME u Hy/eBbIMH OCTaBIIUMUCS apryMeHTamHu). Ilociie 4ero oH MeHsIeT
CBOE TEJO Ha TEJIO MpoIlecca, KOTOpoe HEOOXOIUMO OTJIAXKUBATh (IOCPEICTBOM OOpameHus K
OJTHOMY M3 CHCTEMHBIX BbI30BOB €XecC()). [Tocie cMeHbI Tena AaHHBIN MPOIEcC MPUOCTAHOBUTCS
Ha TOYKe BXoJa W K Hemy npuxomuT curHan SIGTRAP, mnpopmanuio o KOTOpOM MOTydaeT
POAUTENBCKHIA Tporiece (depe3 oOpaiieHnue Kk cucreMHoMmy BbizoBy Wait() ). Mmenno ¢ storo
MOMEHTAa HayMHAeTCs OTJIaJKa: OTJIAKMBAEMBIM Ipoliecc 3arpy’keH, OH I'OTOB K OTJIAJKE U
HaXOAWTCS B HayalbHOW TOYKe Mpolecca. Jlanblle poauTeNnbCKUil TPacCUPYIOMIMNA MPOoLecc
MOJKET JIeJIaTh BCE T€ JAEUCTBUS, KOTOPHIE EMy HEOOXOIMMBI 10 OTJIAJKE: 3allyCTUTh MPOIECC C
TOYKH OCTAHOBA, YUTATh COAECPKUMOE Pa3INUYHBIX NEPEMEHHBIX, YCTAHABINBATH KOHTPOJbHBIE
TOYKH U T.II.

Otnamuuku OBIBAIOT JABYX THIIOB: @0PECHO-KOOOBbIMU WV CUMBOJIbHBIMU. AIPECHO-
KOJIOBBIE OTJIAJUMKU ONEPUPYIOT aJpecaMu Tejla OTJIAKUBAEMOro Ipoliecca, B TO BpPeMsl Kak
CUMBOJIbHbBIE OTJIQJYUKU TO3BOJISIIOT ONEPUPOBATH OOBEKTAMM S3bIKa, T.€. NMEPEMEHHBIMU U
omneparopamu si3bIKa.

Mexanusm opeanuzayuu KOHMPOAbHOU MOUYKU 6 aAO0PECHO-KOO060M OMmaadYuKe
noctaTtoyHo npoctoil. IlycTh HaM Heo0XO0AMMO TO HEKOTOpOMY ajpecy A yCTaHOBHTH
KOHTPOJIbHYIO TOUYKY, T.€. OPTaHM30BaTh TaK, YTOOBI MpPU MPHUXOJAE YIPABIECHUS B 3Ty TOUKY
MporpamMMbl MPOLECC BCErAa MPUOCTAHABIUBAJICSA, W YIPABIECHUE MEPEAaBajioch IMPOIECCy-
OTNaAuuKy. B oTnamuuke mmeercss TaliuIla KOHTPOJBHBIX TOYEK, B KaXJIOH CTPOKE KOTOPOM
MPUCYTCTBYET aJpec HEKOTOPOW KOHTPOJIHHOW TOYKH W OPUTHHAIBHBIN KOJ (COIAEPKUMOE)
OTJIQXKMBAEMOT0 IpolLiecca, B3AThIN M0 JaHHOMY ajipecy. s yCTaHOBKM KOHTPOJIBHONU TOUKH 110
azpecy A He0OXOIMMO TeM WIIM UHBIM CIIOCOOOM OCTaHOBUTH OTJIAXKMBAaEMBIN mporiece (JInbo oH
OCTaHaBIIMBAETCS MPH BXOJE, JIMOO OTIaIYUK IMOCHIIAET EMY COOTBETCTBYIOLIMI CUTHAI). 3aTeM
OTJaYMK YUTAET U3 CETMEHTa KOJa MAallIMHHOE CJIOBO MO ajpecy A (MocpeacTBOM OOpalieHus K
CHCTEMHOMY BbI30BY ptrace()), KOTopoe OH 3alHChIBAET B COOTBETCTBYIOIIYIO CTPOKY TaOJIHIIbI
KOHTPOJIBHBIX TOYEK, TEM CaMbIM, COXpaHsisi OPUTHMHAIBHOE COJIEPKMMOE Tejla TPacCUpPyeMOro
nporuecca. Jlanee mo ampecy A B CErMEHT KOJa 3alMChIBAETCS KOMaHAA, KOTOpas BBI3bIBAET
npepbIBaHKe, M, COOTBETCTBEHHO, MTPHUXO/] MPEIONpPEAEICHHOr0 coObTus (curnana). [Ipumepom
MOJKET CITy>KUThb KOMaH/1a JieJieHus: Ha Houlb. [locie aToro 3amyckaeM oTia)XHUBaeMbli MPoOIecC Ha
UCIIOJTHEHHUE.
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Wrak, Tpaccupyemslii MpoLecc HCIOJHAETCS, U YIpaBleHHe, HAKOHEL, MepelaeTcs Ha
MalIMHHOE cJI0BO 10 azapecy A. Ilpoucxonut aenenue Ha HOyb. COOTBETCTBEHHO, MPOUCXOIUT
IpephIBaHUe, CUCTEMa NepeaeT CUrHall. M oTinaquuk yepe3 cHCcTeMHbIH BbI30B Walit() momydaer
KOJl BO3BpaTa U IIOHUMAET», YTO B CBIHOBHEM IIPOLIECCE CIYUYMIOCH JIeJIEHUE Ha HOMb. OTiIauuK
HIOCPEICTBOM CHCTEMHOTO BbI30Ba ptrace() uuraer aapec OCTaHOBAa B KOHTEKCTE CHIHOBHETO
npouecca. Jlanee aHain3upyeTcs NpuIrHa ocTaHOBa. Eciy npuunHO 0cTaHOBA SIBUIIOCH JIETIEHHE
Ha HOJIb, TO BO3MOXHBI JIBE CUTyallUu: JUOO 3TO ACUCTBUTEIBHO JEJIEHHE HAa HOJIb KaK OIINOKa,
a0 3TO JieNIeHWEe Ha HOJIb KaK KOHTPOJIbHAS Todka. [ MACHTUUKAIMM 3TOH CUTyalllH
OTJaIYuK oOpam@aercs K TaONMLEe KOHTPOJIBHBIX TOYEK M HIIET TaM aJpec OCTaHOBa
MOMYMHEHHOTO mporecca. Eciu B naHHOW Tabnuie yKa3aHHBIA aJpec BCTPETHUIICS, TO 3TO
03HAyaeT, YTO OTJIAXKUBAEMBIH IIPOLIECC IPHUIIET HAa KOHTPOJIbHYIO TOUKY (MHAUe JeJICHHE Ha HOJIb
oTpabaThIBaeTCs KaK OIINOKA).

Haxonsce B KOHTPOJNBHOM TOYKE, OTIAAUUK MOXKET IPOU3BOAUTH pa3IMUYHbIC
MaHUIYJSALUU C TPacCUPyeMbIM IIPOLECCOM (YWTaTh JIaHHbIE, YCTAHABIMBAaTh HOBbIE
KOHTPOJIbHBIE TOUKHU U T.II.). Jlasiee BctaeT Bompoc, Kak KOPPEKTHO MPOJOKUTh ITOAYMHEHHBIN
npouecc. s 3TOro mpousBoAATCS cieayrolue aeucTBus. B cermeHT kojma mo aupecy A
3allUCBIBACTCSI OPUTMHAIBHOE MAIIMHHOE CJIOBO (KOTOpoe Oepércs M3 TaOJuIbl KOHTPOJIBHBIX
To4ek). [Tocie 3Toro cucTeMHBIM BbI30BOM ptrace() BKIIOYaeM MOMIAroBbIi PEKUM BBITOTHEHUS
nporecca. M BbinosiHsAeM OfHYy KOMaHAy (KOTOPYIO TOJBKO YTO 3amucaiu 1o aapecy A). M3-3a
BKJIFOUEHHOT'0 PEKMMa IIOIIaroBO OTJIaJKH MTOJAYMHEHHBIN MPOLIECC CHOBA OCTAHOBUTCS. 3aTeM
OTJIa{YMK BBIKIIOYAET PEKUM IOIIAr0BOM OTIAJAKH U 3aIlyCKaeT MPOLECC ¢ TeKYLeH TOUKH.

Jnst opzanuzayuu KOHMPOIbHBIX MIOUEK 6 CUMBOIbHBIX OmMAAdYuUKAx HEeoO0XoauMa
uHpopmanus, coOpaHHas Ha OJTanax KOMIWIALMM W peAakTHpoBaHus cBs3eil. Ecmm ¢
KOMITMJIITOPOM  CBSI3aH CHMBOJIBHBIM OTJIAJUUK, TO KOMOWIATOP (OPMHUPYET HEKOTOPYIO
CHELMATU3UPOBAHHYI0 0a3y JaHHBIX, B KOTOPOH HaxoAWTCs MHPOpMAaLUs M0 BCEM HMEHaM,
UCTOJIb3YyeMBbIM B TporpaMme. [l Kaxaoro MMEHU OmpeieNeHbl JWana3oHbl BUIUMOCTH U
CYILIECTBOBaHMs 3TOTO UMEHH, €r0 TUII (CTaTH4ecKas IepeMeHHasi, aBToMaTHyecKas IepeMeHHasl,
perucTpoBas MepeMeHHas U T.1.). A Takke JaHHas 0aza coaepXuT MHPoOpmanuioo 060 Bcex
orepaTopax (Auana3oH Havaja ¥ KOHLA orepaTopa u T.I1.).

[IpenmnonoxumM, He0OOXOAUMO MPOCMOTPETH COAECPKUMOE HEKOTOPOH nepeMeHHou V. s
3TOr0 TpacCUpPYEeMbIN TMpoliecc AOKEH ObITh ocTaHoBieH. [lo axpecy ocTaHoBa MOXHO
OTIpeNIeNINTh, B KaKOH TOYKE MPOrpaMMBbl pou3solen octaHoB. Ha ocHoBe nHpopmanmu 06 sToi
TOYKE MPOrpaMMbl MOXXHO (OOpaTHBIIUCH K COJAEPKUMOMY Oa3bl JaHHBIX) ONPENEIUTH TO
IIPOCTPAHCTBO UMEH, KOTOPOE JOCTYIIHO M3 3TOW ToukH. Eciin mHTEpecyroas Hac nepeMeHHas Vv
OKazajach JOCTyIHa, TO padoTa MPOJOHKAETCA: MPOUCXOAUT oOpalleHue K 0aze JaHHBIX U
OIpeAesaeTcs TUIl JaHHOW nepeMeHHOU. Eciau Tun nepeMeHHol V — craTtudeckasl IEpeMeHHas,
TO B COOTBETCTBYIOILEH 3aMKcH OyET ajpec, o KOTOPOMY pa3MelleHa JaHHas IepeMeHHas (3ToT
aJipec CTaHeT M3BECTHBIM Ha dTale peJakTHpoBaHMs cBsszeil). M ¢ momorpto ptrace() otiagunk
Oeper coaepKUMoOe Mo AToMy aapecy. Takke u3 0a3bl TaHHBIX OepeTcss mHbOpMAIUs O THUIIe
nepemenHoit (char, float, int m T.m.), © Ha ocHOBe 7TOW WHPOPMAIMK MOIH30BATEIIO
COOTBETCTBYIOIINUM 00pa3oM oToOpakaeTcsl 3HaUeHHE yKa3aHHOM epeMeHHOM V.

PaccmoTpuM Temeps citydail, Korja rnepeMeHHas V — aBToMaThdeckas mepeMeHHas Win
dbopmanbHBIN TapameTp. Takue nepeMeHHbIe 00BIYHO Pa3MEIIa0TCs B O0JI0Ke HAa GPUKCUPOBAHHOM
CMEILIEHNH OTHOCHUTEIBHO BEpIIMHBI CTeKa (T.e. JUIg ITHX IEpEeMEHHBIX B KadyecTBE ajpeca
¢bukcupyercss CMeEIIeHHe OT BEpIIMHBI cTeka). YTOOBl MpOYUTaTh COAECPKHUMOE MEPEMEHHOM
0JJOOHOTO THIA, HEOOXOIUMO 00PATUTHCS K KOHTEKCTY IMpoliecca, CUNTaTh 3HAUEHUE PEerucTpa-
yKazaTens cTeka (aapec BEpIIMHBI CTE€Ka), MOCIE€ Yero K COAEPKUMOMY HTOTO PErucrpa
HEOOX0oIUMO TMpHUOaBUTh CMEIIEHWE M 10 TIOJyYHMBLIEMYCS aJpecy oOpaTHTbCA K
COOTBETCTBYIOILIEMY CETMEHTY.

Ecnu nepemenHasi V— perucTpoBas NepeMeHHas, TO MPOUCXOIUT oOpaleHue k 0aze
JTAHHBIX, CYMTHIBAECTCS HOMEP PErUCTpPa, 3aTEM UIET 00pallleHUe K CETMEHTY KOJa U CUUTBIBACTCS
COJIEP’)KUMOE HYXHOTO PETUCTPA.
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[Ipu 3anucu 3HaYeHU B IEPEMEHHBIE IPOUCXOIUT Ta K€ MOCIEI0BATEILHOCTD ACHCTBHIA.

Ecnu HeoOxo1uMo yCTaHOBUTH KOHTPOJIBHYIO TOUKY Ha OIeparop, To uyepe3 06a3y JaHHBIX
ompeAeNnsieTcsa Auana3oH aapecoB OINepaTopa, ONPENeNsaeTCs HAdalbHBIM aJapec, a Jalibliie
MIPOU3BOJATCS JEUCTBUSA 110 ONMCAHHOM BBIIIE CXEME.

3.1.6.2 Ilpumep. TpaccupoBKa NpoLeccoB.

/* Tlpouecc—-ceH: */

int main(int argc, char **argv)

{
/* DmejleHye Ha HOJIb — 3IeChb IpollecCy OyIeT I[IOCJIaH CHUI'HAJ
SIGFPE - floating point exception */
return argc/0;

/* Tlpouecc-poouresb: */
#include <stdio.h>
#include <sys/types.h>
#include <unistd.h>
#include <signal.h>
#include <sys/ptrace.h>
#include <sys/user.h>
#include <sys/wait.h>

int main(int argc, char *argvl[])
{
pid t pid;
int status;
struct user regs struct REG;
if ((pid = fork()) == 0)
{
/*HaxoIuMcsa B Ipollecce-II0TOMKE, paszpelaeM
TPACCUPOBKY* /
ptrace (PTRACE TRACEME, 0, 0, 0);
execl (“son”, ”son”, 0); /* 3amemaeMm TeJIO Ipoliecca
*/
/* 3OecChb IPOLIECC—-IIOTOMOK OyInerT OCTAQHOBJIEH C
curHajom SIG TRAP, OXMIass  KOMAaHIOBE IIPOHOOJIXEeHMS
BHIIIOJIHEHMS OT yIpaBJsgomero mnpoiecca*/
}
/* B mpolecce-pommuresie */
while (1)
{

/* xmem, KoOTIa OTJIaXMBAEMBIM MNPOLIeCC MPUOCTAHOBUTCSH

*/
walt (&status) ;
/*4uuraeMm comepxmuMmoe PEeTUCTPOB OTJIAXMBAEMOTI'O

npoiecca */

ptrace (PTRACE GETREGS, pid, &REG, &REG);

/* BHBOIVMM CTaTyC OTJIAXMBAEeMOT'O I[IpollecCa, HOMED
curHasmna, KOTOPHIA ero OCTaHOBMIJI U 3HAUYEHUI
MPOUMTAHHEIX PETUCTPOB */
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printf ("signal = %d, status = $#x, EIP=%#x
ESP=%#x\n", WSTOPSIG (status), status, REG.eip,
REG.esp) ;
if (WSTOPSIG(status) != SIGTRAP)
{
if (!WIFEXITED (status))
{
/* 3aBepmiaeM BHIIOJIHEHME TPACCUPYEMOTO
npouecca */
ptrace (PTRACE KILL, pid, 0, 0);
}
break;
}
/* paspelaeM BEHIIOJIHEHME TpPaCCUpPyeMOMy Ipoleccy */
ptrace (PTRACE CONT, pid, 0, 0);

3.2 Cucmema MexnpoyeccHo2o e83aumolelicmeusi |PC
(Inter-Process Communication)

Bce paccmoTpeHHble BbIIIE CpEACTBA B3aMMOJEWCTBUSA IPOLIECCOB HE 007Ia1aroT
JI0CTaTOYHOM YHUBEPCAIBbHOCTHIO U UMEIOT T€ I UHBIE HEIOCTATKU: TaK, CUTHAJIBI HECYT B ce0e
CIIMIIKOM Majo HWHGOpMAalMd W HE MOTYT HCHOJIb30BaThCS JMJIsl Iepelayd CKOJb JHOO0
3HAYUTEIbHBIX 00bEMOB JJAHHBIX; HEMMEHOBAHHBIA KaHaJ JOJDKEH OBITh CO37aH A0 TOTo, Kak
MOPOKIAETCS TPOIECC, KOTOPBIN OYyJIeT OCYIIECTBISATh KOMMYHHUKAIIUIO; UIMEHOBAHHBINA KaHal,
XOTS W JIMIIEH 3TOr0 HEIOCTaTKa, TpeOyeT OAHOBPEMEHHON pabOThl C HUM OOOMX IPOILECCOB,
y4acTBYIOUIMX B KoMMyHuKauuu. [Toatomy mpaktudecku Bce UNIX-cucrembr monnep:kuBarot
0oJjiee MOIIHBIE M PAa3BUTHIE CPEACTBA MEKIIPOLIECCHOTO B3aUMOICHCTBUS.

Cucrema IPC (m3BectHass Tak e, kak IPC System V) mo3Bosser obOecrnieunBaTh
B3aMMOJICICTBYE MPOU3BOJIBHBIX MPOLIECCOB B Ipeneax JIOKaIbHOW MaliuHbl. [ 3TOro oHa
MPEIOCTABIIAET B3aUMOJICHCTBYIOIIUM IPOIIECCaM BO3MOXKHOCTh HCIIOJIb30BAHUS 00u4uUX, WIU
paszoenaemuplx, peCypcoB. DTHU PeCypChl MOTYT CyIIECTBOBAaTh B CUCTEME C MOMEHTA CO3AaHUSI J10
MOMEHTa HMX MPUHYIUTENBHOTO yJalleHus MO0 B TEUYEHHE ceaHca paboThl OMeparMOHHOMN
CUCTEMBI (BHE 3aBUCHMOCTH OT HaJW4Ms TMPOLECCOB, KOTOpPbIE HX HCNONb3YIOT). Takue
pasziensgeMble pecypchl MOXKHO TOJPa3AeTUTh Ha TPH TUIIA!

— Quepeosb coobuenuii — HTO pasJeNsieMblil pecypcC, TO3BOJISIONINI OpraHU30BBIBATH OYEPETU
COOOILEHUH: OJMH TMPOLIECC MOXKET B 3Ty Ouepelb IOJIOXKHUTh COOOIIEHUE, a ApYyrou
MPOIECC — MPOYHUTATh €ro. JJaHHBI MeXaHU3M UMEET BO3MOKHOCTH OJIOKMPOBOK, MTOITOMY
€ro MOXHO HCHOJB30BaTh W KaK CpPEACTBO Tepemayn HMHGOpPMAUM  MEXIY
B3aMMOJICHCTBYIOIIMMU MPOIIECCAMHU, U KaK CPEICTBO UX CHHXPOHHU3AIIHH.

— Maccue cemaghopos — pecypce, NpeACcTaBIAomMUud co00it MaccuB U3 N 3JeMeHTOB, Tae N
3aaeTcs MpHU CO3AaHUU JAaHHOTO pecypca, M KaXKIbId U3 AIEMEHTOB SBISETCS ceMadopoM
IPC (a ne cemadopom [eiikcTpbl: cemadop JIeHKCTphl TaKk WIM WHAYE SBISCTCS
(hopmanm3MoM, He ONTUPAIOLINMCS HH Ha KaKyo peanu3aiuio, a cemadop |PC — xonkpeTHOH
nporpaMMHoi peanuzamueii cemagopa B OC). Cemadopsl [PC npennaznadeHsl, B MepBYIO
ouepeib, AJIs UCIIOJIb30BaHUS B KAUECTBE CPE/ICTB OpraHU3alMi CHHXPOHHU3ALINH.

— Obwan, unu pazoenaemas, namamsey, KOTOpas MPEACTABIAETCS MPOLIECCY KAK yKazaTelb Ha
o0acTe maMmsATH, KOTopas sBIsSeTcs oOmied Juis 1ByX u Oosee mpoueccoB. T.e. BHyTpu
mpolLecca HEeKOTOPbIN yKa3aTellb MO>KHO YCTaHOBUTh Ha HA4aJlo JaHHOW 00JacT U paboTaTh
Janee ¢ 3TOM 00JacThio, Kak ¢ MaccuBOM. Bce M3MEHEHHs, KOTOphIE CAETaeT JaHHBIN
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nporiecc, OyayT BUAHBI IpyruM mporieccaMm. Paznensemas namsate [PC mourn He obOnamaet
HUKAKUMH CPEJICTBAMH CHHXPOHHU3AINH (T.€. CYIIECTBYET OUEHB CIIa00 pa3BUTHIN MEXaHHU3M
B3aMMHBIX OJIOKMPOBOK, HO MbI Ha HEM HE OyJIeM OCTaHaBJIMBAThCH).

Jlyis opraHu3anud COBMECTHOTO HCIIOJIB30BAaHUS Pa3lIESIEeMBIX PECYPCOB HEOOXOAMM
HEKOTOPBIA MeXaAHU3IM UMEHOBAHUA pecypcos, WCIONb3ys KOTOPBIH B3aUMOJCHCTBYIOIINE
MPOIECCHI CMOTYT paboTaTh ¢ JAaHHBIM KOHKPETHBIM pecypcoMm. st TUX 1enei UCroiib3yercs
cuUCTeMa KJIIOYel: IpU CO3JaHUU pecypca C HUM acCCOLUUPYETCS K4 — UEIOUYHUCICHHOE
3HaueHue. JKecTkoro orpaHuyeHus K BbIOOPY ATUX Kitouei HeT. T.e. mpu co3gaHuu pecypca,
(Hampumep, oOmiel maMaTH) Mpolecc-co3[aTeNlb aCCOUMUPYET C HUM KOHKPETHBIH KITH0Y —
Hanpumep, 25. Tenepsb Bce MpoIIecChl, JKeTaromme padboTaTh ¢ TOU Ke 00IIeH MaMIThIO, TOJIKHBI,
BO-TIEPBBIX, 00JIaJ]aTh COOTBETCTBYIOIIMMHU MpPaBaMU, a BO-BTOPBIX, 3aBUTh, YTO OHU >KEIAIOT
paboTtaTh ¢ pecypcoMm oOmas nmamsTh ¢ kiodoM 25. M onm Oynyt ¢ Heil pabotars. Ho Tyt
BO3MO>KHBI KOJUTM3UU M3-3a CIIy4aiiHOTO COBIAJICHUS KIIOUEH pa3INuHbIX PECYPCOB.

Bo u3bexxaHue KOIM3MIA CHCTEMa TpeJyiaracT HEKOTOPYI YHH(DHKAIMI0 MMEHOBAHUS
IPC-pecypcos. [li1s renepaiiuy yHUKaJIBHBIX KIIIOUEH B CHCTEME UMeeTCst OO IrnoTeuHas GyHKIHS

ftok().

#include <sys/types.h>
#include <sys/ipc.h>
key t ftok(char *filename, char proj);

[lepBriii mapameTp AaHHON (PyHKLIMK — MOJHOE MMsI CyLecTByrolero ¢aiia. Bropoii
napameTp — 3TO yTOUHsoLIast UH(popMaIys (3Ha4UeHUe CUMBOJIBHOM MEPEMEHHOM; B YaCTHOCTH,
ATOT MapaMeTp MOXKET UCIIOIB30BATHCS ISl MMOACPKAHUS PA3HBIX BEPCUI MIPOTPAMMBI).

Urak, pynxuums ftok() oOpamaercs k ykazaHHOMy (ailily, CUUTBIBACT €ro aTpUOyTH H,
UCTIONB3Ysl 3HAYCHHE BTOPOTO apryMeHTa, TeHEpUPYEeT YHUKAIBHBIA KIf0U (YHUKAIBHOE IIeTI0e
yuciao). Ctout ocobo0 0OpaTUTh BHUMAaHHUE, YTO IEPBBIA MapaMeTp MIOJDKEH yKa3blBaTh Ha
CYIIECTBYIOIINHN (aiisl, U, 9TO HE MEHEe BaXKHO, IPY TEHEPAITUH KITF0Ya UCIIOIB3YIOTCS aTPUOYTHI
¢aiina. 10 03HAYAET, YTO €CIU OJIUH MPOLECC JJIS TeHEePaLMH KII0Ua CChUIAETCSl HA HEKOTOPBIN
daiin, co3maer pecypc, TOTOM 3TOT (aill YHHYTOXKAETCS M CO3JAETCs APYyrod ¢ailin ¢ Tem xe
UMeHeM (HO, CKopee BCEro, ¢ APYTUMHU aTpudyTamu), TO APYroi Mmporece, KeJarollui oIy YiTh
KJIFOY K CO3/IaHHOMY PECypCy, He CMOXKET 3TOTO0 ClieNiaTh, T.K. pyHKIwms ftok() OymeT reneprpoBath
MHOE 3HauCHHE.

Kaxnpiit pecypc IPC umeer arpudyTt Binaaensua. Bnagensuem cunraercs TOT mporecc (ero
UICHTU(UKAINA), KOTOPBII CO3/1al JaHHBIN pecypc, U, COOTBETCTBEHHO, YAAIUTh JaHHBIN pecypc
MOXET TOJBKO Biajeien. Ho CTOMT OTMETHTh, UTO CYIIECTBYET MEXaHHM3M Iepeladd TpaB
BJIaJICHUS OT Ipoliecca MpoLeccy.

C KaXaBIM pecypcoM, Tak ke Kak W ¢ (aiimamu, CBS3aHBI TPH KaTETOpPHH TpaB (TpaBa
BJIaJIeNIblIa, TPYMINbBl U OCTAJbHBIX MOJb3oBarenei). Ho B Kakaol KaTeropuu MMEIOTCS JIUILIb
npaBa Ha YTCHUE W 3aITUCh: IPaBa Ha BBHIITOJHEHHE HET.

Pecypcsl IPC MoryT cymiecTBoBaTh 6€3 MpPOLECCOB, UX CO3JABIIMX. DTO O3HAYAET, YTO
CO3JIaHHBIH pa3leNsieMblii pecypc OyIeT CYIIecTBOBATH A0 TEX MOP, TIOKA €ro SBHO HE YAAJST JIN00
710 TIepe3aIycKa CUCTEMBI.

Urak, umeerca tpu rpynmnsl [PC-pecypcoB, ¢ kaxaoil U3 KOTOpoil cBsi3aH cBoi Habop
¢yHKIMH Mo paboTe ¢ KOHKPETHBIM THIOM pecypca. Ho ¢yHKIMOHaNBHAs CTPYKTypa paboThI
uaeHTuYHa. B gacTHOCTH, cpen 3TUX HAOOPOB MOKHO BBIJICIHUTH (PYHKITUU, UMEIOIIHe cyhuke
get (a mpedukcHas dacTh MpencTaBiseT coboro abOpeBuarypy uMeHH pecypca). Cpenn
apaMeTpoB JAaHHBIX (YHKLUUH NPUCYTCTBYET KIIOY, O KOTOPOM IIUIa peYb BBINIE, A TAKKE
HekoTopble (uaru. COOTBETCTBEHHO, 3TH (YHKIHMH B 3aBUCHUMOCTH OT (DJIaroB IO3BOJISIOT
paboTath TUOO B pEKUME CO3JAaHUS PECypca, TMO0 B PEKUME TTOAKITIOYCHHS K CYIICCTBYIOIIEMY
IPC-pecypcy, accounnpoBaHHOMY C YKa3bIBAEMBIM KIIFOUOM.

<ResourceName>get (key, ..., flags);
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[Mapametp Key — ki1r04, KOTOPBIH MBI XOTHM aCCOILIMUPOBATH C PA3IEIIAEMBIM PECYPCOM.

[MapameTtp ¢uaru (flags) 3amaér npasa g0cTyma K pecypcy U peKUMBbI pabOThI C PECYPCOM.
DTOT mapamMeTp MOKET OBITh KOMOHMHAITUEH Pa3NMuYHbIX ¢uaroB. OCHOBHBIC U3 HHUX MPHBEICHBI
HIDKE.

— IPC_PRIVATE — nannslii ¢uar onpenenser cozaanue yactHoro IPC-pecypca, noctymnHoro
TOJILKO TMPOIECCY, KOTOPBIH €ro co3laji, He JOCTYIHOTO OCTaJbHBIM Iporeccam. T.e.
¢bysakiusa get npu HanMYUKM JAHHOTO uiara BCerza OTKPBIBAET HOBBIA pecypc, K KOTOPOMY
HUKTO JAPYro HE MOXKET NOIKIIUNThCS. JlaHHBIA (rar mNO3BOJISIET HUCIOIB30BaTh
pasfensemMblii  pecypc MEXIy pPOJACTBEHHBIMH IpOILECCaMU (MTOCKOJBKY JECKPUITOP
CO3JIaHHOTO pecypca MepeaaeTcs PU HACICJOBAHUU CHBIHOBHUM IIPOIECCAM).

— IPC_CREAT — ecnu nanHoro (ara HeT cpeiy mapaMmeTpoB GyHKIIMU get, To 3TO 03HaJaeT,
YTO MPOLIECC XOYET MOJKIIOUUTHCS K CYIIECTBYIOLIEMY pecypcy. B aTom citydae, ecnu Takon
pecypc CyIIeCTBYET U MpaBa J0CTyIa MO3BOJISIOT K HEMY 00paTUThCS, TO MPOIIECC MOTyYUT
JECKpUNTOP pecypca M MpoaoDKUT padoty. MHaue dynkius get BepHer koxa ommoku -1, a
niepeMeHHas €rrno OyneT cojepkarh Ko ommoKu. Ecin sxe ipu Bbi3oBe GyHKIMM get qaHHbIi
(rnar ycranoBlieH, To (pyHKIUS paboTaeT Ha CO3IaHHUE WIIH TIOJKITIOYCHHIE K CYIIIECTBYIOIIEMY
pecypcy. B nmaHHOM ciiydae BO3MOKHO BO3HHMKHOBEHHE ONIMOKM H3-3a HEXBAaTKU IPaB
JIOCTYTIA B ClTyyae CyLIeCTBOBaHMA pecypca. Ho mpu ycTaHoBieHHOM uiare BCTaeT BOMPOC,
KTO SIBJISICTCS BIIAJICNBIIEM pecypca, U, COOTBETCTBEHHO, KTO €T0 JOJDKEH yIANATh (TOCKOJIBKY
KaX/IbIi Mporece 100 MOIKII0YAETCs K CYIIECTBYIOLIEMY pecypcy, MO0 co31aeT HOBBIH).

— Jlns paspenieHus JaHHOM MpoOIeMbl UCTIONIb3YETCS CIEeAYIOMMM (ar.

IPC_EXCL — ucnons3ys nanusiii ¢aar B mape ¢ gpuarom [IPC_CREAT, ¢ynkuus get 6yzer
paboTaTh TOJILKO Ha CO3/aHME HOBOTO pecypca. Ecim ske pecypc OyneT yke CymecTBOBaTh,
To (pyHKIMA get BepHeT -1, a mepeMeHHast errno Oyaer coiepxkarb KO COOTBETCTBYIOIIEH
OIIMOKH.
Hwxe npuBOIUTCS CHMCOK HEKOTOPBIX OIMMOOK, BOSMOXKHBIX NPH BbI30BE (YHKIMU Qet,
BO3Bpalla€MbIX B IEPEMEHHOM €rINO:

— ENOENT — pecypc He cymectByeT, u He yka3aH ¢uiar [PC_CREAT;

— EEXIST — pecypc cymectByer, u ycranosnens! ¢uraru [IPC_CREAT | IPC_EXCL;

— EACCESS — He xBartaet npaB JI0CTyIIa Ha MTOIKIIOUCHUE.

3.2.1 Ouepepb coobuweHnn IPC

Cucrema TpPEAOCTaBISICT BO3MOXKHOCTh CO3JaHHS  HEKOTOPOro  (PyHKIIMOHAIBHO
pacIIMpeHHOro aHajora KaHaia, MPUYEM TIaBHOE OTJIMYUE 3aKIIF0UAETCS B TOM, YTO COOOIIECHUS
B ouepeau coobmenuit IPC tunuszuposansl. Kaxxmoe cooliieHne moMUMo CBOSH Coiep KaTeIbHON
4acTu UMEET aTpuOyT mun coodujenua (HEOTPUIIATENBHOE 1IeToe 3HaueHue). Torma ouepenb
COOOIIIEHUH MOKHO pacCMaTPUBATh C JIBYX MO3UIIMIA: BO-TIEPBBIX, KaK CKBO3HYIO ouepeb (Korma
BCE COOOINICHHS, BHE 3aBUCUMOCTH OT THIIA, PACCMATPUBAIOTCA KaK eauHas ouyepelb), a, BO-
BTOPBIX, KaK CYTEPIIO3UINI0 ouepesiel OqHOTHITHBIX coodmenuid (Puc. 99). Ilpu sToM cmoco®
UHTEpIIpeTaluu JIOTMyCKaeT OJIHOBPEMEHHO pa3InyuHbIe THIIBI UHTEPIIPETAIHH.
HenocpeactBeHHbIi BHIOOP HHTEPIIPETALIMH ONIPEAEIISIETCS B MOMEHT CUMTHIBAHUS COOOIICHUS U3
ouepenu.

Puc. 99. Ouepens cooduiennii |IPC.
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Jlyist opranu3any padoThI ¢ OYepeIbio MpeaycMoTpeH Habop ¢hyHkmii. Bo-niepBriX, 310
yKe yIOMSIHyTasi (YHKIIHSI CO3JaHUs/IOCTyTa K O4epear COOOIICHU.

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/message.h>

int msgget(key_t key, int msgflag);

VY nanHOW (pyHKUIMU JBa MapaMeTpa: Kirod U ¢uard. B ciaydae ycrnenHoro BBITOJHEHHUS
(GyHKIHSI BO3BpAILACT MOJI0KUTEIbHBIN JECKPUIITOP OYSPEIU, MHAYE BO3BpaIaercs -1.

PaccMorpuMm Teneps (QyHKIMM OTHpaBKM W TpueMa cooOumenuil. ns omnpasku
cooowenun ciyxut ¢pyukius msgsnd().

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/msg.h>

int msgsnd(int msqid, const void *msgp, size_t msgsz,
int msgflq);

[lepBbIii apryMeHT — HIEHTH()HUKATOp OYEpeH, MOJYUYCHHBIH B pe3yJbTaTe BhI30Ba
msgget(). Bropoii aprymenT — ykasarenb Ha Oydep, colepiKalluii peaabHbIe NaHHBIC W THII
COOOIICHHMS, TMOJUICKAIETO MOCBUIKE B O4Yepeib, B TPEThEM apryMEHTE YKa3bIBaeTCs pasMmep
Oydepa. B xauecTBe Oydepa ucnonab3yercsi CTPYKTypa, COAEpIKaIias CIeIyOLIIe MoIs:

— long msgtype — T cooOiieHus (TOJIBKO MOJIOKUTEIBHOE JJIMHHOE 11E710¢);
— char msgtext[] — nanuble (TEI0 COOOIICHMS).

B 3aronoBounom (aiine <sys/msg . h> onpenenena koncTaHTa MSGMAX, OITUCHIBAIOIIIAS
MaKCUMAaJIbHBIN pasMep Tena cooOmeHus. [Ipu mombITKe OTIpaBUTH COOOIIEHHE, Y KOTOPOTO
YHCIIO DJIEMEHTOB B MacCHBE msgtext MpeBbIlIaeT STO 3HaYeHUE, CHCTEMHBIN BHI30B BepHET —1.

[Mocnenuuit aprymenT QyHKuu — 310 (aru. Cpenu pazHooOpasHbIX (IaroB MOXKHO
BBIJICJIUTH T€, KOTOPBIE ONPEACISIOT PEKUM OJOKHPOBKH MpHU OTIIpaBke coodmenus. Eciu dnar
paBeH 0, TO BBI3OB OyJeT OJOKHPOBATHCS, €CIU I OTIPABKUA HEAOCTATOYHO CHCTEMHBIX
pecypcoB. Moxno ycranoBuTh ¢uar [PC NOWAIT, kotopbiii mo3BoisieTr paborath 0e3
OJIOKMPOBKU: TOT/Ia, B CITydyae BOSHUKHOBEHUS ONIMOKHU TPU OTIPaBKE COOOIICHHUS, BBI30B BEpHET
-1, a mepemenHast €rrno OyAeT coiep>KaTh COOTBETCTBYIOMIMNA KO OIIMOKH.

Jlnst nonyuenus coobwenuii icnionbzyercs Gyskips msgrev().

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/msg.h>

int msgrcv(int msqid, void *msgp, size_t msgsz,
long msgtyp, int msgflqg);

[lepBbie Tpu aprymMeHTa aHAJIOTHYHBI apryMEHTaM IPEAbLIYIIETr0 BbI30BA: JACCKPUIITOP
ouepenr, ykazaTellb Ha Oydep, Kyaa cleayeT OMECTUTh JIaHHbIe, U MaKCUMAJIbHBIN pasmep (B
Oaiftax) Tema cooOIIeHMS, KOTOPOE MOXKHO Ty/1a MOMECTHTh. bydep, ucrnonb3yeMslii st mpruemMa
COOOIICHHUS, TOJDKEH UMETh CTPYKTYPY, OITUCAHHYIO BBIIIIC.

UYeTBepThlii apryMEHT YKa3bIBa€T TUI COOOIIEHUS, KOTOPOE MPOIECC JKENMAeT MOTYUUTh.
Ecnu 3nauenue storo aprymenTa ects 0, To OyAeT MoydeHo coodiieHue o0oro tTuna (T.e. uaeT
paboTa co ckBo3HOU ouepennio). Ecu 3Hauenue aprymenTa msgtyp 6omnsbine 0, u3 ouepenu oyaer
U3BJICUCHO COOOIIEHNE YKa3aHHOTO ThTA. Ecin jxe 3HaYeHne apryMeHTa msgtyp OTpPHIIATEIBHO,
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TO TUIN MPUHUMAEMOI'0 COOOIICHUS OIpeAessieTcs] KaK HauMeHbIee 3HAYeHHE CPEIu THUIIOB,
KOTOpbIe MEHbIIIe MOAYJIA msgtyp. B moboMm ciaydae, mpu nocryne ucnonb3yercs crparerus FIFO.

[Tocnennum aprymMeHTOM siBisieTcss KoMOuHanus (moduroBoe cioxkenue) daaros. Ecim
cpenu maroB He ykazan IPC_NOWAIT, u B ouepenu He HAHJAEHO HU OIHOTO COOOIICHUS,
YAOBJIETBOPSIOLIETO KpUTEPUSIM BbIOOpa, mpoiecc Oyaer 3abJOKUPOBaH 10 MOSIBJIECHUS TaKOTO
coobuienus. (OnHako, ecau Takoe COOOIICHNE CYIIECTBYET, HO €T0 JJMHA MPEBBIIIAET yKAa3aHHYIO
B apryMeHTe msgsz, TO Mpolecc 3a0JI0KUpoBaH He OyeT, U BbI30B cpa3y BepHET -1; coobiieHue
npu 3ToM octanetrcs B ouepenu). Eciu xe ¢nar [IPC_ NOWAIT ykaszan, u B ouepeau HET HU
OJIHOTO HEOOXOAMMOT0 COOOIIIEHUS, TO BBI30B cpa3y BepHeT -1.

[Tpouiecc moxer Takke ykazarh ¢guiar MSG NOERROR: B 3ToM ciydae OH MOMXKET
MPOYHUTATh COOOIIEHKE, AaKe €CIIM ero JUIMHA MPEBBIIIAeT YKa3aHHY0 eMKocTh Oydepa. Torna B
Oydep Oymer 3ammcaHo TmepBble msgsz OalT Tema COOOMIEHUS, a OCTaIbHBIC IaHHBIC
0TOpachIBAIOTCS.

B caywae ycmemHoro 3aBepuieHHs (YHKIHS BO3BpAIlaeT KOJUYECTBO YCIICUIHO
MPOYUTAHHBIX OANTOB B TeJie COOOIIECHUSI.

Crnenyromast rpynmna (QyHKOHA — 3TO0 (QYHKIHUU yHPAGIEHUA PecypcomM — OYEPEIbIo
cooOmieHudd. Otm  GyHKIUM OOECIEYMBAIOT B  OOIIEM ciydae H3MEHEHHE pexuMma
(YHKIMOHMPOBAHUS pecypca, B T.4. U yAaJCHHE pecypca.

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/msg.h>

int msgctl (int msqid, int cmd, struct msgid ds *buf);

Jannast QyHKUMS HCIONB3YeTCA MJIsi TMOJYyYEHUS WIM HW3MEHEHHS YIPaBISIOLIUX
napaMeTpoB, CBSI3aHHBIX C O4Yepenblo, M YHHYTOXKEHUs odepenu. Ee aprymeHTH —
uaeHTuukaTop pecypca, KOMaHAa, KOTOPYKO HEOOXOJUMO BBIMOJIHUTh, M CTPYKTYpa,
OTMCHIBAIOIIAS YIPABISIONIME MapaMeTphl ouepenu. Tunm msgid ds mpexacraBmser coOoi
CTPYKTYpY, B MOJSIX KOTOPOW XpaHSTCs MpaBa JOCTyNa K O4Yepel, CTaTUCTHKa OOpalleHui K
ouepesIu, ee pa3mep  T.II.

Bo3moxHble 3HaueHus aprymenTa cmd:

— IPC_STAT — ckonupoBaTh CTPYKTYpPYy, OIHMCHIBAIOIIYIO YHPABISIIONIME TapamMeTphbl
odepesu o aapecy, yKkazaHHOMY B mapametpe buf;

— IPC_SET — 3aMeHHTH CTPYKTYPY, OIMCHIBAIONIYIO YIPABISIFOIINE TTapaMeTPhl OUepe i, Ha
CTPYKTYPY, HaXOSIIYyI0Cs MO aJpecy, yKa3aHHOMY B rapametpe buf;

— IPC_RMID — ynanuth ouepenb. YIalIUTh OYepelb MOXET TOJIBKO IMPOIIECC, Y KOTOPOTO
3 exTuBHBINA MACHTH(GUKATOP IMOIH30BATENSI COBMAAACT C BIIAJICTBIEM WIH CO3JaTelIeM
ouepeau, JIMO0 MpoIecc ¢ MpaBaMu MPUBUIETUPOBAHHOTO MOJIB30BATEINS.

IIpumep. Hcnosib3oBanue ouyepeau cool0meHuil. B npuBeneHHOM HUXKE NpuMeEpe
Y4acTBYIOT TPH IIpoliecca: OCHOBHOM mpouece, npouecc A u npouecce B. OcHoBHOM mponece
CUMTBHIBAET CO CTaHJAPTHOI'O YCTPOMCTBA BBOJA TEKCTOBYIO CTpPOKy. EciM oHa HaumHaeTcs Ha
OykBYy A, TO 3Ta CTpOKa MmockutaeTcs mporeccy A, ecim Ha B — 1o mporeccy B, eciin Ha Q — 10
o0ouM mporieccaM (B 3TOM CIydae OCHOBHOM MPOILIECC >KJIET HEKOTOPOE BpeMs, 3aTeM yJaisieT
odepens coobmieHuit u 3aBepiaetcs). [Iporecchl A 1 B cauThIBaroT U3 ovepenn aapecyeMbie uM
COOOIICHHUS U paclievyaThIBalOT X Ha 3KkpaHe. Ecnu npuieninee cooOiieHne HaYMHaeTCst ¢ OyKBBI
Q, To mporecc 3aBepmaeTcs.

/* OCHOBHOM IIPOLIECC */
#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/message.h>
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#include <stdio.h>
/* neknapauusi CTPYKTypH coobmenmust */

struct

{
long mtype; /* Tun coobmenust */
char Data[256]; /* coobmenmue */

} Message;

int main(int argc, char **argv)

{

key t key;
int msgid;
char str[256];

/* nonydyaeM YHMKAJBHB KJOY, OAHOBHAYHO OIpPeneJIsolmi
OOCTyn K pecypcy AaHHOTro Tumna */
key = ftok("/usr/mash",'s"');
/* cospmaeM HOByYKO ouepenb COOOBWeHM,
0666 ompemensier npaea pocTyna */
msgid = msgget(key, 0666 | IPC_CREAT | IPC_EXCL) ;
/* BanyckaeM BeUYHHNM LMKI */
for(;;)
{
gets(str); /* umrTaeM M3 CTAHZAPTHOI'O BBOJA CTPOKY */
/* n xonupyeM ee B 6ybdep coobumenus */
strcpy (Message.Data, str);
/* aHanusupyeM NepBmli CHMMBOJI NPOYMTAHHOM CTPOKM */
switch(str[0])
{
case 'a':
case 'A':
/* ycranaBimeaeMm Tun 1 pns [IPOIIECCA A*/
Message.mtype = 1;
/* nocmulaeM coobmenme B ouepenp */
msgsnd (msgid, (struct msgbuf*) (&Message),
strlen(str)+1l, 0);

break;
case 'b':
case 'B':

/* ycranaBimeaeMm Tun 2 piuss [IPOIIECCA A*/

Message.mtype = 2;

msgsnd (msgid, (struct msgbuf*) (&Message),
strlen(str)+1l, 0);

break;
case 'q':
case 'Q':

Message.mtype = 1;

msgsnd (msgid, (struct msgbuf*) (&Message),
strlen(str)+1l, 0);

Message.mtype = 2;

msgsnd (msgid, (struct msgbuf*) (&Message),
strlen(str)+1l, 0);

/* xOmeM noJnydeHMsT COOOBmeHMM
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npoueccamMu A u B */
sleep(10) ;*
/* yHuuTOXaeM ouepenr */
msgctl (msgid, IPC_RMID, NULL);
exit (0);
default:
/* uTHOpPHMpPpyeM ocTalbHie ciaydamum */
break;

}

/* TPYHMMAIM IIPOLIECC A (mpouecc B 6ymer anamormMuHemM) */
#include <sys/types.h>

#include <sys/ipc.h>

#include <sys/message.h>

#include <stdio.h>

struct

{
long mtype; /* Tun coobmenus */
char Data[256]; /* coobmenme */

} Message;

int main(int argc, char **argv)

{
key t key;
int msgid;
/* nomyuaeM KoY IO TeM Xe napamMerpaMm */
key = ftok("/usr/mash",'s');
/*nopknioyaeMcst k ouepeam coobmenmir */
msgid = msgget (key, 0666) ;
/* BanyckaeM BeUYHBIM UMKa */
for(;;)
{
/* ummaeM coobmenme c TunoM 1 gnst I[NPOIIECCA A */
msgrcv (msgid, (struct msgbuf*) (&Message), 256, 1, 0);°
printf ("%$s", Message.Data) ;
if (Message.Data[0] == 'q' || Message.Data[0] == 'Q')
break;
}
return O;
}

bnarogaps HaliMuuio TUNH3aLMM COOOIEHUM, OYepeAb COOOIIEHUH NPEJOCTaBISET
BO3MOXXHOCTh MYJIbTUIIJIEKCUPOBATH COOOIIEHHS OT PA3JIMYHBIX MPOLIECCOB, IPHU ITOM KaxKIas
napa B3aUMOJCHCTBYIOIIMX YEpe3 OYepeab IMPOIECCOB MOXKET HCIOJIb30BaTh CBOM THII
COOOIIeHUH, U TAKUM 00pa30M, UX JaHHbIE HEe OYIyT CMEIINBATHCA.

4 B maHHOM Ciy4ae 3TO PENIEHHE HE COBCEM KOPPEKTHO, MOCKOJNBKY JENAETCS MPEATONOKEHUE, dTO
nporiecchl A u B 3a 10 exuHUI BpeMeHHU TOIDKHBI OTYYIHTH TOCIEIHIE cOO0MmeH . Ho A7 MpOCTOTHI penieHus: MBI
OITyCKaeM Mpo0JIeMbl CHHXPOHHU3AINH.

5 B 9TOM ciyuae BO3MOXKHA HEKOPpEKTHas paboTa, eciu mpouecchl A m/win B 3ammyckaroTcst paHblie
OCHOBHOTO TIporiecca. B 3ToMm ciydae oHM 00paTsATCs K TOKa €Ile HE CO3AaHHOMY PECYPCY, UTO MPUBEIET K OLIHOKE.
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IIpumep. Ouepenb coodmenunii. Moaeiib «KJIHEHT-cepBep». B NpuBEIeHHOM HMXE
IpUMEpE HUMEETCSI  COBOKYNHOCTb  B3aMMOJCHCTBYIOIIMX  MPOLECCOB. JTa  MOJEIb
HECUMMETpUYHAs: OJWH M3 MPOLECCOB HAa3HA4yaeTcs CEepBEpOM, M €ro 3ajadyeil CTaHOBUTCS
00CITy’)KHBaHUE 3alPOCOB OCTAIBHBIX IPOLIECCOB-KIMEHTOB. B JaHHOM mpumepe cepBep
MPUHUMAET 3aMpPOChl OT KIIMEHTOB B BUE COOOIICHMI (M3 odepenn coolmeHuit) ¢ Turom 1. Temno
COOOIICHUS-3aIPpOca COEPIKUT UAeHTU(UKATOP KineHTcKoro mporecca (PID), KoTopblit BeICTAT
JMaHHBINA 3arpoc. J[ns Kaxaoro 3ampoca cepBep T'€HEpHpPYeT OTBET, KOTOPOE TaKKe MOChUIAET
yepe3 ouepeab COOOLIeHWH, HO TOChUIaeMoe cooOmieHne OyJeT HMeTh THI, paBHBIN
uaeHTudukaTopy mnpoiecca-aapecata. B cBoro odepenn, KIMEHTCKHM mpolecc Oyaer Oparbh u3
ouepeIr COOOIIEHUI COOOIIEHUS C TUIIOM, PAaBHBIM €TI0 UACHTU(DHUKATODY.

/* CEPBEP */

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/msg.h>
#include <stdlib.h>
#include <string.h>

int main(int argc, char **argv)

{
struct
{
long mestype;
char mes[100];
} messageto;
struct
{
long mestype;
long mes;
} messagefrom;
key t key;
int mesid;
key = ftok ("example", 'r');
mesid = msgget (key, 0666 | IPC_CREAT | IPC_EXCL );
while (1)
{
msgrcv (mesid, &messagefrom, sizeof (messagefrom) -
sizeof(long), 1, 0);
messageto.mestype = messagefrom.mes;
strcpy (messageto.mes, '"Message for client");
msgsnd (mesid, &messageto, sizeof (messageto) -
sizeof (long) ,0) ;
}
}

/* KIMEHT */

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/msg.h>
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int main(int argc, char **argv)
{
struct
{
long mestype;
long mes;
} messageto;

struct
{
long mestype;
char mes[100];
} messagefrom;

key t key;
int mesid;

long pid = getpid();

key = ftok ("example", 'r');

mesid = msgget (key, 0666) ;

messageto.mestype = 1;

messageto.mes = pid;

msgsnd (mesid, &messageto, sizeof (messageto) -
sizeof (long) ,0);

msgrcv (mesid, &émessagefrom, sizeof (messagefrom) -
sizeof (long) ,pid,0) ;

printf ("%s", messagefrom.mes) ;

return O;

B cepBepHOM Tporiecce JCKIAPUPYIOTCS JBE CTPYKTYPBl JUISI TPUHAMAEMOTO
(meassagefrom) u moceiTaeMoro (messageto) COOOIICHMH, a TAaK)Ke KIII0Y Key u IeCKpHIITOp
ouepenu coobueHni mesid. 3aTem cepBep MPEANPUHUMAET TPATUIIMOHHBIC TEHCTBUS: TIOTydaeT
KJTFOY, & IO HeMY — JECKPUITOp O4Yepear COOOIICHUH. 3aTeM OH BXOUT B OECKOHEYHBIH IIUKJI, B
KOTOpPOM M 00pabaThiBaeT KJIMEHTCKHE 3arpockl. Kaxmas ureparus UKIIa BEITISAUT CIIETYFOIINM
obpazom. M3 ouepenau BeiOMpaeTcs cooOimieHue ¢ TUIMOM 1 (3TO COOOIIEHHUsS ¢ 3ampocaMH OT
KIMEHTOB). 13 Tema 3Toro cooOIeHus CYUTHIBaeTCs HH(GOpMaIvs 00 UACHTH(PUKATOPE KIUCHTA,
U ATOT UACHTU(PUKATOP Cpa3y 3aHOCHTCS B TIOJI€ THIIA MOCHLIAEMOT0 COOOIICHHUs. 3aTeM cepBep
TeHEPHUPYET TEJIO MOChUIAEMOT0 COOOIIEHUS, ITOCIIe YeTO OTIPABIISAET CO3IaHHOE COOOIICHHE B
ouepenb. Ha 3ToM uTepanus nmukiia 3aBepIiaeTcs.

KnuenTckuii mporiecc MMeeT aHAJIOTWYHBIC ACKIApalui (32 HUCKIIOYEHUEM TOTO, YTO
TETNeph MOCHUIAEMOE ¥ IPUHUMAEMOE COOOIIICHHUS IIOMEHSUTUCH POJISIMA). J[ajiee KIMeHT mojryyaeT
CBOWM MIEHTU(UKATOpP TMpoIlecca, 3aMUCHIBAET €ro B TeN0 COOOMICHHUS-3aIpoca, KOTOPOMY
ycranaBiuBaeT Tun 1. [Tocie 3Toro oTnpasisier 3anpoc B ouepeib, IPUHUMAET U3 04EPEIU OTBET
(coo01enue ¢ TUIOM, PaBHBIM €r0 COOCTBEHHOMY MICHTU(UKATOPY MPOIecca) U 3aBEPIIACTCS.

B PAaCCMOTPCHHBIX BBIIIC IIPHUMEpPAX MpeAIiojaracrcs, OHDG,I[GJ'IGHHI\/JI NOopAAO0OK HAYAJIBbHOI'O
3alycKa B3aMMOACHCTBYIONINX IIPOIIECCOB.

Pexomenpanmu.

1. PaccMoTpeTh, B 4e€M COCTOMT mpobiema, TpeOyromas coOJIIOAEHUS MOopsaKa 3arycka
IIPOLIECCOB.
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2. TlpennoxuTh KOPPEKTHBIC PEIICHUS.
3.2.2 Paspensiemas namatb IPC

MexaHu3M pa3feisseMOd IMaMsATH TI03BOJISIET HECKOJIBKHM IpoIeccaM TOJIYYUTh
OTOOpaXeHHE HEKOTOPhIX CTPAaHUIl U3 CBOCH BHUPTyaIIbHOM maMsTH Ha OOIIyI0 00JIacTh
¢busnueckoit mamsatu (Puc. 100). brnaromaps sTomy, naHHBIE, HaxoAsIIUECs B 3TOW 00OjacTu
namsTH, OyIyT HOCTYITHBI JUISl YTCHUS © MOAM(PHUKAIIUN BCEM MPOIECCaM, MOIKIIOUYUBITUMCS K
JaHHOW 00J1aCTH MaMSTH.

[Ipouecc, MOAKIFOUMBIINNCS K Pa3AeiasieMON MaMATH, MOXKET 3aTE€M IOJYUYUTh YKa3aTelb
Ha HEKOTOPBIH aJIpeCc B CBOEM BUPTYAIBHOM aJJPECHOM IIPOCTPAHCTBE, COOTBETCTBYIONIUI JTaHHOU
obnactu pasnmensiemor mamsatu. [lociie 3TOro oH MOXET padoTaTth ¢ 3TOH 00JacCThIO MAMSITH
AQHAJIOTMYHO TOMY, KaKk eciu Obl OHAa ObUIa BBIICICHA JUHAMHYECKH (HAmpuMep, IyTeM
obpamienus k malloc()), omHako, Kak y»Xe TOBOPWIIOCH, pasieiisseMas 00JacTh MaMATH HE
YHUYTOXKAETCSI aBTOMATHUECKH JIaXKe MOCIIE TOT0, KaK MPOIECC, CO3IaBIINI WIIA HCITOJIb30BABIIHN
ee, MMepeCcTaHeT ¢ Hell paboTaTh.

Dusuyeckasn namsamo

/—\_/

Bupmyanvnoe adpecroe Bupmyanvroe adpecroe
np-60 npoyecca np-60 npoyecca

Puc. 100. Pa3nesseMast namMarhb.

PaccmorpuM  Ha0Op CHCTEMHBIX BBI3OBOB Il PaOOTHI C pa3ieisieMoi mamsiThro. Jlms
CO3JIaHUSI/TIOAKIIIOUEHHS K pecypcy pazaensiemoit mamsatu IPC ucnonb3yercs gpynkius shmget().

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/shm.h>

int shmget (key t key, int size, int shmflg);

ApryMeHTBI JaHHOW (GYHKIMH: KeY — KJIFoY /IS IOCTyNa K pa3aeiseMoil mamsTu; Size
3a7aeT pasMmep oO0JacTH NaMsATH, K KOTOPOM HpoIEecC JKelaeT MOoJydyuTh AocTyn. Eciu B
pesynbrare BbizoBa sShmget() Oyaer co3maHa HOBast 00J1aCTh pa3zessieMoil MaMsITH, TO €€ pa3Mep
Oy/IeT COOTBETCTBOBaTh 3HA4YCHHUIO SiZ€. Ecim ke mpolecc MOIKII0YAeTCs K CYIICCTBYOIICH
00J1aCTH pa3aenaeMoil MaMsATH, TO 3HAUYEHHE SiZe TOJKHO ObITh He OoJiee ee pa3Mepa, nHaue BHI30B
BepHeT -1. 3ameTuM, 4YTO €CiIM HpOLEecC MpH MNOJAKIIOYEHUH K CYILIECTBYIOIIEH obsactu
pasnensaeMoil maMsTH yKa3ajl B apryMeHTe SiZe 3HaueHue, MEeHbIIee e¢ GaKTHIECKOTO pa3Mepa, TO
BIIOCJICJICTBUH OH CMOJKET MOJIYYHUTh JOCTYI TOJBKO K TIEPBBIM Size GaiitaMm 3TOi 001acTy.

Tpetuit mapamerp onpezenser (iaru, ynpapisiolue moBeaeHneM Bbi3oBa. [lonpoOHee
ITOPUTM CO3JIaHHSI/TIOAKITIOUSHHS PAa3ICIsIEeMOT0 pecypca ObLT ONMCaH BhIIIE.
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B cimyudae ycmemHOro 3aBepUICHHS BBI30B BO3BPAIIAET ITOJIOKUTEIBHOE HYHCIIO —
JeCKpUnTOp 00JacTu MaMsATH, B Cllydae Heyaadd Bo3Bpamaercs -1. Ho Hammume y mporecca
JIECKPHUIITOPA Pa3/esieMOi TaMATH He JJaeT eMy BO3MOKHOCTH paboTaTh C PECypCcoM, MTOCKOJIBKY
npu paboTe ¢ MaMATHIO Mpolecc padoTaeT B TEpMHUHAX aapecoB. [loaTomy HeoOXoauMa elnie oHa
GyHKIHMS, KOTOpas NPUCOSAWHSET TIONYYCHHYIO pa3leliieMyl0 TIaMsaTh K aJpecHOMY
NPOCTPAHCTBY Mpoiiecca, — 310 GyHkirs shmat().

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/shm.h>

char *shmat (int shmid, char *shmaddr, int shmflg);

IIpy momomu 3TOro BBI30BA MNPOILECC MOJCOSAMHSET O0JIACTh pa3fensieMol HamsTH,
JICCKPHUIITOP KOTOPOH yKa3aH B Shmid, k cBoeMy BUpTYyaibHOMY aJipeCHOMY MpocTpancTBy. [locie
BBITIOJTHEHHSI 3TOM OTEepaIluH MIPOIECC CMOXKET YUTATh U MOAU(PUIIUPOBATH JaHHBIE, HAXOASIINECS
B 00J1aCcTH pa3JesieMoil mamsITH, aApecys ee Kak JIIOYIo Ipyryio 00J1acTh B CBOEM COOCTBEHHOM
BUPTYaJIbHOM a/IpECHOM IIPOCTPAHCTBE.

B kadecTBe BTOpPOTrO aprymMeHTa IpoIecC MOKET yKa3aTh BHUPTYaJbHBIN aJipec B CBOEM
aJIpeCHOM NPOCTPAHCTBE, HAuWMHas C KOTOPOTr0 HEOOXOIUMO MOJCOCIUHHUTH pa3ieisieMylo
namsTh. Eciin B KauecTBe 3HaU€HUS ATOTO apryMeHTa repenaercs 0, To 3TO 03HaYaeT, 4TO CUCTEMA
camMa MOKET BBIOpaTh ajpec Hauana pasaensemor mamsaTu. [lepemaua KOHKpETHOro ajapeca
(TIOJIOKUTENBFHOTO 1IEJI0r0) B 3TOM IapaMeTpe UMEET CMBICH JIUIIb B ONPEACICHHBIX CIyYasx, U
9TO 03HAYAET, YTO MPOIIECC JKEIACT CBA3ATh HAYAJI0 O0JIACTH Pa3eNIIEMOM MTAMSATH C KOHKPETHBIM
aapecoM. B momoOHBIX cily4asx HEOOXOIMMO YYHMTHIBATH, YTO BO3MOXHBI KOJUIM3UU C
UMEIOIINMCS aJIPECHBIM TIPOCTPAHCTBOM.

Tpetwnii aprymMeHT npeacTaBisieT co6oii komOnHanmio ¢uaros. B kauecTBe 3HaU€HUS 3TOTO
apryMeHTa MoxkeT ObiTh ykazaH (mar SHM_RDONLY, koTopelii yka3siBaeT Ha TO, 4YTO
noJcoeAnHsAeMas 001acTh OyIeT UCTIOIB30BATHCS TOJIBKO ISl UTCHHA. Peanu3amnus Tex nin HHbIX
¢utaroB OyneT 3aBHCETh OT ammapaTHOW IMOMJCPKKH COOTBETCTBYIOIIETO cBoicTBa. Ecmm
amnmaparypa HE TOJJICpPKMBAET 3allUTy MaMITH OT 3alHCH, TO NpPU YCTaHOBKE (iara
SHM_RDONLY ommub6ka, cBsi3aHHas ¢ MOJAU(PHUKAIIMEH COIEPKUMOTO TTaMITH, HE CMOXKET OBITh
oOHapyskeHa (TIOCKOJIbKY IMPOTPaMMHBIM CHOCOOOM HEBO3MOXKHO BBISIBUTH, B KaKOW MOMEHT
POMCXOUT OOpalleHHe Ha 3aIKCh B IaHHYIO 00J1aCTh MTAMSTH).

Ota (QyHKIMS BO3BpaIaeT ajapec (yKaszaTellb) B BUPTYAIbHOM aJIpeCHOM IPOCTPAHCTBE
nporiecca, HAYMHas ¢ KOTOPOTO OyeT 0TOOpaKaThCs MPUCOCTUHIEMas paselsiemas namsTh. U ¢
ATHM yKa3zaTeJeM MOXKHO pabdoTaTh CTaHIAPTHBIMU cpeacTBamu s3bika C. B cimyuae Heynmaum
BBI30B BO3Bpamiaer -1.

COOTBETCTBEHHO, U OTKPEIUICHHUS pPa3[esiieMOl MaMsATH OT aJpeCHOr0 MPOCTPAHCTBA
npoiiecca ucrnonas3yercs Gpynxims shmdt().

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/shm.h>

int shmdt (char *shmaddr) ;

JIaHHBII BBI30B MO3BOJISICT OTCOCANHHUTH Pa3/eiIIeMyIO NaMsTh, paHee MIPUCOSTUHEHHYTO
nocpezactBoM Bbi3zoBa shmat(). [TapameTp shmaddr — anpec npuKperuieHHO# K poIieccy namsTy,
KOTOPBI OBLT oiry4eH npu BeizoBe Shmat(). B cinydae ycnenrHoro BeIOTHEHUS QYHKIHS BEPHET
3HaueHue 0, B cilydae Hey1auu Bo3Bpamaercs -1.

U, manocnenok, paccmotpuMm (yrkuo shmctl() ynpasienus pecypcom pasiessieMast
aMSTh.
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#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/shm.h>

int shmctl (int shmid, int cmd, struct shmid ds *buf);

JlaHHBII BBI30B UCIIOJIB3YETCS IS MOIYYEHHS] UM U3MEHEHHS ITPOLIECCOM YIPABIIAIOLINX
[apaMeTpoB, CBA3AHHBIX C 00JIaCThIO pa3/iesIIeMOl aMATH, HAJTOXKEHUS U CHITUS OJIOKUPOBKH Ha
Hee U €€ YHUUTOKEHHsI. APIyMEHThI BbI30Ba — JECKPUITOP 00JIACTH MaMSATH, KOMaHAa, KOTOPYIO
HEOOXOJUMO BBINOJIHUTh, U CTPYKTYypa, OMMCHIBAIOLIAs YIPAaBISIOLIME MapaMmeTpbl o0sactu
namarty. Tun shmid ds onumcan B 3aronoBouHoM ¢aiine <sys/shm.h>, u npeacrasnser
co00i1 CTPYKTypy, B MOJSIX KOTOPOH XpaHSITCS IpaBa JAOCTyNa K O0JIacTU MaMsaTH, €€ pa3mep,
YUCJIO MPOLECCOB, MOACOCIMHEHHbIX K HEeW B JaHHBI MOMEHT, M CTaTUCTHKa OOpalleHuil K
00JacTH naMsTu.

Bo3moxHble 3HaueHus aprymeHTa cmd:

IPC_STAT — CKONMPOBATH CTPYKTYPY, ONHUCHIBAIOUIYIO YIPABJISIOMINE MapameTpbl
00J1aCTH MaMATH 110 aJpecy, yKa3aHHOMY B napamerpe buf

IPC_SET — 3aMEHMTb CTPYKTYpY, ONHCBIBAIOUIYIO YIPABJIAIOMIAE IapaMeTphl 00JIacTH
IIaMATH, Ha CTPYKTYPY, HAXOIALIYIOCS IO aJpecy, yKazaHHOMY B napamerpe buf. BeimonHuts
ATy ONEpPAIMI0 MOXET Tpolecc, y KOToporo 3¢h(EKTUBHBIA HACHTH(PUKATOP IOIH30BATEIS
COBMAZaeT C BiaJeNbLIEM WIM co3JaTeleM odepeau, JubOO IMpolecc ¢  IpaBaMu
IIPUBUJIETUPOBAHHOIO IOJIB30BATENS, IPHU 3TOM MPOLECC MOXKET MU3MEHUTh TOJIBKO BIIAJIEIbLA
00J1acTH MaMATH U IpaBa JA0CTyIa K HEel.

IPC_RMID — yJaJuTh Pa3aeisieMyo MaMsTh - [IOMEYACT ISl yTAJICHUS. IPOUCXOIUT MTOKa
TOJIBKO TOT/A, KOTJa TOCIETHHHA mporecc, paboTaBIIMK C pa3fenseMold NaMAThIO, HE
"oTBsDKETCA". Pecypc MOXKET TOJBKO MpOIecC, Y KOTOporo 3¢h(EKTUBHBIN HIACHTH(PUKATOD
MI0JIb30BATENs COBIAJAET C BiAJEbIIEM MM CO3JAaTEJIEM OuYepenH, JIMOO IMpOoLEecC C MpaBaMu
MPUBUJIETHPOBAHHOTO MTOJIH30BATENS.

SHM LOCK, SHM UNLOCK — OIOKMpOBAaTh WM DPa30JIOKMPOBAaTh OO0JIACTh MaMATH.
BbBIONMHUTE 3Ty oONEpalMi0 MOXKET TOJBKO IMPOLECC C MpaBaMH IPUBUIETHPOBAHHOIO
II0JIB30BATE.

DTO eIMHCTBEHHBIE CPEACTBA CHHXPOHHU3ALMY B JAHHOM PECYpCe, UX pealn3als J0HKHA
MOJAEP>KUBATHCS AIAPATYPOH.

IMpumep. Cxema padoTsl ¢ 001Ieil MAMATHIO B pAMKAaxX O0JHOr0 npouecca. B nansom
npUMeEpe TMpPOIeCC CO3/IaeT pecypc pasuensieMas mamatb, pazmepom B 100 Oaiitr (m ¢
COOTBETCTBYIOIIUMH (hraraMu), MPUCOEANHSIET €€ K CBOEMY aJIpeCHOMY MPOCTPAHCTBY; IPU ATOM
yKa3aTellb Ha Hayajlo JaHHOW o0jacTu coxpaHsercs B mepemennoi shmaddr. Jlanbiie mporece
MPOU3BOAUT PA3IUYHBIC MAHMIYJSILMU, a IEpe]] CBOMM 3aBEpIICHHUEM OH YJajsieT JaHHYIO
ob0nactp pasfenseMod mnamsATH. B gaHHOM mpuMepe cuuTaeTcs, 4To putm() u
waitprocess () — HeKHe M0JIb30BATEIbCKUE QYHKIMH, ONPEICIIEHHBIE B IPYTOM MECTE.

int main(int argc, char **argv)
{

key t key;

char *shmaddr;

key = ftok(“/tmp/ter”, ’'S’);

shmid = shmget(key, 100, 0666 | IPC_CREAT | IPC_EXCL);
shmaddr = shmat (shmid, NULL, O0);

/* paboTaeM c pasgeisieMOil NaMsITbIO, Kak C OBmYHOM */
putm (shmaddr) ;

waitprocess|() ;
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shmctl (shmid, IPC_RMID, NULL);
return O;

3.2.3 Maccus cemacpopos IPC

Cemadopsl npenctaBisitor coboir onny w3 ¢opm IPC U OOBIYHO HCHONB3YIOTCS IS
CHUHXPOHH3AIMH JIOCTYIAa HECKOJIBKUX MPOIECCOB K pa3/eisieMbIM pecypcaM, Tak Kak caMu 10
cebe npyrue cpencrsa |PC He mpenocTaBisioT MeXxaHU3Ma CHHXPOHU3AIUH.

Kak y>xe ropopuioch, ceMadop npecrapisieT co00i 0COObI BT YMCIOBOH IEPEMEHHOM,
HaJl KOTOPOW ONpezeNieHbI JIBE HEeIeIMMbIE ONEpallii: YMEHBIICHUE €€ 3HAYeHUS! C BO3MOKHBIM
OJIOKMPOBAHUEM ITPOIECCa M YBEIMUSHHE 3HAUCHHSI C BO3MOYKHBIM Pa30JIOKMPOBAHUEM OJIHOTO U3
panee 3a010kupoBaHHbIX mporeccoB. O0bekT System V IPC npescrasisietr coboit maccus (Habop)
cemadopos.

PaccMoTpuM OCHOBHBIE BBI30BBI U1 paboThl ¢ cemadopamu B UNIX System V.

3.2.3.1 [octyn k cemadopy

Jnst monmyuyeHus AOCTyma K MaccuBy cemMadopoB (WM €ro CO3JaHusl) UCIOIb3YEeTCs
CHCTeMHBII BbI30B Semget():

#include <sys/types.h>

#include <sys/ipc.h>

#include <sys/sem.h>

int semget (key t key, int nsems, int semflag);

[TepBsrii mapametp GyHKIMN semget () — KIIOY AJis JOCTYMA K pa3ensieMoOMy pecypcy,
BTOPOI1 - KOJIMYECTBO ceMadopoB B co3/laBaeMoM Habope (yinHa MaccuBa ceMadopoB) U TPETHi
napametrp — uaru, ymnpapisiole MoBeAeHHEeM BbI3oBa. [loapoOHee mporecc co3naHust
paszienseMoro pecypca omnucaH Bbiie. OTMETUM CEMaHTHUKY MpaB JIOCTyNa K TaKOMYy THUITY
pas3iengeMbIX pecypcoB, Kak ceMadopbl: Mpolecc, WMEIONUI MpaBo JOCTyNma K MAacCHUBY
cemMadOopoB MO YTCHHUIO, MOXKET IMPOBEPATH 3HAUCHHE ceMadopoB; MPOIECC, UMEIOIINUNA TPABO
JOCTyTA 110 3aMUCH, MOKET KaK MPOBEPSTh, TaK U U3MEHAThH 3HAaUCHHs ceMadopoB.

B cnyuae ycmexa BbI30B semget () Bo3BpamiaeT MOJOXHUTEIbHBIA JIECKPUIITOP
CO3IaHHOTO pa3/IeNsIEMOro pecypca, B ciaydyae Heyaauu -1.

3.2.3.2 Omnepanuu Hajg cemagopom

Hcnone3ys NOIy4eHHBIN JECKPUIITOP, MOKHO IMPOU3BOIUTH U3MEHATH 3HAUYEHUs OJTHOTIO
WJIM HECKOJIBKMX ceMadopoB B HAOOpe, a TakKe MPOBEPATH UX 3HAUEHUS Ha paBEHCTBO HYJIIO, AJIs
YEro MCIOJIb3yEeTCs] CUCTEMHBIN BBI30B semop () :

#include <sys/types.h>

#include<sys/ipc.h>

#include<sys/sem.h>

int semop (int semid, struct sembuf *semop, size t nops)

DTOMY BBI30BY IE€PENAIOTCA CIEAYIOIINE apTyMEHTHI:

semid — geckpunTOp MaccuBa ceMagopoB;

semop — MaccHB U3 00BEKTOB THIAa Struct sembuf, KaXablil U3 KOTOPBIX 33/1a€T OJIHY
orepanuio Haj cemadopom;

nops — JyIMHa MaccuBa semop. KonnyectBo cemadopoB, HaJ KOTOPBIMH IPOIIECC MOXKET
OJHOBPEMEHHO INIPOU3BOJUTH OINEPALUI0 B OJHOM BBI30BE semop (), OrpaHMYEHO KOHCTAHTOU
SEMOPM, oncaHHo# B (aitie <sys/sem.h>. Eciou mporecc monsitaeTcs BI3BaTh semop () ¢
napaMeTpoM nops, OOJIBIIMM ATOTO 3HAUEHHS, TOT BHI30B BEPHET HEYCIIEX.
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Crpyktypa nmeer sembuf Bua:
struct sembuf {
short sem num; /* HoMep cemadopa B BexkTOpe */
short sem op; /* mpomsBoIuMas omnepaums */
short sem flg; /* dnarm omepaumm */
}
[Tosie onepanuu B CTpYKType UHTEPIPETUPYETCS ciaenyomum oopasom. [lycTs 3HaueHue
cemadopa ¢ HOMEPOM Sem_num paBHO sem_val.
1. ecnu 3HaueHuUeE onepaly He PaBHO HYJIIO:

"  OLEHMBACTCs 3HaYECHHE CyMMBI Sem val + sem op.

" eciaM dTa cyMMa Oonblie JUOO0 paBHA HYINIO, TO 3HAYCHHE JaHHOTO
cemMaopa YCTAaHABIMBACTCA pPAaBHBIM JTOH CymMMe: sem val =
sem val + sem op

" eclIM K€ 3Ta CyMMa MEHbIIE HyJs, TO JAeWCTBUE Ipolecca Oyner
IPHOCTAHOBIICHO IO TEX MOp, NOKA 3HaY€HHE CyMMbl sem val +
sem _op HE CTaHEeT OoyblIEC IMOO0 PaBHO HYJIO, IIOCIE YEro 3HAYCHHE
cemMaopa YCTAaHABIMBACTCA pPAaBHBIM JTOH CymMMe: sem val =
sem _val + sem op

2. Ecnau xoj onepanuy sem_op paBeH HyJIO:

* Ecimm npu ostom 3HaueHune cemadopa (sem val) paBHO HYyIIIO,
MIPOMCXOUT HEME ICHHBII BO3BpAT U3 BHI30BA

= Huave npoucxoaut OJOKHUPOBAHUE IpoLiecca O TeX IMOp, MOKa 3HAUCHHE
cemaopa He OOHYITUTCS, TIOCIIE YETO MPOUCXOTUT BO3BPAT U3 BHI30BA

Takum 00pa3oM, HeHyJIeBOE 3HA4YEHHME IOJI1 Sem op 0003HayaeT HEeoOXOAMMOCTh
npuOaBUTh K TEKyLIEMY 3HAYCHHIO ceMa(opa 3HaYCHHE Sem Op, a HyJIeBO€ — JO0XKIaThCs
oOHynenus cemagopa. Mrak, mopsaok padboTsl ¢ ceMagopoM MOKHO 3aIHCaTh B BUJE CIICAYIOIICH
CXEMBI.

Ecimn sem op = 0 To
ecim sem val # 0 To
noxa (sem val # 0) [npouecc 6noxupoBaH]
[BosBpaT M3 BHBOBa]
Ecimn sem op # 0 To
ecin sem val + sem op < 0 To
noka (sem val+sem op< 0) [mpoumecc 6ynokxkmpoBax]
sem val = sem val + sem op

ITone sem f1g B cTpykType sembuf comepKuT KOMOMHALUIO ()IIaroB, BIUSAIONIMX HA
BBIMIOJIHEHHE onepanuu ¢ cemadopoM. B 3ToM mosie MokeT ObITh yCTaHOBJEH duiar
IPC_NOWAIT, KOTOpBIA MNpPEANMCHIBACT COOTBETCTBYIOIIEH omepanuu Haa cemaopom He
OJIOKMPOBATH MPOLIECC, a CPa3y BO3BpAIlaTh yIpaBIeHUE U3 BbI30Ba semop () . BrizoB semop ()
B Takoil cutyanuu BepHeT —l. Kpome Toro, B 3TOM moje MOXeT OBITh YCTaHOBJIEH (iar
SEM_UNDO, B 5TOM CIIy4a€ CUCTEMa 3alIOMHUT U3MEHEHHUE 3HaUeHUs ceMadopa, IPOU3BEIECHHBIE
JAHHBIM BBI30BOM, M IO 3aBEPILEHUU MpPOLEecca aBTOMATUYECKU JIMKBUIUPYET 3TO U3MEHEHHUE.
OT0 mpeoXpaHseT OT CUTYyalluH, KOTAa MPOLecC YMEHBIINI 3HaueHue cemadopa, HauaB paboTaTh
C pecypcoM, a MOTOM, He yBEIWYHMB 3Ha4YeHHE cemadopa oOpaTHO, MO KaKOW-THOO MpPHUUYHHE
3aBepiimica. B 3ToM citydae ocTanbHbIE MPOLIECCHI, XKIYIIUE JA0CTyIa K Pecypcy, OKa3aauch Obl
3a0JI0KHPOBaHBI HABEYHO.
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3.2.3.3 YnpaBieHue COCTOSTHHEM MaccUBa ceMa(opoB

#include <sys/types.h>
#include<sys/ipc.h>
#include<sys/sem.h>

int semctl (int semid, int num, int cmd, union semun arg)

C noMouIpk0 3TOr0 CUCTEMHOT'O BbI30BAa MOYKHO 3aIllpallliBaTh U U3MEHATH YIPABIISAIOIINE
[apaMeTpbl pa3aeisieMOro pecypca, a TaKKe yIaliTh €ro.

[lepBeIii TapameTp BBI3OBA — JECKpUNTOp MaccuBa cemadopos. [lapamerp num
npencTaBisier coboi uHaekc cemadopa B Maccupe, napamerp cmd 3a7aeT ONepalunio, Kotopas
JIOJDKHA OBITH BBHITIOJIHEHA HaJ JaHHBIM cemadopom. [locnennuii apryMeHT uMeeT TUIl union
semun ¥ HCHOJB3YETCA JIsI CUMTBIBAHWS WIIA 3aJaHUs YNPABIAIOLWIKX HapaMeETPOB OIHOTO
cemadopa UM BCETro MacCHBa, B 3aBUCUMOCTH OT 3HaueHus aprymeHTa cmd. Tun JaHHpIX union
semun onpeJielicH B paiiiic <sys/sem.h> 1 BBINISIUT CIETYIOMUM 00pa3oM:

union semun {

int val; /* 3HauveHue OIHOTO cemadopa */

struct semid ds *buf; /* napamerpn Mmaccuba cemMadopoB B
uejoMm */

ushort *array; /* MaccuB 3HaueHuir cemadopoB */

}

rie struct semid ds — cTpykTypa, onucaHHas B TOM ke (aiiiie, B IOJAX KOTOPOi
Xpa"uTcs nHpopmanus o BceM Habope ceMadopoB B IEJIOM, a UMEHHO, KOJIMYECTBO ceMadopoB
B Habope, MpaBa I0CTyIa K HEMY U CTaTHCTUKA JOCTyTa K MaccuBy ceMadopoB.

[IpuBenem HeKOTOpBIE HAaNOOJIEe YACTO UCIIONIB3YEMbIE 3HAUEHUS apryMenTa cmd:

IPC_STAT — CKONMPOBATh YNPAaBIAIOIIME ITapaMeTphl Habopa ceMaopoB MO aapecy
arg.buf

IPC_SET — 3aMEHUThH yNpaBIAIOMIKE NapaMeTpbl Habopa ceMadopoB Ha T€, KOTOPhIE
yKka3aHbl B arg . buf. UToOBI BRIMOTHUTE ATy OTIEPAIIHIO, TPOIIECC TOHKEH OBITh BIAICTBIIEM HITH
co3zareneM MaccuBa ceMadopoB, 1100 00agaTh MpaBaMy MPUBHIETHPOBAHHOTO MOJIH30BATETS,
IIPH 3TOM TIPOIECC MOXKET U3MEHHUTH TOJILKO BIajeliblla MacCcuBa ceMadopoB U MpaBa JOCTyTma K
HEMY.

IPC_RMID — ynamuTh MaccuB ceMadopoB. UTOOBI BEIOIHHUTE 3Ty ONEPALMIO, IIPOLIECC
JOJKeH OBITh BIIAJENbLIEM WJIM CO3JaTelieM MaccuBa ceMadopoB, OO0 o0iagaTh MpaBaMu
NPUBWIETUPOBAHHOTO MOJIB30BATENS

GETALL, SETALL — cuuTaTh / YCTAaHOBUTH 3HAYCHHS BCEX ceMaoOpOB B MACCHB, Ha
KOTOPBIN YKa3bIBacT arg.array

GETVAL — BO3BpaTuTh 3HaueHHe cemadopa ¢ HomepoM num. [locmeanuii aprymeHt
BBI30Ba UTHOPUPYETCH.

SETVAL — yCTaHOBUTh 3HaUeHHE cemMadopa c HoMepoM NUM paBHBIM arg.val

B cnyyae ycnemHoro 3aBeplICHHS BbI30B BO3BpAlla€T 3HAYECHHUE, COOTBETCTBYIOIIECE
KOHKPETHOM BBIMONHsBIIEHcs oniepanuu (0, ecii He OTOBOPEHO MHOE), B CiIy4yae Heyaauu — -1.

3.2.3.4 Tlpumep - padora c pa3jiesisieMoil NamMsThIo U ¢ cemagopamu.

B paccmarpuBaeMOM INpuMeEpe MOZICIHPYETCS IBYXIIPOLIECCHAs CHCTEMA, B KOTOPOH
NEepPBbI MPOLIECC CO3/AaeT PeCcypchl paszjeisieMas MaMsATh U MaccuB ceMadopoB. 3aTeM OH
HauMHAeT YUTAaTh HHQPOPMALMIO CO CTAHJAPTHOIO YCTPOMCTBA BBOJA, CUUTAHHBIE CTPOKU
3aIIUCBIBAIOTCA B PA3LCIIEMYI0 MaMATb. BTOpO#l NpoOIECC YUTAaeT CTPOKH U3 PA3LCIIEMOU
namsTi. TakuM o0Opa3oM, MBI IMEEM KPUTHYECKHUN YJaCTOK B MOMEHT, KOTJja OIMH IPOLIECC eIl
HE JIONHCAN CTPOKY, a APYyroi ee yxke uutaer. JlanHas 3a1a4a TpedyeT CHHXpOHHU3AIUY, KOTopast
OyZIeT OCyILIEeCTBIAThCA HA OCHOBE MexaHu3Ma ceMadopoB. CToUT 0OpaTUTh BHUMAaHUE Ha TO, UTO
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C OJHHUM U TE€M € KIIF0UOM OJHOBPEMEHHO CO3JIAI0TCS PECypChl IBYX pa3HbIX TUIOB (B cilydae
UCIIONIb30BaHUS PECYPCOB OJTHOTO THIIA TTOI0OHBIE IEHCTBUS HEKOPPEKTHBI).

1 mpouecc:

#include <stdio.h>

#include <sys/types.h>
#include <sys/ipc.h>

#include <sys/sem.h>

#include <string.h>

#define NMAX 256

int main (int argc, char **argv)

{

key t key;

int semid, shmid;
struct sembuf sops;
char *shmaddr;

char str[NMAX];

/* cos3maeM YHUKAJILHEN KJY */
key = ftok (“/usr/ter/exmpl”, 'S’);

/* IHoirkeH OBITH OOecreueH MNOPAHNOoK 3alycka IpoleccoB*/
/* cHauaJjla IepBHM, a 3aTeM BTOPOM */

/*cosmaem omuH ceMadop C ompeleJIeHHBIMM IpaBaMm JocTyrna*/
semid = semget (key, 1, 0666 | IPC CREAT | IPC EXCL);
/* cosmaeMm pasmeyigeMyl NaMaTb Ha 256 Ganr */
shmid = shmget (key, NMAX, 0666 | IPC CREAT | IPC EXCL);
/* nomkjoyaeMcs K pasnejsgeMor namatu, B shaddr -
ykKasaresjgb Ha Oybep C pasmessgeMol naMaTbio */
shmaddr = shmat (shmid, NULL, O);
/* yHuumanusupyem cemadop 3HaueHmeM 0 */
semctl (semid, 0, SETVAL, (int) O0);
sops.sem num = 0;
sops.sem flg = 0;
do { /* manyck uukjga */
printf (“"Brenoure cTpoky:”);
if (fgets(str, NMAX, stdin) == NULL)
{
/* okoHUaHue BBOmA */
/* numeMm NpM3HaK 3aBepleHus — CTPoky Q7 */
strcpy (str, “Q7);
}
/* B Texkymmii MOMeHT ceMadop OTKPHEIT MJIS 3TOTO
npouecca */
strcpy (shmaddr, str); /* komnupyeM CTPOKY B pasm.
namMsaTe */
/* mpemocTaBJISeM BTOPOMY IIPOLECCY BO3MOXHOCTH BOMTH
*/
sops.sem op = 3; /* yBenmuueHue cemadopa Ha 3 */
semop (semid, &sops, 1);
/* xpmeMm, mnoka cemadop BymeT OTKPHT mOJid lro mpolecca
-  IOJ4 clenyomeir urepaumum umkia */
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sops.sem op = 0; /* oxmnaHme OOHyJeHMsa ceMmadopa */
semop (semid, &sops, 1);

} while (str[0] != YQ');

/* B IaHHBM MOMEHT BTOPOM MNpPOLIeCC yXe moumMTall us3
pasmengeMoM HaMAaTM M OTKJIOUMJIICS OT Hee — MOXHO ee
yOauaTs*/

shmdt (shmaddr) ; /* oTkjouaeMcsa OT pas3messeMoi namsaTtu */
shmctl (shmid, IPC RMID, NULL); /* yHMYUTOXaeM pa3IesigeMyl
namMaTre */
semctl (semid, 0, IPC_RMID, (int) 0); / * yHUUTOXaeM
cemadop*/
return 0;

2 mpolecc:

/*

HeoOXOOMMO KOPPEKTHO OIpeneyMTh CylleCTBOBaHME pecypca,

eCyM OH €CTb — MOOKJKOUMTLCHS */
#include <stdio.h>

#include <sys/types.h>
#include <sys/ipc.h>

#include <sys/sem.h>

#include <string.h>

#define NMAX 256

int main(int argc, char **argv)

{

key t key;

int semid, shmid;
struct sembuf sops;
char *shmaddr;

char str[NMAX];

/* cosmaeM TOT Xe& CaMbli KJoUu */

key = ftok(“/usr/ter/exmpl”,’S’");

/* aHaAJIOTUMUHO MpensOylleMy [IPOLEeCcCy -  MHMLMAaIM3almda
pecypcos */

semid = semget (key, 1, 0666 );

shmid = shmget (key, NMAX, 0666 );

shmaddr = shmat (shmid, NULL, O);

sops.sem num = 0;
sops.sem flg = 0;
/* BanyckaeM LUK */

do

{
printf (“Waiting.. \n”); /* oxumaHme Ha cemabope */
sops.sem op = —2;
/* ©6ymeM OoXxumaThb, IokKa “3HaueHue cemadpopa” +

”3HadyeHMe sem Op” He CTaHEeT IOJIOXUTEJIbHEMY /
semop (semid, &sops, 1);/* Tenepr 3HaueHue cemadopa
paBuo 1 */
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/*KpuUTHUUeckKas cexkuusa - paboTa C pasnesisgeMol HNaMsaTbio
- B BTOT MOMEHT II€PBHIM IPOLECC K pas3lesyigseMOoM HaMaTU
ooCTyrna He uMeeT*/

strcpy (str, shmaddr) ; /*  KOINMpYeM CTPOKY U3
pasno.namaTtu */
if (str[0] == Q")
{
/* 3aBepUeHre pPaboTE - oceoboxmaeM

pasmessgeMmyn namMsaTs */
shmdt (shmaddr) ;
}
/*mnocrsie paBoTH C TeKylel CTPOKOM— oBHynmuM cemadop*/
sops.sem op=-1;
semop (semid, &sops, 1);
printf (“Read from shared memory: %s\n”, str);
} while (str[0] != YQ');
return 0;

OTMeTuM, YTO JAHHBII OpUMEpP JEMOHCTPUPYET JIBa PA3HBIX IpHEeMa UCIIOJIb30BaHUS
ceMaopoB U1 CHHXPOHU3AIMH: TIEPBBII MPOIECC OJIOKUPYETCS B 0OKUIAHUH OOHYJICHUS
cemadopa, T.e. Al TOro, YTOOBI OH MOT BOMTH B KPUTHYECKYIO CEKIIHIO, 3HaUeHHEe cemadopa
JIOJDKHO CTaTh HYJIEBBIM; BTOPOU MPOIECC OJOKUPYETCS MPHU MONBITKE YMEHBIIUTH 3HAUCHUE
cemadopa A0 OTPUIATETFHOM BETUYHHBI, VISl TOTO, YTOOBI 3TOT MPOLIECC MOT BOWTHU B
KPUTHUYECKYIO CEKIMI0, 3HaUeHHE cemMadopa T0DKHO ObITh HE MeHee 3. OOpaTUM BHUMAaHHE, YTO
B JAaHHOM IPUMEPE, TOMUMO B3aMMHOTO MUCKJIIOUEHUS MTPOLIECCOB, JOCTUTAETCS CTPOTras
MOCJIEIOBATEILHOCTD JICMCTBUH JABYX MPOIIECCOB: OHU MOTYYAIOT JOCTYI K KPUTHUYECKOW CEKITUU
CTPOTO IO OYEPEIH.

Crnenyer 0c000 OTMETHUTD, UTO B HAYAJIHLHOM 3allYCKE JAHHBIX IIPOIIECCOB JIOIKEH OBITh
CTPOTO COOII0JECH oNpeaeacHHbIN nopsaok. CHavaa JoaKEeH OBITh 3allyIlleH HNEPBLIM mpoliecc,
OH JIOJDKEH CO3J1aTh pa3siesieMbIE PECYPCHI, HHUIIHNAIM3UPOBATE ceMadop, a 3aTEM ViKe JOKEH
OBITh 3aIyIIIEH BTOPOM IIpoIiecc.

Pexomennanuu.

1. Pa3o0paTh BO3MOXKHBIE TPOOJIEMBI, B CITy4ae, €CIM He COOIIOICH MOPSI0K 3aIycKa U
paboTHI IPOIECCOB
2. TlpeanoxxuTh penieHne, 00ecIeYnBaroIee YKa3aHHbINA TOPSIIOK.

3.3 Cokemsbi

CpenctBa mexnpoueccHoro 3zaumozeiicteus OC UNIX, npeacraBieHHble B CUCTEME
IPC, pemator mpoOieMy B3aMMOJEHCTBHUS TPOIIECCOB, BBITOJHIIONIMXCS B paMKax OJHOMN
OTepalMoHHOM cucteMbl. OTHAKO, OUYEBUIHO, UX HEBO3MOXKHO MCIOJIb30BATh, KOT/Ia Tpedyercs
OpraHu30BaTh B3aUMOJEHCTBUE MPOIECCOB B paMKax CETHU. OJTO CBI3aHO Kak C MPUHITOU
CHUCTEeMOW WMEHOBaHUs, KOTOpas OOeCledYrBaeT YHHKAIBHOCTh TOJNIBKO B paMKax JaHHOU
CUCTEMBI, TaK U BOOOILIE C peain3aliiel MEXaHU3MOB Pa3AesieMOi aMsATH, OUepean COOOIIEHNI
u cemMadopoB, — OYEBUAHO, YTO JUIS YJAJICHHOTO B3aMMOJCHCTBHSI OHHU HE TOIATCA.
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CnenoBarenbHO, BO3HUKAeT HEOOXOAMMOCTh B KaKOM-TO JOIOJHHUTEIBHOM MEXaHHU3Me,
MO3BOJISIIOIIEM OOIIAaThCs JBYM IpolieccaM B pamkax cetd. OpHako ecnu pa3paboT4uKu
nporpaMM OyIyT MMeTh JABa aOCOJIOTHO pa3HbIX MOAXOJAa K pealn3ald B3auMOJEHCTBUSA
IPOIIECCOB, B 3aBUCUMOCTH OT TOT0, HA OHOM MAaIllMHE OHU BBIMTOJHAIOTCS UM HA Pa3HBIX y3J1axX
CEeTH, UM, OUEBUIHO, IPUJIETCS BO MHOTHX CIIy4asX CO3/1aBaTh ABa MPUHIMIINAIBHO PAa3HBIX KyCKa
KO/1a, OTBEUYAIOUINX 32 3TO B3auMo/eiicTBue. [IoHATHO, 4TO 3TO HEYAOOHO U XOTENOCH ObI B CBSI3U
C 9TMM MMETh HEKOTOPbIM YHU(UIMPOBAHHBIMN MEXaHW3M, KOTOPBIA B OINPENEIEHHONW CTENEHU
NO3BOJST ObI a0CTParupoBaThbCs OT PACHOIOKEHHUS IMPOLECCOB M JaBayl Obl BO3MOXKHOCTh
UCIIOJIb30BAaHUS OJHUX U T€X XK€ MOJAXO0B JJ JIOKAJIBHOI'O M HEJIOKAIBHOIO B3aUMOJEHCTBHSL.
Kpome Toro, xak TOJIBKO MBI OOpamaeMcsi K CETEeBOMY B3aUMOJICHCTBHUIO, BCTaeT mpoliema
MHOI000pa3usi CETEBbIX IPOTOKOJIOB U UX UCIOIb30BaHus. [IoHATHO, 4TO ObLI0 OBl y100HO UMETH
Kakoi-HUOyap oOummii wuHTepdeiic, MO3BOMAIONIMNA MOJIb30BATbCA YCIAYraMH Pa3JIMYHbIX
IPOTOKOJIOB 10 BBIOOPY MOJIb30BATEIS.

O06o3HaueHHbIe TPOOIEMBI OB MPU3BAH PEIINTh MEXAaHU3M, BIIEPBBIC MOSBHUBIIUICS B
UNIX — BSD (4.2) u Ha3BauHbIi cokeTamu (SOCKetS).

CoKeThlI PeICTaBISAIOT cO00 B ONPEEICHHOM CMBICIIE 0000IIeHIe MEXaHN3Ma KaHAJIOB,
HO C YYETOM BO3MOXKHBIX OCOOCHHOCTEW, BO3HMKAIOIUX IpU pabore B cetu. Kpome toro, oHn
NPEJOCTABIISAIOT OOJbIIE BO3MOXKHOCTEH 1O Tmepegadye COOOMICHHH, HampuMep, MOTYT
HOJ/IEP’KUBATh Iepe/lady SKCTPEHHBIX COOOIEHUI BHE 00IIero noToka aaHHbix. O0mas cxema
paboThI ¢ COKeTaMu JIF0O0T0 THTA TAKOBA: KaX/IbIi U3 B3aMMOACHCTBYIOIINX MPOIIECCOB J0JKECH
Ha CBOEH CTOPOHE CO34aTh M OTKOH(UIYpHUpPOBATH COKET, IOCJIE YEero IPOLECCHl JOJKHBI
OCYIIECTBUTHh COCJMHEHHWE C UCIOJb30BAaHUEM OSTOW mapel cokeroB. [lo oxoHyaHuM
B3aUMOJICHCTBUS COKETbI YHUUTOXKAIOTCS.

MexaHi3M COKETOB 4pe3BbIUAHO yZ00eH npu pa3paboTke B3aMMOACHCTBYIOLIMX
NPUIOKEHNH, 00pa3yIoOLIMX CUCTEMY «KIIMEHT-cepBep». KIIMEeHT nmocbulaeT cepBepy 3arpockl Ha
IPEe0CTaBIIEHUE YCIYTH, a CEpBEP OTBEYAET Ha 3TH 3aIpPOCHI.

Cxema HCHOJB30BaHUS MEXaHW3Ma COKETOB JIJISi B3aUMOJCHCTBUS B paMKax MOJIENH
«KJIMEHT-cepBep» TakoBa. [Ipomecc-cepBep 3ampammBaer y OC cokeT W, MHOJIy4YHMB €ro,
NPUCBAaUBAECT €My HEKOTOpoe MMs (azpec), KOTOpOe MpPEeronaraeTcs 3apaHee U3BECTHBIM BCEM
KJIMEHTaM, KOTOpbIe 3aXOTAT OOIIAThCs ¢ JaHHBIM cepBepoM. [locne 3Toro cepsep nepexoauT B
PEXUM OXKHUAaHUSA U 00pabOTKH 3alIpOCOB OT KIHEHTOB. KineHT, co cBoelt CTOPOHBI, TOXKE CO37aeT
COKET U 3alpallliBaeT COeIMHEHHE CBOETO COKETa C COKETOM CepBepa, MMEIOIIUM U3BECTHOE EMY
uMmsa (aapec). Ilocne Toro, kak coeauHeHHE OyAE€T yCTAaHOBJICHO, KJIHEHT W CEPBEP MOTYT
0OMEHMBATBHCS TAaHHBIMH Yepe3 COeIMHEHHYIO Mapy cokeToB. Huxe Mbl MOAPOOHO paccMOTpUM
(GYHKIMHM, BBITIOJTHSIOIINE BCE HEOOXOAMMBIC ICHCTBUS C COKETaMH, M HaIUIIEM TIpUMep
HEeOOJIBIION cepBepHON U KIIMEHTCKON MPOTrPaMMBI, HCTIOJIB3YIOIIMX COKETHI.

3.3.1 Twunbl cokeToB. KOMMYHUKaUMOHHbLIN JOMEH

CokeTbl MOJpa3JEeisAlOTCS HAa HECKOJBKO THUIIOB B  3aBUCUMOCTH OT THUNA
KOMMYHUKAIIMOHHOTO COE€JAMHEHHUs, KOTOPBbIi OHM HCMOJB3YIOT. J[Ba OCHOBHBIX THIIA
KOMMYHHKAITIOHHBIX CO€IMHEHUN U, COOTBETCTBEHHO, COKETOB MPEJICTABIISIECT COOON COSAMHEHNE
C HCIOJBb30BaHUEM BUPTYAJIbHOIO KaHAJIa U IaTarpaMMHOE COCTMHEHUE.

CoeduneHue ¢ UCNONBL30BAHUEM BUPMYATbHO20 KAHALA — DTO TOCIENIOBATEIbHBIN MOTOK
0aliTOB, TapaHTUPYIOIIMA HAJEKHYIO JOCTaBKY COOOIICHHH C COXpaHEHHEM TOopsaKa WX
cinenoBaHus. JlaHHBIE HAYMHAIOT MEPEAABATHCS TOJBKO IOCIE TOrO, KaK BUPTYAJIBbHBIM KaHal
YCTAHOBJICH, M KaHaJ HE pa3phIBacTCs, MOKa BCE JaHHbIE He OymyT mepenanbl. [Ipumepom
COEIMHEHUS C YCTAaHOBJIEHHEM BHUPTYaJIbHOIO KaHaja sBJISETCS MeXaHu3M KaHaioB B UNIX,
aHAJIOTOM TaKOTO COEAMHEHUS M3 PEabHON >KU3HU TaKKe SBISICTCS Teae(OHHBIN pa3roBop.
3aMeTuM, 4YTO TpaHHIBl COOOIIEHWH TpPU TaKOM BHUJIE COCIUHEHUU HE COXPAHSIOTCS, T.C.
MPUJIOKEHUE, TOJy4Yarollee AaHHbIe, JOJDKHO CamMO ONpPEAeNsTh, IIAE 3aKaHYMBAETCS OJHO
COOOIIEHNE W HAYMHACTCS ClieAyromiee. Takoid THUIl COSTUHEHHS] MOXKET TaKXkKe MOJIEPKUBAThH
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nepeaayy 3KCTPEHHBIX COOOIIEHUII BHE OCHOBHOIO IOTOKA JAHHBIX, €CIM 3TO BO3MOXKHO IpHU
UCIIOJIb30BaHUM KOHKPETHOTO BEIOPAHHOTO MPOTOKOJIA.

Hamaepammnoe coedunenue WCHONb3YyeTCsl U1 Tepeladd OTACIbHBIX IIAKETOB,
CoJieprKalluX MOPLMH JaHHBIX — JaTarpaMm. s qatarpaMM He rapaHTHPYETCs 10CTaBKa B TOM
’Ke IopsiZIKe, B KAKOM OHM ObUIN MOCaHbl. BooO11e roBops, 71l HUX HE rapaHTHPYETCs 1I0CTaBKa
BOOOIIIE, HAJIC)KHOCTD COSIMHEHHS B 3TOM CIIy4ae HUXKE, YEM IPU YCTAHOBIICHUH BUPTYaJIbHOTO
kaHasa. OJHAKO JaTarpaMMHbIE COEIMHEHMs, Kak IpaBuio, Oosiee ObicTphle. I[Ipumepom
JaTarpaMMHOTO COCIMHEHUS M3 PEaTbHOM KM3HM MOXKET CIYXHTb OOBIYHAs 10YTAa: MUCbMA H
HOCBUIKA MOTYT NPHUXOJIUTh ajpecaTy HE B TOM IOpPAJIKE, B KAKOM OHHU OBLIM IOCIaHbI, a
HEKOTOPBIE U3 HUX MOTYT U COBCEM IPONaiaTh.

ITocKoJIBKY COKETBI MOT'YT UCIOJIB30BaThCS KaK I JIOKAJIBHOTO, TaK U IS YJAJIEHHOTO
B3aMMOJICICTBYSI, BCTA€T BOIPOC O IPOCTPAHCTBE aJapecoB cokeToB. Ilpu co3zmaHum cokera
YKa3bIBAETCS TaK HA3bIBAEMBIH KOMMYHUKAYUOHHBIL OOMEH, K KOTOPOMY JaHHBIM COKeT Oyler
npuHaUIe)KaTh. KOMMYHUKAIMOHHBIA JJOMEH ONPENENseT KOHKPETHYIO MOJENIb HMEHOBAHUS
(popmaTtsl anpecoB, IpaBuUiIa UX UHTEPIPETALNN), @ TAKXKe 001aCTh B3aUMOEHCTBUS IIPOLIECCOB.
Ms1 OyaeM paccMaTpuBaTh JBAa OCHOBHBIX JIOMEHA: ISl JIOKAIBHOTO B3aMMOJCHCTBHS — JOMEH
AF UNIX u 1 B3aMMOJICHCTBUS B paMKax ceTu — ioMeH AF _INET (npepuxc AF o6o3nauaer
cokpamenue or «address family» — cemelictBo anpecos). B nomene AF_UNIX ¢opmar aapeca —
3TO jgomyctumoe ums Qaiia, B 1omeHe AF_INET ajapec oOpasyror komOunanums |IP angpeca u
HOMepa mnopTa (HOpPT — BHUpTyalbHas TOYKA COEAMHEHMs, KOTOpas IO3BOJSET aJpecoBaTh
KOHKPETHBIN IPOLIECC U3BHE).

3aMeTHM, YTO (PaKTUUECKH KOMMYHUKAIIMOHHBIN JJOMEH OIIPEeIIseT TAK)KE NCII0Ib3yEMbIe
cemelicTBa MpoTokonos. Tak, g nomena AF_UNIX 510 OymyT BHyTpeHHHUE MpoToKoysl OC, s
nomena AF_INET — npoTokoisl cemeiictBa TCP/IP. CoBpeMeHHbIE CHCTEMBI NOIEPKUBAIOT U
JIpyrue KOMMYHHUKAIIMOHHBIE JOMEHBI.

Hwxe npusenen Habop GyHKIMN 17151 pabOTHI C COKETaMHU.

3.3.2 Co3paHune n KoHthUrypupoBaHue cokeTa
3.3.2.1 Co3naHue cokera

#include <sys/types.h>

#include <sys/socket.h>

int socket (int domain, int type, int protocol)

OyHKIMSA CO31aHUSl COKETa TaK M HasbiBaeTca — socket (). Y Hee umeercs Tpu
aprymenrta. [lepBwlii aprymeHT — domain — 0003Ha4aeT KOMMYHHUKAIIMOHHBIA JIOMEH, K
KOTOPOMY JOJIKEH MPUHAIEKATh CO3/1aBaeMblil COKeT. sl ABYX pacCMOTPEHHBIX HAMU JIOMEHOB
COOTBETCTBYIOHINE KOHCTAHTHI OyIyT PaBHEI, Kak Mbl yke roBopuii, AF_UNIX u AF_INET.
Btopoii aprymeHT — type — onpeaenseT TUIl COeAUHEHHUS, KOTOPBIM OY/IET MOJIb30BATHCS COKET
(4, COOTBETCTBEHHO, THI COKeTa). [IJig IByX OCHOBHBIX pacCMAaTPUBAEMBIX HAMU THUIIOB COKETOB
5T0 OyyT KOHCTaHTEl SOCK STREAM /ISl COEIMHEHHS C YCTAHOBJIIEHUEM BUPTYalIbHOTO KaHaIa
u SOCK_DGRAM st nararpamm®.  Tpernii aprymenT — protocol — 3aaeT KOHKPETHBIIA
MIPOTOKOJI, KOTOPBIN OYET NCIIOIB30BaThCS B pAMKaX JAHHOTO KOMMYHHUKAIIMOHHOTO JIOMEHA JIJIS
co3nanHusi coenuHeHus. Ecnum  ycraHOBUTH 3HaueHWe JaHHOro aprymenta B 0, cucrema
ABTOMATHYECKH BBIOCPET MOAXOMAIIMK TPOTOKOJN. B Hammx mnpumepax Mbl Tak W Oyaem

® 3ameTHM, 4TO JIAHHBIH apryMEHT MOXET IIPUHUMATH HE TOJILKO yKa3aHHBIE JIBA 3HAUEHHS, HAPMMED, THII
cokera SOCK_SEQPACKET 00603Ha4aeT COE/IMHEHUE C YCTAHOBJEHHEM BHUPTYaJIbHOTO KaHala CO BCEMH
BBITEKAIOI[MMHE OTCIO/Ia CBOWCTBAMH, HO IIPU 3TOM COXPAHSIOTCSI TPAHHIBI COOOIICHHIA; OHAKO JaHHBII THII COKETOB
ne nopnepxkusaercs Hu B jomene AF_UNIX, nu B nomene AF _INET, nostomy Mbl €ro 31€Ch paccMaTpiBaTh
He Oynem
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noctynath. OHaKO 3/1eCh 7Sl CIIPAaBKH MPUBEAEM KOHCTAHTHI JJIsl IPOTOKOJIOB, UCIIOJIb3YEMbIX B
nomeHe AF_INET:

IPPROTO_TCP — ob6os3nauaeT nporokona TCP (koppeKkTHO NpH CO3JaHUM COKETa TUIIA
SOCK_STREAM)

IPPROTO_UDP - o6o3na4aeT npoTokosn UDP (xoppekTHO npy co31aHMu COKETa ThIa
SOCK_DGRAM)

@Oynkius socket () Bo3Bpamaer B Cilydae ycrexa IMOJO0XKHUTEIbHOE LEeN0e YUCIO —
JECKPUNITOP COKETa, KOTOPOE MOKET OBITh MCIIOJIB30BaHO B JAJIbHEHIINX BBI30BaxX MpH padoTe ¢
JaHHBIM COKETOM. 3aMeTUM, 4YTO JECKPHUITOp COKeTa (aKTUUYEeCKH MpeJCTaBiIseT coOoi
(aiinoBbIil JECKPUNTOP, @ UMEHHO, OH SIBJISIETCS. MHAECKCOM B Tabiuie (paiaoBbIX JECKPUITOPOB
npolecca, 1 MOXET MCIOJIb30BaThCS B JAIbHEUIIEM JJI ONEpaluid YTEHHsI U 3allUCU B COKET,
KOTOpbIE OCYILIECTBISIOTCS IMOJ00OHO OmepanysM YTeHHS W 3amuch B (aiin (moxpoOHO 3TH
onepanuu OyAyT pacCCMOTPEHBI HIKE).

B ciydae ecnm co3naHue cokeTa ¢ yKa3aHHBIMH MapaMeTpaMd HEBO3MOXHO (Hampumep,
IpU HEKOPPEKTHOM COYETAaHMM KOMMYHHKAIMOHHOTO JIOMEHa, THIAa COKETa U IMPOTOKOJA),
¢yHKkuus Bo3Bpamiaer —1

3.3.2.2 Cesa3biBaHue

st Toro 4roObl K CO3JaHHOMY COKETYy MOI' OOpaTHUThCS KaKOW-THOO IMpOIecC H3BHE,
HEOOXO0IUMO CBSI3aTh C ATUM COKETOM HekoTopoe ums (anpec). Kak mbl yxxe roBopuiu, popmar
azpeca 3aBUCUT OT KOMMYHHUKAI[MOHHOI'O JOMEHA, B paMKaX KOTOPOIO ACUCTBYET COKET, U MOKET
MPEACTABISITE cO00M MO0 NyTh K (haitiry, mubo coderanue IP-agpeca m HOomepa mopra. Ho B
T1000M Ccllyyae CBSI3bIBAHHUE COKETa C KOHKPETHBIM aIpEecOM OCYIIECTBISIETCS OJHOW M TOHU Ke
¢bynkueit bind:

#include <sys/types.h>

#include <sys/socket.h>

int bind (int sockfd, struct sockaddr *myaddr, int addrlen)

[lepBbrii aprymeHT (YHKIMH — JECKPUITOP COKETa, BO3BpAICHHBIN (yHKIHEH
socket (); BTOpOH apryMeHT — yKa3aTeiab Ha CTPYKTYPY, COACPKALIYIO aIpec COKETa, TPETUI
apryMeHT 3aJ1aeT peaJIbHbIA pa3Mep CTPYKTYpPBhI, Ha KOTOPYIO yKa3biBaeT myaddr .

Jns nomena AF_UNIX dopmar cTpykTypbl sockaddr omnmcan B <sys/un.h> u
BBITJIATUT CIETYIOIUM 00pa3oM:

#include <sys/un.h>

struct sockaddr un {

short sun family; /* == AF UNIX */
char sun path[108];

}i

s nomena AF_INET ¢opmaT CTpyKTyphl onucan B <netinet/in.h> u Bernsaaur
CJIeTyIOIIAM 00pa3zoMm:

#include <netinet/in.h>

struct sockaddr in {

short sin family; /* == AF INET */
u_short sin port; /*port number */
struct in addr sin addr; /* host IP address */
char sin zero[8]; /* not used */

bi
/* IP address */
struct in addr {
unsigned long s_addr; /* address */

b

193



OtmeTHM, 4TO Tak Kak 3Ha4deHus SiN_port u s_addr B JaHHBIX CTPYKTypax sIBJISIOTCS
MHOTOOAMTHBIMU TIOJSIMH W TIPU B3aUMOJICHCTBUM OHHU TIEPENAIOTCS MEXIY KOMITBIOTEpaMHU
pa3HBIX aPXUTEKTYP, TO I MPABUIBHOM paObOTHI IPOTOKOJIOB OHH JTOJKHBI OBITH OTPE/ICIICHBI B
ennHOM (hopMaTe, HE3aBUCSILEM OT MOPSIKA CIICTOBAHMS OalT B MAITUMHOM CIIOBE KOHKPETHOTO
KoMmIbroTepa. [103TOMy U1 3TUX TOJICH CTaHIAPTOM 3a7aéTCs HCIIOJIb30BAaHUE TaK Ha3bIBAEMOTO
cemeso2o nopsioke ciedosanus 6atim (aabTepHaTHBHOE onpesencHue - big-endian gopmar), T.c.
OT cTapiero 6aiTa K MiaaemMy

Jlns mpumepa, 4x 6aiitoBoe 3HaueHne (0XD4C3B2A1 B 16-pruHOM NPEACTABICHUH) - €T0
pasmeleHre B namsITu 1o ajapecy N Ha KOMIIBIOTEpax pa3HbIX APXUTEKTYP OYET CIEIYIOLIIM:

Big-endian (ceTeBoii NOPSIOK WIIK OT CTApIIETrO K MIIAIIEMY)

aapec Oaiita N N+1 N+2 N+3
MaMSITH:
3HAYCHHE: D4 C3 B2 Al

ApxurekTypa Little-endian (ot mutaamiero k crapiiemy)
0allT namsTu: N N+1 N+2 N+3
3HAaYCHUE: Al B2 C3 D4

Hpyroii npumep, eciy B 2-X MOPSA pacloI0KEHHBIX 16-TH pa3psIHbIX CI0OBAX XPaHUTCS CTPOKa
u3 4-x cumBoiioB: UNIX, To paccMarpuBast ero couepkumoe, Kak Mmocjie10BaTeIbHOCTh 0alTOB,
Mbl B niepBoM citydae noinydum UNIX; a Bo Bropom nomyunm NUXI. [lanHbIN pUMeEp MOy YT
HazBaHue npoodgema NUXI.

Jlnsg  opraHu3anuu  KOPPEKTHOM TMepeaayd MOJO0OHBIX MHOTOOAWTOBBIX 3HAYCHHIA
UCTIONB3YIOTCSl OMONMMOTeYHble (YHKIMU MpeoOpa3oBaHus, KOTOpPbIE, NMPH HEOOXOJUMOCTH,
KOHBEPTUPYIOT CBOM apryMeHThl K HYyXHOMY ¢opmaTy (HOpSAAKY cleAoBaHUA OailT).
TpaauIIMOHHO MPUMEHSIOTCS CIeayromue GyHKINU:

#include <arpa/inet.h>
[*umu <netinet/in.h> (B HeKOTOPBIX peanu3anusx TpeOyeTcs UCIOIb30BaTh 00a daiina) */

uint32_t htonl(uint32_t hostint32)
- Ha BXojie 32-pa3psiIHOE 1eJ0€ TeKYIEeH apXUTEKTYphl, BO3BpallaeT 32-pa3psiHoe 1eoe,
npuBeAEHHOE K ceTeBOMY mopsaky Oait (host-to-network);

uint32_t ntohl(uint32_t netint32)
- Ha BXojie 32-pa3psiIHOE 1IEJI0€ B CETEBOM MOPsAKE OalT, Bo3BpamnaeT 32-pa3psaHoe 1esoe,
npuBeAEHHOE K (hopMaTy TeKyIel apxurekrypsl (network-to-host).

Oyukimu htons u ntohs peanusyiot anamoruyHpie MpeoOpa3oBaHus s 16-pa3psaHBIX HETbIX.

Baxno oTMETHTBL, Y4TO €CiM MBI UMEEM €0 ¢ aAoMeHoM AF UNIX M aapec COKera
npencTaBiIsieT coboi ums Qaiina, To mpu BhIMOIHEHNH QyHKIMKU bind () cucTema B KauecTBe
no6ouHoro 3ddexra cozmaer daitn ¢ Takum uMeHeM. [103TOMy ISl YCHEIIHOTO BBITOIHEHUS
bind () HEeoOxoaMMO, 4TOOBI TAaKOTO (haiiyia He CYIIECTBOBAIO K JaHHOMY MOMEHTY. DTO CIEeIyeT
YUYUTBIBATh, €CIIU MBI «3aLIUBAEM» B IIPOrPaMMYy OIIPEAEICHHOE UMsI U HAMEPEHBI 3aI1yCKATh HaIIly
porpaMMy HECKOJIBKO Pa3 Ha OJJHOW U TOM K€ MAIlIMHE — B ATOM CiIy4ae JJIsl yCreurHon paboTsl
bind () HeoOxoauMo ynamaTe Qaill ¢ 3TUM MMEHeM Iepe]] cBsa3biBaHMEeM. Kpome Toro, B
nporiecce cozaanus (paiina, eCTeCTBEHHO, IPOBEPSIIOTCA MIPaBa JOCTYIIA MOJIb30BaTENs, OT UMEHU
KOTOPOTO MPOU3BOJUTCS BBI3OB, KO BCEM IUPEKTOPHUSIM, (PUTypUPYIOIIUM B MOJIHOM IIYTEBOM
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UMeHH (aiisa, 4To Toke He0OXOIMMO YUYUTHIBATh NpHU 3aJaHuU MMeHH. Eciu mpaBa noctyna K
OJHOU U3 TUPEKTOPHI HEJOCTATOUHBI, BbI30B bind () 3aBeplIUTCS HEYCIELIHO.
B cnyuae ycnenmHoro cBsi3piBanus bind () Bo3Bpamaer 0, B cirydae ommoOku — -1.

3.3.3 [lpepBaputenbHoe ycTaHOBNEHNE COeAUHEHMUS.
3.3.3.1 Coxetbl ¢ ycTAHOBJIEHHEM COeUHEHHUsI. 3aIpOC HA coeJUHEHHe.

PaznuuaroT cokernbl ¢ mpeaBapUTeJbHbIM YCTAHOBJIEHHEM COEJIMHEHHsI, Korja [0
Havaja [epeiady JaHHbIX yCTaHABIMBAIOTCSA aJpeca COKETOB OTIIPABUTEINS U NIOJIyYaTeNIs JaHHbBIX
— TaKU€ COKETHI COCIUHAIOTCS APYT C APYTOM U OCTAOTCSI COETMHEHHBIMU IO OKOHYaHUsI OOMEHa
JAHHBIMU; U COKeThI 0e3 YCTAHOBJICHHSI COeJUHEHMsI, KOTJla COeJMHEHNUE /10 Havaja nepeaadu
JJAaHHBIX HE YCTaHABJIMBAETCS, a aJpeca COKETOB OTHPABUTENSI M MOJydaTelss NEpPearoTcs C
KOKIbIM cooOmieHneM. Ecniu Tum cokerta — BHUPTyalbHBIM KaHal, TO COKET 00JI)CeH
YCTaHABIIMBATh COSMHEHNE, €CITH JK€ THUIl COKEeTa — JaTarpaMMa, TO, Kak MpaBHIo, 3TO COKET 0e3
YCTAaHOBJICHHSI COSAMHEHHUS, XOTS TMOCIEeAHEee He sBIseTcs TpeboBaHueM. /[l ycTaHOBIIEHUS
COCTMHECHUS CIIYXKUT ClIeTytomas (QyHKIIHS:

#include <sys/types.h>

#include <sys/socket.h>

int connect (int sockfd, struct sockaddr *serv addr,

int addrlen);

[TepBbIit apryMeHT — IECKPUIITOP COKETA, CO3JIaHHBIN B JAHHOM ITIpo1iecce (B TOM, KOTOPBIi
oOpamraercss k connect() ), BTopoii apryMeHT — yKas3aTelb Ha CTPYKTYpY, COJACPXKAIIYIO aJipec
COKETa, C KOTOPBIM IPOU3ZBOAMTCS COCIMHEHUE, B (popMaTe, KOTOPBIH MBI OOCY’KJIadd BHIIIC, U
TPETUii apTYMEHT COACPIKUT PealbHYIO ATUHY 3TOH CTpYKTypbl. @yHKIHs Bo3BpaiaeT 0 B ciiydae
YCIENTHOTO YCTAHOBJICHUSI COCIMHEHHS ¢ cepBepoM U —1 B ciydyae HeyJaa4yu (HampuMep Torja,
KOrJla CEPBEp €Il «HE TOTOB» K YCTAaHOBJEHUIO COCIMHEHUW C KIMEHTAMHU - HE BBIITOJIHUI
oOpaileHre K CHCTEeMHOMY BbI30BY liSten ), mpu 3TOM KOJ OHIMOKHM MOYHO MOCMOTPETh B
nepeMeHHoll errno. O6patuBLIHiics K CONNECt KIIMEHTCKUHN MPOLIECC MOXKET OBITh 3a0JI0KUPOBaH
JI0 TEX MOp TIOKa cepBep He 00paboTaeT 3ampoc TaHHOTO Mpoliecca Ha COeIMHEHNE (HE BBIMOTHUT
CUCTEMHBIH BBI30B aCCEPL, KOTOpBIe 00paboTaeT 3ampoCc Ha COSAMHEHUE C IAHHBIM KIIUEHTOM).

3aMeTuM, UTO B paMKaX MOJIEIH «KJIHEHT-CEpBEp» KIUEHTY, BOOOIEe TOBOPs, HE BaXHO,
Kakol angpec OyJeT Ha3HA4YeH ero COKeTy, TaK KaK HUKAaKOW Mpolecc He OYyIeT MBITaThCs
HEIIOCPEICTBEHHO YCTAHOBUTH COCIMHEHNE C COKETOM KIIMEHTA.

B cnydae B3amMoaeHCTBUS B paMKax JOMEHa AF _INET KJIHMEHT MOXET HE BbI3bIBATh
npelBapuTeNbHO (QYHKIMIO bind (), B 3ToM cioydae Ipu BbI30Be connect () cucrema
ABTOMATHYECKH BHIOEPET MpUeMIIeMble 3HAYCHUS JIJIS JIOKAJBHOTO ajpeca kimeHTta. [Ipu padore
B jJioMcHe AF UNIX KIMEHTCKOE NPHUIOKEHHE CaMO JOJKHO M03a00TUTHCSI O CBS3BIBAHUU
COKeETa.

3.3.3.2 CepBep: npocayniuBaHue COKeTa 1 NMOATBEPKIeHHe COeTUHEHMSI.

Crnenyronue JBa BBI30Ba HCIOJB3YIOTCS CEpPBEPOM TOJIBKO B TOM Ciydae, €Cld
UCTIONIB3YIOTCSI COKETHI C MPEABAPUTEITHHBIM YCTAHOBICHUEM COCTUHEHUSI.

#include <sys/types.h>

#include <sys/socket.h>

int listen (int sockfd, int backlog);

DTOT BBI30B HCTOIB3YETCS MPOILIECCOM-CEPBEPOM [IJIsl TOTO, YTOOBI COOOIIUTH CHCTEME O
TOM, YTO OH FOTOB K 00pabOTKe 3ampoCoB Ha COEAMHEHHE, MOCTYMAIIUX HA JaHHBIA COKeT. [lo
TEeX Iop, TIOKa MPOoIiece — BIIajeliel] COKeTa He BhI30BeT 1listen (), Bce 3anpOChl HA COCTUHCHHE
C TaHHBIM COKeTOM (BbI30BbI CONNeCt() ) OyayT Bo3Bpaiats omuoKy. [TepBoiii apryMeHT QyHKIHH
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— JecKkpunTop cokera. Bropoit apryment, backlog, 3a1aér orpaHuYeHue Ha pa3Mep odepenu
3anmpocoB Ha coenuHeHue. CeMaHTuka napaMerpa backlog BaBMCHUT OT KOHKPETHOM
OIlepauMOHHOM CMCTeMs - B paHHuMXx Unix cucTeMax [aHHEM [apaMeTp
PerylaMeHTHMPOBAaJl KOJMMYECTBO OTKPHTHX COEAMHEHMM C KIMEeHTaMuM B T.d.
IOCPeICTBOM BHBOBOB connect(), B COBpPeMEeHHHX CHCTEeMax [apaMeTp
persaMeHTHPYyeET BHYTPEeHHee ceTeBoOe B3anMoOIencTBue (MBI He
paccMaTpMBaeM meTanmMsBauMio B OAaHHOM MaTepuane) .

KoHkpeTHOE coeMHeHUE YCTaHABIMBAETCS IIPU IIOMOIIH BbI30Ba accept () :

#include <sys/types.h>

#include <sys/socket.h>

int accept (int sockfd, struct sockaddr *addr,
int *addrlen) ;

OTOT BBI30B IIPUMEHSIETCSI CEPBEPOM ISl YAOBIETBOPEHUS NOCTYIHUBIIETO KIUEHTCKOIO
3arpoca Ha COEJMHEHHE C COKETOM, KOTOPBII cepBep K TOMY MOMEHTY YK€ MPOCIylInBaeT (T.e.
npenBapuTeNbHO Oblia BhI3BaHA QYyHKIMS listen () ). Boi3oB accept () u3Biekaer nepBbiid
3aIIpOC U3 OYEpEaH 3aIPOCOB, OXKUIAIOMUX COCAUHEHUS, U YCTAHABIMBAECT C HUM COECIUHEHHE.
Ecin k MomeHTy BbI30Ba accept () ouepeab 3ampocOB HA COEIMHEHHE ITyCTa, IpolLecc,
BBI3BaBIINI accept (), OJIOKUPYETCs A0 MOCTYTUICHUS 3aIIPOCOB.

Korga 3ampoc moctynaer u coeMHEHUE yCTaHABIMBAETCs, accept () co3maer HOBBII
COKET, KOTOpbIM OyleT MCHOib30BaThCs JIsl padOThl ¢ JaHHBIM COEIUHEHHEM, W BO3BpalllacT
JIECKPHUIITOP 3TOT0 HOBOI'O COKETA, COEIMHEHHOI'O0 ¢ COKETOM KIMEHTCKOro npouecca. [Ipu stom
NIEPBOHAYAJIBHBINA COKET MPOJOJDKAET OCTAaBAaThCS B COCTOSHUM IPOCIyLIMBaHUs. Uepe3 HOBBIN
COKET OcCylIecTBIsieTcss OOMEH JaHHBIMH, B TO BpeMsl Kak CTapblii COKET MpOoa0JIKaeT
oOpabatpIBaTh Jpyrve MOCTyHAlOIIME 3allpoChl Ha COEAMHEHHE (HAIIOMHUM, YTO HMMEHHO
[IEPBOHAYAJILHO CO3JAaHHBIA COKET CBS3aH C aJpEeCOM, M3BECTHBIM KJIHEHTaM, II09TOMY BCE
KJIMEHTBl MOTYT CJIaTh 3alpoChl TOJBKO HA COEIUHEHHE C 3TUM COKETOM). DTO MO3BOJISET
npolieccy-cepBepy MOJACPKUBATh HECKOJIBKO COEJUHEHUH OJHOBpeMeHHO. OOBIUHO 3TO
peaM3yeTcsa IyTeM IOPOXKIACHUA Ui KaXKIOI'0 YCTAaHOBJIIEHHOIO COEOUHEHUS OTAEIBHOIO
npoliecca-nmoToMKa, KOTOPBIA 3aHMMAaeTcsi COOCTBEHHO OOMEHOM MJAaHHBIMU TOJBKO C 3THM
KOHKPETHBEIM KJIHMEHTOM, B TO BpeMs KakK IPOLECC-POAUTENH IIPOJOJDKAECT IPOCIYIINBAThH
MIEPBOHAYAJILHBIN COKET U IIOPOXKAATh HOBBIE COCIMHEHMUS.

Bo BTOpOoM mapameTpe mepenaercs ykas3arellb Ha CTPYKTYpY, B KOTOPOW BO3BpalacTCs
aapec KIUEHTCKOTO COKETa, C KOTOPBIM YCTaHOBJIICHO COEIMHEHUE, a B TPETHEM IapaMeTpe
BO3BpAILlACTCs peanbHas JUIMHA 3TOM CTPYKTYphl. biarogaps aTtomy cepBep Bcerja 3HaeT, KyJla
eMy B cllyyae HaJJoOHOCTH CIIe[lyeT MOcCiaTh OTBETHOE coobmienue. Ecnu anpec kiueHTa HaC He
HHTEPECYET, B KAUECTBE BTOPOT'0 apryMeHTa MOXHO nepenatbh NULL,

3.3.4 [lpuem u nepenayva gaHHbIX

CobcTBeHHO JUIsl IpUeMa U Mepefaydd JaHHBIX 4Yepe3 COKET MCIONb3YIOTCS TPU IMaphbl
(byHKIMHA.
#include <sys/types.h>
#include <sys/socket.h>
int send(int sockfd, <const wvoid *msg, int len,
unsigned int flags);
int recv(int sockfd, wvoid *buf, int len,
unsigned int flags);
Ot (QYyHKIMHM MCTIONB3YIOTCS UIE OOMEHa TOJBKO 4Yepe3 COKET C IPeIBapPHUTEIBHO
YCTaHOBIICHHBIM coelnHeHneM. AprymeHTol (yHkiun send () : sockfd — neckpunTop
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COKeTa, uepe3 KOTOpBIH IepenaloTcsi JaHHble, msg U len - coobuieHue u ero jumHa. Ecnm
COOOILIEHNE CIUIIKOM JJIMHHOE JJISl TOrO NMPOTOKOJIA, KOTOPBIN HUCIIOJIb3YETCS MPU COEAUHEHNUH,
OHO HE TMepenaeTcss W BBI30B Bo3Bpamiaer omunbky EMSGSIZE. Ecnmu ke COKEeT OKaKeTcs
NEepenoiHeH, T.. B ero Oydepe HE XBaTHUT MecCTa, YTOOBI IMOMECTHTH TyAa COOOIICHHE,
BBINOJIHEHHE Tpoliecca OJOKUpyeTcs A0 MOSBIEHUS BO3MOXKHOCTH TOMECTUTH COOOILEHHE.
Oynkuus send () BO3BpalllaeT KOJIMYECTBO MEpeJaHHbIX OalT B cilydae ycmexa U -1 B ciaydae
Heygauu. Kog omumOKu Ipyu 3TOM yCTaHABIMBAETCs B errno. AprymMeHThl QyHKIMU recv ()
aHasiornyHel: sockfd — neckpuntop cokera, buf u len — ykaszaTenb Ha Oydep it nmpuema
JAHHBIX W €ro NepBOHavajbHas JUIMHA. B ciydae ycnexa (yHKIMs BO3BpallaeT KOJUYECTBO
CUMTAHHBIX 6aiiT, B clydae Heygaum -1’

ITocnennuit apryment obeux ¢yHkumii — £lags — MOXeT coaep)kaTh KOMOMHAIMIO
crenuanbHbIX onuil. Hac OyayT uHTEpecoBaTh B U3 HUX:

MSG_OOB — stoT (uar coodbmaer OC, 4To nporecc X04eT OCyIECTBUTD IpUeM/Iepeiady
OKCTPEHHBIX COOOIIECHUM

MSG_PEEK — JaHHBIM (i1ar MOKET yCTaHABIMBAThCA NPH BbI30BEe recv (). IIpu sTom
IIPOLIECC MOIYYaeT BO3MOXKHOCTh IIPOYUTATh MOPLMIO JAHHBIX, HE YIajdsd €€ U3 COKETa, TAKUM
00pa3oMm, YTO NOCIEAYIOLIUI BbI30B recVv () BHOBb BEPHET TE K€ caMble JaHHBIE.

Hpyras mapa (yHKIMI, KOTOpble MOTYT HCIOJb30BaThCs NMpH paboTe ¢ COKETaMH C
IpEeBapUTEIbHO YCTAHOBJIEHHBIM COEJUHEHHEM — 3TO0 OObluHble read () u write(), B
KAaueCTBE JECKPUIITOPA KOTOPBIM IEPENAETCs JECKPUIITOP COKETA.

W, nHakonen, nmapa QyHKIMI, KOTOpash MOKET OBbITh HCIOJb30BaHa KAK C COKETaMHU C
YCTaHOBJICHHEM COEJMHEHUS, TaK U C COKeTaMu 0€3 yCTaHOBJICHUS COCTUHEHUS:

#include <sys/types.h>
#include <sys/socket.h>
int sendto(int sockfd, const void *msg, int len,

unsigned int flags, const struct sockaddr *to, int tolen);
int recvfrom(int sockfd, wvoid *buf, int len,

unsigned int flags, struct sockaddr *from, int *fromlen);

[lepBrie 4 aprymMeHTa y HUX TaKue K€, KaKk U 'y pacCCMOTPEHHBIX Bblllle. B ocineaHux 1Byx
B QyHKIMIO sendto () I0KHBI OBITh MTEpPeIaHbl yKa3aTedh Ha CTPYKTYPY, COJEPKAIIYIO apec
nojyvarenis, U ee pasmep, a (QyHkuus recvfrom() B HHMX BO3BpAIlaeT COOTBETCTBEHHO
yKa3aTejab Ha CTPYKTYPY C apecoM OTIPABUTENS U €€ peasibHbIi pasmep. OTMETHM, UTO NEpEN
BbI30BOM recvfrom () napamerp fromlen  jgoKeH OBITH YCTAHOBIEH paBHBIM
NepBOHAYAIILHOMY pa3Mmepy CTpyKTypsl £rom. 371ech, Kak U B pyHKIUN accept, eciiu Hac He
HHTEPECYET aApec OTHpaBUTEN, B KadecTBe £rom MokHO nepenats NULL.

3.3.5 3aBeplueHue paboTbl C COKETOM

Ecnu mponecc 3akoHUMI Bech npueM JuO0 nepenady JaHHBIX, €My CIEAYeT 3aKpbITh
COEJIMHEHHUE. DTO MOYKHO CJIeNIaTh ¢ MOMOIIbI0 pyHKIMKU shutdown () :

# include <sys/types.h>

# include <sys/socket.h>

int shutdown (int sockfd, int mode);

IToMuMO neckpunropa cokeTa, e nepeaeTces Lejloe YUCiIo, KOTOPOoe ONPEaeIseT PEXUM
3aKpBITHs coelMHEeHMs. Ecinm mode=0, TO COKET 3aKpbIBA€TCS JUIsl YTECHHs, IPU OTOM BCE
JabHEeHIINe MONBITKY YyTeHus: OyayT Bo3Bpamath EOF. Ecian mode=1, TO COKET 3aKpbIBacTC

" OTMeTHM, 9TO, KaK YK€ TOBOPHIIOCH, IIPU HCIOJNB30BAHHM COKETOB C YCTAHOBJIECHHEM BHPTYAILHOTO
COEIMHEHUS TPAHUIBI COOOIIEHNI HE COXPAHSIOTCS, MOATOMY MPUIOKEHHE, IPUHUMAIOIIEE COOOIIEHHS, MOXKET
MPUHUMATH JaHHBIE COBCEM HE TEMH K€ MOPUMIMH, KAKHMH OHH ObUTH mociaHbl. Bes pabora 1mo mHTEpIpeTanuu
COOOIICHNI BO3JIaraeTCsl Ha MPHIIOKEHHE.
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JUTSL 3aITMCH, ¥ TIPY OCYIIECTBIICHUHY B JAJIbHEHUIIIEM MTOMBITKH TIEPEIaTh JaHHbIC OyIeT BbIAaH KO/
o6k (-1). Ecin mode=2, To COKET 3aKpbIBACTCS M JJI UTCHUS, U JIJIS 3aIIKCH.

AHanorudHo (aioBoOMy JECKPHUITOPY, JECKPUITOP COKETa OCBOOOKIAETCS CUCTEMHBIM
BbI30BOM close () . [Ipu aToMm, ecnu 10 3TOT0 He ObUT BEI3BaH shutdown (), coeauHeHue OyaeT
3aKpbITO0. Takum 00pa3oM, B MPHUHIIUIIE, €CIIU TI0 OKOHUYAHUU PabOThI C COKETOM MBI cCOOMpaeMcs
3aKpBITh COSAMHEHHE U TI0 YTCHUIO, U 110 3allMCH, MOKHO ObLTO ObI cpa3y BeI3BaTh close () Ans
JIECKpUIITOpa JaHHOTO COKeTa, OmycTUB BbI30B shutdown (). OnHako, €ciu y JI€CKpPUIITOpa
ocTaroTcs AyOnukatel, close () 3aKpoeT COCIMHEHUE TOJIBKO IMOCIE 3aKPBITHSI MOCIEAHETO U3
HUX, B TO BpeMs Kak shutdown () 3akpbIBacT COEAUHEHUE HEMELIEHHO.

3.3.6 Pe3rome: obwasn cxema paboTbl C cCOKeTaMu

MexaHH3M COKETOB BKJIIOYACT B CBOM COCTaB JOCTATOYHO Pa3HOOOpa3HbIC CPEICTRa,
MO3BOJISIOIINE OPTAaHU30BBIBATH B3AMMOICHCTBUE PA3TUIHOMN TOMOJIOTHU. B 9acTHOCTH, MeeTCs
BO3MOXKHOCTh ~OpPTaHU3AIlMA  B3aUMOJICHCTBUS C  HPe08apumebHblM  YCHAHOBICHUEM
coedunenus. JlaHHas MOJIENh OPHCHTUPOBAHA HA OPTraHU3AIMIO KIHCHT-CEPBEPHBIX CHCTEM,
KOTI'JIa OPraHu3yeTCs OJHMH CEPBEPHBIN y3ell MporeccoB (00paTUM BHUMaHHUE, YTO HE MpoIece, a
UMEHHO y3€eJI IPOIECCOB), KOTOPBII MPUHUMAET COOOIIEHHUS OT KIIMEHTCKHIA TPOIECCOB U MX KaK-
TO oOpabatsiBaeT. O0IIas cxeMa moJo0HOro B3auMoaeicTBHs mpeactaieHa Hiwke (Puc. 101).
3ameTuM, 4TO THI COKETa B JAHHOM CITydac HE Ba)KEH, T.€. MOXKHO HCIIOJIb30BATh KaK COKETHI,
SIBJIIOIIMECS BUPTYAIbHBIMU KaHAIAMHM, TaK U JIeHTarpaMMHBIC COKETBI.

cepeep socket KIHEeHT socket ()
¥ R JE j
bind () | bind()
.2 ¥
listen () connect )
¥ . S — S E—
r Whﬂ'i(---) send () [ recv ()
I—.%—‘
t 4+
au::n:n:'f Y shutdown ()
¥
| close () |
¥
shutdowsrn
¥ g KJIEHT socket ()
cloge () — I_____h___;_ ______ \
] L bmdQ

Puc. 101.Cxema pa6oThl ¢ COKETAMH € NPeIBAPUTEIbHBIM YCTAHOBJIEHHEM COEIHHEHMSI.

B maHHO# MO MOKHO BBIICTHUTH JBE TPYIIIBI IPOIIECCOB: MPOIECCHI CEPBEPHOM YacTH
Y MPOLECChl KIIMEHTCKOM yacTu. Ha cTopoHe cepBepa OTKphIBAETCSI OCHOBHOM COKET. [IoCKombKy
HEOOXO0IMMO 00ECTICYUTh BO3MOXHOCTh JPYTUM IpoIieccaM 00paIiaTbes K CEPBEPHOMY COKETY
10 KIMEHH, TO B JAHHOM CJTydae HeoOX0MMO CBsI3bIBaHHE coKeTa ¢ uMeHeM (Bb13oB bind()). 3aTem
CEPBEPHBIIl MPOLIECC TIEPEBOUTCS B pedicum npociyuusanus (IOCPEICTBOM CHCTEMHOTO BbI30Ba
listen()): aTo 03HayaeT, YTO JAHHBIN MPOLIECC MOXKET MPUHUMATH 3aIPOCHI HA COETUHEHHE C HUM
OT KJIMEHTCKUX MPOIIECCOB:

Kax b1l KITMEHTCKHUI MPOLIECC CO3/IaeT CBOM COKET. 3aMETUM, YTO Ha CTOPOHE KIIMEHTa
CBSI3BIBATH COKET HE00s3aTeNbHO (ITOCKOJIBKY CEpBEP MOKET paboTaTh C JIIOOBIM KIMEHTOM, B
YaCTHOCTH, U C «AaHOHHUMHBIM» KJIMEHTOM). 3aTeM KIHEHTCKHH TMPOIEecC MOXKET MepeaaTh
CEPBEPHOMY TPOLIECCY COOOIIECHHUE, UTO OH C HUM XOYET COSAMHUTHCS, T.€. IEPeaaTh 3ampoc Ha
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coefinHeHHE (MOCPEACTBOM CHCTEMHOrO Bbi3oBa CONNect()). B maHHOM ciydae BO3MOXHBI
aJIbTEPHATHUBBI.

Bo-mniepBbix, MOKET OKa3aThCsl, YTO KIMEHT obpariaeTcs k connect() 1o toro, Kak cepsep
nepeniesl B peXuM NpOoCIylInBaHus. B 3TOM ciydyae KJIMEHT MOJIy4aeT OTKa3 C YBEJAOMJICHUEM,
YTO cepBep B JaHHBI MOMEHT HE MPOCITYIINBAET COKET.

Bo-BTOpBIX, KJIMEHT MOXKET 00paTUThCA K CONNect(), a y cepBepHOTO mpoiiecca B JaHHBIN
MOMEHT c(hopMHUpOBaHa ouepeab HEOOPaOOTaHHBIX 3aIIPOCOB, U ATA OUEPEb IT0OKA HE HACHIIICHA.
B sTOM ciyuae 3anpoc Ha COeTUHEHHE BCTAHET B O4EPE/Ib, M KIMEHTCKHH POIECC 3a0I0KUPYETCs
1 OyJIeT 0’)KHIaTh OOCITYKUBAHHUS.

Wrtak, naHHas cxema OpraHM3oBaHa TaKUM OOpa3oM, 4YTO K OJHOMY CEPBEPHOMY Y3IIy
MOKET OBITh MHOXECTBO COeIMHEHUH. [y opraHu3aluu 3TOW MOJENU HWMEETCS CHUCTEMHBIN
BbI30B accept(), koropslii paboTaeT cieayromuM obOpaszoM. I[lpu oOpaiieHHH K JaHHOMY
CHUCTEMHOMY BBI30OBY, €CJIIM B Ouepelu HuMeeTcs HeoOpaOoTaHHas 3asiBKa Ha COEAMHEHUE,
CO3/1a€TCSl HOBBIM JIOKAJIBHBIA COKET, KOTOPBIN CBS3BIBAETCA C KIMEHTOM. [locie 3Toro KimeHT
MOJKET MOCBUIaTh COOOIICHHS CEpPBEpPY 4Yepe3 STOT HOBBIM COKET. A cepBep, B CBOIO OYEpE[b,
MoJTydast Yepe3 JaHHBIH COKET COOOIIEHHUS OT KIUEHTA, «IIOHUMAET», OT KAKOT0 KIMSHTA MPHIILIO0
3TO coobIIeHue (T.€. KIIMEHT MoJIy4aeT HEeKOTOPOe BHYTPUCUCTEMHOE UMEHOBAaHUE, JaKe €ClId OH
HE JieJayl CBSI3bIBAHME CBOETO COKeTa). M, COOTBETCTBEHHO, B 3TOM CIydae CEpBEP MOXKET
MOCHUIATh OTBETHBIE COOOIIEHUS KIHEHTY.

3aBepieHne padOThl COCTOUT U3 IBYX maroB. [IepBeIif mar 3akito4aeTcs B OTKIIOYCHUH
JIOCTyIa K COKETY MOCPEACTBOM cHCTeMHOro BbizoBa Shutdown(). MoXHO 3aKpbITh COKET Ha
YTEeHHE, Ha 3aliCh, HA YTEHUE-3aKCh. TeM caMbIM cucTeMe TiepeaaeTcss HH(OPMaIUs, 9TO COKET
6osee He Hy>keH. C MOMOIIBIO 3TOTO BbI30Ba 00ECIEUNBACTCS KOPPEKTHOE MpeKpalieHne padoTsl
C COKETOM (B YaCTHOCTH, 3TO Ba)KHO MPHU OpraHU3AIMKN BUPTYAIILHOTO KaHaja, KOTOPbIN JOJKEH
rapaHTUPOBaTh JOCTABKY MOCIAHHBIX JaHHBIX). BTOpoil mar 3akitouaercs B 3aKphITUHA COKETa C
MIOMOIIIBIO CHCTEMHOT0 BbI30Ba Close() (T.e. 3aKpbITHE COKeTa Kak (aiiia).

Jlanee STy KOHIIENITyaJdbHYIO MOJIeJIh MOXKHO pa3BuBaTh. Hampumep, cepBep MOXKeET
MOPOX/IaTh CBIHOBHUH TIPOIIeCC [T KaKI0ro Bbi3oBa accept(), u Tornma Bce aelcTBuUs 1o pabore
C JTaHHBIM KJIMEHTOM JIOKaTcsi Ha HSTOT CHIHOBHUHM mporiecc. Ha pomuTtensckuii mporecc
BO3JIaraeTcs 3ajaya MpoCIyIIUBaHUE «TTIABHOTO» COKeTa M 00paboTKa MOCTYMAOIIUX 3allPOCOB
Ha coequHeHne. BoT moueMy pedb uaeT He 00 OJTHOM MPOIIECCE CEPBEPE, a O CEPBEPHOM y3JI€, B
KOTOPOM MOKET HaXOJIUTHCS LTI HAaOOP MPOIIECCOB.

Terneps paccMOTPHUM MOJIENTh COKETOB fe3 npedsapumenbhozo coeounenusn (Puc. 102). B
ATOM MOJIeNIM UCTIOJB3YIOTCS JIUIIb JeHTarpaMMHbIE€ COKETBI. B oTinune ot npeapiayuiei Moaenu,
KoTopasi Obula HepapXU4YecKd OpPraHU30BAHHOM, TO 3Ta MOJENb 00JadaeT NPOU3BOJILHON
OpraHu3alell B3aUMOJEHCTBUS. ODTO O3HA4aeT, 4YTO B JAaHHOM MOJAEIH Yy KaXJIOro
B3aMMOJICHCTBYIOIIETO TMpoOIlecca HMEETCS COKET, uepe3 KOTOPhIi OH MOXKET IMOJIydaTh
WHGOPMAIIMIO OT PA3TMYHBIX UCTOYHHKOB, B OTIMYHE OT MPEABIAYIICH MOAENH, TIe UMeeTcs
«TTIABHBIW» WM3BECTHBIH BCEM KIHMEHTAM COKET CepBepa, Yepe3 KOTOPBIM HESBHO IepeaacTcs
ynpasisitoras nHGopmarus (3aka3sl Ha COSAMHEHUE), a 3aTeM C KaXKIbIM KIIMEHTOM CBSI3bIBACTCS
OJIMH JIOKQJIBHBIA COKET. DTOT MEXAHU3M TO3BOJISIET CEPBEPY B3aUMOICCTBOBATH C KIIMEHTOM, HE
3Hasi €ro UMs SIBHO. B TekyIeit Mojenu cutyarusi CMMMETpHUYHas: JIF000i mpoliecc uepe3 cBou
COKET MOJKET TociaTh MHPOPMAIIHIO JIFOOOMY JIPYTroMy COKETy. DTO O3HAYaeT, 9TO MEXaHHU3M
OTIIPaBKM UMEET COOTBETCTBYIOIIYI0 aApecHyr uHpopmamuoo (T.e. uHPoOpManuioo 00
OTTIPABUTEIIC U TTOTYUYaATENE).
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Puc. 102. Cxema pa6oThI ¢ cokeTaMu 0e3 MpeIBAPUTEIbHOI0 YCTAHOBJICHHS COETMHEHHS.

[TockonbKy B TaHHON MOJIENIN NCTIONB3YIOTCS JIeTarpaMMHbIE COKETBI, TO HE00X0AUMOCTh
oOpamiatbes K Bb3oBy shutdown() otmamaer: B 3TOM MOIENIU COOOIICHUS MPOXOAAT (M YXOMIAT)
OJTHOM TIOPIIMEH TaHHBIX, TOITOMY MOKHO Cpa3y 3aKpbIBaTh COKET MOCpeacTBOM Bbi3oBa Close().

3.3.7 Tlpumepbl NICNONbL30BaHUA COKETOB

3.3.7.1 CeteBoe B3aNMOJelicTBHE qepe3 COKEThI, C YCTAHOBJICHUEM COCIMHECHUS.

Heab: pa3zpaboTka pactpe/IeICHHON KITMSHT/CepBEPHON IPOTPAMMBI, UCTIOIB3YIOICH COKETHI ISt
OpraHM3aluy B3auMOAENUCTBUA B JoMeHe AF _INET.
Mpukaagnas  3agava.  Pa3pabortath  mporpaMMHYI0 — pealM3aluio  KJIIHEHT/cepBepa,
B3aUMOJICHCTBYIOIIETO C KJIMeHTaMu B rpocTtpanTBe nomeHa AF_INET.
KumeHT — co3aeT cBOW COKET M 4epe3 HEro 3alpalliBacT COCTUEHEHHE K CEpBEpY MO
3amaHHoMy afnpecy. Ilocnme ycmemrHOro TOATBEPKICHHUS COeIUHEHUs (opMupyer
TEKCTOBYIO CTPOKY, coaep:xkairyt PID cBoero npouecca, KOTOpyro OTIPABIIsET HA CEPBED.
Jloxunaercs noayueHus: HH(GpoOpMaIuu B BUe TEKCTOBOU cTpoku oT CepBepa, BHIBOAUT €€
Ha CTaHAAPTHOE YCTPOMCTBO BhIBOAA. Jlajiee 3aKpbITHE COKETA.
CepBep — co3aeT CBOM OCHOBHOHM COKET M OTKPBIBAET €r0 Ha MPOCIyIIUBaHUE (TpUeM
3alpocoB KIMEHTOB Ha YycTaHoBleHHe coenauHeHus). Jlanee, CepBep, IUKIMYECKH
MOATBEPHKAET 3alpoChl Ha COeOuWHEHHWEe ¢ KaxapiM Kiumentom. J[lnsg  kaxaoro
noaTBepkIeHHoro coenuHeHus CepBep (QOpMHUpPYET OTIENBHBIN TPOIecC B KOTOPOM
OyIeT OCYIIECTBIATHCA MOATBEPKIEHHOE B3auMoieiicTBue ¢ Kimentom.

Oco0eHHOCTH MTPOTPaMMHO peanu3alim.

s obecrieueHHsi BO3MOXKHOCTH CaMOCTOSITEIBHOTO 3aIlyCKa JEMOHCTPAILMOHHOIO MpHUMepa
CETEeBOro0 B3aMMOJICHCTBUSL B pamkax ofHoW jokanbHOil BC, B kauectBe I[P aapeca moxer
UCIIONB30BaThCs  3ape3epBupoBaHHass  |P-koncranta 127.0.0.1 — o3Hauvaromas, 4YTO
B3aUMOJICHCTBHE OyAET OCYIIETCTBIATHCS B TIpeeiax OHOTO (JaHHOTO) KoMIbIoTepa. B ciaydae
CepBepa 03HauaeT, 4TO K HEMY MOTYT 00paIllaThCsl KIIMEHTHI, HaXoAs11ecs B paMkax Toil xe BC,
gy10o CepBep. DTo MO3BOJISAET H30EKATh UCTIONB30BaHUs pakTudeckoro IP agpeca Cepaepa.
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INADDR_ANY — B kauectBe IP ampeca CepBepa HCHOIB3yeTCs MPEAONpEACTICHHAS
KOHCTaHTa, UCIOJIb30BAHUE KOTOPOH oOecreunBaeT «IpuBs3Ky» Ko BceM IP agpecam manHOTO
cepBepa, Britouas 127.0.0.1 .

inet_addr() — ¢ynkuus npeodpaszoBanus IP anpeca u3 ¢popmarta TeKCTOBON CTPOKHU B 32-X
pa3psaHbIi hopmar.

Koa nporpammuoii peanuzanuu Cepsepa

#include <sys/types.h>

#include <sys/socket.h>

#include <netinet/in.h>

#include <stdio.h>

#include <string.h>

#include <unistd.h>

#define PORTNUM 50500

#define BUFLEN 80

#define QUESIZE 5 /* ycnoBHBIM pa3mMep odepein 3alpocoB Ha COeTUHEHUE */

int main(int argc, char **argv)
struct sockaddr_in  own_addr, /* ocaoBHoOI1 coxet™/
party_addr;/* «KkIMEHTCKHi» COKET — CO3/JaeTcsl IOoCIe
BhInoyiHeHust accept() */

int sockfd, newsockfd:;
int party_len, len;
char buf[BUFLEN];

[* co3zmaeM OCHOBHOI coket */
sockfd = socket(AF_INET, SOCK_STREAM, 0);

[* 3anoJiHEHNE NaHHBIX U1 UMEHOBAHUS OCHOBHOI'O COKeTa */

memset(&own_addr, 0, sizeof(own_addr));
/*3anonHeHve Maccmea KOAOM 3aaHHOrO CUMBOA
#include < string.h >
void *memset (void *destination, int ¢, size_t n);
destination — ykazaTesnb Ha 3anoNHAEMbIN MaccvB
C — KO CMMBOAA ANS 3aMOHEHS
N — pa3mep 3anosIHAEMON YacT1 MaccuBa B banTax
®yHKUMA BO3BPALLLAET yKa3aTe/b Ha 3arnoNHAEMbIN MaccB*/

own_addr.sin_family = AF_INET,;
own_addr.sin_addr.s_addr = INADDR_ANY; /*koucranta INADDR_ANY

obecrieynBaeT BO3MOXKHOCTh TMPHBSI3KA COKeTa KO BceM IP aapecamM kommbproTepa, BKJIHOYAs
BolenenHsii IP 127.0.0.1%/

own_addr.sin_port = htons(PORTNUM); /* dhyuxims ntohs sozepaiaet ceoii 16-
pa3psIHBIN apryMeHT, IPUBEIEHHBIN K CETEBOMY MOPSIKY OaiT */
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[*cBsi3pIBaEM OCHOBHO# COKET, UCIIOIb3YEM MPUBEICHHUE THITA MEXY YKa3aTeIaMH
Ha (haKTHUYECKYIO B (POPMATBHYIO CTPYKTYPHI IaHHBIX */

bind(sockfd, (struct sockaddr *) &own_addr, sizeof(own_addr));

/* Paspemaem 00paboTKy 3ampocoB Ha coeaunenue, QUESIZE - yciaoBHBIi pazmep
ouepeu 3arpocoB™®/
listen(sockfd, QUESIZE);

while (1) {

/*MOArOTaBIMBAEM OUYHUILEHHYIO CTPYKTYPY HaHHBIX*/
memset(&party_addr, 0, sizeof(party_addr));
party_len = sizeof(party_addr);

/*CO3Z[8.HI/IC COCAUHCHHA — IMPU MNOAKJIHOYCHHUHU HOBOI'O KJIMCHTA CHUCTEMaA

sanosaser party _addr uadopmanueii o kimente (IP agpec, mopt)*/

newsockfd = accept(sockfd, (struct sockaddr *)&party_addr, &party_len);

[*o6pabaTbiBacM COCTMHEHNE HOBOTO KIIMCHTA B OT/ACIBHOM mpoiiecce™/

if (Ifork()) {
[*chbIH - 00pabaThIBaeT 3apoc U MochlUIaeT OTBeT™/
close(sockfd); /* stor coker chiry He HY)KeH™/
len = recv(newsockfd, &buf, BUFLEN, 0);
/*neyaTaeM HHGOPMAITUIO O KJIUEHTE U TIEPEIaHHYI0 UM CTPOKY */
printf("received string %s from client %s:%d \n", buf,
inet_ntoa(party_addr.sin_addr), ntohs(party_addr.sin_port));

[*1ockuTaeM KJIMEHTY OTBET B BUJC JJTUHBI TOJYYEHHON CTPOKH */
sprintf(buf, "%d", strlen(buf));
send(newsockfd, buf, strlen(buf) + 1, 0);

[*3akpeiBaem coket */
close(newsockfd)

return O;

¥

[*oTen-3aKkpbIBaeT HOBBII COKET, TPOIOJDKACT MPOCIYIINBATh CTapbIii™/
close(newsockfd);

Konx nporpammuoii peanu3aunu Kiiuenra

#tinclude
#include
#tinclude
#include

<sys/types.h>
<sys/socket.h>
<netinet/in.h>
<stdio.h>
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#include <string.h>
#include <unistd.h>
#define PORTNUM 50500
#define BUFLEN 80

int main(int argc, char **argv)
{
struct sockaddr_in addr;
int sockfd;
char buf[BUFLEN];

[*co3nanue cokera™/

sockfd = socket(AF_INET, SOCK_STREAM, 0);

[*3amomHeHNe CTPYKTYPBI JaHHBIX JJIsl TOJKITIOYCHUS K cepBepy™/
memset(&addr, 0, sizeof(addr));

addr.sin_family = AF_INET;

/* st oOecrnieueHus BO3MO>KHOCTH CaMOCTOSITENILHOTO 3aIycka
JIEMOHCTPAIMOHHOI'O NpUMepa CETEBOr0 B3aMMOJIEHCTBUSA B PaMKax OAHOM JIOKaJIbHOMN
BC, B xauectBe [P agpeca Cepsepa Oyaet ucnonb3oBaThes Bbinenennsiid [P 127.0.0.1%/

addr.sin_addr.s_addr = inet_addr("127.0.0.1"); /* mnpeoOpa3oBaHue CTPOKH B
dopmart IP */

addr.sin_port = htons(PORTNUM);

[*noaxmoueHue Kk cepepy™/
connect(sockfd, (struct sockaddr *) &addr, sizeof(addr));

[*oTchIIKa TaHHBIX CEPBEPY B BUJIE CTPOKH-UKcaa(coOCTBEHHBIH Pid)*/
sprintf(buf, "%d", getpid());

send(sockfd, buf, strlen(buf) + 1, 0);

[*mosyueHne 0TBETa OT CepBepa B BUIE CTPOKH™/

recv(sockfd, &buf, BUFLEN, 0);

printf(“received: %s \n", buf);

close(sockfd);

}

Pexomenpanmu.

1) 3amycTUTh POrpamMMy, PEATHU3YOILYI0 IPUMEP Ha KOMITbIOTEPE.
2) IlpoBecTy U 3aIyCTHTh HA KOMIIBIOTEpE MOAM(DUKALINN TPOTPAMMBI, peaTH3YIOLIEH IpruMep, B
YacTH:

e 100aBNIEeHUS KOHTPOJS U 00pabOTKU BCEX BO3ZMOXKHBIX OIIMOOK KakK B KOJIE KIIMEHTa, TaK U

B KOJIE CEpPBEPA;

® peanu3oBaTh AJIbTEPHATUBHBIE CPEJICTBA 3aKPHITHSI COKETA.
3) Ilpu HaMU4YMKM TEXHUYECKOW BO3MOXKHOCTH (HAJIMYHE JIOKAIBHON CETH U 2X KOMIIBIOTEPOB)
peanm3oBaTh CXEeMy KIHEHT-CEpBepa B paMKax pealbHOH CeTH: MpH 3TOM NOTpedyercs
ucnonbs3oBanue pakrudeckux IP agpecoB koMnbOTEpOB.
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3.3.7.2 B3aumopaeiicTBue 0e3 NpeABAPUTEILHOI0 YCTAHOBJIEHHUS COeIUHEHUS.

[lpumep s neMOHCTpanu OOMEHa JaHHBIMH B cXeMe 0e3 IpelBapUTeIbHOTO

YCTaHOBJICHHUSI COEAMHEHHUs Ha TMpuMepe ABYX (paBHOIpaBHBIX) IMpoleccoB. Peamuzanus
NpUBEJCHA OAHOBPEMEHHO il JoMmeHa AF INET (OCHOBHOW KOJI MPOTPaMMBbl), U JOMEHA
AF_UNIX (aqbTepHATHBHBIN KOJ B CTPOKAaX-KOMMEHTAPHUSIX //).
[TepBsiit poriec co31a€T CBOM COKET C (PUKCUPOBAHHBIM UMEHEM, U3BECTHBIM BTOPOMY MPOIIECCY
(«ueneBoit» coker). Jloxumaercs MOCTYIUICHHMs] JAaHHBIX B CBOM COKeT, MeyaraeT HX U
uH(popmaIuio o0 cokere-oTmpasuTene. [lochaeT COKeTy-0TIpaBUTENO CBOM pid U 3aBepiiaeTcs.
Bropoii mporiecc co3naét cBoil COKeT, MochUIaeT B LIEJeBOi cokeT cBoil pid. JlokumaeTcst oTBeTa
B CBOIl COKET, MIeUaTaeT €ro U 3aBepIIaeTCs.

Konx nporpammuoii peasm3annu Ilpoueccal
#include <stdio.h>

#include <sys/types.h>

#include <sys/socket.h>

//#include <sys/un.h>

#include <netinet/in.h>

#include <string.h>

//#define SADDRESS "socket"
#define N_PORT 50500

#define BUFLEN 32

int main(int argc, char **argv) {
int sockfd, len;
char buf[BUFLEN];
//struct sockaddr_un addr;
struct sockaddr_in addr;

/*vHuumManusaumna CTpyKTYp AaHHbIX*/
memset(&addr, 0, sizeof(addr));
//addr.sun_family = AF_UNIX;

addr.sin_family = AF_INET;

/*umMeHoBaHue cBoero cokeTa*/
//strcpy(addr.sun_path, SADDRESS);
addr.sin_addr.s_addr = inet_addr("127.0.0.1");
addr.sin_port = htons(N_PORT+1);

/*co3paHue cokeTta*/
// sockfd = socket(AF_UNIX, SOCK_DGRAM, ©);
sockfd = socket(AF_INET, SOCK DGRAM, 0);

/* cBA3biBaHne cokeTta */

//bind(sockfd, (struct sockaddr *) &addr, sizeof(addr.sun_family)
+ strlen(addr.sun_path));

bind(sockfd, (struct sockaddr *) &addr, sizeof(addr));

/*nonyyeHne paHHbIX*/

len = sizeof(addr);

recvfrom(sockfd, buf, BUFLEN, @, (struct sockaddr *) &addr,
&len);

//printf("process %s from socket %s \n", buf, addr.sun_path);
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printf("from process %s \n", buf);

/*¥oTcbhinka AaHHbIX*/

sprintf(buf, "%d", getpid());

sendto(sockfd, buf, strlen(buf) + 1, 0, (struct sockaddr *)
&addr, 1len);

/*ocBoboxneHue cokeTta*/
close(sockfd);
return 0;

Kox nporpammmuoii peanu3zanuu Ilpouecca2

#include <stdio.h>
#include <sys/types.h>
#include <sys/socket.h>
//#include <sys/un.h>
#include <netinet/in.h>
#include <stdio.h>
#include <string.h>
//#define SADDRESS "socket"
#define N_PORT 50500
#define BUFLEN 32

int main(int argc, char **argv) {
int sockfd;
char buf[BUFLEN];
//struct sockaddr_un addr;
struct sockaddr_in addr;

/*vHUUManusaumna CcTpyKTYp AaHHbIX*/
memset(&addr, 0, sizeof(addr));
//addr.sun_family = AF_UNIX;

addr.sin_family = AF_INET;

/*nmeHoBaHue cBoero cokeTa*/
//strcpy(addr.sun_path, "my_socket");
addr.sin_addr.s_addr = inet_addr("127.0.0.1");
addr.sin _port = htons(N_PORT);

/*co3paHue cokeTta*/
//sockfd = socket(AF_UNIX, SOCK _DGRAM, 0);
sockfd = socket(AF_INET, SOCK_DGRAM, 0);

/*cBA3biBaHMe cokeTa*/

//bind(sockfd, (struct sockaddr *) &addr, sizeof(addr.sun_ family)
+ strlen(addr.sun_path));

bind(sockfd, (struct sockaddr *) &addr, sizeof(addr));

/*3anosiHeHne paHHbIX O1A MMEeHOBAHMWA LesieBOoro cokerta*/
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//strcpy(addr.sun_path, SADDRESS);
addr.sin_port = htons(N_PORT + 1);

/*0TCbiNKa AaHHbIX B BuUAE CTPOKU-COBCTBEHHOro pid*/

sprintf(buf, "%d", getpid());

//sendto(sockfd, buf, strlen(buf) + 1, @, (struct sockaddr *)
&addr, sizeof(addr.sun_family) + strlen(SADDRESS));

sendto(sockfd, buf, strlen(buf) + 1, 0, (struct sockaddr *)
&addr, sizeof(addr));

/*nony4vyeHune oteBeTa 6e3 coxpaHeHua uHPopmaumn o6 oTnpaBuTene*/
recvfrom(sockfd, buf, BUFLEN, ©, NULL, 9);

printf("answer: %s\n", buf);

/*ocBoboxaoeHue cokeTta*/

close(sockfd);
return 9;

}

Pexomenpanmu.

1) 3amycTuTs 062 BapranTa mporpamMmsl (1 B JoMeHe AF_UNIX, u B AF_INET), pealnu3youlyto
puMep, Ha KOMIIbIOTEpE.
2) IlpoBecTy U 3aIyCTUTh Ha KOMIIBIOTEpE MOAM(UKALINN IPOTPAMMBI, peaTH3YIOLIeH puMep, B
YacTu:
e n00aBiieHUs] KOHTPOJI M 00pabOTKH BCEX BO3ZMOXKHBIX OIIMOOK B KOIE 000MX MPOLIECCOB;
e oOecrnieueHHs] ONUCAHHON JIOTMKHM B3aMMOJEHCTBHS NPOLIECCOB BHE 3aBHCHMOCTH OT
HOpsIJIKa UX 3aIlyCKa.

3.4 B3saumodelicmeue Humeu 8 OC Unix

Kpatko paccmoTtpum opranmsanuio B3aumozerictsus nuteir B8 OC Unix. CoBpeMeHHbIE
OMONMMOTEKH YTIpaBJIEHUs] HUTSAMM NPEAyCMATPHBAIOT MPEJOCTaBIEHHE IIMPOKOTO CIHEKTpa
MEXaHU3MOB, 00€CIeIMBAIOIIUX B3aUMOJICHCTBUS HUTEH, B YACTHOCTH:

® MbBIOTEKCHI (OpraHU3aIis B3aMMHOTO UCKIIIOUEHNS)

® [UKJIWYECKUE OJOKUPOBKH (OKUJaHHE B 1IMKIIE, 0€3 MPUOCTaHOBKU HUTEH)

e Oapbephl (KOOpAUHAIUS ACHCTBUN BBITIOHSIONTUXCS HUTEH)

® yCJIOBHBIE NepMeHHbIE (YBEIOMIIEHHE HUTEH O HACTYIUIEHUs COOBITHI 0€3 prcKa TOHKU
MIPOIIECCOB)

B HACTOAIICM KYpCE€ MblI KPAaTKO PACCMOTPHUM OCHOBHBIC CPEACTBA OpraHU3allud U
HCIIOJIb30BaHUA MBIOTCKCOB — MHHCTPYMCHTA, IIPECAHAZHAYCHHOI'O [JiI PCHICHUA 3aaad
CHUHXPOHM3AIMU AOCTyIla K pasacACMbIM peCypCaM Ha OCHOBC OpraHu3aliiyd B3aWMHOI'O
HCKIIFOYCHH .
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3.4.1 Co3paHue, UHMLMaNM3aUua, KOHLUEeNuMn MbroTeKca

IIo aHaJIoTuu C ceMa(bopaMH, MBIOTCKC 9TO NEpCMCHHAA CrICouaJaIbHOI'O THUIIA

pthread_mutex t, xortopsiit ompenenserca B daitne pthread.h. ®yukumonamsuocts
MBIOTEKCa MICHTHYHA JBOMYHBIM ceMadopoM. [Ipr UCIIOIB30BAHUH MBIOTEKC MOYKET HAXOIUTHCSI
B JIBYX COCTOSIHHUSIX — OMKDPbIHOM WU 3AKPLIMOM.

JIJist KCTIONB30BAHUS MBIOTEKCA HEOOXOAMMO OObSBICHHE IEPEMEHHOM COOTBETCTBYIOLIETO TUIIA

(pthread_mutex_t) u ee nrnmmammsanus.
I[J'II/I HHUIIHAJIN3alliu MOXXHO BOCITIOJIB30BATHCA (bYHKHHeﬁi
int pthread_mutex_init(pthread_mutex_t *mutex, const pthread_mutexattr_t *attr)

e Mutex - ykasarellb Ha IEPEMEHHYIO TUIIA MBIOTEKC.
e attr - arpuOyThl MbIOTEKCA MBI He paccMmarpuBaeM, ucrosbzyeM NULL (atpubyThl mo
YMOJYaHHUIO).
Jannast GyHKIUS MOKET WHUIUAIU3UPOBATh KAaK MBIOTEKCHI (IIEpEMEHHBbIE THIIA MBIOTEKC)
OIIpE/ICIIEHHBIE KaK B CTATUYECKON WJIM aBTOMAaTU4YECKON MaMSITH, TaK U B JUHAMUYECKOMN MTaMATH.
[Tpu ycniemmnoM BbI3oBe Bo3Bpamaercs 0, maade Koz ommoku #0.

B clIy4dac, €CJIn MBIOTCKC 00BABJICH KaK aBTOMaTHUYECKas WU CTaTudecKas NepeMcHHas,
TO €0 MOKHO MHUITUAJIU3UPOBATH Cpa3y Ipu OOBSBIICHHH.

pthread_mutex_t mutex = PTHREAD MUTEX_INITIALIZER,

rne PTHREAD_MUTEX_INITIALIZER makpoc, onpesienennsiii B daitne pthread.h.

B clIy4dac, €CJIi MBIOTCKC OIIPCACIICH B }IHHaMquCKOﬁ maMATH, TO IIOCJIC 3aBCPHICHUSA
paGOTLI C HUM IICpCa 0CB060)KI[€HI/ICM JUHAMHYECKOMN maMATH, CIICAYCT O6paTI/ITBC$I K (I)YHKI_II/II/I
YAAJICHHUA MBIOTCKCA:

int pthread_mutex_destroy(pthread_mutex_t *mutex)

B ciydae co3maHus MplOTE€KCa B CTaTHUECKOM WIIM aBTOMAaTHUYECKOM MamsATH oOpalieHue K
bynukin destroy mo 3aBepiieHHH paboThl ¢ MBIOTEKCOM HE HY)KHO.

3.4.2 Onepauun Hag MbIOTEKCaMu

[Tocne co3ganus M MHULMAIU3ALUU MBIOTEKC HAXOAUTCS B COCTOSSHUHM OMIKPbIM. «3aXBaTUTH»
WK OJIOKUPOBaTh MBIOTEKC (TIEPEBECTH €ro B COCTOSHHE 3aKPblM) MOXXHO IOCPEICTBOM
oOparmieHus K QyHKIMHU:

int pthread_mutex_lock(pthread mutex_t *mutex)

- IPOUCXOINT IMOTBITKA 3aXBaTUTh MBIOTEKC. B cirydae ecnu ipu oOparieHnn K (yHKIIMA MBIOTEKC
ObUI 3aKpBIT OPYroil HUTHIO (YK€ HAXOAWUTCS B COCTOSHUHU 3aKpbIT), HUTh OOpaTHBIIasCS K

dynxmuu pthread_mutex_lock 6yner 3a6noxuposana 1o Te mop, moka MbloTeKc He OyjeT
pa3osokupoBaH. OyHKIUSA pthread_m utex_lock Bo3Bpaiaet ) B cydae ycrexa , KOj OITHOKU
#0 B cimyuyae HEyCIeIIHOro oOpaleHus.
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HeGnoxupyromeit ansrepnarusoit pynxiuu pthread_mutex_lock seisiercs dynkms:

int pthread_mutex_trylock(pthread_mutex_t *mutex)

- Ipu OOpAaICHUU HUTH K JaHHOW (PUKLUH, €CIIM MBIOTEKC OBUT B COCTOSIHUU OMKPbINL, TO HUTDH
«3aXBaThIBACT» JIAHHBIA MBIOTEKC (OH MEPEXOJUT B COCTOSIHHE 3aKPBIT M (DYHKIIHS BO3BpAIIACT
0). Ecnu e npu oOpaiieHny K QyHKIIMA MBIOTEKC ObLIT B COCTOSIHUH 3aKpsim (Ipyroil HUTHIO),
TO OJIOKMpOBaHHMS HUTH HE MPOHM3OUIET, a OHa moiyduT koj otBeta EBUSY. OOpamenue k
(GYHKIMM B cIydae, €ClIM MBIOTEKC YXK€ 3aKpBIT JaHHOH HHUTBIO, BHI30BET OIIMOKY (BO3MOXKHO
3aBHCAHHUE).

Jis mepeBojia 3aKpHITON HUTH B COCTOSTHUE OMKPbIM VCTIONB3YeTCS (DyHKITHS:
int pthread_mutex_unlock(pthread mutex_t *mutex)

(GYHKIUS KOPPEKTHO ITpopadaThiBaeT, €CIM K HEW 00pamiaeTcsi HUTh, KOTOpast TiepeBesia JaHHBIN
MBIOTEKC B COCTOSTHUE 3aKpblm B 3TOM ciiydae koj oTBeTa 0. B mpoTtuBHOM ciyuae (oOparieHue K
OTKPBITOMY MBIOTEKCY HJIA 3aKPBITOMY JPYTUM IPOIECCOM) OOpaIIeHNue CUUTACTCS OMTUOOTHBIM
— kox orBeTa #0.

3.4.3 TlpocTou npuMep CUHXPOHU3ALMN HUTEN

B nannom npumepe mnopoxpaaerca 10 ogHOBpeMEHHO pabOTarOIIMX HUTEH, Kaxaas U3
KOTOPBIX MoAM(UIUpYeT oOIuii pa3fensieMblil pecypc — CTPOKY: Kaxaas HUTh ONpejaesser
TEKYIYI0 JJIUHY CTPOKHU U JJ0OABJIAET CUMBOI (C MOCIEJOBATEIIBHO BO3PACTAIOIUM 3HAUEHUEM,
HauyuHas ¢ ‘A’) B KOHell CTPOKH. T.K. IPH OJJHOBPEMEHHOW padoTe HUTEH HaJl OJJHUM PECypcoM
BO3MOXXHO «BKJIMHHMBAHHE» OJIHOM HUTU B pabOTy Ipyrod (UTO MOXKET MPUBECTU K 3aTHPAHUIO
CHUMBOJIa, J00AaBICHHOTO OJHON HUTBIO, JPYTOil), TO Omepanuio MOAM(UKALNU pa3aeNIeMOro
pecypca Heo0X0AMMO IPOU3BOAUTH B PEKUME B3aUMHOT'O UCKITIOUEHUS (KPUTUYECKON CEKIIMH) —
JUISL 3TOTO UCIIOJIb3YETCsl CTATUYECKUNA MBIOTEKC.

#tinclude <stdio.h>
#tinclude <stdlib.h>
#include <pthread.h>

#define N_SIZE 10

/*paspenaemoin pecypc*/

char str[N_SIZE + 1];

/*obbABneHne U MHULMANU3AUMA MbHTEKCa, COCTOoAHMe "OoTKpbliT"*/
pthread_mutex_t mutex = PTHREAD MUTEX_ INITIALIZER;

/*npoToTnn HuUTKM */
void* fThread(void * arg)
{
pthread_mutex_lock(&mutex); /*Bxo4 B KpuTu4deckyw cekuuw*/
/*nobaBnAaem cuMBON K pasgensemon crtpoke*/
int iPos = strlen(str);
str[iPos] = 'A' + iPos;
pthread_mutex_unlock(&mutex); /*Bbixon M3 KpuTuyeckon cekumm*/
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return NULL;
}

int main()
{
pthread_t th_id;
int i;
/*UHnymanmsauyma © Bcero maccusa cumBonoB*/
memset(str, 0, N_SIZE+1);
/*nopoxaeHne N_SIZE napannenbHo paboTawwmMx HUTEW, Kaxpaa u3
KOTOpbIX AobaBnseT CUMBON K pa3fensieMon cTpoke*/
for (i = @; i<N_SIZE; i++) {
pthread_create(&th_id, NULL, fThread, NULL);
}
sleep(20); /*nay3a ANA OXuAAHUA 3aBEPWEHUA BCEX HUTeR*/
printf("%s\n", str); /*ne4aTb uTOroBoW CTpoku*/
return 9;

PexoMeHna0BaHHbIE 3a]aHUS:

1) 3anycTUTh IPOrpaMMy, PEaTH3yOILYI0 IPUMEP Ha KOMITBIOTEPE.
2) [IpoBecTH U 3aITyCTUTh HA KOMITBIOTEPE MOAH(DHUKAIIUHN TIPOTPAMMBI, PEATU3YIONICH MPUMeED, B
YaCcTHU:

e 100aBNeHUs] KOHTPOJIA U 00PaOOTKU BCEX BO3ZMOKHBIX OIIMOOK;

e wucnosib3oBanus ¢pynknuu pthread_mutex_trylock;

3.4.4 YuTtaTenu v nucatenu ¢ UCNONb3OBaHUEM HUTEN

PaccmoTpuM peanmsanyio KJIACCHMYECKOW 3a7a4d YMTATENU-IIHACATEIN C IPUOPUTETOM
YyUTaTeNIed Ha OCHOBE MEXaHM3Ma MBIOTEKCOB. Hibke MpuBeeHa peanu3anus Tell YHTaTeled u
nucartesnel, COOTBETCBYIOAsl IPUBEAEHHBIM B I1. 2.5.3 anroputmam.

Jns HarmsgHOCTH A00aBieHa (GYHKIUS Main, B KOTOPOH 3ampalidBaeTcs YHCIIO
MOPOX/IaeMBIX YWTATeNe M TMucaTeNieil, KOTOpbIe 3aTeM 3allycKaloTcs depenoBaHueM. [lpu
MOPOXKICHUH/3aBEPIICHUN JTt000K HHUTH meyaraercs e€ TID, tun (umraTens/mucarenb) |
IpoIIe/IIee BpeMsi CeKyHIaX OTHOCHTENBHO Havyasia paboThl C HUTSIMHU B QyHKIIUU Main.

#include <stdio.h>
#include <time.h>
#include <stdlib.h>
#include <pthread.h>

time_t tmstart;

/*pa3penaemana nepemMeHHas - 4YUCNO OAHOBpPEMEHHO paboTawwux yuTaTenen*/
int rc = 0;

/*onpepeneHne n MHMUMANU3ALMA MbTEKCOB, COCTOAHME "OTKpbIT"*/
pthread_mutex_t mutex = PTHREAD MUTEX_ INITIALIZER;

pthread_mutex_t db = PTHREAD_MUTEX_INITIALIZER;

/*amynauma paboTbl HUTU - May3a B TevyeHue nsec cekyHa*/
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void do_some_work(int nsec) { sleep(nsec); }

/*peanusauma HUTKU 4uTaTena - Bepcua 1%/
void* reader(void * arg)

{

}

pthread_mutex_lock(&mutex);

rc++;

if (rc == 1) pthread_mutex_lock(&db);

pthread_mutex_unlock(&mutex);

do_some_work(5);

pthread_mutex_lock(&mutex);

rc--;

if (rc == @) pthread_mutex_unlock(&db);

pthread_mutex_unlock(&mutex);

printf("---YuTtaTenp %#x 3aBepwuncs Ha %d cekyHge\n",
pthread_self(), time(®) - tmstart);

return NULL;

/*peanusauma HUTKU nucaTtensa*/
void* writer(void * arg)

{

}

pthread_mutex_ lock(&db);

do_some_work(12);

pthread _mutex unlock(&db);

printf("---MucaTtenb %#x 3aBepuunca Ha %d cekyHge\n",
pthread_self(), time(®) - tmstart);

return NULL;

int main()

{

int nr, nw, bFlag;
pthread t th_id;
printf(">>BBeguTe 4ncno yutatenen v nucatenen:\n");
scanf("%u %u", &nr, &nw);
tmstart = time(0Q); /*HyneBaa To4yka OTCYETA B cekyHaax*/
bFlag = !(nr>0); /*3HayeHue O-nopoxzaem yuTaTena, l-nucatens*/
/*UMKN nopoxaeHuA 4uTaTenenm u nucatenenm yepeposBaHuem*/
while (nr>0 || nw>0) {
pthread _create(&th_id, NULL, bFlag ? writer : reader, NULL);
printf("+++%s %#x 3anyweH Ha %d cekyHpe\n", bFlag ?
"Mucatens” : "Yutatens", th_id, time(@) - tmstart);
/*BblbMpaeM TUN HUTKU ANA 3anycka Ha caeaywwein ntepauunn
yepefoBaHuem(ecnn He ucyepnadbl)*/
bFlag = bFlag ? (nw--, nr == 0) : (nr--, nw);
}
for (;;) sleep(5); /*6eckoHeuHbiit UMKN OXMAaHWA*/
return 0;
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Heo0xoauMo OTMETHTB, YTO JaHHas peanu3aius yutareneil (QyHkuuu reader) He siBJIsieTCS
MOJIHOCTHIO KOPPEKTHOM, T.K. OTKPBITHE MbIOTeKca dD MOXKET OCYIIECTBISATHCS APYTOl HUTHIO,
YeM Ta, KOTOpas IiepeBela €ro B COCTOSHHE 3aKpBIT — COTJIACHO OINHWCAHHIO (DyHKITHIA
pthread_mutex_lock(), pthread_mutex_unlock() 3akpbiTHe M OTKPBITHE MBIOTEKCA
MOXET OCYIIECTBIIATHCS TOJIBKO B OJJHOM U TOU KE HUTH.

Jliis perieHust JaHHON ITPOOJIEMBbI B IPOrpaMMy MOXKHO 100aBUTh HEOJIOKUPYIOLIEe 0KUIaHHUE B
HUTb, KOTOpas 3aKpbUla MBIOTEKC, M MOJIHATH €ro MpH OMYCTOLICHWH TEKyIIeH odepenn
yurareneil. Takum o0pazom, 6osiee KOppeKTHast peanu3anus pyHKIuN reader MoXeT BHITIIAICTD
cIeyoUmM 00pa3oM:

/*peanusauma HUTU 4YuTaTena - KoppekTHasa Bepcua*/
void* reader(void * arg)
{
int flag = 0;
pthread_mutex_lock(&mutex);
PC++;
if (rc ==1) {
flag = 1; /*bnar - paHHAA HUTb 3axBaTuia MbTeEKC*/
pthread_mutex_lock(&db);
}
pthread_mutex_unlock(&mutex);
do_some_work(5);

pthread_mutex_lock(&mutex);
rc--;

while (flag) {
/*uMKn oxupaHua paboTaeT TONbKO B HUTKU (MepBOM 4uTaTene),
KOoTOopaA 3axBaTuna MbTekc db */

if (rc == 0) {
/*ocBoboxaneHue mbloTekca db 3axBaTuBlEehn ero HUTbk */
pthread_mutex_unlock(&db);
flag = 0;

}

else { /* oxupaHue OKOHYaAHMA TeKylWen odepeau yuTaTenen AnAa
KOppeKTHOro(B 3TOW Xe HUTU) ocBoboxaeHua db*/

/*nepenpoBepka COCTOAHUS OYepeau 4YuTaTenei pas B
cekyHay, Hebnokupywuwee oxuaaHue */
pthread_mutex_unlock(&mutex);
sleep(1);
pthread_mutex_lock(&mutex);
}
}

pthread_mutex_unlock(&mutex);
printf("---YutaTtenp %#x 3aBepuunca Ha %d cekyHge\n",

pthread_self(), time(@) - tmstart);
return NULL;
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PexoMeHnnoBaHHbBIE 3a1aHUS.

1) 3amycTUTh IpOrpamMMy, pean3yoNIyo IPUMEp Ha KOMIIbIOTEpE.
2) IlpoBecTy U 3aIyCTUTh HA KOMIbIOTEPE MOAM(DUKALIMN IPOrPAMMBI, peaIu3yIoLel mpuMep, B
YaCTHU:

e 1100aBIEHUSI KOHTPOJISL U 00PaOOTKH BCEX BO3ZMOKHBIX OIIHOOK;

e 3aBeplIeHKs Main Mo 3aBepUICHUIO BCEX HUTEH;

e MOAM(UKALMYU IPOTPaMMBbI Ul 00eCIIeYeHHs IPUOPUTETA HUTEH-TTCcaTeNeH.
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4 daunnoBble cUcCTeMbl

4.1 OcHOBHbIe KOHUenuuu

ITon dhaiinosoir cucmemoii (O®C) OyneM NOHUMATH YacTh OINEPAIMOHHOW CHCTEMBI,
NPECTaBISIONIYI0 COOOH COBOKYITHOCTh OPraHW30BAaHHBIX HAOOPOB JAHHBIX, XPAHAIIMXCS Ha
BHEIIHUX 3allOMHMHAIOIIUX YCTPOWCTBaX, M MPOTPaMMHBIX CpEJACTB, TapaHTHPYIOLIUX
MMEHOBAHHBIN JIOCTYII K TUM JIaHHBIM U UX 3alLUTY.

C TOukM 3peHus Nojb3oBaress, ¢ailioBas cUCTeMa SBJIAETCS IMEPBBIM BHUPTYaIbHBIM
pecypcoM (KOTOpBI TOSBUJICS B OINEPALMOHHBIX CHCTEMax), JOCTATOYHO IOHSATHBIM H
JIOCTaTOYHO IPOCTO HCIIOJIb3YEMBIM BO BpeMsi pabOThl MOJIb30BaTeNsl 3a KoMibioTepoM. Eciu
cpaBHuTh PC C IpyruM BUPTYaJIbHBIM PECYPCOM — HAIPUMEp, BUPTYAJIbHOM NaMATBHIO, TO
psnoBoMy mnosb3oBarento IIK MoxkeT ObITh COBCEM HE MOHSTHBIM, 3a4€M HYKEH MEXaHU3M
BuptyanbHoi namsTu. llossienne ®C kapAMHAIBHO W3MEHMIIO B3IVISIJ HAa HCIOJb30BAaHUE
BBIUMCIIUTENbHBIX cucTeM. [louTu cpasy ¢ MOMEHTa HUCIIOJIb30BAHUS BHIYMCIUTEIILHON TEXHUKU
BO3HMKJIa Mpo0iieMa pa3MellleHus] JaHHbIX BO BHelIHed namsatu. Heo0XoauMocTh MOAJep:KKu
3TOr0 pa3MelleHus 00yCIaBINBaIOCh HECKOJBKUMHU IpUYMHaMU. Bo-1iepBbIX, ObljIa TpUBHANIbHAS
HEOOXOMMOCTh COXpPAaHEHMs JaHHBIX: BPEMs «OIHOPA30BBIX» pELIeHUHA 3ajgau (Korja
TpeboBanock, rpy00 roBOps, JUILb BHIYUCIUTH 3HAYEHUE HEKOM (OPMYJIbI) MPOLLIO JOCTATOYHO
obicTpo. [osiBHnUCH 3aaun, TpeOyromue 60NbINX 00bEMOB HAYaJIbHBIX JTAHHBIX, KOTOPHIE, B
CBOIO OuU€pe/ib, ABIISIIUCH PE3yJIbTaTOM pellieHus Apyroi 3agaun. M 3t gaHHble Haj0 ObLIO Ijie-
TO COXpaHATh, IPUYEM, COXPaHATh 0€3 HAIW4YMS NPOrpaMM, KOTOpbIe MX HCIONB3yIOT. Kak
CJIEICTBHUE, BO3HHKJIA MpobsieMa 3 (HEKTUBHOCTH IOCTYTA K STUM JTaHHBIM. BTopast Heooxoaumast
npobiemMa — 3TO caMO COXpaHeHHe MH(OPMAIMK (U IPOrpaMM, U JJaHHBIX). FIMeeTcs B BULy, caM
(bakT AOATOCPOUHOT0 XpaHEHHs] HH(POPMAITHIH.

C ToukH 3peHMs annapaTHOM MOAAEPKKH MOKHO BBIIEIUTD CIEAYIOIINE dTalbl Pa3BUTHS.
OaHuM H3 TEepBBIX BHEIIHMX 3allOMHMHAOMUX ycTpodcTB (B3Y) Oblma MarHurtHas JeHTa.
MarnuTHas JeHTa — 3TO YCTPOMCTBO MOCIIEIOBATENILHOTO JOCTYyMa, HHPOPMALUs Ha KOTOPOM
XpaHUTCS B BHUJE 3amuceld ((PUKCHPOBAHHOTO WIIM TIEPEMEHHOTO pa3Mepa). 3aluch CTPYKTYPHO
COCTOUT U3 TIOCJIEJIOBATEIILHOCTU COJIEPKATeIbHON WH(pOpMalUK, OTPaHWYCHHOM MapKepaMu
Havyaja M KoHua 3amucu. [lnsg goctyma k  uHOpManuu HEOOXOIMMO HMETh HOMEp
COOTBETCTBYIOIIEH 3amucH Ha JieHTe. COOTBETCTBEHHO, €CJIM I0JIb30BATENb XOTEN COXPAaHATh
JTaHHbIE HA MAarHUTHOM JIEHTE, TO eMy ObLIO HEOOXOAMMO 3HaTh MarHUTHYIO JIEHTY KaK HOCUTEIb
(1o HOMepy WJIM TIO PACTIONOKEHUIO B XpAaHHUIIHUILE, U T.I1.) © HOMEp CBOEH 3alucH Ha 3TOi JIeHTe.
OTMmeTHM, 4TO OTHOCUTENBHO 3P PeKTUBHAS paboTa C JEHTON MOXKET OBITh TOCTUTHYTA JIUILb MPU
NEPCOHAIBHOM HCIIOJIb30BAaHUM: B CIIydae, KOTJAa OJHOBPEMEHHO ¢ OJIHOM JIHTOH paboTaroT /1Ba
M0JIb30BaTeNsl, BO3HUKAIOT JIOCTATOYHO OOJBIIME HAKJIAJHBIE PacXojbl (B YAaCTHOCTH, 4acTOE
nepeMaThbIBaHHE JICHTHI Ha Ha4aso), YTO MOXET MPUBECTH Jaxe K ee rnopye (pa3pbiBy). Pemenne
po06sieMbl KOPPEKTHOCTH OpraHU3alliy JaHHBIX HA MATHUTHOM JICHTE JIeXKaJlo Ha MOJb30BaTee:
€CJIM TOJIb30BaTENIb HEKOPPEKTHO OPraHM30Baj 3alliCh CBOUX JAHHBIX, TO OH MOT TEM CaMbIM
UCIIOPTUTH U CBOM JIaHHBIE, U Uy KHE 3all1CH Ha JIEHTE.

Ha crenyromem stane pa3BuTHs HOSBWIMCH YCTPOMCTBA MPsIMOro JocTyma (6apabaHbl U
MarHMTHbIE TUCKH), YTO €CTECTBEHHO CKa3aJ0Ch Ha aJpecalli JaHHbIX Ha HocuTene. Hampumep,
4TOOBI MOJyYUTh JNOCTYN K MH(OpMAIMM Ha JMCKE, JOCTATOYHO 3HATh HOMEpP JUCKAa, HOMEp
IIOBEPXHOCTH, HOMEpP LWINHApPA U HOMep cekTopa. Ho kaxmoe ycTpoHCTBO MpsIMOro JOCTyMa
UMEJI0 U CBOM OCOOCHHOCTH — B YAaCTHOCTH, pa3Mepbl OJIOKA: Y OJHUX JHUCKOB OJIOKM UMENN
pasmep 256 Gaiit, y npyrux — 512 6aiit, u T.1. Y1 3TM 0COOEHHOCTH MOJIH30BATEh JOJDKEH ObLT
YUUTBIBAaTh MpU paboTe ¢ JaHHBIMH ycTpoiicTBamMu. YTOOBI pa3MecTHTh CBOHM (haiin Ha IHcKe,
MOJIB30BaTENh JTOJDKEH OBLT pa3OuTh 3TOT ¢aiiia Ha OJIOKH (B 3aBUCHMOCTH OT KOHKPETHOTO
YCTPOWCTBA XpaHEHUs), HANTH HA AUCKE CBOOOAHbIE OJIOKH, 4TOOBI B HUX Pa3MECTHTh BECh CBOM
¢aiin, coxpaHuTh (aiyl U 3alIOMHUTh KOOPAUHATHI U MOCIEI0BATEIBHOCTh OJIOKOB, B KOTOPBIX
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ObLT coxpaHeH (Qaill. 3aMeTHM, YTO JHUCKH OPUEHTHPOBAHBI Ha MACCOBOE HCMOJIb30BaHUE, T.€.
npenanonaraercs pabora ¢ JUCKOM JByX W 0Ooliee mMOIb30BaTeNed, YTO HaKJIAIbIBAIO
JIOTIOJIHUTEIbHBIE TPYAHOCTH HAa KOPPEKTHOE pa3MEIIEHHWE [aHHbIX Ha JIUCKE — 3ajaudy,
COBEPIIEHHO HETPUBUATIBHYIO JUISl PAJIOBOTO MOJI30BATES.

[TogoOHBIN MOAX0 K XPAaHEHUIO MAHHBIX MPOJJIUICS MPUMEPHO N0 cepeauHbl 60-x —
Hayaya 70-X roioB, KOTJa B MalllMHAX BTOPOTO MOKOJICHUS MOSBUJICS MPOTPAMMHBIA KOMITOHEHT
OTEpPAIMOHHON CHUCTEMBbI, KOTOpBIM MOJY4YWs Ha3BaHue ¢hailnogas cucmema. lloBropumcs,
daiinosas cucmema— 5>TO KOMIIOHEHT OIEPALMOHHON CHUCTEMBI, OOECIICUHBAIOIIUN
KOPPEeKTHBII MMEHOBAHHBII OCTYN K JaHHBIM MoJb3oBarelns. JlaHHbie B (ailioBoii cucteme
MIPEJICTABIISIIOTCS B BUJIC (PAIJIOB, KXKIABIN U3 KOTOPBIX UMEET UMsI. | TaBHBIMU XapaKTepUCTUKAMU
B ompe/eraeHuu (aiioBOl CUCTEMBI SBJISIFOTCS UMEHOBAHHBIN 10CTYN ¥ KOPPeKTHasi padoTa.
[Tocnennee o3Hauaer, 4ro (aimoBas cucTteMa OOECHEUYMBACT KOPPEKTHOE YIpaBJICHUE
CBOOOIHBIM U 3aHSTHIM IpocTpaHcTBOM Ha B3V (3ameTnm, uTo He 00s3aTenbHO HA HU3MUECKOM
ycTpoiicTBe: B kauecTBe B3V MoOKeT BBICTYNIUTH U BUPTYaJIbHOE YCTPOMCTBO), @ TAKXKE 3aLIUTY
uHbOpMallMl OT HECAaHKUMOHHPOBAHHOIO JAOCTyMa. BOJBIIMHCTBO COBPEMEHHBIX (aillloBBIX
CHCTEM 00eCTIeYrBaIOT KOPPEKTHYIO OPraHU3AIMIO PACIIPEICIIEHHOTO JOCTya K OJJHOMY U TOMY
ke ¢ainy (korma ¢ HUM MOTYT paboTaTh JBa M OoJjiee TOJB30BaTels). ITO HE O03HAYAET, YTO
cucrtema OyJeT OTBEYaTh 32 KOPPEKTHYIO CEMAaHTUKY JaHHBIX BHYTpH (aiiia: rapaHTUPYETCs, 4YTO
cucteMa 00eCeunuT KOPPEKTHBIM JOCTYI Moyib3oBareneil K (ailly ¢ TOUKK 3peHUsi CUCTEMHON
opranm3anuu. Takke MHOTHE COBPEMEHHBIC (DaiiIOBbIE CHCTEMBI MOICPKUBAIOT BO3MOXHOCTh
CUHXPOHM3AINH JOCTyNa K HHPOPMAIIIH.

4.1.1 CTpyKTypHas opraHum3sauus ¢pannos

C TOYKM 3peHusi CTPYKTYpHON opraHu3anuu (HaiaoB UMeeTCsl Leblil CIEKTP pa3IndHbIX
noaxoA0B. CyIliecTByeT HEKOTOpas YCTaHOBMBIIASICS CHUCTEMATHU3alMs METOJOB CTPYKTYpHOM
opranuzaiuu Qaitnon. PaccMoTpuM MoieNT B COOTBETCTBHH C XPOHOJIOTHEHN UX MOSBIICHUSI.

[TepBoii Monenbio Qaiina sBUIach MoneNb (aiiyia Kak mocjaenoBaTe/LHOCTH 0aiiToB. B
3TOM cllydae cofiepkKumoe (aiina mpeacrapiseTcsl Kak HEMHTepIpeTupyeMas uHpopmanus (Ui
UHTEpIIpeTHpyeMasi MPUMHUTUBHBEIM 00pa3oM). 3ajadya WHTEPHpPETAlMU JaHHBIX JIOXKHUTCS Ha
nonb3oBarens. [lanHas mozens aiina Hanbojiee pacHpoCTpaHEHAa Ha CETONHSALIHUMN JIeHb:
OOJBIIMHCTBO IIHUPOKO HCIONB3YEeMbIX (DalIOBBIX CHUCTEM TMOIJIEPKUBAIOT BO3MOKHOCTH
MPEJICTaBIATh colepkuMoe (aiina Kak MoclieJoBaTeNbHOCTH OalTOB, a 3TO O3HA4YaeT, 4TO
nporpaMMHbIe MHTEpQEichl, oOecneunBarIue J0CTyl K COJAepKUMOMY (haiina, MO3BOISIOT
CUYUTBIBATh M 3aIMMCHIBATH MTPOU3BOJIHHBIC TIOPITUH JTAHHBIX.

Crnenyromue MOAENU TMPEACTABISAIOT (aill Kak IMOCJae10BATeJbLHOCTh 3amuceil
nepeMeHHOM U MOCTOSIHHOM JAJuHbI. [lepBas U3 3THUX MOJENel ABISETCS aHAJTOTOM MarHUTHOU
neHtel. COOTBETCTBEHHO, dTa OpraHu3ainus Qaiiia u paccuuTaHa Ha pabOTy C MarHUTHBIMHU
neHTaMu. B 3TOM ciydae BO3HHKAIOT MPOOJIEMBI, TaKHME KaK KOPPEKIUs JAaHHBIX B CEPElIUHE
daiina, BclenCcTBUE uYero MeHseTcs: pasMep (aiina, U MosBiIsgeTCS HEOOXOAMMOCTh CIIBUTaTh
«XBOCT» (haiia Ha JICHTE.

Mopnens ¢aitna kak MOCIEI0BATEIHPHOCTH 3aMUCEH TOCTOSIHHON JJTUHBI SBIISETCS TaKKe
arnmapaTHO-OPUEHTUPOBAHHOW: OHA sIBJIsieTCs aHasioroM nepdoxkaptsl. [lepdokapra npencrapnser
c00010 KapTOHHBIN JINCTOK MPSMOYTOJIBHON (POPMBI, HA KOTOPOM M300paKEHBI ABEHAIIIATH CTPOK
no 80 mo3umuii B kaxkiaod. Kaxmas mo3umust COOTBETCTBYET OJHOMY OUTY HH(pOpMalUU.
CooTBeTCTBEHHO, MephoKapTa MOXKET XPaHUTh JHIIb (PUKCHPOBAHHOE KOJIHYECTBO JaHHBIX,
MO3TOMY JUIsl OTOOpaKEeHMsI KOJOAsl mepdokapt B ¢dailm MmoAXOAUT Mojnenb (aitna kak
MOCIIEA0BATEIHHOCTH 3amucel (PUKCHpOBAHHOTO pa3Mepa (Kaxaas 3amuch SBISUIACH 00pa3oM
onHOU mepdokapThl). JlaHHAS MOAETh UMEET CISAYIOIINE HeIOoCTaTKu. Bo-mepBhiX, n3-3a TOTO,
9TO KaXKIasl 3aIUCh UMeeT (PUKCUPOBAHHBIN pa3Mep, BOSHUKACT BHYTPEHHsIS ()parMeHTAIIHS: T.€.
€CJIM XOTS OBl ONMH OalT 3aHAT B 3aIlMCH, TO 3aHAT M BeCh 00BbEM 3amMcH. TakiKe OCTaroTcs
pOOJIEMBI, BOSHHUKAIOIINE MPU HEOOXOAMMOCTH BCTAaBUTH WIIM YJAIHWTh 3alHCh U3 CEPEIUHBI
daiina.
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N, nakoHen, mozaens Hepapxuuyeckod opranusauum ¢aiinia. B pganHoN Monenu
opranm3anus (aiiyia UMeeT CIIOKHYIO JIOTHYECKYIO CTPYKTYPY, IMO3BOJISIFOIIYI0 OPTaHU30BHIBATH
JTUHAMHUYECKyIo padoTy ¢ naHHbIMU. O/1HOI U3 Hanbosee pacIpOCTPAHEHHBIX CTPYKTYP SBIISETCS
JIEpEeBO, B y3J1aX KOTOPOTO pacnoiokeHsbl 3anvcu. Kaxaas 3amnuch COCTOUT U3 ABYX MOJEH: mose
KJIIOYa W MOJe JaHHBIX. B kKauecTBe Kiroya MOKET BBICTYIIaTh HOMEp 3amucH. J[aHHas monenb
SIBIISIETCSL yIOOHOM sl penakTupoBanus (aiina, HO, ¢ IPYrol CTOPOHBI, TPEOYET JTOCTATOYHON
CJI0’)KHOM peann3aluu.

Eme opHOM UMCTOpUYECKOH XapaKTEpUCTHKOW (ailloB ObUIM PEXHUMBI JIOCTYyIIA,
OTpakaBIlIM€ OPraHM3AIMI0 BHEIIHUX YyCTpOMcTB. bbuin dainbl npsMoro nocryna u aiisl
MOCIIEAOBATEIBHOIO JOCTyna. PexuMm JOocTyma 3ajgaBajiics Ha Jtamne co3fanus (aiima. B
COBPEMEHHBIX (DalIOBBIX CHCTEMax 3THU PEKHUMbI HE UCHOJIB3YIOTCS. 3aTO aKTyalbHbI PEKHUMbI
JIOCTYTIa C TOYKH 3PEHHS pa3pelieHUs] UK 3alpeTa ONnpe/IeJICHHbIE ONepalnii: BO3MOXXHO UMETh
JOCTYT TOJIBKO IO YTEHHIO, TOJIBKO 10 3aMTUCH WU 110 YTEHUIO-3aiCcH nH(OpMaLuu B daiii.

4.1.2 ATpubyTtbl (hannos

Kaxnapiii ¢aiin obnagaer ¢ukcupoBaHHBIM HAOOpPOM MapaMeTpoOB, XapaKTEPHU3YIOIIUX
CBOWCTBA U COCTOSHUS (hailia, MpUUEM U JTOJITOBPEMEHHOE (CTpaTern4ecKoe), U ONEpaTUBHOE
coctosiHusl. COBOKYITHOCTh 3THX IapaMeTpOB Ha3bIBAIOT ampubdymamu ¢paiina. B Habop
aTpuOyTOB MOKET BXOJUTH JOCTATOYHO OOJIBIIOE KOJIMYECTBO APAMETPOB, U COCTaB aTpUOYTOB
3aBHCHUT OT KOHKpPETHOM peanusanuu cucrteMbl. Cpeau aTpuOyTOB 4HacCTO MOKHO BCTPETUTH
CIIeIyIOIIHe MapaMeTpel: uMs (paiina, mpaBa AOCTyMa, epcoOHUUKAIUs (CO3/1aTeNb/BIaIeNell),
tun Qaitna, pasmep 3anucu (010ka), pasmep ¢aiiina, ykazareiab YTCHHUS/3aUCH, BPEMs CO3/IaHHUs,
BpeMsl TIOCIICTHEeH MOAM(UKAIINY, BPeMsI TIOCIICIHEr0 0OpaIieHus, peIeabHbId pa3Mep daitia u
T.I1.

[lon umenem paiina moHNMAETCS MOCIEAOBATEILHOCTH CUMBOJIOB, HCIIOJNIB3YSI KOTOPYIO
OpraHu3yeTCs IMEHOBAaHHBIN JOCTYT K TaHHBIM (haiina. B oqHux ¢aitnoBeix cucremax ums Qaiina
BOCIIPMHUMAETCS B KauecTBe arpulyTa, Apyrue @C pa3nenstoT ¢aiin (ero cogepkumoe), UMs u
OTJIeNbHO HAabOp aTprOyTOB.

CrenyromuM HeMalOBaXXHbIM aTpUOYTOM SIBISIOTCS npaea docmyna. JJlaHHBINA aTpuOyT
XapaKkTepu3yeT BO3MOXHOCTh JOCTYNa K COJIEpPKUMOMY (hailia pas3iHMdHBIM KaTETOPHSIM
nojb3oBareneid. CTpyKTypa KaTeropuil Mosib30BaTesiel, MO0 KOTOPOM OpraHu3yercss IOCTYII,
3aBUCUT OT KOHKPETHOH OTEepaIlMOHHON CHUCTEMBI. B YacTHOCTH, CYIIECTBYIOT OIEpalliOHHBIC
CHCTEMBI, B KOTOPBIX MpaB JIOCTyNa HEeT: (pailibl JOCTYIHbI JIOOOMY MOJIH30BATEII0 CUCTEMBI.

Crnenyromuii aTpuOyT — nepconugukayus — cBsi3as ¢ npeapaymmM. COOTBETCTBEHHO,
JAHHBIA aTpuOyT COAEPXKHUT MH(POPMAIMIO O TPUHAAIESKHOCTH Qaiina. B obmewm ciyuyae 31ech
MOYKET HAaXOTUThCS HECKOJIBKO TMapaMeTpoB: HampuMmep, WHpopmanus o cosznmatene (aiima, a
Takxke nHpopManus o Biajensie (aina. 3a4acTyio 3TH napaMeTpbl COBIAAAI0T, HO BO3MOXKHBI
CUTYyAIIMH, KOT/Ia OHA OTIHYAIOTCS.

Tun ¢aina — wHdopmanus o crocobe opraHuzanuu Qaila U UHTEpHpEeTaluud €ro
conepxkumMoro. ['oBopst o crmocode opraHu3aIyy, MOKHO MTPUBECTH MpuMep (HaiIoBOW CHCTEMBI
OC Unix, xotopas mojiep>XuBaeT pasHele TUIBI (aiinos. Cpeau NpoYnx UMEIOTCS T.H. ailib
ycmpoiicme, COOTBETCTBYIOIINE TEM YCTPOWCTBaM, KOTOphie oOcmykuBaet nanHas OC; u yepes
3TH (hailiIbl YCTPOMCTB MPOUCXOIUT (PakTHUYECKH oOpalleHue K jpaiiBepam yctpoiicTB. CoBceM
WHaue OPTraHU30BaHBI pe2yiapHble (ailibl, KOTOPhIE MOTYT XPaHUTh Pa3IMYHYI0 WHPOPMAIIUIO
(TekcToByIO, rpaduyeckyto u mp.). O paznuyHbIX crioco0ax OpraHu3aluyl peub MOHAET HIDKE.

Ecnu peus uaer 06 uHTEprpeTaliu, TO OHa MOKET OBbITh A6HOU U HEAGHOIL, T.€. BOZMOXKHO
yKa3aHHe, Kak HHTEPIPETUPOBATh coaepkumoe (aiina. Hampumep, MOKHO yKa3aTh, SBISETCS JI
JAHHBIN (haiiT UCTIOMHIEMBIM WIIM HEUCTIOJHIEMBIM. McionmHseMblii (paityi MOYKHO 3aITyCTUTh Kak
npolecc, B OTJIMYME OT HeucrnoigHsemoro. Takum oOpaszom, aTtpuOyT Tuma daiina MOoXer
coJiep’KaTh MHOTOYPOBHEBYIO KOMIUIEKCHYIO MH(OPMAIIHIO.

Pazmep 3anucu (wnu pazmep 610ka). B cucreme nMeercsi BO3MOKHOCTh YKa3aTbh, 4TO
JMaHHBIN (paiim opraHU30BaH B BUJE IMOCIEAOBATEIBHOCTH OJIOKOB JAHHOTO pa3Mepa, MpH 3TOM
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pasMep oIpeaenseTcsl Mojib3oBaTesieM (MOJIb30BaTEeIbCKUM TporieccoM). Pazmep MokeT ObITh
CMAayUOHAPHBIM, KOT/Ia TIPU CO3/1aHuM (hailyia yKaspIBaeTcss (PMKCHUPOBAHHBINA pa3Mep OJIOKOB, U
HecmayuoHapHwvim, KOTJa pa3Mep 0J10Ka 3a4aeTCs KKl pa3 MpU OTKPHITUH (aiina.

Pazmep ¢paiina. Jlannpiii aTpuOyT WMEET TOCTATOYHO MPOCTOW CMBICI; 3aMETHM, YTO
00b19HO pa3zmep (aiina 3amaercs B OanTax.

Ykazamenv umenus/3anucu — 310 yKaszaTeib, OTHOCUTEIBHO KOTOPOIO MPOUCXOJIUT
YTeHHe WM 3anuch uHpopMauuu. B obmeM ciydae ¢ KaxIbIM (ailioM accoluupyroTcsl 1Ba
yKazaTens (M Ha 4YTEHHWEe, W Ha 3aIHCh), XOTA OBIBalOT (HalIOBBIE CHUCTEMBI, B KOTOPBIX
UCIIONIb3YETCSl €UHBIA yKa3aTenb 4YTeHus/3anucu. COOTBETCTBEHHO, OMEpalliu YTEHUs/3alnucu
OIEpUPYIOT JAaHHBIMU, CIEAYIOLIMMH 32 YKa3aTEJIAMHU.

Cpenau npounx atpuOyToB (haiiia BO3MOXKHBI aTpHOyTHI, OTpa)karollye CUCTEMHYIO U
CTaTHCTUYECKYI0 MH(pOpMAIHIO O (haiie: HApUMeEp, 8pems nocieoHell moouguxkauuu, epems
nocneonezo obpawienusn, npeoeavuvlit pazmep ¢hainna v 1.1. Enie oHOW BaXXHOW Trpynmnoi
aTpuOyTOB SIBIISIIOTCS aTPUOYTHI, XpaHsIue HHPOPMALIUIO O Pa3MELICHUN COJEPKUMOTro (haiina,
T.€. re B (paiiyioBoii cUCTEeMe OPraHU30BaHO XpaHEHUE JAaHHBIX (haiiia, U Kak OHO OpPraHNU30BaHO.

4.1.3 OcHoBHble npaBuna pabotbl ¢ ¢annamu. TunoBble NporpaMmmMmHbie
MHTepdencsl

[TpakTudecku Bce (paidioBbIe CUCTEMBI IIPU OPraHU3alUK paboTHI ¢ (aillaMu AEHCTBYIOT
10 CXOXHUM CIIEHapHsIM, KOTOpPBIE B OOIIEM CITy4ae COCTOAT U3 TPEX OCHOBHBIX OJIOKOB JI€HCTBUIA.

[TepBbIii 3Tan — 370 HaYaJ10 padoThI ¢ paiiaom (1u oTKpbITHE ¢aiina). B GonpmnHCTBE
CHUCTEM I IPOILIECCOB, JKEIAIIMNX paboTaTh ¢ (aillioM, UMEIOTCS ONEpaluy OTKPBITUA (aiina.
[TocpencTBoM MaHHOW oOmepanuu Mpolecc mepenaet (ailyioBoil cucTteMe 3ampoc Ha paboTy ¢
KOHKpeTHbIM aiiom. [lomyuuB 3ampoc, ¢aiinoBas cuctema MPOU3BOAUT COOTBETCTBYIOIINE
MIPOBEPKU BO3MOXKHOCTH (B T.4. HA HAJMYME TIOJTHOMOYHMIA) pabOThI ¢ (ailyiom; B ciIydae ycrexa
BBIJIETISIET BHYTpU ce0si HE0OXO0IMMBbIE pecypchl Ui paboThI Ipolecca ¢ yKa3aHHbIM (aiimom. B
YaCTHOCTH, JJIS1 K&KIOT0 OTKPBITOTO (hailina coznaercs T.H. (hailio8wlii 0ecKpunmaop — CUCTEeMHast
CTPYKTypa JaHHBIX, cojepikaias nH(opManuo o0 aKTyalbHOM COCTOSIHUM OTKPHITOTO (haiina
(peXUMBI, TO3UIMM yKa3aTenaed W T.1.). DaioBbI AECKPUNTOpP, KaK CUCTEMHas CTPYKTypa
JAHHBIX, MOXKET pa3MeIlaThCsl Kak B aJJpeCHOM MPOCTPAHCTBE IpoLiecca, TaK U B MIPOCTPAHCTBE
HnaMsTH ONEepalMoOHHOW cucTeMbl. COOTBETCTBEHHO, NMPH OTKPHITUM (aiija mporecc Mmoiaydaer
au60 HOMep (HalJIoOBOTO JIECKPUIITOpa, MO0 yKa3zaTeldb Ha Haydalo JaHHOW CTPYKTYyphl. Bce
HOCJEYIOIUE ONepalty C CONEPKUMBIM (aiiyia MPOUCXOAT ¢ yKa3aHHEM MMEHHO (ailioBoro
JIECKPUIITOPA, U OTH OTIEPAIUHA 00Pa3yIOT CJIETYIONUN OJIOK TEeHCTBHIA.

Bropoii 6510k neiicTBrit 00pa3yoT onepauuu no padore ¢ coep:KUMbIM Qaiina (uTeHue
U 3aIMCh), TAKKE ONepanuu, u3MeHsomue aTpudyThl (daiina (pexXuMbl JOCTYINa, U3MEHEHUE
yKazaTeneil YTeHUs/3aMucH U T.11.).

[locnenHmii stam — 3TO 3aKpbiTHe (ailja: yBEJOMIIEHHE CHCTEME O 3aKpbITUU
nporeccoM QaitnoBoro aeckpuntopa (a He ¢aitna). [loguepkHeM, 4To mpolecc Mpekpariaer
paboTy He ¢ (aiiioM, a ¢ KOHKPETHBIM (PailyIOBBIM JECKPUITOPOM, MOCKOJBKY Jake B paMKax
OJTHOTO TpolIecca MOKHO OTKPBITh OJIMH U TOT ke (ailsl 1Ba u 6oiee pa3a, U Ha KaXKJ0€ OTKPHITHE
OyneT npeaocTaBiieH HOBBIHM (ailnoBelil neckpuntop. [locie onepanuu 3aKpbITHS OneparoHHas
CHUCTEMa BBIMOJHAET HEOOXOAWMBIE JEHCTBHUSA IO KOPPEKTHOMY 3aBEpLICHHI0 paboThl ¢
(baltIoBbIM JIECKPUIITOPOM, @ €CJIM 3aKpbhIBACTCSl TMOCIEIHUN OTKPBITHIM IECKPUOTOP — TO
OCYILECTBIIIET KOPPEKTHOE 3aBepllieHue padoThl ¢ (aillioM: B YaCTHOCTH, 1O HEOOXOAMMOCTHU
OCBOOOXIAIOTCS CHCTEMHBIE PECYPCHI, B T.4. BBIITOIHIETCS pa3rpy3ka Kami-0ydepos (haistoBbIx
OOMEHOB U T.1.

CTpyKTypHO KakJasi OIEpalMOHHas CHUCTeMa MpejuiaraeT YHU(UIHUPOBAHHBIN HAOOP
UHTEP(EICOB, MOCPEACTBOM KOTOPBIX MOXXKHO OOpaIlaThCsi K CHCTEMHBIM BBI30BaM Pa0OTHI C
daiimamu. OOBIYHO 3TOT HAOOP CONEPIKUT CIICTYIOITNE OCHOBHBIC (DYHKIIHH:

— 0pen — oTkpbITHE/co3nanne (aiina;
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— close — 3akpeitue;

— read/write — uTcHue/3amUCh (OTHOCUTEIBHO IIOJIOKEHUS YKa3aTessl YTCHUs/3alucH
COOTBETCTBEHHO);

— delete — ynanenue ¢aiina u3 daitoBoit CHCTEMBI,

— Seek — MO3UIMOHUPOBAHKE YKA3aTelsl YTCHHS/3aMKCH;

— read_attributes/write_attributes — urenne/MmoauduKkays HeKOTOPBIX aTpUOYTOB (aiina (B
¢balloBBIX cHUCTEMax, paccMaTpuBarOIlMX MM (aiga He Kak aTpuOyT, BO3MOXKHA
JIOTIOJTHUTE IbHAS (DYHKIMS [TepenMeHOBaHus (aiija — rename).

[IpakTnyeckun Bce (QailyioBble CHUCTEMBI BKIIOYAIOT B CBOM COCTaB HEKOTOPBIH
CHEIHUAJIbHBII KOMIIOHEHT, IIOCPEACTBOM KOTOPOTO MOKHO YCTaHOBUTH COOTBETCTBUE MEXKIY
uMeHeM (aiina u ero arpudyramu. Mcnosb3ys 3T0 COOTBETCTBHE, MOKHO MOJIy4YHUTh HHPOPMALIUIO
0 pa3MEILICHUU JaHHBIX B (AilIOBOM cHCTEME W OpraHM30BaTh JOCTYN K JaHHBIM. M 3TuM
KOMIIOHEHTOM SIBJI€TCS Kamanoz. Utak, kamanoz— 3TO CUCTEMHas CTPYKTypa JaHHbBIX
daiinoBoii cucTembl, B KOTOpOil HaxoauTcss wuHpopmainms o0 uMeHax ¢ailioB, a Takke
uHpopmanus, olecreyuBammIas IOCTYN K aTpuOytam W coaepkumomy (aitnoB. Karamoru
SBIISIIOTCS CIIELIMATIbHBIM BHJIOM (DaiisioB.

PaccmMoTpuM TuHOBBIE MOJAENM OpraHU3alMM KaTajloroB (B COOTBETCTBUHM C
XPOHOJIOTHYECKUM MOPSAKOM MX MOSIBICHHUSA).

IlepBoil MCTOPUYECKOW MOJIENIbIO SBJISIETCA OAHOYpPOBHeBas (ailsioBass cucrema
(cucTema ¢ omHOYpPOBHEBbIM KaTajorom). B ¢aiinoBoit cucreme manHoro tumna (Puc. 103)
IPUCYTCTBYET €AMHCTBEHHBIN KaTajor, B KOTOPOM ME€PEUUCIIEHbl BCEBO3MOXKHBIE HMEHa (aiiiioB,
HAXOJSIIMXCS B JIaHHOM cHcTeMe. DTOT KaTajol YyCTPOEH MPOCThIM CIOCOOOM: JUISl KasKIOro
¢aitna xpaHutcs HHPopMaIus 00 ero UMEHH, pPaciioyIoKEHUH MEpBOTo OJIoKa U pa3mepe daiina.
OTa npocToTa BJIEYET 3a COOOM U MPOCTOTY JI0CTyna K HHpopMauuu (aiiioB, HO 3Ta MOJIENb He
IpeJoiaraéT MHOTOMOJIb30BaTENIbCKON paboThl. B 1aHHOM cilydae BO3MOKHBI KOJUIM3UH UMEH
(Korzia BO3HUKAIOT MONBITKU CO3/1aHus (BailyioB ¢ OAHUM nMeHeM). JlaHHast MO/IeTb B HACTOsIIee
BpEMsI UCIIOJIB3YETCs B OBITOBOM TEXHUKE, KOTOpas BHINOIHAET (PMKCUPOBAHHBIN HAOOP AEWCTBUM.

Karagor > /
(kopHeBo#t Katamor)
NAME1 NAME?2 NAME3

Puc. 103. Moneas o1HOYpPOBHEBOIi (aiijioBoii cucTeMBbI.

Crnenyromeii Mojesbio SBISETCS ABYXypoBHeBasi ¢aiinoBasi cucrema (Puc. 104).
Jannast Mozens mpeAnonaraeT paboTy HECKOJIBKHX MOJb30BaTesel: ¢aioBas cUCTeMa 3TOTrO
THUIIA TI03BOJISIET TPYNIITUPOBATH (PAIIBI IO MPUHAIICKHOCTH TOMY WJIM HHOMY TIOJIB30BATENI0. DTa
MOJIeJIb JIy4Ille OJTHOYPOBHEBOM (B YaCTHOCTH, HE BO3HHUKAIOT KOJUTM3UM MMeEH (aiioB pa3HBIX
MOJIb30BaTENECH ), HO U OHA 00J1a/1aeT HEIOCTATKAMM: 3a4acTyl0 HEYJJOOHO U JlaXe HeXenaTeIbHO
pacmojoxeHue Bcex (ailyioB OJHOTO MOJB30BATENss B OJAHOM MecTe (B OJHOM Karaiore). B
YaCTHOCTH, OCTaeTcs MpobiieMa KOJUIM3UHA UMEH /1S (aiiyIoB OJTHOTO MOJIb30BaTENS.

OtmeTuM, 4TO ABYX-, Tpex- U BooOmie N-ypoBHeBbie (N — (ukcupoBaHHOE) MOAENTU
OCTalOTCS aKTyaJbHBIMHU U 1O ceil JeHb. OOBSCHAETCA 3TO TEM, YTO OHH, B IEPBYIO OUYEPE.b,
JIOCTaTOYHO MPOCTHI [0 CBOEH CTPYKTYpE U OpraHU3aIiy paboThl ¢ HUMH. Eciu Mbl MOCMOTpUM
Ha MPOCTEHIINIA MOOWIBHBIA Telne(OH, NMEIONINKA HECKOIBKO YPOBHEH MEHIO, B HUX OOBIYHO
pealin30BaHbl MMEHHO MOJ00HBIE (DaliJIOBBIE CHCTEMBI.

217



KopHeBoii kaTtajor ----_

\\\~~‘> /
Karaaorn )
noJab3oBaTeaeii .
“»| USR: USR: USR:
Nit N2 o N N2 N2 o NP2 N NM o NM

Puc. 104. Monean AByXypoBHeBoO# (paii1oBoii cucTeMBbl.

W, HakoHel, IOCIENHAA MOJEIb, KOTOPYIO MBI PaccCMOTpUM, — HepapXxuyecKasi
¢aiinoBas cucrema (Puc. 105). CoBpeMeHHbIE MHOTIONOJIB30BATEIbCKUE (PAiJIOBBIC CHCTEMBI
OCHOBBIBAIOTCSI Ha MCIIOJb30BAaHMM HEPAPXUYECKUX CTPYKTYp [aHHBIX, B YaCTHOCTH, Ha
UCTIOJIb30BaHUH JIEPEBHEB.

Bces ungopmanus B nepapxudeckoil ¢ailioBoil cucteme npencTaBiseTcs B BUJE AepeBa,
UMEIOLIET0 KOPEHb. JTO T.H. KOpHeeas ¢hainogas cucmema. B y3nax nepeBa, OTIMYHBIX OT
JMCTHEB, HAXOAATCS KaTaJIOr'H, KOTOPbIE COAEepKaT MH(OPMAIMIO O pa3MEILEHHbIX B HUX (haiiiax.
Hepapxuueckue ¢ailioBble CUCTEMBI OOBIYHO HMEIOT CIIEIMAIbHbIN THT (aiioB-kaTanoros. T.e.
KaTaJIOT MPE/ICTaBIIAETCs He KaK OT/IeNIbHAs BbIACICHHAs CTPYKTYpa JaHHbIX, a Kak (aiis ocodoro
tuna. JIuctoM gepeBa MokeT OBITh JINOO aiin-kaTanor, 1100 110060 (aiin GpaiaoBoi CUCTEMBI.

Puc. 105. Moaes» nepapxuueckoii ¢pait1oBoii cucremsl.

Uepapxuueckas (unu apeBooOpaszHas) opranusaius (HaiioBol CHCTEMBbI TTPEIOCTaBIISET
BO3MOXHOCTh MCITOJIb30BaHMs YHUKAJIBHOIO MMEHOBaHUS (aiiioB. OHO OCHOBBIBAETCSI HAa TOM,
YTO B JIEpEBE CYLIECTBYET €AUHCTBEHHBIN MyTh OT KOPHA 10 Jtodoro y3na. [IpuBenennas cxema
UMEHOBaHMs (OT KOPHSA J0 KOHKPETHOIO y3/a JepeBa) sBISeTCS NPUHIUINHAIBHON CXeMOn
uMeHoBaHMsl (aiiioB B uepapxuueckux (ainoBbix cucreMax. [Ipu 3ToM 00bIYHO UCTIOIB3YIOTCS
CJICIYIOLINE XapaKTePUCTUKU. TeKyujuil Kamanoz — 3TO KaTajior, Ha padoTy C KOTOPHIM B
JIAHHBII MOMEHT HacTpoeHa ¢aiaoBasi cUcTeMa. TEeKyIIMM KaTajloroM MOXKET CTaTh JIFOOOMH
Katayior (aioBoil cuctembl, U 0003peBaHMe (paiiloB B (PaiiIoOBOM cHCTEME MPOUCXOAUT
OTHOCHUTEIIBHO 3TOr0 Kartajora. @ainbl, HaXOIAIUeCs HEOCPEACTBEHHO B TEKYLIEM KaTaJore,
JOCTYIIHBI «IIPOCTO» 10 UMEHHU. TakuMm o0pa3zoM, umsa ¢haitna — 310 uMs (ailia OHOCUTEIIBHO
TEKYIIETO KaTajora, a HoiHoe ums ¢haiiia — 3TO0 NepeueHb BceX UMeH (aiiioB OT KOPHSI 10 y3I1a
¢ naHHbIM ¢aitnoM. [IpU3HAKOM MOIHOTO UMEHU OOBIYHO SBJISIETCS MPUCYTCTBUE CIIEIIMATBLHOTO
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npeUKCHOro0 CMMBOJIa, 0003HAYaIOIero KOpHeBoi karanor (Hampumep, B OC UnixX B kauecTBe
KOPHEBOT'O KaTajora BBICTYIIAeT CUMBOI /7).

Hepapxuueckas ¢aiiioBasg cucTemMa MO3BOJISIET HCIOJIb30BaTh T.H. OMHOCUMENbHbIE
uMeHa ¢haitioe — >TO MyTh OT HEKOTOPOTO KaTajora J10 JaHHoro ¢aina. s ganHoro crocoba
MMEHOBaHMsI HEOOXO0/IMMO yKa3aTh SIBHO WJIM HESIBHO KaTaJIOT, OTHOCUTEIHFHO KOTOPOTO CTPOUTCS
3To uMeHoBaHue. Hampumep, ecnm cymectByeT ¢aitn ¢ momueiM umeHem /A/B/C/D, To
OTHOCHTEIIbHO KaTajiora B ¢aiin 6y et umers umst C/D. UToObBI HCIIOIB30BaTh 3TO OTHOCUTEIILHOE
uMs1, He00X0IMMO OO SIBHO 3a7aTh Katajor B (1o cyTu 3To 03HavaeT 3a/1aHre MOJTHOTO UMEHH),
nu0o0 caenaTh Karajgor B Tekymmm.

Hepapxudeckue ¢aiyioBble CUCTEMbI 0OBIYHO UCTIONB3YIOT €I1e OJJHY XapaKTEPHUCTUKY —
T.H. 0omauinuii kKamasnoz. CyTb €ro 3aKJII04aeTcsl B TOM, UTO JUIsl KaXKI0ro 3aperucTPUPOBAHHOTO
B CHUCTEME IMOJIb30BaTeNs (MM A BCEX IOJIb30BATeNeil) 3a1aeTcsl MOJIHOE MMs Karajora,
KOTOPBIN JOJHKEH CTaTh TEKYILUM KaTaJIOrOM MpU BXOJI€ MOJIb30BaTElNIs B CUCTEMY.

4.1.4 TMoaxoAabl B NPaKTU4YeCKOMU peann3aumm ¢pannoBon CUCTEMbI

PaccmMoTpuM HeKOTOpble MOAXOIbI B NMPAKTUYECKOW peanu3anuu (ailioBOi CHUCTEMBI.
CHoBa BepHEMCSI K TOHSTHUIO CUCHEMHO20 YyCHMPOUCmEa — YCTPOICTBA, Ha KOTOPOM, Kak
CUMTAETCs almnaparypoil KOMIbIOTEpa, TO0JKHA MPUCYTCTBOBATh ONepallnoHHas cucreMa. [loutu
B JIFOOOM KOMITBIOTEPE MOKHO OTIPEJICIIUTh HEKOTOPYIO IETIOYKY BHEIIHUX yYCTPOMCTB, KOTOPHIC
U 3arpy3Ke KOMIIbIOTEPA MOTYT pacCMaTpUBAThCS Kak CUCTEMHBIE yCTpoiicTBa. B 3Toil ienouke
UMEETCS ONPEICIICHHBIN MPUOPUTET. Bo BpeMst cTapTa BBIUMCIUTENbHAS CHCTEMa (KOMITBIOTED)
nepeOupaeT JaHHYIO IETI0YKY B MOPSAAKE YObIBaHUS IPUOPUTETA JI0 TEX MOP, MOKA HE OOHAPYKUT
roToBO€ K pabore ycrpoiictBo. CucTeMa MpeArnoiaraeT, 4To Ha ITOM YCTPOWCTBE HMEETCs
HeoOXxouMasi cucTeMHasi HHPOpMaIUs U IBITAeTCs 3arpy3uTh C HETO ONEPALMOHHYIO CUCTEMY.
Hampumep, momycTuMm, 9TO KOMIBIOTEp CKOH(PUTYpPUPOBAaH TaKUM O0pa3oM, YTO MEPBBIM
CHUCTEMHBIM YCTPONCTBOM SIBJSIETCSl (DIIOMIU-AUCKOBOJ,, BTOPHIM — JIHCKOBOJ ONTHYECKHX
muckoB (CDROM), a TpeTbUM — KECTKUH AUCK. MBI TOMECTHIIN BO (PIIOTIIH-TUCKOBOJI JUCKETY
U BKJIIOYMIM KOMIIBIOTEp. ANMAapaTHBIA 3arpy3ddk oOpalmiaercss K TEepBOMY CHCTEMHOMY
YCTPOMCTBY, M MOCKOJBKY B JUCKOBOJE MPHUCYTCTBYET AMCKETa, TO CUMTACTCS, UYTO TUCKOBOJ
roToB K padote. Torma mporucXoIuT MOMBITKA 3arPy3KH ONEPAITMOHHON CUCTEMBI C (hJIOTIH-TUCKA,
U eclii 3T0 Oy/eT HEeYCIeNIHO, TO OyAeT BhIBEJACHO coolIIeHne 00 OmuOKe 3arpy3Ki CUCTEMBI.
Ecnm ke muckeTsl BO ¢uionmu-auckoBojie He Oyaer, Ho Oynet HaxoauThes Auck B CDROM, to
TOYHO Tak ke OyJeT MpeanpHHSATa TOMBITKA 3arpy3UTh OMEPAIMOHHYI0 CHCTEMY, HO YXkKe C
ONTHYECKOTO AWcKka. Ecmu ke He Oyaer HU (DIONMIMH-TUCKEThI, HU ONTHYECKOTO JIHMCKa, TO
3arpy3udK TOMBITACTCA 3arpy3uTh OMNEPAlMOHHYIO CHUCTEMY C JKEeCTKOro naucka. OObIYHO B
IITATHOM PEXHUME 3arpy3ka MPOUCXOUT C JKECTKOTO JWCKa, HO B CUTYalllH, HapUMep, Kpaxa
CHUCTEMBl U HEBO3MOXHOCTH 3arpy3UThCS C KECTKOTO TUCKA MPUBEIEHHAS MOJENb MO3BOJISET
3arpy3uTh CHCTEMY CO ChEMHOTO HOCUTENSI M MTPOU3BECTH HEKHUE JACHCTBHUS MO BOCCTAHOBJICHHUIO
paboTOCTIOCOOHOCTH MOBPEXKIEHHON CUCTEMBI.

B npuBeaenHoit Mmoaenu pabota anmapaTHOro 3arpy34rKa OCHOBaHA Ha TPEIITOI0OKEHUN
0 TOM, 4YTO JIF000€ CHUCTEMHOE YCTPOWCTBO MMEET HEKOTOPYIO MPEIONpPEAEIeHHYIO CTPYKTYpPY
(Puc. 106). B HagampHOM OJIOKE CHCTEMHOIO YCTPOMCTBAa pacroyiaraertcsi OCHOBHOI
nporpammublii  3arpy3unk (MBR — Master Boot Record). B kadecTBe OCHOBHOTO
MPOrPaMMHOTO 3arpy3ydka MOXET BBICTYNAaTh KakK 3arpy34dk KOHKPETHOW ONEeparnnOHHOU
CHUCTEMBI, TaK M HEKOTOPHIM YHU(DUIMPOBAHHBIN 3arpy3uuk, HMEIOUN WHPOPMALUIO O
CTPYKTyp€ CHUCTEMHOIO JHMCKa U CHOCOOHBIN 3arpykaThb MO BBIOOPY MOJb30BaTENsd OJHY W3
ATBTEPHATUBHBIX OMEPAIIMOHHBIX CHCTEM.

219



4 >

/ £

II NN — /, _
MBR — Master Tabauua paszaenos: ,/
Boot Record {Hayayio1, KoHew1} Pasjiesiel ucka L7
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! 3arpy3unk OC Cymnep6iiok CB000JHOE IPOCTPAHCTBO Daiims !
1 1
1 1
I

Puc. 106. CTpyKTypa «CHCTEMHOI0» TUCKA.

B o6mem cirydae mocie 6;10ka OCHOBHOTO MPOTPAMMHOTO 3arpy3uMKa Ha JIHCKE CIEAyeT
MOCIIE0BATEIBHOCTh OJIOKOB, B KOTOPBIX HaXOAUTCA T.H. madauya pazoenos. B coBpeMeHHBIX
KECTKHX JTUCKAaX MMEETCs BO3MOXHOCTH pa3dMBaTh BCe (PU3MUECKOE MPOCTPAHCTBO TUCKA HA
HEKOTOpbIe 00JIaCTH, KOTOpbIe Ha3biBarOTCs pazdenamu (partition). Buytpu kaxmoro pasiena
MOXET OBbITh TOMEIeHa B 0OILIeM cllyyae CBOsS oOmepanuoHHas cucreMa. COOTBETCTBEHHO,
TPaHUIBl KaXJIO0TO paszziena (ero KOHEl M Hayalao) PEerUCTPUPYIOTCA B YKa3aHHOW Tabuiuie
paszznenos. Enie on1HO Ba)XHOE NMPUMEHEHHE JaHHOW TaOJIHIbI CBA3aHO C TEM, YTO COBPEMEHHBIC
JUCKU UMEIOT HACTOJIBKO OOJIbIINE €MKOCTH, UTO JIJIS aipecalliy MPOU3BOJIbHOM TOUKH IUCKA HE
XBaTaeT pa3psaIHOd ceTku mpoueccopa. M 3a cuer KOCBEHHOW aapecanuu (agpecaruu
OTHOCHUTEIILHO Hayasa pasjielia) UCIOIb30BaHNe MOA00HON TabIUIII TO3BOJISIET PEIIUTh JaHHYIO
npobiieMy.

Jlormueckasi CTpyKTypa pasfena uMeeT cleayroluil Bua. B HauanbHOM Os0Ke pasnmerna
HAXOJUTCS 3azpy3uuK KOHKPETHON onepauuonnoit cucmemsl. Bce oCTalbHOE NMPOCTPAHCTBO
pa3nena OOBIYHO 3aHMMaeT aioBas cucreMa. 3adacTyio B (ailloBOil cucteme 4acThb
IPOCTPAHCTBA BBIIEISAETCS T.H. CYRepOI0Ky, B KOTOPOM XPAHATCS HACTPOUKH (pa3Mepsl OJIOKOB,
PEXKUMBI paOOTHI U T.11.) B HHGOPMAIUSA 00 aKTyaTbHOM COCTOSSHHH (MH(pOPMAIIHS O CBOOOTHBIX
U 3aHATBIX OJIOKax W T.M.) (haiijloBoi cuctembl. Bcee ocraBmieecs mpocTpaHcTBO (paiimoBoi
CUCTEMBI COCTOUT U3 CBOOOTHBIX U 3aHATHIX OJIOKOB, T.€. OJIOKOB, CIIOCOOHBIX XPaHUTh CUCTEMHbBIE
U TI0JIb30BATENILCKUE JIAHHBIE.

[Ipexxne, yeM MPOOOKUTH H3YYeHHE CHOCOO0B oOpraHu3anuu (aiioBbIX CHUCTEM,
XOTEJIOCh OBl OCTAaHOBHUTHCS W €IIe pa3 MPOCMOTPETh, YTO MPOUCXOTUT TpPH 3arpy3Ke
KoMInbloTepa. [Ipu BKIIIOUeHNH KOMITBIOTEpA yIpaBlIeHHE IEpeIacTCs anapaTHOMY 3arpy34uKy,
KOTOPBII IPOCMATPHUBAET (COTJIACHO MPUOPHUTETAM) CIIMCOK CUCTEMHBIX YCTPOWCTB, ONpEAeisieT
rOTOBOE K paboTe YCTPOWCTBO U MepeAaeT yrnpaBieHHe OCHOBHOMY MPOTPaMMHOMY 3arpy34uKy
aToro yctpoiicrBa. [lociennuii sSBISETCS MPOTpaMMHBIM KOMIIOHEHTOM M MOXET 3arpy3uTh
KOHKPETHYIO OMNEpPAlMOHHYIO CHUCTEMY, a MOXET SIBISTHCS MYJIbTHCHCTEMHBIM 3arpy34HuKOM,
CHOCOOHBIM TIPEUIOKUTH TIOJIB30BATENI0  BHIOpaTh, KaKyl0 U3 ONEPAIMOHHBIX CHCTEM,
PacTOJIOKEHHBIX B pa3IUYHBIX pa3/iesax IMCKa, 3arpy3uTh. B oHOM paziene MOKeT HaXOAUThCS,
Hanpumep, OC Microsoft Windows XP, B apyrom — Linux, B Tpetbem — FreeBSD, u T.n.
JlaHHBIN MyJIBTUCUCTEMHBIN 3arpy3udK BiaJeeT HHPOpMAIHeH, kakas onepallMOHHas CUCTEMa B
KaKoM paszene aucka Haxonutces. [locie Toro, Kak mojk30BaTesb CAeal CBOK BEIOOD, 3aTpy3UnK
no TabnmuIEe pa3fenoB OIpeneiseT KOOpAMHATHI COOTBETCTBYIOLIETO pasfiela u MepenaeT
yIpaBJICHUE 3arpy3udKy OINEPAIMOHHONW CHCTEMBbI YyKazaHHOTO paszena. COOTBETCTBEHHO,
3arpy34MK ONEPallMOHHONW CHCTEMBI TPOU3BOIUT HEMOCPEACTBEHHYIO 3arpy3Ky 3Toit OC.

['oBopst 06 mepapxum GJIOKOB, y MHOTHX CO3/a€TCs BIIEYATIIEHUE, YTO TAKHE MOHSTHS,
KaK, Harpumep, 0610ku (aiina, 610k (HaiI0BOM CUCTEMBI, OJIOKH YCTPOUCTB | T.I1., 0003HAYAIOT
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OJIHO U TO €, YTO, B OOIIEM ciy4yae, HeBEpHO. BOJIBIIMHCTBO COBPEMEHHBIX ONEPAIlMOHHBIX
CHCTEM TMOAJEPKHUBAIOT LEIYI0 UEPAPXUIO OJIOKOB, UCIOIB3YyEMYIO MPH OPraHU3alui padoThl ¢
0JIOK-OPUEHTUPOBAHHBIMH YCTPOMCTBaMU. B OCHOBE 3TOi# Mepapxuu JiexaT 0J10Ku (PU3NIECKOTO
YCTPOWCTBA, T.€. 3TO T€ MOPIHMH IAHHBIX, KOTOPHIMH MOXHO COBEpIIaTh OOMEH C JaHHBIM
buszndeckuM yctporictBoM. bosee Toro, pasmep Oioka (pU3NYECKOro yCTpPOWCTBA 3aBUCHT OT
KOHKPETHOTr0 ycTpoicTBa. COOTBETCTBEHHO, AETAIM STOrO YPOBHS HEPApXUH CKPBIBAIOTCS
CIIEIyIOIIMM ypOBHEM aOCTpaKIMK — OJIOKaMU BUPTyalbHOro aucka. Creayroluil ypoBeHb
UepaApXUH — yPOBEHB OJIOKOB (hailIOBOM CHCTEMBI. DTH OJIOKH UCIIONIB3YIOTCS MIPH OPraHu3alun
CTPYKTYpHI (aiinoBoit cuctembl. Pazmep Onoka ¢aitnoBoil cuctembl, paBHO Kak U BUPTYaJIbHOTO
JIUCKA, SIBJISIETCS CTALlMOHAPHOM XapaKTEPUCTUKOMU, OIIPEAEIIEMOM IIPU HACTPOUKE CUCTEMBI, U B
TUHAMHKE 3Ta XapakTepucTuka He MeHsercs. U, HakoHel, mocieAHU ypOBEHb MPEACTaBISIOT
Omoku ¢aitna. PazMep AaHHBIX OJIOKOB MOXET OINPENENIUTH IMOJB30BATEIb MPU OTKPBHITHH WU
co3nanuu (aitna (kak 006 3TOM TOBOPUIIOCH BhIIIE). OTMETHM, YTO pa3mep OJ0Ka, B KOHCUHOM
cuere, BuseT Ha 3 (PeKTUBHOCTH pabOThI, KOTOpask OyAeT HECKOIBKO BBIIIE, €CIIH Pa3Mephl BCEX
0JI0KOB OyAyT XOTs ObI KpaTHBI IPYT APYTY.

4.1.5 Mopgenu peanusauuu annos

[TepBoii TpuBHaNBHOM U caMoi Y(PPEKTUBHOM ¢ TOYKU 3PSHHUS] MUHUMHU3AIMN HAKJIaTHBIX
Pacxo/I10B SBJISIETCS MOJIeJIb HenmpepbIBHBIX (haiijos (Puc. 107). JlanHas Moieb [0IpasyMeBacT
pa3MenieHre Kaxxaoro (aiisia B HempepbIBHOM 00J1acTH BHEIIHETO YCTPOICTBa. DTa opraHu3anus
JOCTAaTOYHO TMpocCTast: Juisi oOecredeHus Jjaoctyna K ¢aiiry cpeau arpuOyTOB JOJKHBI
MPUCYTCTBOBATh UMs, OJIOK Havasa U JyinHa Qaitna. Ho TyT BO3HHMKAIOT ciienytomnye npoodaeMbl.
Bo-niepBbix, BHyTpeHHssI (¢parMeHTanms (XOTs 3TO 1npobjemMa TMOYTH Bcex OJIOK-
OpPUEHTUPOBAHHBIX YCTPOUCTB). B kauecTBe MILTIOCTpAllMM MOXKHO MPUBECTHU CIICAYIOIIEE: €CIIU
HE00XOIMMO XPAaHHUTh BCEro OJMH OalT, TO A7 3TOr0 OYJET BBIIEICH LEIbIi OJIOK, KOTOPBIH, 110
cyTH, OyneT mycThiM. Bo-BTOphIX, 3T0 (dparmeHTanus Mexay ¢daimamu (d3Ta mpobiema
oOcy»/ianach MpH PacCCMOTPEHHHM MOjee opraHuzanuu paboThl onepaTUBHON mamstu). Ho
JaHHasi CUCTeMa MMEET W HEKOTOphble JOCTOMHCTBA, U HEMAaJOBa)KHOE M3 HUX — OTCYTCTBHE
dbparmenTanuu Qaiina Mo IUCKY: MOCKONBKY (haill XpaHUTCS B €IUHOW HEMPEePBIBHOW 00IacTH
JUCKa, TO TIpU CUMTHIBAaHUM (Qailla TOJOBKAa >XECTKOTrO JMCKa COBEpLIAeT MHUHHUMAaJbHOE
KOJINYECTBO MEXaHMWYECKUX JBID)KEHHUH, 4TO O3HauaeT 0ojee BBICOKYIO MPOU3BOJUTEIBHOCTh
cuctemMbl. COOTBETCTBEHHO, MpPH peaju3aluy JaHHOW MOJENH JIOJKHA pelIaThCsl BayKHAs
npobiieMa, BO3HHUKawImas Mpu moaudpukanuu (aiiga, B 4YaCTHOCTH, TPHU YBEIHMUYEHUU €ro
coziepkareabHON YacTu. YTOOBI HECKOJIBKO YIPOCTUTD ATY 3aJauy, 3a4acTyl0 UCIOIb3YIOT TaKOU
OpueM: MpH co3JaHuM (aiija K 3ampouieHHOMY 00beMy 100aBISIOT HEKOTOPOE KOJIMYECTBO
CBO0OTHOTO MpocTpaHcTBa (HarpuMmep, 10% OT 3anpoIeHHOTo 00beMa), HO ATOT )K€ ITPUEM BEJIET
K YBEJIMYECHHIO BHyTpeHHeW (parmenTanuu. Eie oqHON HemanoBaKHOW MpoOieMoit sBiseTcs
dbparmeHTaus CBOOOIHOTO MTpocTpaHcTBa. DANIOBBIE CHCTEMBI, PEATH3YIOITUE JAHHYIO MOJICITh
XpaHeHus: ¢aina, SBISIOTCS AETPATUPYIONIMMHU: B XOJ€ OJKCIUTyaTaluu (parMeHTanus
CBOOOJHOIO MPOCTPAHCTBA YBEIUYMBAETCS, U B UTOTE Ha JMCKE MMEETCS MHOXECTBO MEJIKHX
CBOOOJIHBIX YYacCTKOB, HMMEIOIIUX OYEHb OOJBIIOW CyMMapHBIH 00bEM, HO H3-3a CBOETO
HEOOJBIIOTO pa3Mepa 3TH YYAaCTKH HCIIOJIb30BATh HE MPEJCTaBIsIETCS BO3MOXKHBIM. Jliist
paspernieHus Toi mpoodaeMbl HE0OX0IMMO 3aIyCKaTh Mpolecc KOMIpPeccH! (eparMeHTanun),
KOTOPBIA 3aHUMAETCSI TEM, YTO CABUTAET (ailiibl C y4eTOM 3ape3epBHUPOBAHHOIO JI Ka)JI0TO
daiina «3amacay, «IpmwKUMas» UX JIPYT K Ipyry. DTa onepanus TpyI0eMKasi, IPOA0KUTETbHAS
W oTacHasi, MOCKOJIbKY MPHU NIepeMeIIeHUH (aiiia BO3MOXKEH COOi.
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Puc. 107. Moaess HenpepbIBHBIX (aiiioB.

Crnenyromeii MoAENbl0  SBISETCS MoAedb (PaiijioB, HMEKIIUX OPraHHU3AIUI0
cszanHoro cnucka (Puc. 108). B aroit Moxenu (aiiin coCTOMT U3 GJIOKOB, KasKIbIH U3 KOTOPHIX
BKJIIOYAET B ceOs JBE COCTABISIONIME: JaHHBIC, XpaHUMBbIEC B (paiiie, U CCbUIKA Ha CIEAYIOMINN
010K (aiina. DTa MOAETH TaKXKe SBISETCS TOCTATOYHO MPOCTOH, 10CTaTOYHO A (HEKTUBHON TIPH
OpraHu3allii TOCJIEJOBAaTEIFHOTO JOCTyNa, a TaKkkKe JTa MOAEIb pemiaer mnpodiemy
dbparMeHTalMi CBOOOJHOTO MPOCTPAHCTBA (3a HCKIIOYCHHEM OyiouHOM ¢parmentamun). C
JPYyTO# CTOPOHBI, 0003HAYEHHAs! MOJIENb HE MPEIoaraeT MpsiMOTo JOCTYTa: 9TOOBI 00PaTUTHCS
K i-OMy OJIOKY, HEOOXOIUMO TOCIIEOBATEIBHO MPOCMOTPETh BCE Mpenbiayniue. Takke 3ta
MOJIeNb TIpeanonaraeT (pparmeHTanuio (aiia mo JUCKy, T.€. COAEpKUMOeE ¢ailia MOXKeT OBbITh
paccpeoToueHo 1O BCEMy JMCKOBOMY IPOCTPAHCTBY, a »dTO O3Ha4yaeT, 4YTO IIpH
MOCIIEIOBATEIbHOM ~ CUMTBIBAHMHM  COJEp)KUMOro  (aiima  goOaBisieTcss  3HAYUTENbHAs
MEXaHUYeCKasi COCTABJISIONIAs, CHIDKArOImas J(PQPEKTUBHOCTh Jjgoctyna. M eme omaHuM
HEJOCTAaTKOM JaHHOW MOJEIH SIBIISIETCS TO, YTO B KaXJIOM OJIOKE MPUCYTCTBYET U CHUCTEMHAsI, U
noJjp3oBarenbekas wHopManusa. Bo3mokHa cuTyanusi, 4TO MPH HEOOXOTUMOCTH CUUTATh
JaHHBIC, 00HEMOM B OJIMH JIOTHYECKUH OJIOK, peaTbHO IPOUCXOANT YTCHHUE JBYX OJIOKOB.

N

7 \
A
1% 6ok 2% 610K 0% 610K K’ 6ok
¢aiina (aitna ¢aiina Gaiina
o1 o2 o3 Ok

Puc. 108. Monean (aiiioB, HMeIOIIMX OPraHU3aANHUIO0 CBSI3AHHOTO CIIHCKA.

Jlpyro#i ToaXo ] WUTFOCTPUPYET MOJIEb, OCHOBAHHAS Ha WCIIOJIH30BAaHUH T.H. TAGJIMIBI
pa3memenns daiisios (File Allocation Table — FAT, Puc. 109). B 3Toii Moenu onepainoHHas
CHUCTEMa CO37aeT MPOrPaMMHYIO TaOJNHIy, KOJUYECTBO CTPOK B KOTOPOH COBIAIacT C
KOJIMYECTBOM OJIOKOB (hailI0BOM CHUCTEMBI, TIPeIHA3HAYEHHBIX JJI XPAHEHUS TMOJIh30BATEIbCKUX
TaHHBIX. Takke UMeeTCs OTICITBHBIN KaTajior (MIM CHCTEMa KaTaJloroB), B KOTOPOM JTST KaXKI0TO
uMeHHU (Qailla uMeeTcsl 3amuch, Colepkaiias HoOMep HadalbHOTO Omoka. COOTBETCTBEHHO,
Ta0JIIIa pa3MeNIeHUS WMEET MO3UIIMOHHYIO0 OPraHW3alHio: i-as CTpPOKa TaOMUIBl XPAHHT
WH(GOPMAIIHIO O COCTOSIHUU 1-0T0 0JIoKa (ailyioBoii cUCTEMBI, a, KpOME TOTO, B HEl yKa3bIBaeTCs
HOMEp cieayromero Oyioka ¢aiina. YToOsl MOMYyYUTh CIHUCOK OJIOKOB (halJIOBOM CHUCTEMBI, B
KOTOPBIX XPAHUTCS COACPKUMOE KOHKPETHOTO (aiia, HEOOXOJUMO MO MMEHH B YKa3aHHOM
KaTajiore HaWTH HOMEp HadaJbHOTO OJIOKa, a 3aTeM, TMOCIe0oBaTeIbHO oOpamiasch K Tabiauie
pa3MenIeHHs ¥ U3BJIIeKast U3 KaKOW 3aICH HOMEp CIIeIyIoNIero 06J10Ka, BO3MOKHO MOCTPOCHUE
HCKOMOTO cIiucKa. JlanHoe pereHue BRI IUT 3G PekTuBHEE MPpeabIAyIero. Bo-nepBrIX, B 3TOM
pEIIeHUH BeCh OJIOK MCIOIB3YETCs IOTHOCTHIO [Tl XpaHEeHHsI cofiepuMoro Qaiina. Bo-BTOpbIX,
MpU OTKPBITUM (haiijza MOKHO COCTABHTh CIUCOK OJIOKOB JaHHOTO (haitia u, cliemoBaTeIbHO,
OCYIIECTBIISATh MPSIMOUN TOCTYII. 3aMETHM, YTO JJIsi MAKCUMATBHOH 3(PPEKTUBHOCTH HEOOXOINUMO,
YTOOBI 3Ta TAOJIMIA ICIMKOM pa3Mellajach B ONCPATUBHOM MaMATH, HO JJIT COBPEMEHHBIX
JTUCKOB, WMEIONIUX OTPOMHBIC OOBEMBI, JaHHas Tabmuia OyneT WMeTh OOJIBIIOW pa3Mep

222



(manmpumep, 11t 60-TH TUTabalTHOTO pa3zena u 0J0KOB, pazMepoM | kmtobaiT, morpedyercst 60
000 000*4(baiita) = 240 merabaiiT), 4TO SABJISIETCA OJAHHUM M3 HEIOCTATKOB paccMaTpUBAEMOU
MoJend. JIpyruM HeTOCTaTKOM SIBJISIETCSl OTpaHUYCHHE Ha pa3Mep Qaiiia B CHITy OrpaHHYCHHOCTH
JUTMHBI CTIHCKa OJIOKOB, MPUHAICKAIINX JAHHOMY (haifiy.

0 %]
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3 1 _ HauvansHpIi
- 010K (paiina
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Howmepa 6;10x0B
(haittoBo CHCTEMBI

Puc. 109. Ta6auna pazmeenus gaiijaos (FAT).

Crnenyromast MoiesIb — MOJIENb OpraHu3aluy (paiaoBoi CUCTEMBI C UCIIOJIB30BaHUEM T.H.
UHOCKCHBIX Y3106 (0ecKpunmopoe). TIpUHIIUIT MOJICITH COCTOUT B TOM, YTO B aTpuOyThI (aiina
nobasisiercsi nHGOpMAIsT 0 HOMepax OJIOKOB (PaijIoBO CHCTEMBI, B KOTOPBIX pa3MelacTcs
coziepskuMoe (aitna. 3To 03HaYaeT, 4YTO MpU OTKPHITHH (paiisia MOKHO cpa3y MOITYUYHUTh MepeueHb
0s10xk0B. COOTBETCTBEHHO, HEOOXOAUMOCTHh McHoab3oBaHud FAT-tabauipel oTmajgaeT, 3aTo, C
Ipyrod CTOPOHBI, TMpH TpeNeNbHbIX pa3Mmepax ¢aina pasMep HHIEKCHOTO JECKPUIITOpa
CTAHOBUTCS COU3MEpUMBIM ¢ pazmepoM FAT-tabmuupbl. Jljis paspemnieHus 3TOM MpoOsieMbl
CYIIECTBYET JBa MPUHIUIHAIBHBIX pelieHus. Bo-mepBpiX, 3TO TPUBHAIBHOE OrpaHUYECHHE Ha
MaKCUMaJbHBI 00beM (haitna. Bo-BTOpBIX, 3TO MOCTPOEHHE HEPAPXUUECKON OpraHU3aIuu
MaHHBIX O Ojokax (aiima B HWHIAEKCHOM JeckpunTope. B mocinenHem ciydae BBOISATCS
HepapXuuecKre ypOBHHU MPEACTaBIeHUS HH(OpMAINH: 4acTh (1epBbie N) OJI0KOB EpEUUCIISIOTCS
HEMOCPEJICTBEHHO B MH/IEKCHOM Y3JI€, @ OCTABILIUECS MPEACTABISIOTCS B BUIE KOCBEHHOM CCBHIIKU.
OTo0 pelieHHe UMEET cieayroume npeumyiectsa. Her neooxoaumoctu B pazmeniennu B O3Y
nHdopmarnuu Bceld FAT-tabmumpl 000 Bcex (aimax cuctembl. B mamsaTu pasmeniaroTcs
aTpuOyTHI, CBA3aHHBIC TOJIBKO C OTKPBHITBIMU (aiinamu. [Ipu 3TOM HHIEKCHBIN JECKPUTITOP UMEET
(buKcHpOBaHHBIN pa3Mep, a (pailn MOKET UMETh MPAKTUUECKH «HEOTPAHUYCHHYIO» JITUHY.

4.1.6 Mopgenu peanusaumm Katanoros

CyIecTBYIOT HECKOJIBKO TOaX0A0B opraHu3anuu karajmoroB (Puc. 110). Bo-nepsbix,
KaTaJIOT MOXET MPEACTABISATHCS B BHJIE TAOJHUIIBI, Y KOTOPOW B OAHOM KOJOHKE HaXOATCS UMECHA
¢aiinoB, a B OCTaNbHBIX — Bce aTpUOYTHl. DTa MOENIb XOpolla TeM, YTO BCE HEOOXOAMMBIE
JTAaHHBIE OIEPAaTHUBHO JOCTYIHBI, HO pa3Mep 3amucy B TaOjiuIle Karajora, a U caMa TaOiuIa,
MOKET OBITh OONBIION (HAampuUMep, U3-3a OONBIIOTO Yucia aTpuOyTOB), YTO BJEUET 3a COOOM
JIONTH TOWUCK B Karaiore. Jlpyrol mOAXOMI 3aKIO4YaeTcss B TOM, YTO KaTajor TakKXe
NPEJICTABISCTCS B BUJIC TAOJIHUIIBI, B KOTOPOU OJIMH CTOJIOCI] XpaHUT UMEHA, a B IPYTOM XPaHHUTCS
CCBUIKA Ha CHCTEMHYIO TaOJNHIly, COIEpXAIlyl0 aTpuOYyThl COOTBETCTBYIOIIETro (aiina. DTOT
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HOAXOJ] UMEET JIOTIOJTHUTEIFHOE PEUMYIIIECTBO, 3aKIIOYAIONIEECs B TOM, YTO JUIS Pa3HBIX THIIOB
(aiinoB MOKHO UMETH Pa3IUYHbBII HAOOP aTpUOYTOB.

Name; ATpuOyTHI Name; —{ ]
™ ATpuOyThI
Name; ATpuOyTHI Name; aitia Name;
Names ATpuOyTHI
ATpuOyTHI
¢aitma Name,

Puc. 110. Moaesin oprann3anuu KaTajaoros.

OpnHoil U3 mpoGiieM HpU OpraHU3allMK KaTajoroB SIBISETCA MpobiemMa JUTMHBI MMEHH.
M3HayvanbHO 3Ta pobiieMa peranach J0CTATOUHO MPOCTO: UMs (paiiaa ObLIO OrpaHUUYEHO LIECTHIO
WIA BOCEMBIO CHMBOJIaMH. B COBpPEMEHHBIX CHUCTEMax pa3peliaeTcsi MpucBauBaTh (hailinam
JIOCTaTOYHO JJIMHHbIE MMeHa. M, Kak ciencTBue, BcTaeT MHas Ipobiema: Uit 3¢deKkTuBHOM
paboThI ¢ KaTAIOrOM HEOOXO0MMO, YTOOBI MH(POPMALIKS B KaTAJIOTaX XpaHWIIACh B CKaTOM BUJIE,
B T.4. U UM€Ha (hailIoB JOJDKHBI ObITh KOPOTKMUMHU. O HEKOTOPBIX PEIIEHUSX JaHHON MPOoOIeMbl
peub MokIeT HIKe MpH 00cyxaeHuu daitmoBoit cuctembr OC Unix.

4.1.7 CooTtBeTcTBME UMeHU dpansa u ero cogepXxmmoro

Eme omwH MOMEHT, Ha KOTOPBIM CTOMT OOpAaTHTh BHUMAHUE TPU PACCMOTPEHUU
opraHuzanu (QailioBbIX CHUCTEM, — 3TO MpoOJeMa COOTBETCTBUS MEXAy HMMeHeM daina u
COJICP’)KUMBIM 3TOTO (aiina.

Kak oTmeuanocs Baile, y 100010 (aiina ecTs UMs Kak OT/IeIbHAs XapaKTepucThKa (haiiina
WIIY K€ KaK OJIH 13 aTpuOyTOB (aiina. B pa3nuunbix (haiinoBeIX cUCTEMaXx MO-pa3HOMY pemaeTcs
yKa3aHHas MpobiieMa COOTBETCTBUSI UMEHH U cojiepkuMoro (aiina. [lepBoiii 0ueBUIHBIN MTOAXO
3aKJII0YAETCsS B TOM, YTO YCTAaHABIMBAETCS B3aMMHOOJAHO3HAYHOE COOTBETCTBHE, T.C. JJIA
KaXKIOr0 COJIEPKUMOTO (paiiyia B cucTeMe CYLIECTBYET €IMHCTBEHHOE UMSsl, aCCOIMMPOBAHHOE C
STUM COJIEP>KUMBIM, U 00paTHO — JUIsl KQXK/I0T0 UMEHHU CYIIECTBYET €IMHCTBEHHOE COJIEPKHUMOE.

Ha ceromusimHuii JeHb TOYTH BCE COBpPEMEHHBIC (DailloBble CHCTEMBI MO3BOJIIOT
HapylaTth 3TO B3aMMHOOJHO3HAYHOE COOTBETCTBHE ITyTEM IMPEAOCTABICHUS BO3MOKHOCTHU
YCTaHOBJIEHHS N1 OJJHOTO U TOTO K€ colepkumMoro ¢aina nsyx u 6osiee umeH. [Ipu stowm,
CYILIECTBYET HECKOJIBKO MO/IeJIel OpraHn3aluy JaHHOTO MOIX0/1a.

[lepBast MoeNIb — 3TO CUMMETPUYHOE (UM paBHONPABHOE) UMEHOBaHUE. B aToM ciyuae
C OAHMUM U TEM € COJEPKHMBIM AacCCOLIMUPYETCS TPYyINa HMEH, KaXJ0€ H3 KOTOPBIX
paBHOIIpaBHOE. DTO 03HAYAET, UTO MOCPEICTBOM JIFOOOT0 U3 UMEH, aCCOIIMUPOBAHHBIX C TAaHHBIM
COJICP’)KUMBIM, MOXKHO BBITIOJTHUTH BCE OTEpAIldH, ¥ OHU OyAyT BBIIOJHEHBI OJMHAKOBO. Takas
MOJIeJIb pealn30BaHa B HEKOTOPBIX (ailIOBBIX CHCTEMax IOCPEICTBOM YCTAaHOBIEHHUS T.H.
arcecmroii cenzu (Puc. 111). B atom ciydae cpeiv aTpuOyTOB €CTh CUSTUYUK UMEH, CCHUTAIOIITHXCSI
Ha JJAaHHOE COJIEpPKUMOe. YHHUUTOXas (ailil ¢ OAHUM U3 3TUX MUMEH, POU3BOAUTCS CIEAYIOIINN
nopsaok nevictBuid. MaitnoBasi cUCTEMa YMEHBIIAET CYETYMK MMEH Ha €UHHUILY; €CIU CUYETUYUK
OOHYJIUJICS, TO B 3TOM CIIy4ae yJansieTcs coaepKuMoe, nHaue (aitioBas cuctema yaajisieT TOJIbKO
yKazaHHOE UMs (haiiyia U3 COOTBETCTBYIOIIETO KaTajlora. 3aMeTHM, YTO TMPU TaKOW OpTraHU3allud
JIPEBOBUIHOCTh (DaiJIOBOM CHCTEMBI (IPEBOBUIHOCTH pa3MelleHus (aiyioB) HapyIIaercs,
MOCKOJIbKY UMEHA, aCCOLMUPOBAHHBIE C OJIHUM M TEM KE COAECPNKUMBIM, MOKHO Pa3MECTUTH B
Pa3HBIX y3Jlax JepeBa, T.e. MPOM3BOJBHBIX Karajorax dainoBoil cucreMbl. Ho coxpansercs
JPEBOBHUIHOCTH UMEHOBaHMsI (PAiiIOB.
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Puc. 111.TIpumep kecTKoii cBSA3M.

Crnenyromasi MOJIENTb OpPraHU3aIUN — ITO «MSTKas» CChUIKA, WIH CUMBOAUYUECKAA C8A3b
(x0T 311ech Jydiiie Obl IOJIONIIO Ha3BaHUE cumeobHoU cBsizu, Puc. 112). JlaHHOe UMEHOBaHUE
ABIIIETCS. HECHMMMETPUYHBIM, CyTh €ro 3akiioudaercs B cienymoomeM. [lycTh cymiecTByer
cozepkuMoe ¢aiiia, ¢ KOTOPBIM JKECTKOHM CBSI3bIO accolMupoBaHo HekoTtopoe ums (Name?). K
sToMy (haiiiy Temepb MOXKHO OpPraHM30BaTh JOCTyN udepe3 (aiin-cchUiKy. DTO O3HAYaeT, 4yTo
co3zaeTcs eme oauH (haili HEeKOTOPOro CHEeNHMaIbHOro TUMa (TUma (aiii-cchuika), B aTpudyTax
KOTOPOTO YKa3bIBa€TCsI €r0 TUII U TO, UTO OH CChUTaeTcs Ha (il ¢ umeneMm Namez. Terepb MOXKHO
paboTath ¢ copepkuMbIM (aiiima Name2 mocpeCTBOM KOCBEHHOTO JOCTYIa Yepe3 (aili-CChUIKY.
Ho nekoTtopsie omepanuu ¢ ¢aiioM-ccbUIKoM OyayT mpoucxoauTh uHade. Hampumep, eciu
BBI3BIBACTCS OTepallvs yaaneHus (aina-cChUIKH, TO yIaaseTcss UMEHHO (aiin-cchuika, a He daiin
c umeneM Namez. Eciu sxe siBHO ynanuTh (aiin Namez, TO B 3TOM citydae Gailii-cCchbliika OKaKeTcs
BHUCSTYEN CCBUIKOM.

Coaepxxumoe

Name; — Name: tatina

Puc. 112. TIpumep cHMBOJIMYECKOI CBSI3H.
4.1.8 KoopauHauusa Mcnornb3oBaHUA NPOCTPAHCTBA BHELWWHEN NaMATU

C TOUYKHM 3peHuUs OpraHU3alluy UCII0Ib30BAHMUS IPOCTPAHCTBA BHEIIHEH aMsTH (paidioBoit
CHUCTEMOH, CYIIECTBYET HECKOJbKO acleKTOB, Ha KOTOpbIE HEOOXOIMMO OOpaTUTh BHHMAaHUE.
[TepBbIif MOMEHT CBsi3aH ¢ MpobOiemMol BbIOOpa pa3mepa Onoka (aiinoBoil cucrembl. 3agada
onpejieNieHus ONTHUMAaJbHOTO pa3Mmepa OJoka He MMeeT ueTkoro pemieHus. Ecnm gaitnoas
cUcTeMa MPEJOCTABISAET BO3MOKHOCTh KBOTHPOBATH pasMep OJI0Ka, TO HAIO YYUTHIBATh, UTO
Oonpmmii pasmep OJOKa BeAET K YBEIUYEHHIO MPOU3BOAUTENBHOCTH (aillIoBOM CUCTEMBI
(MOCKONbKY JaHHBbIE (aiiya OKa3bIBAIOTCS JIOKAJM30BAHHBIMU Ha JKECTKOM JIUCKE, U3 Yero
CJIeIyeT, UTO MPHU JOCTYTE CHIKAETCA KOJIMYECTBO TIEPEMEIICHUI cunThIBaromel roiosku). Ho
HEJIOCTaTKOM SIBJIIETCSI TO, 4YTO 4YeM Oojblie pa3Mep OJ0Ka, TeM BbIIE BHYTPEHHSA
¢dbparmeHTanus, a, cIe10BaTeIbHO, BOZHUKAET HEA(PPEKTUBHOCTh UCIOIB30BaHUS MPOCTPAHCTBA
B3V (ecnu, 610k umeer pazmep, Haripumep, 1024 6aiit, a ¢aiin 3anumaer 1 Gaiit, To TepsroTcs
1023 OGaiita). AnbTepHATHUBOM SBISIIOTCS OJIOKM MEHBIIETO pa3Mepa, KOTOpble CHUXKAIOT
BHYTPEHHIOIO (pparMeHTanuioo, HO NpU BBIOOpE MEHBLIEr0 pa3Mmepa OJOKa MOBBIIIAIOTCS
HaKJIaJIHbIE pacXobl IPU JOCTYTE K (ailiry B cBsi3u ¢pparMeHTanus Qaiiyia mo Jucky.

Eme onHa npoGiemMa, Ha KOTOPYIO CTOUT OOpaTUTh BHUMaHHE, — 3TO MpodJemMa ydyeTa
cBO0OIHBIX 0/10K0B (ailioBOil cUCTEMBI. 3/€Ch TOXE CYIIECTBYET HECKOJBKO I0OAX0JI0B
pelIeHHs, Cpeld KOTOPBIX HeNb3s BHIOpATh HAMIYUIIMN: KaXKAbIM M3 MOJXO0J0B MMEET CBOU
JIOCTOMHCTBA U HEJOCTaTKH.

[lepBbIil moaxon 3akio4aeTcss B TOM, YTO BCA COBOKYHHOCTh CBOOOIHBIX OJIOKOB
IIOMEIIAETCS] B €IMHBIN CIIUCOK, T.€. HOMEpa CBOOOJHBIX OJIOKOB 00pa3yloT C6A3HbLI CRUCOK,
KOTOPBIM pacronaraercss B HECKOJIbKUX OJokax caitnoBoit cucremsl. s 6ornee 3¢ dexTuBHON
paboTHI MEepBBIN OJIOK, ComEpKAIINK HavyadbHYIO YacTh CIIUCKA, TOJDKEH pacrnojarathes B O3V,
4T0OBI (paiiioBas cucTeMa Morja K HeMy OIepaTUBHO 00pamaThCs. 3aMETHM, YTO CIIUCOK MOXKET
JOCTUraTh OOJBIIMX pa3MEpoB, HO pa3Mep CHHCKa HE CTOJb BaXKEH, MOCKOJBbKY IO Mepe
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WCITOJIb30BAaHUS CBOOOIHBIX OJIOKOB ATOT CIHCOK COKPAIIAETCs, TPU 3TOM OCBOOOXKTAIOIITHECS
OJIOKH, XpaHUBILINE YKAa3aHHBIM CIUCOK, HUYEM HE OTJIMYAIOTCS OT APYTHUX CBOOOJIHBIX OJOKOB
¢aitnoBoil cucTeMbl, a 3HAYUT, UX MOKHO HCIOJIb30BaTh AJIs XpaHeHHs! (ailyIoBBIX TaHHBIX.

Bropast Mmonens ocHOBaHa Ha WCHONB30BAaHUHM OUMOBbIX Maccueos. B >ToM cimyuae
KaKIOMy OlOKy (HailyloBOM CcHCTEME CTaBUTCS B COOTBETCTBHE JBOMYHBIA pa3psij,
CUTHATM3UPYIOIIMKA O HE3aHATOCTH JaHHOro Onoka. [l opraHm3anuu JaHHOW MOJENn
HEOOXOJUMO TMOACYUTATh KOJIWYECTBO OJIOKOB (DalijIoBOM CHUCTEMBI, PAacCUUTATh KOJIUYECTBO
pa3psI0oB MacCHBa, a TAKKE PEaTM30BaTh MEXaHU3M TIepecyeTa HoMepa pas3psijia B HoMep OJI0Ka u
Hao000pOT.

4.1.9 KsoTupoBaHue npocTpaHcTBa (pannoBon cUCTeMbl

Kak ormedanoce Bblme, (aioBas cucTemMa JIOJDKHA OOecleYnBaTh KOHTPOJIb
UCTIOJIb30BaHUS JIByX BU/IOB CUCTEMHBIX PECYpCOB — 3TO peructpanus (aiiioB B karajorax (T.e.
KOHTPOJIb KOJINYECTBA MMEH (DaiiiioB, KOTOPOE MOXKHO 3apETUCTPHPOBATH B KATAIOTe) U KOHTPOJIb
CBOOOTHOTO TPOCTPAHCTBA (YTOOBI HE BO3HMKIIA CUTYalMsl, KOTJIa OAMH IPOILECC 3alOoIHMI BCe
CBOOOJTHOE ITPOCTPAHCTBO, TEM CAMBIM HE JaBast IPYTHM I10JIb30BATEIISIM BO3MOKHOCTh COXPAHSTh
CBOM JIaHHbIE). /1)1 pereHus NoCTaBIeHHBIX 3aa4 B (aiiyioBOil cucTeMe BBOAATCS KBOTUPOBAHHE
uMeH (T.e. uncina) (aiigoB u kBotupoBanue 0610koB (Puc. 113).

B o0mem cinyyae Mojens KBOTUPOBAHHSI MOXKET UMETh JIBa TUIIA JTUMHUTOB: HCECMKUI 1
2ubKui. J171s1 KaXoro 1moJIb30BaTeNst IPU €r0 PETUCTPAIllUN B CUCTEME OIPEICIISIIOTCS 1BA TUTIA
KBOT. JKecmKuili numum — 3TO KOJMYECTBO MMEH B KaTaJorax WJIM KOJHYECTBO OJOKOB
GailyioBOM CHUCTEMBI, KOTOpPOE IOJB30BATEIbh NPEB30HTH HE MOXKET: €CJIH IPOUCXOIUT
NPEBBIIICHHE >XECTKOrO JHMMHTA, paboTa Moib30BaTenss B cucteme Onokupyerca. I uokuii
JUMUM — ITO 3HAUCHUE, KOTOPOE YCTAHABIMBACTCS B BUJIC JINMUTA; C HUM aCCOLIMUPOBAHO €Il
OJTHO 3HaYCHHE, HA3bIBAEMOE CYEMUUKOM npedynpexrcoeHuil (TMOKUA TUMUT MPEBBIIIATH MOKHO,
HO TOCJIE 3TOTO BKJIFOUYAETCS OOpaTHBIA CYETUMK TpeaynpexaeHuii). [Ipu Bxoae monp3oBatens B
CHUCTEMY IPOUCXOAUT TOJCUET COOTBETCTBYIOLIET0 pecypca (uMciaa HMeH ¢aitnoB 1mb6o
KOJIMYECTBA MCIOJB3yEMbIX ITOJIb30BaTeNieM OJIOKOB (hailioBol cuctembl). Eciu BeUuCIeHHOE
3HaYeHHE HE MPEBOCXOJUT TMOKHMH JMMHUT, TO CUETUMK IpenyNpekIeHUi cOpachlBaeTcs Ha
HauaJbHOE 3HAYEHHWE, W TIOJIB30BaTENb IPOJODKAET CBOIO paboTy. Ecim ke BhUUCIEHHOE
3Ha4YeHHE MTPEBOCXOIUT YCTAaHOBJICHHBIM TMOKUI TUMHT, TO 3HAYCHHUE CUETUHKA MPEAYyIPEkKICHUH
YMEHBIIAETCSl Ha €IMHUILY, 3aTeM MPOHMCXOINT MPOBEpKa PaBEHCTBA €ro 3HaUeHUs HyIto. Ecim
3HaYeHHEe CUETUMKA PAaBHO HYJIIO, TO BXOJ IMOJb30BATENsl B CUCTEMY OJIOKHpYeTCs, HHaue (eciu
3HAYeHHWE OOJbIIe HyJSI) TIOJNB30BaTeNlb TONyYaeT MPEenynpekJeHHne O TOM, 4YTO
COOTBETCTBYIOIIUI TMOKUN JTUMHUT M3PAaCcXOJ0BaH, MOCJIE YEro IMoJIb30BaTellb MOXKET paboTarh
naneire. Takum o0pa3oM, cHcTeMa MO3BOJSET IIOJB30BaTENI0 TMPHUBECTH CBoe «(DaiimoBoe
IPOCTPAHCTBOY» B MOPSIJIOK B COOTBETCTBUU C YCTAHOBIEHHBIMU KBOTAMHU.

I'uOxuii TUMHUT OJIOKOB

VYy4eT UCIIoabp30BaHUs J JKecTkuii 1uMHUT OJIOKOB

KBOT Ha OJIOKH Hcnonb30BaHo OI0KOB

CyeT4nk npexynpexIcHni

I'ubkuit mumuT uncna ¢daitnos

Yuer ucronb30BaHUs KecTkmit TmMuT gncna ¢aitaos
KBOT Ha 9YHCIIO (pailoB Hcnons3oBano daiinos

\ | Cuerunk npenynpexacHuH

Puc. 113. KBoTupoBaHue npocTpancTBa (ail10Boii cucTeMBI.
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PaccmoTrpennast Moienb umMeeT O0JbIny0 3(h()EKTUBHOCTH MPU UCIOJIH30BAHUNA UMEHHO
nmapel 3THUX mNapaMmeTpoB. Ecim B cucteme peanu3oBaH JUIIb THOKHN JIMMUT, TO MOXHO
peain30BaTh YINOMHUHABIIYIOCS KapTHHY: IOJb30BATENbCKUI IMPOLIECC MOXKET «3a0UTh» BCe
CBOOOJIHOE MPOCTPAHCTBO (hailioBoi cucTeMbl. J[aHHYIO MpoOJeMy pemlaeT >KeCTKUM JIMMUT.
Ecnu xe B cucteme peannzoBaHa MOJENb JIMIIb JKECTKOTO JIUMUTA, TO BO3MOXKHBI CUTYallUH,
KOTJIa IOJIb30BaTENb MOJIyYaeT OTKa3 OT CUCTEMBbI, TOCKOJIbKY OH «HEYMBIIUIEHHO» MPEB30OIIEI
yKa3aHHYIO KBOTY (Hampumep, u3-3a OmMOKH B mporpaMmme Obul cOpMUPOBAH OYEHBb OOJBIION

daiin).
4.1.10 HapexHocTb (hannoBon cUcCTeMbl

[TonsiTne HameXHOCTH (HAMIIOBOW CHCTEMBI BKIIOYAET B ce0si MHOXKECTBO TpeOOBaHMIA,
Cpely KOTOpBIX, B MEPBYIO OYEpE/ib, MOKHO BBIIEIUTh TO, YTO CUCTEMHbIC JaHHbIE (hailioBOH
CUCTEMBI JOJDKHBI 001a/1aTh W30BITOYHON WHGpOpMaIMed, KOTopas MO3BOJsUIa Obl B Cliydae
aBapuUiHON CUTyallud MMHUMU3UPOBaTh yiepO (T.e. MUHUMHU3UPOBATH MOTEPIO0 HHPOPMALIUK) OT
3THUX cOOEB.

MuHuMu3anus norepyu HHGOPMALMK NIPU aBapUHHBIX CUTYalUsAX MOXET JIOCTUIaThCs 3
CYET HCIOJIb30BAaHUS DPA3IUYHBIX CHUCTEM GPXUGUPOGAHUSA, WU PE3ePEHO20 KONUPOGAHUA.
ApXUBUPOBaHME MOXET NPOMCXOJUTh KaK aBTOMAaTHYECKU [0 MHUIMUATUBE HEKOTOPOIro
IpOTrpaMMHOTr0 po0O0Ta, TaK M MO 3ampocy Nojb3oBarens. Ho 1enuKkoM Kaxaplid pa3 KOMUPOBaTh
BCIO (haiinoByro cucreMy Hea((ekTuBHO U oporo. M TyT mepesn HaMu BCTaeT OfHA U3 MpolieM
PE3epBHOr0 KOMHMPOBAHUS — MUHHUMH3HPOBATH 00bEeM Komupyemon uHpopMaruu 6e3 morepu
KadecTBa. /[y penienus nocTaBiIeHHON 3a1a4M [IpeuIaraeTcsi HECKOJIbKO MoAX010B. Bo-nepBbIx,
3TO u3bupamenvHoe KORUPOBAHUe, KOTJA HAMEPEHHO HE KOMUPYIOTCS (hailiibl, KOTOpHIE
3aBeJIOMO BoccTaHaBiMBatoTcs. K TakuMm (haitiam MOryT ObITh OTHECEHbI MCIIOJIHSAEMbIE (Paiiibl
OC, cucreM mporpaMMUPOBAHUS, NMPHUKJIATHBIX CUCTEM, MOCKOIBKY CUMTACTCS, YTO B HAJIMYHUU
€CTh JAUCTPUOYTUBHBIE HOCUTENH, C KOTOPHIX MOXHO BOCCTAaHOBHUTbH 3THU (ailibl (HO ailibl ¢
JTAHHBIMHM KOTIMPOBaTh, KOHEYHO ke, nmpuzaercs). Takke MOKHO HE KOMHMPOBATh HMCHOJIHSIEMBbIE
(aiisel, ecny UIT HUX UMEETCsl B HAJTMYUU TUCTPUOYTHB MIIM UCXOIHBIX KOJI, KOTOPBIH MOYKHO
OTKOMIIMJIUPOBATh M TOJYYUTh JAHHBIA HMCHOJHSAEMbIH (aiin. Takke MOXHO HE KOMHMPOBATH
¢aiinbl noab30BaTeNel ONpeeeHHBIX KaTeropuil (Hampumep, Qaiyibl CTyI€HTOB B MAallUHHOM
3aje, KOTOpble MMEIOT HeOOoJbIINe OOBEMBI, - UX MOXHO JIOCTaTOYHO JIETKO BOCCTaHOBUTD,
MepenrcaB 3aHOBO, HO KOJMYECTBO ATHX (haiIOB OTPOMHO, YTO IOBJICYET OTPOMHBIC HAKJIaTHBIC
pacxo/Ibl IpU apXUBUPOBAHUM).

Crnenyromasi MOIEINb 3aKIIOYAETCA B T.H. UHKPEMEHNHOM APXUSUPOBAHUN. ITA MOJIETH
npezrnonaraeT co3JjaHue B MEpBOE apXMBHPOBAHME IOJIHOW KOMUHU BcexX (haillloB — 3TO T.H.
macmep-konus (master-copy). Kaxnas crienyromasi korusi OyJeT BKIHOUYaTh B ce0sl TOIBKO Te
(aiinbl, KOTOpbIe N3MEHWINCH WU OBLIM CO3/1aHBl C MOMEHTA IPEBLAYIIEr0 apXUBUPOBAHUS.

Tarxke TpH apXUBHUPOBAHWU MOTYT HWCIIOJIB30BAThCS JOMONHUTEIbHBIC TPHEMBI, B
YaCTHOCTH, Komnpeccusa. Ho TyT BcTaeT nuieMMa: ¢ OJHOH CTOPOHBI CXKaTHE JAaHHBIX HpU
ApXMBHPOBAHUHU JACT BBHIUTPHIII B 00BEME PE3epPBHON KOIMUH, C JPYTOW CTOPOHBI KOMIIPECCHUS
KpaifHe 4yBCTBHUTENbHA K notepe nHpopmarmu. [loTeps unm nmpuodpereHue JUIIHEro OMTa B
C)KaTOM apXHBE MOXKET TOBJIEYb 32 CO00i MOpUy BCETO apXuBa.

Eme onna npoGieMa, KOTopasi MOKET BOSHUKHYTh IPU PE3EPBHOM KOIMHPOBAHUU, — 3TO
Konupoéanue Ha Xx00y, KOTJIa BO BpeMs pE3epBHOTO KOMHPOBAHUS Kakoro-to ¢aiiia
M0JIb30BaTEIb HAUMHAET C HUM padoTaTh (MOIUGHUIMPOBATE, YAAIATH U T.11.). Eciu 11 npumepa
paccMOTpeTh MHKPEMEHTHOE apXUBUPOBaHHE, TO MAaCTEpP-KOMMIO CTOUT CO3AaTh B IIOJIHOM
OTCYTCTBUHM TIOJIb30BaTENC B CUCTEME (ITOT TMPOIECC 3a4acTyi0 3aHUMAeT JIOBOJBHO
npoaoikuTeNbHOE BpeMs). Ho mocnenyromiyie Konuu Bpsijl JIM yAacTcsl CO3/1aBaTh B OTCYTCTBUU
MOJIB30BaTENIeH, MOITOMY HEOOXOAMMO TPAMOTHO BBIOMpPATh MOMEHTHI JJISI apXMBHPOBAHUS:
IOHATHO, 4TO €ciu OoJibllas 4yacTh I0JIb30BaTele paboTaeT B JHEBHOE BpEMs CYTOK, TO
NOJOOHBIE ONEpalyy CTOUT MPOBOAUTH B HOUHBIE Yachl, KOTJa B CHUCTEME IOYTH HHUKTO HE
paboraer.
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Eme oauH momne3Hbll mpueM 3aKiIio4aeTcs B pPACHPeOeieHHOM XPAHEHUU pPe3ePEHbIX
Konuii. Becerya jxenarenbHO UMETh JIBE€ KOIUH, IIPUYEM XPAHUTHCS OHU JOJDKHBI B COBEPIIEHHO
pa3HBIX MecTax, YTOObl HE MOIJIa BO3HUKHYTh CHUTyallMsl, KOrJa MoXap B o(uce yHHUYTOXKaeT
KOMITBIOTEPHI M BCE PEe3epBHBIEC KOMHMHU, XpaHAIIHeCs B 3TOM oduce, HHAYe MOJIb3a OT PEe3ePBHOTO
KOITUPOBAHUS MOKET OKa3bIBaThCs HYJIEBOM.

Cpenu cTpaTermii KONMMPOBAHUSI MOXXHO BBUICTHTH u3uueckoe W Jocuueckoe
KonupoBanue. Quzuyeckoe KoOnuposanue 3aKIO4YaCTCA B MOOJIOYHOM KOMUPOBAHUU JAHHBIX C
HocuTenss («oauH B oOnauH»). IIOHATHO, YTO Takoi Crmoco® KOMMpPOBaHUS HEIPPEKTHBEH,
MOCKOJIBKY KOMUPYIOTCS U cBOOOAHBIE O0ku. Cneayroieii MoauduKanueii 3Toro crnocoda crajio
unmennekmyaibHoe GU3NIECKOe KOMMPOBAHUS JIMIIL 3aHATHIX ON0KOB. Tak wiaum mHaye, HO
JlaHHAsT CTpaTeruss MMeeT NpodsiemMy o0paboTku e(EeKTHBIX OJIOKOB: CTAJIKUBAsCh TPH
KOMMPOBAaHUU C (U3NYECKH JAe()EeKTHBIM OJOKOM, HEBO3MOXHO CBs3aTh JAaHHBIA OJOK C
KOHKPETHBIM (haiijioM. AJbTepHATHUBOM (PU3NUECKOMY KOMHPOBAHUIO SIBISICTCS J102UYECKAsA
apxueayus. DTa CTpaTerus IMojapa3yMeBaeT KONMMpOBaHUE He OJOKOB, a ¢ailnoB (Hampumep,
¢baiinoB, Mo DHUIIMPOBAHHBIX MOCTIE 3aJaHHOM 1aThl).

4.1.11 lMpoBepka uenocTHocTU hannoBon CUCTEMbI

Jlanee peub moigeT O MOJENSAX OPraHU3alMKd KOHTPOJS U HCIPABICHHS OLIMOOYHBIX
CUTYallu, CBSI3aHHBIX C IEJIOCTHOCTBIO (aiioBoii cucreMbl. OOpaTuM BHUMaHUE, 4TO OyneT
paccMaTpuBaThCS LEI0CTHOCTh UMEHHO (haiIoBOM cucTemsl, a He (aiinos. Eciau npousomen cooi
(Hampumep, coMalics IIEHTPAJIbHBIN MPOLIECCOP WM ONepaTUBHAs MAMSTh), TO TAPAHTUPOBAHHO
norepu OyAyT, U 3TU MOTepu OYIyT NBYX THUIIOB. BO-MepBBIX, ATO MOTEpPs aKTyalbHOIO
COJICP)KUMOTO OJHOTO WM HECKOJBKUX OTKPBITBIX (QaiioB. DTo mpobiieMa, HO TpHU
COOTBETCTBYIOIIEH OpraHU3aIi PE3ePBHOTO KOMKMPOBAHUS OHA paspeliaercs. Bropas npobiema
CBsI3aHA C TEM, YTO BO BpeMs COOsI MOXKET HApYIIUTHCS KOPPEKTHOCTh CUCTEMHON MH(OPMAIIHH.
Bropas nmpoGiema 6omee cyiiecTBeHHa U TpedyeT 60jiee TOHKUX MEXaHU3MOB €€ PEIICHUS.

Jlist  BBISIBICHHUS HEMPOTHBOPEYMBOCTH M HUCHPABICHUS BO3MOXHBIX OINIMOOYHBIX
cuTyauui (aiioBasi cucTeMa HCIOJb3yeT M30BITOUHYI0 MH(OpMAalMIo, T.€. JaHHbIE TEM WU
WHBIM 00pa30M (SIBHO WJIM KOCBEHHO) AyOnupyroTcs. Jlanee paccMOTpUM OpraHU3aIU0 KOHTPOJIS
1IEJIOCTHOCTH OJIOKOB (Pail;IoBOM CHCTEMBI.

PaccMmoTpuM MopenbHbIN nipuMep. B cucteme GopmupyroTcs aBe TaOMUIIBI, KaxKaas U3
KOTOPBIX HWMEET pa3Mepbl, COOTBETCTBYIOIIWE pPEATbHOMY KOJHUYECTBY OJIOKOB (ailiioBoi
cuctembl. OHa U3 TAaONHIl HA3BIBACTCS MAOIUUEN 3aHAMbBIX 0J10K08, BTOpas — maduyeil
C60000HbIX 6110K086. VI3HAUATTEHO COMEPIKUMOE TAOIHI] OOHYJISETCS.

Ha BTOopom miare cucrema 3amyckaeT MpoOLECC aHalu3a OJIOKOB Ha MpPEAMET HUX
He3aHAToCcTH. J[JI1 KaXaoro cBOOOJHOTO OJIOKA yBEIMYMBAECTCS HA | COOTBETCTBYIOIIAS €My
3amuch B TaONUIle CBOOOTHBIX OJIOKOB.

Ha cnenyromem miare 3amyckaeTcsi aHAJIOTHYHBIA TPOIECC, HO YK€ JUIs aHaau3a
WHJICKCHBIX y3710B. /{7151 Kaxxaoro 610ka, HOMEp KOTOPOTO BCTPETUIICS B MHJEKCHOM JECKPHUIITOPE,
YBEITMYNBACTCSA Ha | COOTBETCTBYIOIIAS €My 3aMKCh B TAOJIUIIE 3aHATHIX OJIOKOB.

Ha mocnennem 1mare 3amyckaeTrcss MPOLECC aHANU3a COJEPKUMOTO JTUX TaONUIl U
KOPPEKIIUN OIMUOOYHBIX CHTYaITHH.

PaccMoTpuM, Kakue cuTyari MOTYT BO3HUKHYTh, U IOCMOTPHM, Kak (hailioBas cuctema
MOCTYMAaeT B TOM WM WHOM ciiydae. Jlomyctum, 4To paccMmarpuBaemasi ¢aiaoBasi cucTeMa
COCTOUT M3 IIECTU OJIOKOB.

Ecnu npu ananuze TaGmuil /uis KaXKIoro HoMmepa OJI0Ka CyMMa COJIEPKUMOTO siUeeK C
JTAHHBIM HOMEPOM JaeT 1, TO CUMTAeTCs, 4TO CHCTeMa He BbIsiBMIIA potuBopeunii (Puc. 114).

228



1{1({0f1(0f1 Tabnuia 3aHATHIX OJIOKOB
0j0of1{0(1]0 Tabnuia cBOOOIHBIX OJIOKOB
uc. 114. TIpoBepka ueaoctHocTH ¢aiijioBoii cucrembl. Henporusopeunsocts ¢QaiijioBoii

CHCTEMBI CO0JII0AeHA.

Ecnu ke Haxoaurces 010K, 0 KOTOPOM HEeT MH(popMauy HU B Tabiuie cBOOOAHBIX, HU B
Ta0JIHIIE 3aHATHIX OJIOKOB (T.€. B COOTBETCTBYIOMIMX SUCHKAX CTOST HYJIN ), TO CAUTAETCS, YTO ITOT
OJIOK TOoTepssH W3 chnucka cBoOomHBIX OyiokoB (Puc. 115). Jlannas cutTyanus He
KaTacTpouyeckas, COOTBETCTBEHHO, HE TPpeOyeT ONepaTUBHOTO pa3perieHus (T.e. MOXKET OBITh
OTJIOKEHHOM): MH(OPMAIMIO O JaHHOM OJIOKE CHCTeMa MOXKET BHECTH B TaOJHUIy CBOOOIHBIX
OJIOKOB CITYCTSI HEKOTOPOE BPEMS.

0 1 2 3 4 5
11011101111 Tabnuua 3aHAThIX OJIOKOB
KI>‘
Ojojoj110f|o0 Tabauna cBoOOAHBIX OJIOKOB

Puc. 115.TIpoBepka nesocTHOCTH (paiijioBoii cucTeMbl. 3adUKCHpPOBaHa NpoNazka 0J10Ka.

Ecnu B x0oz1e aHanu3a 610K MosyyaeTcs CBOOOJHBIM, HO MHJIEKC CBOOOAHOCTH €ro O0Jblie
1 (T.e. cooTBeTCTBYIOLIAs sueiika TaOIUIbI CBOOOIHBIX OJIOKOB XpaHUT 3HaueHue, 6omnspliee 1), To
CUMTAETCs, YTO HAPYIIEH CIMCOK CBOOOAHBIX OJIOKOB, U HAUMHAETCS IPOLECC MEpPecOo3qaHus
TabnuIel cBOOOIHBIX Os10KOB (Puc. 116).

1{0]0|0|1]1 Tabauua 3aHsAThIX OJIO0KOB

01112111010 Tab6smna cBOOOIHBIX OJIOKOB

Puc. 116.TIpoBepka nesocTHocTH ¢aiisioBoii cucreMsl. 3apMKCHPOBaHO 1y0IMpOBaHHe
cB000IHOrO 0JI0OKA.

Ecnu ke BO3HMKaeT aHAIOTUYHAS CUTYalHs, HO YXe Ul TaOJHIbl 3aHATHIX OJIOKOB, TO
9TO O3HAYaeT, YTO MAHHBIM (DAHIOM BIAICIOT HECKONBKO (PAHIIOB, YTO SBISETCS OMIMOKOM
(Puc. 117). ABTOMaTHYECKH ONPEACTHTh, KaKOH 13 (ailyioB OMIMOOYHO XPAHUT CCBHUIKY Ha ATOT
0JIOK, HE TIPEACTABIISIETCS BO3MOYKHBIM: HEOOXOIMMO aHATM3UPOBATH COICPIKUMOE ITHX (DaiiioB.
Jns pasperieHuss JaHHOM mpoOieMbl dailoBas cucTeMa MOXKET MPEINpPUHATH CIEAYIOLIHe
neiictBus. [lycts koHbaMKTYIOT (aiinsl ¢ umeHamu Nameil u Namez. Toraa ¢aiinoBas cucrema
CHayala co3JaeT KOMUU 3TUX (ainoB (cooTBETCTBEHHO, ¢ MMeHamu Name1? u Name2?), 3atem
yaansieT ¢aniasl ¢ ICXOAHBIME UMeHaMu Name1 1 Name?, 3aImyCcKaeT MpoIiece MepeorpeaesIeHHst
CHHcKa CBOOOJHBIX OJIOKOB M, HaKOHeIl, 0OpaTHO MEPEUMEHOBBIBAET 3THU KONHMH C (pUKCAIHeH
(axTa UX BO3MOKHOW HEKOPPEKTHOCTH.
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112101011 Tab6nuia 3aHITHIX 0JIO0KOB

0|10(1(1]0]0 TabnuIa cBOOOTHBIX OJIOKOB

Puc. 117.1IpoBepka uenocTHocTH (aiijioBoii cucrembl. 3apMKCHUPOBaHO 1y0IMPOBaHNE
3aHATOro 0JI0KA.

W, HakoHel, IUIsl MPOBEPKH KOPPEKTHOCTH (HAMIIOBOW CHCTEMBI MOXKET BBITOIHSATHCS
MIPOBEPKA COOTBETCTBHS YHCIIA PEATbHOTO KOJIMYECTBA )KECTKUX CBSA3EH TOMY 3HAUCHHUI0, KOTOPOE
XpaHuTcs cpeau atpudyToB ¢aiina (Puc. 118). Ecnu 3Ti 3Ha4YeHHsI COBIAAIOT, TO CYUTACTCS, YTO
JMaHHBINA (haiil HAXOIUTCS B KOPPEKTHOM COCTOSIHUM, MHAYE TPOUCXOAUT KOPPEKIHs aTpulyTa-
CYETYHKA KECTKHUX CBSI3CH.

Name1

Name2 ATpuOyTHI (aiina

NameCount = M

Copnepxxumoe
(aiina

NameL

if (NameCount !'= L) { NameCount=1L; }

Puc. 118.IIpoBepka nesocTHocTH (aiisioBoii cucreMbl. KOHTPoIb jKeCTKHX CBsI3eii.

4.2 [lpumepsb! peanu3ayul galisioebIx cucmem

B xauecTBe mpumepoB peanuzanuii (alIoBBIX CHCTEM PACCMOTPUM (haitIOBbIE CHCTEMBI,
peanmmnzoBannbie B OC UniX. Beioop Ham o0bsicHseTCs TeM, uyTo co3aatenu OC UniX n3HavaibsHO
BHIOpAM YAAUHYIO apXUTEKTYpy (GailyioBOH CHCTEMBI, IPUYeM 3Ty (aMIOBYIO CUCTEMY HEJb3s
paccMaTpuBaTh B oTpbiBe oT camoit OC: OC UniX cTpoutcst Ha MOHATUH (aiijia Kak Ha OJTHOM U3
(GyHIaMEHTAIBHBIX TOHATHIA (HAIIOMHUM, YTO BTOPBHIM Ba)KHBIM TOHATHEM SIBJISICTCS TOHSATHE
nporecca). Heo6xonumo 3aMeTHUTh, YTO, KaK YTBEP)KIAIOT aBTOPBI CHUCTEMBI, apXUTEKTypa
daitmoBoii cucTeMbl OblTa 3auMCcTBOBaHa U passuta u3 OC Multix (daiinoByro cucremy, KOTOpYyIO
CKOpee MOXKHO Ha3BaTh OJKCIEPHUMEHTAIbHOM, M, Kak CJeJICTBHE, OHa He ObLIa MaccoBO
pacrpocTpaHeHa).

B xauectBe ogHOro M3 riaBHBIX goctomHCTB OC UNIX sBisieTcss TO, 9TO MMEHHO 3Ta
cUCTeMa CTaja OJHOW W3 TEPBBIX PACIPOCTPAHEHHBIX CHCTEM, B KOTOPOH Oblia peasn3oBaHa
uepapxuueckas Qaiinosas cucrema. Cama e omnepanMoHHas CHUCTeMa CTPOUTCS Ha MOHSATHUSX
mpoiiecca u ¢aiina, T.e. Bce TO, C YeM MbI paboTaem, sBisieTcs (aityiom, a 3To, B CBOIO OYepe/ib,
03HAYAET, YTO B CUCTEME pPealln30BaHbl yHH(PHUIIMPOBAHHBIE HHTEP(EICHI TOCTYIA U OPraHUu3aluN
uH(pOopMalnu.

Eme ogHO Ba)KHOE TOCTOMHCTBO, KOTOpoe HeoOxoaumo otmetuth y OC Unix, — 310 TO,
YTO OHA CTajla OAHOHM W3 TMEPBBIX OMEPAIMOHHBIX CHCTEM, OTKPBITHIX JJIsI PACHIMPEHHs Habopa
KoMaHJ cucTteMbl. Jlo ee co3gaHMs MPAaKTHUYECKHM BCE KOMAaH/bI, KOTOpbIE ObUIM JOCTYITHBI
M0JIb30BAaTEINI0, IPEICTABIISUINCH B BUIE HAOOpa AKECTKUX MPABHII OOIIEHUS YeJIOBEKa C CUCTEMOM
(cpaBHUMBIE C COBPEMEHHBIMH HHTEPIPETATOPAMH KOMaHMA); MOIUPHUIIMPOBATH 3TOT HAOOP
NpaBWJI HE TMPEACTABIAJIOCH BO3MOXKHBIM. Ecnmu ke TpeOoBaloch BHECTH KOPPEKTHBBHI B
CYILIECTBYIOIINE KOMaH/Ibl, TO HEOOXOIUMO OBIJIO 0OpaTUTHCS K pa3pabOTYMKy ONEpalMOHHOM
CHCTEMBI, U TOT, [0 CYTH, cO31aBaj HOBYyIO cuctemy. B OC UniX Bce MCMmoNHsAEMbIE KOMaHIbI
MPUHAJIC)KAT OJHOW W3 JBYX TPYyNI: KOMAaHIbI, BCTPOCHHBIE B HWHTEPIPETATOP KOMAH
(manpumep, pwd, cd u T.n.), ¥ KOMaH[bI, pealu3alMs KOTOPHIX MNPEACTABISACTCS B BHIC
UCTIOJIHAEMBIX (DaiIoB, pacroNoKEHHBIX B OJTHOM M3 KaTajoroB (ailioBoil cuctemsl (3T0 U060
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WCTIOJTHSIEMBI OWHApHBIN ¢aiiia, Ju00 TEKCTOBBIM (aitnm ¢ KOMaHAAMH IS HCIIOTHEHUS
UHTEPIIPETaTOPOM KOMaH[). JlaHHBIN MOAXOA O3HAYAET, YTO, BaphHpys MpaBaMU IOCTyIaA K
daiimaM, yHUYTOXKasg TPH HEOOXOAMMOCTH WM 100aBJIsisi HOBBIE HCIOJHSAEMbIE (ailibl,
MOJIb30BaTEh  CIIOCOOEH CaMOCTOSITENIbHO —BBICTPAMBATh (DYHKIIMOHAIBHOE OKpY)KCHHE,
HE00X0IUMOE ISl PEIICHUs CBOMX 3a]1ay.

Eme omHMM JOCTOMHCTBOM 3TOW ONEPALMOHHOM CHCTEMBI SIBJISIETCA JJIETaHTHAs
opraHu3anys uACHTUGUKAIIMY JOCTyIa ¥ TIpaB JAocTyna K daiisiam (00 3TOM peub MONACT HIKE).
Taxk wiu nHave, Ho 0003HAYCHHBIE (DYHIaMEHTATbHBIE KOHIICIIIIUY JIE)KAaT B OCHOBE COBPEMEHHBIX
OIEpPAIMOHHBIX CUCTEeM ceMeiicTBa UNiX 10 cux mop.

4.2.1 OpraHusaumna c¢gamnoson cuctembl OC Unix. Buabl cdannos. MNpaBa
Aoctyna

@aiin OC Unix— 310 crneuuanbHbIM 00pa3oM HMEHOBAHHBIA Ha0Op JIaHHBIX,
pasMeleHHbIX B ¢aitnoBoii cucreme. Paitasl OC UNiX MOTyT OBITh pa3HbIX THUIIOB:

— oo6vtunwtii ¢paun (regular file) — 310 Te aiiabl, ¢ KOTOPHIMH PETyJIIPHO HMEET IEJI0
MOJIb30BaTENb B CBOCH MOBCEIHEBHOI paboTe (Hampumep, TEKCTOBbIM (hailil, UCTIONHAEMBIN
(haiin u T.11.);

— kamanoe (directory) — ¢aiin 1aHHOrO THIIA COAEP)KUT UMEHA M CCBUIKM Ha aTpUOYTHI,
KOTOPBIE CO/IEPIKATCSI B JAHHOM KaTajore;

— cneyuanvnotit ¢aitn ycmpoucme (special device file) — kak oTmeuanoch Bbliiie, KaKIOMY
YCTPOUCTBY, ¢ KoTopbiM padoTaer OC UniX, momkeH ObITh OCTABJICH B COOTBETCTBUE (haiii
naHHoTro THMa. Yepes uMs (aiisia ycTpoicTBa MPOUCXOIUT OOpalleHne K yCTPOHUCTBY, a 4epe3
coJiepKUMOe JaHHOro ¢ailia (KOTOpoe JOCTaTOYHO CHelM(DUYHO) MOXKHO OOpaTHThCA K
KOHKPETHOMY JIpaiiBepy 3TOTO YCTPOWCTBA;

— umenosannsiii kanan, win FIFO-ghaiin (named pipe, FIFO file) — o daiinax sroro Tuma
IIUIa pedyb BHIIIE TPH OOCYXJACHUHU O0a30BBIX CPEICTB OpraHU3alUU B3aMMOJCHCTBHS
mporeccoB B OC Unix (cm. 0);

— ain-ccoinka, viu cumeonuueckas céazp (link) — ¢aiiner raHHOTO THIIA pacCMaTPUBAJIKChH
BBIIIIC ITPH U3YYCHUHU BOIIPOCOB COOTBETCTBUS MMEHU (aiiia u ero comepkumoro (cMm. 4.1.7);

— coxem  (socket) —  aiinpl  gaHHOTO  THMA  WCMOJB3YIOTCS  JUIS  peau3alluu
yHH(DHUIIUPOBAHHOTO HHTEp(detica MpOorpaMMHUPOBAHUS PACIIPeaCIEHHBIX cUcTeM (cM. 3.3).

Tax unu nHaYe, HO ¢ (aIOM KaXKI0TO U3 yKa3aHHBIX THIIOB BO3MOKHO OCYIIECTBIIATH padoTy (B
TOW WJTM HHOM CTETIEHH ) TOCPEICTBOM CTaHAAPTHBIX HHTep(heicoB paboThI ¢ paitnamu. C KaxIbIM
daitioM Takke acCOIMUPOBAHBI TAKUE XapaKTEPUCTUKH, KaK NMpaBa A0cTyna K ¢aiijy, KoTopbie
pEerIaMeHTHpPYIOT 4YTE€HHE CcojAepKUMoro (aiina, 3amuch U ucrnonHeHue (aiina. IlogoOnas
WHTEpIIpeTalus MpaB JOCTyIa CBONCTBEHHA PETYNAPHBIM (aiinam, uis APYTUX THIOB (ailioB
UHTEPIPETANNS PaB JOCTyNa OTINYaeTCs (Hanmpumep, uist (hailIoB-KaTaaoros).

[TpaBa Ha gocTym K (haliiTy paszaeNsiFoTcsl Ha TPU KaTerOpuu IMOJIb30BaTeNeil — 3TO Mpasa
NOJIb30BaTeNsI-BIaAenbla (aiina, mpaBa rpynmbl, K KOTOPOH MPHHAIICKHUT Biaxenen (Qaiiia,
WCKJTIOYasi 3TOTO BIIAJIENblIa, ¥, HAKOHEI], IIpaBa BCEX OCTAIbHBIX MOJIb30BaTeNel cucTeMbl (0e3
yKa3aHHOUW Tpynmbl Biaaenbia). COOTBETCTBEHHO, NI KaXKIOW M3 KATETOPHUM OTMPEIEISIOTCS
BBIIICTIEPEUNCIICHHBIE TTpaBa JOCTYTIA.

[Tpu paboTe ¢ KaTajorom €ro BIAAETbILy, YWICHY COOTBETCTBYIONIEH TPYIIBI, U BCEM
OCTaJIbHBIM TOJIH30BATEISIM MOXKET pa3pelraeTcs YTeHHe, 3alich U BhIMONHeHHe. OqHaKo, 3TH
pa3pelIeHns] HHTEPIPETUPYIOTCS HEe TaK, Kak JUIsl OOBIYHBIX (aiiyioB. Pa3pernieHne Ha 9TeHHE U3
Karajora 03Ha4aeT, 4YTO pa3pelieHo OTKPHITHE KaTalloTa U YTEHUE U3 Hero. Pa3pelienune Ha 3anuch
NPEJOCTABIISIET BO3MOXKHOCTh CO3/1aBaTh M YHHUYTOXATh (ailiel. Pa3pernieHne Ha BBITOTHEHHE
CBUJCTEILCTBYET O TOM, 4YTO CHCTEMa MOXKET BBITIONHATH TIOUCK B KAaTaJoOre C IENbI0
00HapyXeHHs KaKkoro-mnoo (aitna. Eciim BMecTo mpocToro UMEeHH UCTIONb3YETCsl COCTaBHOE, TO B
KOKIOM W3 YKa3aHHBIX B HEM KATaJlOTOB BBIMONHSAETCS IMOWCK HMMEHU (aiia, CTOSIIEro
CJIEIYIOIIMM B COCTABHOM MMECHHU.
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4.2.2 Jlornyeckasa CTpPyKTypa Katanoros

Onnoit u3 xapakrepuctuk OC UniX sBasieTcss XapaKTEpUCTHKA, KaKYIIasCs Ha MEPBbIi
B3TJIS  JOCTaTOYHO CTPAHHOW: CHCTEMa PEKOMEHIYeT pa3Melarh CHUCTEMHYI U
MI0JIb30BATEIbCKYI0 MH(POPMAILIMIO TI0 HEKOTOPBIM TpaBwiaM. BooOiie roBops, 3T mpaBuiia
HEXXECTKHE, UX MOXKHO HapyIlaTh, HO OOBIYHO, CIEAys MM, IMOJIb30BATEIh CUCTEMBI MOTydYaeT
JIOTIOJTHUTEIBHOE YA00CTBO.

[Tpexme Bcero, HEOOXOIMMO OTMETHTh, 4TO (aitoBas cuctema OC Unix sBisercs
uepapxXuyecKou ApeBoBHIHOM ¢aiinoBoii cuctemoit (Puc. 119), T.e. y Hee ecTh KOpHEBOW KaTajior
/, ¥3 KOTOPOTO 3a CYET KAaTajJoroB pa3HbIX YPOBHEH BJIOKEHHOCTH «BBIPACTaeT» IEJ0C JCPEBO
uMeH (aios.

[unix] bin| | etc | [tmp| [mnt| |dev | | usr

TS

lib include bin | |user

Sys | ... Sys

Puc. 119.Jlornyeckasi CTPyKTypa KaTaJIoroB.

Cucrema npeanosaraer, YTo B KOpHEBOM KaTajore BCerja pacinookeH HEKOTOPBIN (aii,
B KOTOPOM pa3MeInaeTcs KOJ sapa ONepalMoHHON cucteMbl. Cpa3zy OrOBOPHUMCS, YTO MBI
paccMaTpUBaeM HEKOTOPYIO MOJIENbHYIO CHCTEMY: B JIEHCTBUTENBHOCTH (ailyl ¢ KOAOM szipa U
yIOMHUHAaeMble B OyayIlieM KaTajoru MOTYT MMETh MHOE PACIIONIOKEHHE B CHCTEME U JIpyrHe
umeHa. BooO1ie roBopsi, B KOpHEBOM KaTajore MOXHO pa3MellaTh J1to0ble (ailiibl (¢ ydeTom npas
JIOCTYTIA), HO CUCTEMa MPE/IoIaraeT HaAINIHe COBOKYITHOCTH KaTaJloroB ¢ MpeaonpeaeIeHHBIMH
UMeHaMu. PaccMOTpUM OCHOBHBIE KaTaJIOTH CUCTEMBI.

B xaranore /bin HaxomsaTcs KoMaHIBl OOWIET0 TONB30BaHUS (TOYHEE TOBOPS,
UCTIONIHAEMBIE (ailiibl, peanu3yrole yKa3aHHbIe KOMaH/IbI).

Karanor /etCc comepXuT cucTeMHbIe TAaOJIMIBI U KOMaH[bI, 00eCIeUnBaOIe padoTy C
STMMH TabnuuamMu. B dwacTHOCTH, B 3TOM Karajore XxpaHurcs Tabmuna (daitm) passwd,
coJIepKalyro HHPOPMAIIHIO O 3apETUCTPUPOBAHHBIX B CUCTEME TOJIb30BATEISX.

Karanor /tmp siBisieTcs KaTajaoroM BpeMEHHBIX (aillioB, T.e. B TOM KaTajuore CUCTeMa M
MOJI30BATEIM MOTYT pa3MeliaTh CBOHM (ailyibl Ha HEKOTOPBI OrpaHUYEHHBIH MPOMEKYTOK
BPEMEHHU; NP 3TOM IIpU Mepe3arpy3ke CUCTEMbI HET rapaHTHH, 4To (aiyibl He OyayT ylaleHbl U3
ATOTO KaTajora.

Karamor /mnt TpaauMOHHO HCIONB3YIOT IS MOHTHPOBAHUS Pa3IUYHBIX (hailioBBIX
CHCTEM K JaHHOH cucteMe. Onepanys MOHTUPOBAaHUS B OOLIMX YepTax 3aKIOYAETCS B TOM, YTO
KOpEHb MOHTHPYEMOH (haillIoBO CUCTEMBI aCCOLMUPYIOT C JAHHBIM KaTaJIOroM (WX C OHUM U3
€T0 MOJIKATAJIOTOB), ITOCTIE YeTr0 TOCTYII K (haiiiaM MoIMOHTUPOBAHHOM CHCTEMBI OCYIIECTBIISETCS
yIKe 4epe3 3TOT KaTajor (T.H. MOUKy MOHMUPOBAHUSL).

B karanore /dev pasmemarotcest crienuainbHbie (Gaiiibl yCTPOHCTB, IOCPEACTBOM KOTOPBIX
OCYILECTBIIACTCS] PETUCTPALUs 00CITYKUBAEMBIX B CUCTEME YCTPOICTB U CBA3b ITUX YCTPOMCTB €
TEM WIM HHBIM JpaiiBepoM. COOTBETCTBEHHO, BCE YCTPOWCTBA, C KOTOPBIMH paboTaer
OIEpaLIMOHHAs CHCTEMA, UMEHYIOTCS IOCPEACTBOM UMEH 3THX CIIELUAIBHBIX (DaliIoB yCTPONCTB.
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Katasnor /USr MOKHO OoXapakTepH30BaTh KaK KaTajor IMOJb30BaTEIbCKONH HH(OpMAIIUH.
[Ipeamonaraercsi, 9TO 3TO KaTaJOr MMEET CBOIO CICHU(PHYHYIO CTPYKTYpYy IMOJKATaIoroB. B
yacTHOCTH, Kartamor /usr/lib OOBIYHO COMEPKUT HHCTPYMEHTHI pPabOTHI IMOJb30BATEICH, HE
OTHOCSIIUXCS HANPSMYIO K B3aUMOICUCTBHIO C ONIEPAIIMOHHON CHCTEMOM (Harpumep, TyT MOTYT
XpaHUTBCS CUCTEMBI MporpammupoBanusi, C-xommuistop, C-ommaguuk u T.1.). Eme omHuM
JIOCTaTOYHO Ba)KHBIM KaTajoroM sipisieTcs karanor /usr/include, xotopelit comepkut Qaiiibt
3arosioBKoB (wiu include-daiisnel) ¢ pacumpenreM *.h, ¥ IMEHHO B 3TOM KaTajore OyaeT HCKaTh
npernporueccop C-KOMIMISATOpa COOTBETCTBYIOIIUE (Dailiibl 3ar0JI0BKOB, YKa3aHHBIC B IPOrpaMMe
B yIJIOBBIX ckoOkax. Karamor /usr/bin — 3To kartamor KoMaH, KOTOpbIC BBEJCHBI Ha JaHHON
BBIYUCIIUTEIILHON yCTAaHOBKE (HAIpUMEp, TYT MOTYT XPaHHTbCA KOMAaH[IbI, CBS3aHHBIC C
HEMOCPEICTBEHHON JIeATeIbHOCThIO oOpraHu3anuu). U, HakoHer, B Karamore /usr/user
pa3MeIIalTCsl JOMAITHUE KaTaloTH 3apEeTUCTPUPOBAHHBIX B CUCTEME MOJIb30BaTEIICH.

WTtak, MBI pacCMOTpEJIA OCHOBHBIC ACTIEKThI JIOTUHUECKON CTPYKTYpbl KatasmoroB OC Unix.
Eme pa3 orMeTum, 4To, NpuAepKUBasICh PEKOMEHIAIMIA CUCTEMBI B IJIAHE Pa3MEIICHHS TEX HIIH
UHBIX (DaiIIoB, Jierye U yo0Hee MOICPKUBATh CUCTEMY «B TTOPSIKEY.

4.2.3 BHyTpeHHAsa opraHusauusa ¢annoBOoN cuUCTeMbl: MoAenb Bepcuu
System V

PaccmoTrpenue BHyTpeHHEW opraHu3anuu (aijioBOil CUCTEMbl MBI HaYHEM C MOJEIH
daitmoBoii cuctemsl, peanuzoBanHoii B OC Unix Bepcuu System V. JlanHas ¢aiiioBast cucrema
ObuTa peanu3oBana oaHO# U3 nepBbix B OC UNiX u umeet Ha3BaHue S5TS.

O0J1aCTh MHIEKCHBIX

Cymnepbmok
JIECKPUITODOB

Broxu (aiinos

Puc. 120. CtpykTypa (aiinioBoii cucrembl Bepcuu System V.

Jannas (aitnoBas cucrema UMeeT cieayomuyo crpykrypy (Puc. 120). daitnoBas cucrema
3aHMMAaeT 4acTh TOTO Pa3Jiesia, B KOTOPOM OHA HaXOJHUTCS (HA30BEM €TO CUCIEMHBIM PA30ea0M,
4TOOBI OTJIMYATh €ro OT pa3eNoB C APYyruMH (aiJOBBIMM CHUCTEMaMH, KOTOPBIE MOXHO
NPUMOHTUPOBATh K JAHHOW CHUCTEME), HauWHasl ¢ HYJEBOTO OJIOKa W 3aKaHYWBash HEKOTOPBIM
(UKCUPOBAHHBIM OJIOKOM. JTa YacTh COCTOMT U3 TPEX MOANPOCTPAHCTB: cymnepoOioka, o0n1acTu
MHJICKCHBIX JIECKPUIITOPOB U OJIOKOB (haiiiioB.

Urak, nepBoe MoANpOCTPaHCTBO — 3TO cynepdiok. CynepOaoK CONEPKHUT CIIETYIOUTY IO
nHbopmaIuo:

e Tum (aitnoBoii cUCTEMBI

Pa3smep (paiinoBoii cucTeMbl B JIOTHYECKUX OJ0KaxX, BKIKOYasi caM CynepoIIoK, 001acTb
N]1 n 6110KM XpaHEHUS JaHHBIX

Pa3zmep 001acTi MHAEKCHBIX JECKPUITOPOB

Yucno cBOOOAHBIX OJIOKOB, JOCTYIHBIX ISl pa3MELIeHUs

Yucno coboaubix M/, 1oCcTynHBIX 11 pa3MeleHus

®narn (MoguduKamy, pesKkuMa MOHTHPOBAHUSL. . . )

Pasmep noruueckoro 6yioka (512, 1024, 2048...)

Crincok HomepoB cBoOOIHBIX M ]]

Cnucok aapecoB CBOOOIHBIX OJIOKOB

OH comep)XHUT HaHHBIC, ONPENENSIONINE CTaTUYECKHE MapaMeTphl U XapaKTEPUCTHKH
naHHOU (aitnoBoil cuctemsbl (Hanmpumep, HHGopMmalus o pazmepe O1oka (aiina, nHbopMaIus o
pasMepe Bceil (aiioBoil CHCTEMBI B OJIOKaxX WM OalTaxX WM ke MHQPOpPMAIUS O KOJUYECTBE
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WHJIEKCHBIX JIECKPUTITOPOB B cucTeMe). Takxke cynepOaoK XpaHuT nHpopmaIito o0 orepaTuBHOM
coctosHuU (haitnoBoii cuctembl. CynepOsoK SIBISETCS 4acThio (aillloBON CHUCTEMBI, KOTOpas
PE3UICHTHO HAXOMUTCS B omepatuBHOW mamsatH. Cpemu mpoyero CcymnepOIoK XpaHHUT
UH(POPMALIMIO O HAJIMYUK CBOOOJTHBIX PecypcoB (paiijioBOM CHCTEMbl — HAJIMYUU CBOOOHBIX
0JI0kOB B paboueM mpocTpaHCTBE (HalIOBOM CHUCTEMBI M HaJU4He CBOOOJHBIX HHICKCHBIX
JecKpunTopoB. 3aleras BHepea, OTMETUM, YTO JUIA 3TUX IeJiei MCTIONb3YIOTCS COOTBETCTBEHHO
MacCHB HOMEPOB CBOOOTHBIX OJIOKOB M MaCCHUB WHJICKCHBIX JIECKPHUIITOPOB.

Crenyrolee moanpoCcTpaHCTBO — 3TO 001ACHIb UHOEKCHBIX 0eCKpUnmopos. InaeKcHble
JECKPUNITOPBI OBUTM OMMCAHBl HAMHU BHIIIE, MBI HX PacCMAaTPHBAIN KaK HEKOTOPHIC CUCTEMHBIC
CTPYKTYpPBHI JaHHBIX (DUKCHPOBAHHOTO pa3Mepa, COJAEepKalluX KOMIUIEKCHYI0 WH(pOPMALHUIO O
pa3MeIleHIH, aKTYaJIbHOM COCTOSTHHU U COJICP’)KUMOM KOHKPETHOTO (aiia.

[TocneaHee MOAIPOCTPAHCTBO — 3TO 0J10KU haiinoe (ecnu OBITH OOJEe TOYHBIM, TO
JTAHHOE TIPOCTPAHCTBO KOPPEKTHee ObLIO Obl Ha3BaTh padouum npocmpancmeom QaiaoBoit
CHUCTEMBI). 3aech pa3MmemaroTcs OIoKH (aiiioB (C comepKUMBIM JTHUX (DaiIoB), a TaKxke
cucteMHas MHQpOpMAIHs, KOTOpas HE IOMECTHJAach B CYNEpOJIOKE M OOJIACTH WHACKCHBIX
JIECKPUTITOPOB.

4.23.1 Pa6ora c MaccuBaMH HOMePOB CBOOOIHBIX 0J10KOB

W3HavaapbHO HOMEpa BCEX CBOOOIHBIX OJIOKOB (hailIoBOM CHCTEMBI BBICTPAMBAIOTCS B
eIMHBIN CBSI3HBIN crTUCOK (Prc. 121). TlepBblii 371eMEHT 3TOTO CITUCKA Pa3MEIAcTCs B CymepoIoKe
U HA3bIBAC€TCS MACCMBOM HOMEPOB CBOOOAHBIX OJIOKOB. Bee mocnemyromye 37IeMEHThI CIHCKa
pacrionararorcs B 6J0kax 001actu 0J10K0B (aitioBo cucTeMbl. KaxKIblii 3JIEMEHT CITUCKA XPAHHUT
HOMEpa CBOOOJIHBIX OJIOKOB, a TaKKe HOMEp CIEAYIOIIETO JJIEMEHTa Crucka (Homep Oioka
(halI0BOM CHCTEMBI).

N 6110kK0B CBOOOIHO
A

0

Boinenenue
cBOOOIHBIX > £0
0JIOKOB

A 4
o

Puc. 121.PadoTa ¢ MaccnBaMu HOMEPOB CBOGOTHBIX 0JIOKOB.

Pabora ¢ mMaccuBOM HOMEpPOB CBOOOIHBIX OJIOKOB IOCTAaTOYHO mpocTa. [Ipm 3ampoce
(aiioBoll CHCTEMBI Ha MOJMyYeHHE CBOOOJHOTO OJIOKA MPOMCXOAUT MOMCK B MacCHBE HOMEPOB
CBOOOIHBIX OJIOKOB SIUEHKH C coJep)KaTelbHON (HEeHyleBoi) wuH(popmanmen, oOHyJIeHHE
HalJICHHOH sTYeiKH, a HOMep Hal/IeHHOTo OJI0Ka BBIAAaETCs B OTBET Ha 3anpoc. Ecmu mpu 3ampoce
B MaccuBe HE Hal/IeHO SYCHKH C HEHYJIEBBIM COJEPKHMBIM, TO COJEPKHMOE CIIEeIYIOIIEro
JJIEMEHTA CIIMCKa 3arpy’KaeTcs B MACCHB HOMEPOB CBOOOIHBIX OJIOKOB, @ HOMEp 0J10Ka, B KOTOPOM
pa3mernancs 0cBOOOIMBIIMIACS 3JIEMEHT, BO3BpaIaeTcs GaiyioBoil cucTeMe Kak OTBET Ha 3aIpoc.
Ecnm e kakoii-To GJIOK 0CBOOOXKIAETCs, TO BHIIOIHSAIOTCS MPOTHUBOIIOJIOKHEIE ICHCTBHSI.

Ha mepBbrii B3risii MOXKET IMMOKA3aThCsl, YTO XpPaHEHHWE B OJOKAaX MacCMBa CBOOOHBIX
OJIOKOB yMEHBILAeT pabodee MPOCTPAHCTBO (PAHIIOBOM CHUCTEMBI (T.€. TOJIB30BATENL HE CMOXKET
BOCTIOJIB30BAThCsI OJIOKaMU, XPAHSAIIMMHA MAaCCHB), HO 9TO HE TaK: €CIIU MPEACTaBUTh TPAHUIHYIO
CHUTYallUIo, KOTJa HET CBOOOIHBIX OJIOKOB, - TOT/Ia HET M HOMEPOB CBOOOHBIX OJIOKOB, a 3HAYHT,
HET 1 OJIOKOB, XpaHSAIIUX 3TH HOMEpa, T.e. paitoBas cucrema 3ansra Ha 100%.
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4.2.3.2 Pabora ¢ MaccuBOM CBOOOIHBIX HHAEKCHBIX I€CKPUNITOPOB

MaccuB HOMEPOB CBOOOAHBIX WHICKCHBIX ECKPUITOPOB COCTOUT M3 (PUKCHPOBAHHOTO
KOJIMYECTBA »3JIEMEHTOB. l3HauaibHO JaHHBIAH MaccHB 3alloJIHEH HOMepaMH CBOOOIHBIX
WHJICKCHBIX JIECKPUTITOPOB.

Ecnu npoucxoaut ocBOOOXKIEHHE HHIEKCHOTO JECKPUNTOPA (T.€. MPOUCXOAUT yAalICHUE
daitna), To mporcxXoaUT OOpaIIeHrne K JaHHOMY MaccuBy. Eciii B MaccuBe eCcTh CBOOOTHBIC MECTa,
TO MPOUCXOJUT 3alHUCh HOMEpa OCBOOOAMBILErOCS HHAEKCHOIO JECKpUIITOpa B IEPBOE
BCTPETHBILIEECS CBOOOHOE MECTO MacCHBa, MHAYe HOMEP JECKPUTITOPA «3a0bIBACTCS.

[Tpu co3manuu ¢aitna nmpoucxonsT obpaTHble nelcTBusA. Mner oOpaiieHre K MaccHUBY;
€CIM OH He IIyCT, TO W3 HEro W3bIMAeTCs IEpPBbIA CONEPIKATEIBHBIA 3JIEMEHT, KOTOpPBIN
IpescTaBiIsieT co0oi HoMEp CBOOOIHOTO MHAEKCHOTO JeckpunTopa. Ecnu ke npu obparienun K
MacCHBY OKa3ajoCh, YTO OH IYCT, a B CymnepOJOKe NPUCYTCTBYET HH(GOpMAIMs O HAIUYUU
CBOOOJHBIX HHJEKCHBIX JIECKPUIITOPOB, TO CHCTEMa 3alycKaeT IMpolecc OOHOBIICHUS
paccMaTpuBaeMoOro MaccuBa. JTOT Mpolecc odpamaercs K 00J1acTH UHIEKCHBIX JIECKPUIITOPOB,
MOCIIeI0BATEIBHO MEepeOupaeT UX U B 3aBUCUMOCTU OT UX COJEPKUMOTO JieJaeT OJHO3HAYHBIN
BBIBOJ O 3aHATOCTH WM CBOOOJHOCTH Jeckpunrtopa. Homepa CBOOOJHBIX MHICKCHBIX
JECKPHUITOPOB MPOLIECC TTOMEUIAET B MaCCHUB.

PaccMoTpeHHBIE MacCHUBBI CBOOOIHBIX OJIOKOB M CBOOOJHBIX MHICKCHBIX JECKPUIITOPOB
UCIIOJHSIOT poJib crnernuanusupoBanubix KDOIlei: mpoucxomut Oydepusamus oOpameHuid K
CHCTEME 32 CBOOOHBIM PECYPCOM.

4.2.3.3 MWuaekcHbIe JeCKPUNTOPLI. Anpecanus 0JI0K0OB (aiisia

Beliie yxe oTMeuasioch, 4To uHOeKcHwtit deckpunmop (Puc. 122) siBiiseTcsi CUCTEMHOIM
CTPYKTYpPOH JaHHBIX, coiepKaliei arpuOyThl (aiiia, a Takke BCIO ONEPAaTUBHYI0 HHPOPMALIUIO
00 opraHuzanuu W pa3MenieHMH JaHHbIX. CucremMa ycTpoeHa TakuM 00pa3oM, YTO MEXAY
COJCPXKHUMBIM (ailla M ero MHAEKCHBIM JIECKPUIITOPOM CYLIECTBYET B3aMMHOOAHO3HAYHOE
COOTBeTCTBME. 3aMETUM, YTO coJiepkKuMoe ¢ailia He 00s3aTeNbHO pa3MelnaeTcs B padboueM
pOoCTpaHcTBe (DalIOBOM CHUCTEMBI: CYIIECTBYIOT HEKOTOpbIE THUIBI (alyioB, AJii KOTOPBIX
COJIEP’)KMMOE XPAaHUTCS B CAMOM MHAEKCHOM JieckpunTope. [ [puMepoM TyT MOKET OCITyKUTb THII
CHEIHaJIbHOTO (aiiyia ycTpOouCTB.

Name1 Name> . Namen

I/IH)ICKCHBII‘/'I JACCKPHUIITOP
A

v
conepxkumoe (Qaiina

Puc. 122. UHaeKkcHBbIE TeCKPUNTOPBI.

Jlng KaXa0ro MHIEKCHOTO IECKPUITOpa CYIIECTBYET, II0 MEHBIIEH Mepe, OJHO UM,
3aperuCcTPUPOBAHHOE B KaTtanorax (aiaoBoil cuctemsl. M emie pa3 MOBTOPUMCS: TOBOPS O
JPEBOBUIHOCTH (DaiiI0BOM CHCTEMBI, TOHUMAIOT IPEBOBUAHOCTD HE C TOUKHU 3PEHUS pa3MeleHHs
¢aiina, a ¢ TOUKH 3peHUs pa3MenieHnss nMeH ¢aitoB. CrieayeT OTMETHUTD, UTO JUIsl THIA (HailioB
— KaTaJior, BO3MO>XHO HAJINYUE TOJIBKO OJHOTO UMCHH.

WHpaekcHbI TEeCKpUNTOp XpaHUT HHPOpManuio o Tume daiina, mnpaBax HOCTyIa,
uHdopmanmo o Buagenble (daitma, pasmepe ¢aima B OailiTaX, KOJIMYECTBE HWMEH,
3aperuCTPUPOBAHHBIX B KaTanorax (paiaoBoil CUCTEMBI M CChUTAIOIIMXCS HAa JAHHBIA WHACKCHBIN
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JnecKpunTop. B yactHoCTH, mpU3HAKOM CBOOOJHOTO MHAEKCHOTO JECKPHUIITOPA SBIISETCS HYJIEBOE
3Ha4YeHHE TIOCJIETHETO U3 YKa3aHHBIX aTpUOYTOB.

B uHIEeKCHOM JecKpUNTOpe TakKe cOOMpaeTcs pa3iinuyHas cTaTUCTHYeCKas HHPOpMaIIHs
0 BpPEMEHHU CO3/aHUs, BPEMEHHU IMOCleAHel MOoAu(UKaLMU, BpeMEHHU TMocieanero pocryma. 1,
HaKOHEIl, B MUHJEKCHOM JIECKPUITOPE HaXOIUTCSI MaCCUB HOMEPOB OJIOKOB (ailia.

Opranuzanus 0JIOKOB ¢aiiia — erie oJiHa y1adHast 0coOeHHOCTh (aitnoBoit cucteMbl OC
Unix System V. Ctpykrypa opraHu3anuud OJOKOB (haiila BBIMISIIUT CICAYIOIIAM 00pa3oMm.
Maccus HoMepoB 6710k0B (paiina cocrout u3 13 sanemenTtos. [lepsrie 10 371eMEHTOB HCIIONB3YIOTCS
JUTSL yKa3aHusl HOMEPOB MEPBLIX JecaTu 0J0KoB (aiiina, ocTaBUINECs TPU dJIEMEHTA UCIIOIb3YIOTCS
JUTSI OpTaHMU3AIMA KOCBECHHOW ajpecanuu OyokoB. Tak, OAMHHAIIATHIA AJIEMEHT CChUIAETCS Ha
MaccuB u3 N HOMepoB OJ0KOB (haiiina, ABEHaALAThI — Ha MaccuB U3 N CCBUIOK, Kaxkaas U3
KOTOPBIX CChUIae€TCS Ha MaccuB W3 N HOMEpoB OJOKOB aiia, TPUHAAUATHIA 3IIEMEHT
UCIIONIB3YETCS YK€ Ui TPEXypOBHEBOM KOCBEHHOW ajpecanuu ONOKOB. B coBpeMeHHBIX
daitnoBbix cucremax UnixX maccuB HoMepoB 0y0koB (haiiima cocrout u3 15 3nementoB (12 —
npsiMasi ajgipecanus, 3 - KOCBEHHasi).

NHpekcHbIN TECKPUIITOP

AjxpecHoe nose
/s —"— N
1 10(11(12(13
10 baawon npaoi HH
i ajapecauuu | l
L____________________________________________I "
1( ... [128
| 128 Gokos KocBennoi ik vy v
' apecaluy NepBoOro ypoBHsi i 1) ... (128
b o e e _! | |
v v
1 128 1 128

| 1282 6nokoB Kocmennoii  —— *—‘HH """" L¢ """"

aJpecaniiy BTOPOro ypoBHS

Puc. 123. Anpecanus 6;10k0B daiiaa.

Paccmorpum mpumep cucremsl (Puc. 123), B koTopoii pasmep 6sioka paBen 512 Gaiitam
(t.e. 128 yeTnipexOaiiToBbIM unciaM). Eciau komudecTBo 610koB (aitna 6ombiie 10, To cHavana
UCIIOJIB3YETCSl KOCBEHHAsl ajpecanus rnepBoro ypoBHs. CyTh €€ 3akiloyaercs B TOM, YTO B
OJIMHHAJIIATOM JJIEMEHTE XPaHUTCS HOMep OJIOKa, COCTOSIINM B HalIeM ciydae u3 128 HomepoB
0yiokOB (haiiia, KOTOpbBIE CIENYIOT 3a TEPBBIMU JecsAThio Onokamu. WHBIMEH clioBaMu,
MOCPEJICTBOM OJMHHA/IIATOTO AJIeMEeHTa MaccuBa aapecyrorcs 11-piii — 138-oi Omoku daiina.
Ecmm xe 010KOB oOka3piBaeTcs Ooublne, yeM 138, ToO HauMHAET MCIIOJIb30BaThCI KOCBEHHOCTH
BTOPOTO YPOBHS, U JIJIS 3TUX LIeJIeH 3a1eCTBYIOT IB€HAIATHIN 2JIEMEHT MacCHUBA. JTOT AJIIEMEHT
MaccHuBa COJIEPKUT HOMeEp OJioKa, B KOTOPOM (OMATH-TaKW IS HAIIETO NPUMEpPa) MOTYT
HaXOAUThCs 10 128 HOMEpOB OJI0KOB, B KAXKIOM U3 KOTOPBIX MOXKET HaXOUThCs 10 128 HOMepoB
6s0koB (paitna. Kornma pazmeps (aiisia 0ka3bIBalOTCS HACTOIBKO OOJBIITUMU, YTO VISl XpaHEHUS
HOMEpOB €ro OJIOKOB HE XBaTaeT JIBOMHOW KOCBEHHOW aJpecalliu, UCIONb3yeTCs TPUHAIIATHIN
AJIEMEHT MAcCHBa M KOCBEHHAs aJipecalius TpeThero ypoBHs. Tak, B paccMOTpeHHO# Moaenu (B
KOTOpOi pa3mep Oioka paBeH 512 GaiitaM) MakcUMalbHBIN pasmep ¢aiina MOXKET JOCTHUTaTh

236



(10+128+128%+128%)*512 6Gaiir. Ha ceromusImnuii 1eHp (ailoBble CUCTEMBI C TAKUM Pa3MEpOM
0JI0Ka HE MCTIONIb3YIOTCS, HanboJiee TUITUYHBI pa3Mepsl O6J10ka 4, 8, 1 T.71. BIUIOTH 10 64 KOaiT.

OOpatuM BHUMaHHE, YTO PACCMOTPEHHAsl MOJEIb aapecanuu OJIOKOB daiia sBIsSETCS
JOCTATOYHO KOMMAKTHOM M 3(PQEeKTHBHOH, MOCKONbKY sl oOpameHus K Onoky daiina c
UCTIONIb30BAaHUEM TPOHHOI KOCBEHHOCTH MOTpeOyeTcsl Bcero Tpu 0oOMeHa, a €Cli y4ecTb, YTO B
cucteMe peann3oBaHa Oydepusaryst 6J10YHBIX 0OMEHOB, TO HAKJIQAHbBIE PACXObI CTAHOBSTCS €I1Ie
MEHBIIIE.

4.2.3.4 daija-karajgaor

Kamanoz daitnnoBoii cucrembl Bepcun System V — 310 ¢aiin crenuanbHOTO THIIA; €T0
COJCPKUMOE TaK K€, KaKk M y PEryJsIpHbIX (ailyioB, HaXoAUTCs B paboueM MPOCTPAHCTBE
(baiiyIoBOM CUCTEMBI M TI0 OPTaHU3alMU JAHHBIX HUYEM HE OTIMYACTCS OT OPTaHU3aIluH JaHHBIX
PEryJIsipHBIX (ailyioB.

Qaiinbr-katanoru (Puc. 124) uMmeroT cieayroniyo CTpyKTypHYo opranuzaiuio. Kaxnas
3aluch B HEM MMeeT (MKCUPOBAHHBIN pa3Mep: /UIMHA 3alUCH JOBOJHHO CHIIBHO BapbUPYETCS
(Oynmem cumtaTh, yTO JIMHA 3amucu 16 Oaiir). [lepBpie aBa OailiTa XpaHAT HOMEpP MHIEKCHOTO
Jeckpuritopa ¢aiia, a octaBmuecs 14 6aiitoB —ums (aiina (T.e. B HalIel Moaenu ums (daiina B
cuctemMe orpaHuueHo 14 cumBonamu). Ilpu co3zganum kaTtajora OH IOJIy4aeT JBE
MpeoNpe/ielieHHbIE 3allUCH, KOTOpble HEBO3MOXKHO MoauduuupoBaTh W yHanare. l[lepBas
3alUCh — ATO  3alUCh, Ui KOTOPOM HCHONB3yeTcs YHH(UIUpPOBaHHOE UM .7,
UHTEpIIpeTHpyeMasl KaK CChlJIKa Ha caM 3TOT Karajor. COOTBETCTBEHHO, B 3TOHl 3amucu
YKa3bIBAE€TCSI HOMEP MHIEKCHOTO JECKpUNTOpa JaHHOTO (aiina-kaTanora. BTopoii 3anucero, s
KOTOPOW HCIOJIB3YeTCSl YHHU(PUIIMPOBAHHOE MMS ..”, SBJISETCS CChLJIKA HAa POJUTEIBCKHH IS
JAHHOTO (paifyla KaTajor, U COOTBETCTBEHHO, B 3TOM 3alMUCH XPAaHUTCS HOMEpP HHIEKCHOTO

JACCKPUIITOPA pPOAUTCIILCKOI'O KaTaJora.

HHI[@KCHBIB JACCKPHUIITOPBL

root 1 17 1
: i
! 17
: i 1 1 |
Ctext | | usr | [unix | bin | | dev
21 | text 75
17 |usr 19
3 |unix 34
‘p.l‘.gg-,g_‘ bin ‘ peter ‘ ‘ a.out ‘ 76 | bin i P
14 | dev

Puc. 124. daiiia-karaJor.

OtBnekasice OT (alaoBOl CUCTEMBI Bepcuu System V, oTMeTuM, 4yTO MHOTHE Ooiee
pasButsie (aitnoBeie cucteMbl OC UNIX moaiepKUBAalOT CPEACTBA YCTAHOBJIEHHSI CB3eil
(Puc. 125) Mexay WHIEKCHBIM IECKPHUIITOPOM W MMeHaMu (haiiima. MOKHO yCTaHABIMBATh Kak
KECTKHE CBSI3M, TaK M CUMBOJIMYECKHE CBs3U. JKecTKas CBSA3b MO3BOJISET C OJAHUM HHJIEKCHBIM
JECKPUNTOPOM CBS3aTh ABa M OoJjiee paBHOMPaBHbIX MMEHU. COOTBETCTBEHHO, MPHU YJAJICHUU
UMEHH, YYaCTBYIOIEIO B JKECTKOM CBS3M, CHayaja yJalnseTcs UMs M3 Karajora, 3aTeM
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YMEHBIIIAETCSl CYETUUK JKECTKUX CBSA3EHM B MHAECKCHOM JlecKpunTope. B ciydae oGHyIeHUS 3TOTO
CUYETYMKA MPOUCXOIUT yAaJICHUE COMEPKUMOTO (haiiya U OCBOOOXKIEHUE TAaHHOTO HHJIEKCHOTO
JIECKPHUIITOPA.

Jlyist opraHu3anuyd CUMBOJIMYECKON CBSI3HM co3laeTcs (a1 CrenuanbHOro THITA — THIIA
cceutka. Daiin JaHHOTO TUTA COACPKUT TMOJHBIM MyTh K TOMY (pailiry, Ha KOTOPBIA CChIJIAETCS
MaHHBIA Qaiin-cepuika. Mcmonb3ysi Takyl0 KOCBEHHYIO aapecaiuio, MOXXHO 100parbesi 10
neneBoro (aina. Takoil MoAXoa WLTIOCTPUPYET ACCUMETPUUHOE UMEHOBAHUE.

dirl dir2

- namel name2 name3
i . -+~ TiecTRAS /

CBA3L (I/II[ 17755 )

U c ;UV;BBH_“:Ie_c]Za;l EB_’[:;L __________________ { /dlrl/namel )

Puc. 125.YcraHoB/ieHue cBsi3ei.
4.2.3.5 JlocTOMHCTBA M HeOCTATKHU (paiinoBoii cuctemsl moaean System V

Cpenu 10CTOMHCTB paccMaTpUBAEMON (aillIoOBOM CHCTEMBI CTOUT OTMETHUTh, YTO JaHHAs
cucTeMa sIBJsieTcsl uepapxuyHoid. Tak:ke HaJlo OTMETUTh, YTO 3a CUET UCII0JIb30BAHUS CUCTEMHOTO
KOIIUPOBAHUS ONTUMHU3UPOBaHA paboTa C MAacCHBOM CBOOOJTHBIX OJOKOB W CBOOOJHBIX
WHJEKCHBIX JIECKpUNTOpoB. M, HakoHell, B JaHHOW (HalIoBOM CHCTEeME HaHACHO yJadHOe
pelieHue opraHu3aiui 0JI0KOB (ailyioB 3a CYET MCIOJIb30BaHUS «HAPACTAIOMICI» KOCBEHHOCTH
ajZipecaruu.

C nmpyroii CTOPOHBI, IaHHAsI CUCTEMAa HE JIUIICHA HE0CTATKOB, OOJIBIIIAs YaCTh KOTOPHIX
ABIIIETCSl CJIEAICTBUEM €€ JOCTOMHCTB. llepBbIM HeIOCTaTKOM SBISETCS TOT (PakT, 4TO B
CymepOJIoKe KOHIIEHTpHUpYyeTcs KitodeBas nHpopmanus ¢ainoBoii cuctembl. COOTBETCTBEHHO,
noteps cynepoOIoKa MPUBOAUT K JOCTATOUYHO CEPHE3HBIM MpoOIeMaM.

Crnenyromasi mpo0OiieMa OIMSTh-TaKH CBsi3aHA C KOHIICHTpaIled wHQOopMaIuu B
cynepbnoke. HecMoTps Ha To, 4TO cymepOiok pesugeHTHO pasmemaercss B OII, cucrema
MEePUOJIUYECKH «COpachIBA€T» €ro KOMHUIO Ha JUCK — 3TO JeNIaeTcs I TOro, 4TOOBI MpHu cOoe
MUHUMU3HUPOBATh MOTEPH aKTyalbHOW HHQOpPMAIMK U3 CymnepOiioka. DTO, B CBOIO OYEpE.b,
O03HAYaeT, 4YTO CHUCTeMa peryjspHO oOpamaercs K OJHOW W TOW K€ TOYKE JHUCKOBOTO
MIPOCTPAHCTBA, U, COOTBETCTBEHHO, BEPOSTHOCTH BBIXOJA M3 CTPOSI UMEHHO JaHHOM oOiactu
JIMCKA CO BPEMEHEM CHUJIbHO YBEJIMUHUBACTCS.

Crenyronuii HEOCTaTOK CBsi3aH ¢ (parMeHTaneld OJIOKOB (aitma mo AucKy. 31ech
UMeeTcsl B BUY, YTO NIPU MHTEHCUBHOH padore (aiiioBoii cructemMsbl (KOraa B HEW cO BpeMEHEM
co3maerca, MOAUPUIUPYETCS] W YHUUTOXKAETCA JOCTATOYHO Oousblioe uuciao (¢aiios)
CKJIQ/IBIBAETCSI CHUTYyAIUsl, KOT/Ia OJIOKH OJTHOTO (paiiyia OKa3bIBAIOTCS pa3OpPOCAaHHBIMH IO BCEMY
JTOCTYyITHOMY JTUCKOBOMY TPOCTpAaHCTBY. B a3ToMm ciydae, eciu mnoTpedyercs NpoYHUTaTh
nocJieIoBaTeabHbIe 0JI0KH (aityia (4To OBIBACT JOCTATOYHO YacTO), TO FOJIOBKA KECTKOTO JHCKA
HAUYMHAET COBEpIIaTh JOBOJBHO MHOTO MEXaHHWYECKHX MEepeIBIKEHUM, UTO OTPHUILIATEIHHO
cKasbiBaeTcs Ha 3 (HEeKTUBHOCTH paboThI (PaiisIoBOI CUCTEMBI.

W B 3axiioueHrHe OTMETHMM TaKOW HEJOCTAaTOK KaK OrpaHWYeHHe, HaKiIaJblBaeMoe Ha
JUTMHY uMeHu ¢aiina (6, 8, 14 GailT Ui mpencTaBiICHUs] UMEHU — BEJIMYMHBI HA CETOHSIIIHUN
JIEHb JOCTaTOYHO HEOOIBIIHE).
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4.2.4 BHyTpeHHSA opraHusauus ¢pannoBou cucTemMbl: Moaesnb Bepcum Fast
File System (FFS) BSD

Paspaborumnku aitmoBoii cucremsr Fast File System (FFS), ocraBuB ocHOBHBIC
MOJIOKHUTEIbHbBIE XapaKTEPUCTUKH MPeIbIIyIuX (ailIoBBIX cUCTEM (B T.4. U (ailloBOi cUCTEMBI
Bepcun System V), monumm mo cieayromemy nytu (Puc. 126). OHu npencraBuin pasaen Kak
MOCJIEI0BATEIBHOCTD JUCKOBBIX IWJIMHAPOB, KOTOPYIO pa3OwWiM Ha MOpHUH (PUKCHPOBAHHOTO
pa3mepa. B kaxmom n3 00pa3oBaBIIMXCS KIACTEPOB pa3MeENIaeTCsl KOIMUsS cymnepOiioka, OJOKH
¢aiinoB (KOTOpbIe MBI Ha3BAIXM paboOYMM MPOCTPAHCTBOM (HaiiIoBOI cucTeMbl), HHpopMarus 00
WHJICKCHBIX JCCKPUITOPAX, aCCOIMUPOBAHHBIX C JIAHHBIM KJIACTEPOM, a TaKke WHPOpMAIHS O
CBOOOJHBIX pecypcax 3Toro kmacrepa. llpm 3TomM pazOueHue ycTpOHCTBa Ha KIacTephl
NPOMCXOTUT aNlapaTHO-3aBUCHMO TaKUM 00pa3oM, 4YTOOBI CyHepOJIOKM HE OKa3bIBAIMCH Ha
«OmacHO ONM3KOM» pacCTOSIHUM (Hampumep, Ha OJHOM moBepxHOcTH). Takoil moaxon
obecrieunBacT OOJNBIITYIO HAJICKHOCTh (haliIOBOM CHCTEMBI.

g Cymnep060k Cymnep060k Cymnep060ok g

Puc. 126. CtpykTrypa ¢aiinooii cucrembl Bepcuu FFS BSD.
4241 Crparernu pa3MeneHus

Pabora cucrembl ocHOBBIBaeTCS Ha Tpex KoHuenuusx. [lepBoil koHuenuuen sBIseTCS
ONTUMM3ALUSA pa3MelieHUs: kaTaJjora. [Ipu coz3mannm kaTanora cucTemMa OCyIECTBISIET TOMCK
KJactepa, HanboJiee CBOOOHOTO B TAHHBII MOMEHT C TOUKH 3PEHUS MCIIOJIb30BAHMS HHCKCHBIX
JNECKPUNTOPOB, T.€. MIIYTCS KIACTEephbl, KOJIUYECTBO CBOOOIHBIX MHAEKCHBIX JECKPUIITOPOB B
KOTOpBIX MPEBOCXOJUT HEKOTOPYIO CPEIHIOI BEIMYMHY, U CpEeIu HaWJCHHBIX KIACTEpOB
BBIOMpAeTCs KJIacTep ¢ HAUMEHBIINM KOJIHMYECTBOM KaTallOTOB.

Crnenyroleit crpaTeruei siBisieTcss pABHOMEPHOCTh MCIOJIb30BaHUs 0JIOKOB JaAHHBIX.
Bo Bpems coznmanus (aiiia oH IeauTcs Ha HECKONIbKO dacTei. YacTh (aita, koTopas nMena
HEINOCPEACTBEHHYIO aJIpeCalliI0 U3 UHJEKCHOTO JECKPUITOPA, 10 BO3MOXHOCTH pa3MelaeTcs B
TOM 3K€ KJIacTepe, 4TO M UHJIEKCHBIN neckpuntop. OcraBuinecs yactu (aiina IeisTcst Ha paBHbIC
NOPIMH, KOTOphle (haiimoBasi cucTeMa pa3MellaeT B OTAEIbHBIX KiacTepax. llepeuncieHHbe
CTpaTeruu MpU3BaHbI sl 00pbOBI ¢ (pparmeHTanuen ¢aina mo pazzgeny: ¢ain b0 1MeTuKOM
pa3MelaeTcst B 0JTHOM KJIacTepe, JIN0O pa3MeIlaeTcsi B HECKOIbKUX KIIacTepax, HO TOrJa B HUX
pa3MenIarTcs I0CTaTOYHO Oobine GparMeHThl OIPSA UAYIUX OJIOKOB.

W, nakoHen, TpeTbsl cTpaTerus pa3MELIeHUs — TEXHOJOTHYECKOE pa3MelleHne
nocjaeaoBaTebHbIX 0,10k0B daiiio (Puc. 127). [IpeactaBuM CIIeAyIONIYIO CUTYaIMIO: MyCTh
HE00XOIMMO TMPOYHUTATH JIBA MOCIIEIOBATEIBHBIX OJIOKA C MATHUTHOTO JUcKa (Oy1eM CUUTaTh, 4TO
9T OJIOKM HaXOJATCS Ha OJHOW JOPOYKKE MATHUTHOTO AKUCKa). DTO O3HAYaeT, YTO JaHHas 3a/a4ya
TpeOyeT ABYX IMOCIIeI0BaTEeIbHBIX 00paIIeHH K CHCTEMHBIM BbI30BaM. COOTBETCTBEHHO, MEXKTY
OKOHYaHUEM (PU3MUECKOr0 CUYUTHIBAHUS MEPBOTO OJOKAa M HavyajloM (U3UYECKOTO CUUTHIBAHUS
BTOpOro OJOKa MOTPAaTUTCS HEKOTOpoe BpeMs At Ha HakJIaJHbIE PacXoibl (B YACTHOCTH, BXOJ U
BBIXO/1 3 CHCTEMHOTO BBI30Ba). TO BpeMs XOTbh M MaJiO, HO 3a JIAHHBII MIPOMEXKYTOK JIUCK yCIIeeT
MOBEPHYTHCSI Ha yros o*At (rae @ — ckopocTh BpaulleHus Aucka). Eciau cnenyrommii BTopoit
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OJIOK pacIioJIOKEH Ha JIMCKE HETOCPEICTBEHHO 3a MEPBBIM, TO 3a BpeMsi At roJoBKa MPOMYCTHT
Hayajo BTOporo 0JI0Ka, ¥ KOorja OyAeT NpeAnpuHsTAa MONBITKA (PU3NYECKH POYECTh BTOPOii OJI0K,
TO MPUICTCS OXKUIATH TOTHOTO 000pOTa TUCKA, UTO SIBIISCTCSI OTHOCUTEIHFHO JTOJTHUM IO BPEMEHH.
Uro0Obl M30eXaTh MOJAOOHBIX HAKIATHBIX PACXOJIOB, CBSA3aHHBIX C HEOOXOTUMOCTBIO OXKHIATh
MOJIHOTO 000pOTa JUCKA, HEOOXOIUMO PACIOJIOKHUTH BTOPOM OJIOK ¢ HEKOTOPHIM OTCTYIIOM OT
nepBoro. B 3TOM 1 3aKITt04aeTCsl TEXHOJIOTHIECKOE pa3MeNIeHne OJIOKOB Ha JTUCKE.

HOBerHOCTB KCECTKOI'O JHUCKa

—+v

read
block:

read
block:

At ®*At

Puc. 127. Ctparerusi pa3mMenieHusi mocjie10BaTeJbHBIX 0J10K0OB (haiiioB.
4242 BHyTpeHHsis OpraHu3amnus 0JJOKOB

Pa3mep Osioka B aitnoBoii cucreme FFS MoxxeT BappupoBaThCsl B JOCTATOYHO IIMPOKOM
JMarasoHe: MpeneNbHbli pasmep 61oka — 64 Koaiit. Kak otmeuanocs Belie, mpodieMa BIOopa
ONTUMAJILHOTO pa3Mepa 0JI0Ka TOCTAaTOYHO CIO0XKHA: U 0oJIbLINe OJIOKHU, U MaJICHbKUE UMEIOT CBOU
JIOCTOMHCTBA M HEJOCTATKH, M OT aIMUHUCTPATOPA CUCTEMBI TPEOYIOTCS XOPOIIINE HABBIKU, YTOOBI
no100paTh ONTUMaJbHBIE JIJIsl JAHHOM CUCTEMBI (pelaromieil 3a7jau KOHKPETHOTO THIIa) pa3Mephbl
0JIOKOB (haiIOBOI CHCTEMBI.

CoznaTtenu paccmaTprBaeMoil GaitioBoil cCTeMbI OLUTH 10 MyTH YBEIUYEHHUS pa3Mepa
Omoka. 3a cuer sroro 1) ymenspmaercs (parmeHTanus ¢aiia Mo AUCKY W 2) yMEHBIIAIOTCS
HaKJIaJHbIE PACXObl IPU YTEHUU MOJPSA UAYIIUX JaHHBIX (aitna (3dpdexTuBHEe cunTaTh 3a 1
pa3 OoJbIIyI0 MOPLKI0 MH(POPMAIUKM, YeM JIBa pa3a CUMTATh IO «IOJOBHHKE»). HO riaBHBIM
HEJOCTAaTKOM KPYIHBIX OJIOKOB — OoJIbIIasi cTeneHs BHyTpeHHel pparmentanuu. J{us 60pbObI ¢
BHyTpEHHEH (QparMeHTanueld B CHUCTEME pean30BaH €Il OJUH YPOBEHb CTPYKTYPHOU
OpraHM3aIiy: KaX bl 010K (aiiioBOil cucTeMbl MojieleH Ha (UKCHUPOBAHHOE KOJIUYECTBO T.H.
¢pacmenmos (00bI9HO YKCIIO PparMeHTOB B OJIOKE KpaTHO cTeneHn 2 — 2, 4, 8 U T.11.).

Pa3memnienue daiina mo 6mokam ¢GaiIoBOM CHCTEMBI CTPOUTCS HA OCHOBE CIIEIYIOIIEH
koutenmuu (Puc. 128). Cunraem, uro Bce 010ku (aiina, 3a HCKIIFOUEHHUEM TIOCTIETHETO, TIEITUKOM
3aMOJIHEHBbI COJIEPKUMBIM JaHHOTO (aitna. COOTBETCTBEHHO, HOMEpa STUX OJIOKOB XpaHATCS
cpenu atpuOyToB (aiina. [Tocnennuii GJIOK BBIENEH OTJACIBHO (KCTaTH, OH TOXE MOXET OBITh
MOJTHOCTBIO 3aII0JIHEH): TOMUMO €ro HoMepa B aTpulyTax (aiiiaa XpaHATCS U HOMEpa 3aHSTHIX B
HeM (parMeHTOB, MPUHAIISKANMX JaHHOMY Qaitmy. MHpopmanus o Oi0kax u (parmMeHTax
MO3KET OBITh MpeJICTaBlIeHa Pa3HBIMU CIIOCOOAMHU: HAIIPUMED, IBOMYHASI MacKa, WIH K€ HOMEPOM
nepBoro (parmMeHTa B 3ToM OJIOKE, 3aHATHIM JaHHBIM (ailyioM (KOJMYECTBO (PparMEeHTOB TOT/IA
MO>KHO BBIYUCIIUTH HA OCHOBaHUHM JUIHHBI (aiina B OaifTax), u T.J.

240



Biaoku 0 1 ... N

DdparMeHTsbl @ EE E E|E|
Macea | [0] [o]jo]}[o]| [o] 1]|[2]}[4]

Puc. 128. BuyTpenHnsisi opranu3anus 6,10koB (0J10KH BLIDOBHEHBI 10 KPATHOCTH).

4243 BblaejeHue NpPocTPaHCTBA A ¢aiina

PaccmoTpuM anroputm BbIAETICHUS MIPOCTPAHCTBA JUIS (PaiijIOB Ha CIEAYIONIEM IPUMEpE.
bynem cuurtath, uTo 050K (ainoBoil cucTembl mojeiaeH Ha 4 ¢parmenra. Ilycte B cucteme
xpaHsaTcs (aiisl petya.txt u vasya.txt (Puc. 129), 1jis KOTOPBIX B COOTBETCTBYIOIINUX HHJIEKCHBIX
JNECKpUNTOpax XpaHUTCs HHpopmanus o0 uxX pazMepax U HOMepax OJOKOB, MPHUHAJISKAIINX
daitnam, B Buae cTtapToBbIX (parMeHTOB. COOTBETCTBEHHO, (haiin petya.txt pacmojoxeH B
HysneBoM (ctaptoBbiii pparmeHT Ne 00), mepBoMm (ctapToBblii pparmeHT Ne 04) u BTOpom OJ10Ke
(craptoBbrit pparment Ne 08). Eciu yuects mnuny ¢aiina (5120 6aiit), TO moixydaercs, 94To BO
BTOpOM OJ10Ke AToT (paitn 3anumMaet 08 u 09 ¢hparmenTsl. Daiin vasya.txt pacroyioKeH B TPEThEM
6noke (craproBbiii pparment Ne 12), yerBeprom (ctapToBelii pparmeHT Ne 16) u BTOpOoM Giioke
(craproBerit pparment Ne 10); mpu 3TOM BO BTOpOM OJI0Ke (haiily MPUHAIICKHAT TOJIBKO 10-bIi
¢dparmenT (T.K. pazmep ¢aiina 4608 Oaiit). Mtak, oueBUIHO, YTO JaHHAs CUCTEMa HAPYIIACT
KOHIIETIIHNIO (pailioBoii crucTeMbl BETBU SYstem V, B KOTOPOM KaxKIbIii OJIOK MOT TIPUHAIICKATh
TOJIbKO oHOMY (baiinmy; B FFS mocnenauii 610k MOXHO pa3ensiTh MEXIY pa3IndHbIME (aiTaMu.

Jeckpuntop petya.txt
ID | Pasmep | DparMeHT
1] 5120 |00 |04 ]08]

JHeckpuntop vasya.txt
ID | Pasmep | DparmMeHT

2 | 4608 \/12\ 610 |

Bioku JAHHBIX, pa3]:[eﬂéHHLIe Ha al“MeHTI)],/ / /
0 1 X 2?2y ¥ 3 vy 4 5
00101 102103 104105706 10708709110 11 23 ia s as a7 a8 a9 20 [ 21 [ 22 [ 23

JeckpunTop petya.txt JHeckpuntop vasya.txt
ID | Pasmep | DparMeHT ID | Pasmep | DparmMeHT
1] 5632 |[00]04]20] 2 | 4608 |12 |16 ] 10 |

Baoxu JaHHBIX, pa311enéHHHe Ha ()parMCHTEHL ,
0 1 2 3 4 » 5
Q0 [ 01102717831 04705106107/ 08 [ 09 [-16:] 11 Fazifig aafas e e kg f1ad20 211227 23

Puc. 129. Boinenenne npocTpancTsa 1js daiiiaa.

Ecnu, Hanpumep, pasMep daiina petya.txt yBeInanBaeTcsi HACTOJIBKO, 4TO KOHEII (aiiia He
nomerniaercss B 08 u 09 ¢parmMeHTax, TO cUCTeMa HAuYMHAET TOWCK OJIOKAa C TpeMs MOAPS
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UAyIMMH cBoOOIHBIMU (pparmeHTaMu. (COOTBETCTBEHHO, €CIIM pa3Mmep daiiia yBETHIHBACTCS
Ha 60J'H>I_HyIO BCJIMYMHY, TO CHa4dajla JId HEro OTBOAATCA ITOJIHOCTBIO CBO60HHBI€ 6JIOKI/I, B
KOTOPBIX (hailsl 3aHMMaeT Bce ()ParMeHThI, a U Pa3MEIICHHs MOCIeTHIX (PParMeHTOB WIIETCS
OJIOK C COOTBETCTBYIOIIMM YHCIIOM MOAPSA WAYIIMX cBOOOAHBIX (parmenToB.) Korga cuctema
HaxOJIUT TaKOH OJIOK, TO IPOUCXOAUT TIEPEMEIICHUE MOCaeaHNX (parMeHToB (aitia petya.txt B
3TOT OJIOK.

4244 Crpykrypa katanora FFS

Karasnor ¢aitnoBoii cucremsl FFS mo3Bomnser ncnonp3oBats uMeHa (hailioB, UIMHOM 10
255 cumBonoB (Puc. 130). Karanor cocrouT u3 3anuceit nepeMmeHHoM ninuHbl. HauansHas 3anuce
COJCPKHUT HOMEP UHJIEKCHOTO JAECKPUITOPA, pa3Mep 3alHCH (T.€. CChUIKY Ha MOCIETHUHI HJIEMEHT
3alKcH) U JUIMHY UMEHU ¢aiiia, ocje 3TOro ciaeayeT JOMOTHEHHOE 10 KpaTHOCTH B 4 Gaiita ums
¢aiina (MakcuMalnbHas TMHA UMeHH (aiina — 255 cumBoiioB). PaboTa cuctembl opraHuzoBaHa
CIIeIyIOIIMM 00pa3oM: €clid MPOUCXOAUT yAalleHue Qailia u3 karajaora, To OCBOOOXKaro1Ieecs
IPOCTPAHCTBO, 3aHUMAEMOE PaHbIIE 3aUCHIO JaHHOTO (paiiia, MPUCOSAUHACTCS K MPEabIIYIeH
3anucu. ITO 03HAYaEeT, YTO pa3Mep MpeblayIIel 3alucy YBeTUUUBaeTC s, HO JJIMHA XPAaHHUMOIO B
HEW MMEHU He MeHsAeTcs (T.€. OCTaeTCs peajbHOM). YJalleHue MepBOM 3alKCH BBIPAXKACTCS B
OOHYyJIGHHH HOMEpa HMHJIIEKCHOTO JECKpUIITOpa B 3TOHM 3amucH. Takas MOJAeNb MO3BOJISET MpHU
ynaneHuu (haiiina mpakTHUeCKu He 3a00TUTHCS O BEICBOOOXKIaeMOM ITPOCTPAHCTBE BHYTPH (aiina-
Karajora: mojlydyaeMble MpHU yJIaICHUH «IbIPbD» JIMKBUAUPYIOTCS HE 3a CYET KOMIIPECCHH, a 3a
CYET TPUBHAIBHOTO «CKJICHUBAHUSA» C IPEIBIAYIIECH 3aIIHChIO.

Kamdnos Name1 } Size(Name;) Name1 Size(Namey)
Name 7 '
ames ames
JIECKPUITODA .
RM Name i Size(Name
pasmep 3anucu Names RM N amej m ( )
JUITMHA UMEHU (aiina Names Names
ums ¢aiina
(1o 255 cuMBOJI0B)

Puc. 130. CtpykTypa karajora FFS BSD.

TakuMm 006pa3oM, crucTeMa Mo3BOJISET UCIIOIb30BaTh UMEHA (PailyioB MPOU3BOJIHOM JUTMHBI
BILJIOTH JI0 255 CUMBOJIOB, YTO JOCTaTOYHO YJ00HO ISl Mojb30BaTens. Ho Takoe mpenMyIiecTBo
00opaurBaeTCs TeM, YTO CUCTEMa HECET HAKJIaIHbIE PACXO0/Ibl KaK MO UCTIOIH30BAHUIO IUCKOBOTO
MPOCTpaHCTBa (B KaTaJorax MPUCYTCTBYET BHYTPEHHsS (parMeHTalus), Tak U IO BpPEMEHHU
(ocyIIecTBICHHE TIOWCKA B CHCTEMax ¢ (PMKCHPOBAHHBIMHU pa3MepaMu 3arucedl B OOJIBITUHCTBE
cinydaeB 3(ppexTUBHEE, UeM B CUCTEMAaX C IEPEMEHHBIMU pa3MepaMu 3aIuceil).

4245 DbJoKHUpOBKa A0CTyNa K copep:kumMomy ¢aiiia

Opranusanus ¢aitnosoii cuctemsl OC UNiX mMo3BOJSET OTKPHIBATH U pab0OTaTh C OJHUM H
TeM ke (aiisIoM MPOU3BOIILHOMY YHCITY IPOIECCOB. boiee Toro, OIuH 1 TOT ke (aiisl MOKET ObITh
MHOT'OKpPaTHO OTKPBIT B paMKax OJHOro mporecca. [Ipu aToM cuctema moajepkuBaeT MoJeNb
CHUHXPOHH3AIMK paboThI ¢ (paiimamu. [1J1s 3TOr0 HCIOb3yeTCst cucTeMHbIH Bb30B fentl() (nanmbit
CHUCTEMHBIH BBI30B IIpeJHA3HAUEH BOOOILE JUIs OpraHU3alMM YIpaBlieHUs paboThl C (ailiiom),
KOTOPBII MOXeT o0ecriednBaTh OJOKMPOBKY Kak (ailiia B IETIOM, TaK M OTACIBHBIX O0JIacTel
BHYTpHU (paiina (T.e. clenarb Kakyo-To obnacTh (aiiia HeAOCTYIMHON Ui APYTUX MPOIIECCOB).
Paznuuatot n1Ba THNA OJIOKUPOBOK: UCKAIOUAIOUUE U PACHpedeieHHble.
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Hcknrouarowman onroxuposka (exclusive lock) — sto «kecTkas» OIOKHpOBKA: €CIH
IpOM301IA Takasi OJIOKMPOBKA 00IaCTH, TO OO0 APYroi mporecc He CMOXKET OCYIIECTBUTh
omepanuy oOMeHa ¢ JaHHOW 00JIacThIO (B 3TOM Cilydyae Impolecc Ju00 Oy/IeT MPHUOCTaHOBJIEH B
OXKUJAaHUH Pa30JIOKUPOBAHUS 00JACTH, THOO0 MOTYYHUT OTKA3, B 3aBUCUMOCTHU OT YCTAHOBJICHHOTO
pexuma padboThl). JlaHHBIN BU OJIOKMPOBOK SIBJISIETCS OJIOKUPOBKOM ¢ MOHOTIOJIU3AIUEN: 00JIacTH
C MCKITIOYAIOIUMH OJIOKMPOBKAMU IEPECEKAThCS HE MOTYT.

AJbTepHATUBON HCKIIIOYAIONICH OJIOKMPOBKE SIBIISICTCS pPACHpeOesieHHAA 010KUpo6Ka
(shared lock), nnu «msirkas», pekomenaarensHas 0J0kupoBKa. [Iporiecc MOXKET YCTaHOBUTbD IS
o0nacTu GIOKUPOBKY STOrO THUIIA, a IPYrHE MPOLECCHl MPU paboTe MOTYT Ha Hee HEe oOpallaTh
BHMMAHUSA, T.€. HPU YCTAHOBJIEHHOH OIOKHpOBKe BCE paBHO paspelieHbl uTenuwe M 3amuch
nHdopmanuu u3 OJoKupoBaHHOW obnactu. [l obecrnieueHus KOPPEKTHONW PaboThI ¢ (aitiom
HEOO0XOIMMO CPEJCTBO YCTAaHOBKH OJIOKUPOBKM Ha TOW WJIM WHOW OOJACTH — AJISL 3TOTO ONSITh-
TaKH MCIIOJIb3yeTCsl cucTeMHbIi Bbi30oB fentl(). Obmactu ¢ pekoMeHIaTeIbHBIMU OJIOKHPOBKAMHU
MOTYT TIepeceKaThCsl.

4.2.,5 OpraHusaums obmMeHa gaHHbIMMU € (hannamm

B atom paszzaene Mbl paccMOTpUM MEXaHH3M OpraHu3aluu oOMeHa JaHHBIMU ¢ (aitnamu,
paccMOTpHM, YTO MPOUCXOAMUT B CUCTEME, KOT/Ia OJIMH M TOT K€ (aili OTKPHIBAETCS B CHCTEME
OJIHOBPEMEHHO HECKOJBKUMHU MPOLIECCAMU U B KXKJIOM U3 HUX, BO3MOXHO, IO HECKOJIbKY pa3.

s opranusanuu onepanuii oomena B OC UNiX UCHONBb3YHOTCS CUCTEMHbBIC TaOIUIBI U
CTPYKTYPBbI, YaCTh KOTOPBIX aCCOIMUPOBAHA C Ka)JbIM IPOIECCOM (T.€. OHH pacrojiararoTcsi B
aJpeCHOM IMPOCTPAHCTBE Mpolecca), a yactb — ¢ camoit OC.

Tabnuua omkpoimoix gaitioe (TOD) co3maercss B aIpecHOM MPOCTPAHCTBE MPOIECCa.
Kaxmas 3amuce 3Tol TaOJIMIlbI COOTBETCTBYET OTKPHITOMY B Tipoliecce ¢ainy. ['oBops 0 Homepe
JIECKPHUIITOPA OTKPBITOTO B mporiecce daiiia (T.H. ghaiinosozo deckpunmopa); noapasyMeBacTCs
COOTBETCTBYIOIIMI HOMEp 3amucu B TaOJuIle OTKPHITHIX (ailnoB mporecca. Pazmep maHHOM
TaOIUITBI ONIPEICIIACTCS MPU HACTPOUKE OTIEPAIIMOHHON CHUCTEMBI: TOT MapaMeTp ACKIapUupyeT
IpeieTbHOe KOJIMYECTBO OTKPHITHIX B OJJHOM Ipoliecce (aiiios.

Kaxnas 3anuce TO® conmepxut uenbiii Habop aTpruOyTOB, KOTOPBIM B JaHHBIH MOMEHT
HaM He HHTEPECEH, HO B 3TOM Habope MMeeTcs OJTUH JOCTATOYHO BaXKHBIM aTpUOYT — ITO CChITIKA
Ha HOMED 3aliCU B mabauye ¢haiinog onepanmoHHon cuctembl (Td). Tabnuma daiino OC
SBIISIETCS CUCTEMHOM Ta0NHIlel, OHA TIPEJCTaBICHa B CUCTEME B €JMHCTBEHHOM JK3eMIUIsipe. B
9TOM TaOIUIIEe TPOUCXOAUT PETUCTPAIIHSI BCEX OTKPBITHIX B CUCTEME (DaitioB.

B tabnuie ¢aitnoB OC moMuMo Mpoyero coaepkaTcs Takue aTpuOyThl, KaK yKazamesd
umenus/3anucu (CChUIAIOUINIICS HAa MO3UIUIO B (aiiie, HaUMHas ¢ KOTOPOW OyeT MPOUCXOIUTh,
COOTBETCTBEHHO, YTCHHE WIIU 3aIUCh), CYemuuK Kpamuocmu (pedb O HEM MOWIET HUXKE) U
ccvlika Ha TabJINIy UHACKCHBIX IECKPUTITOPOB OTKPHITHIX (halIoB.

Tabnuua unoekcuvix oeckpunmopos omxpoimolx gaitios (TH/JO®D) taxxe sBiIseTCS
CHCTEMHON CTPYKTYpOW MJaHHBIX, COJEpJKaIlleld TepeueHb WHACKCHBIX JIECKPUIITOPOB BCEX
(baitoB, OTKPBHITHIX B JaHHBIM MOMEHT B cucTeMe. Kaxaas 3amuch 3TOM TaOMHIBI COAEPKUT
aKTyaJbHYIO0 KOMHUIO OTKPBITOTO B CHUCTEME MHAEKCHOTO JECKPHUMNTOpA. 37ECh TAKXKE XPaHUTCS
1eNbIi Habop mapaMeTpoB, CPeid KOTOPBIX UMEETCS U CUYETYHK KPATHOCTH.

Jns wimroctpariu paccMoTpuM ciaenyromuii mpumep (Puc. 131). Ilycts B cucteme
3amyuieH /Ipoyecci, At KOTOPOTO CUCTeMa TIpH ero co3aanuu chopmupoana TOD1. 3atem sToT
IpoIIeCC, TOCPEACTBOM OOpallleHHss K CHCTEMHOMY BBI30BY OpPen(), oTKpbIBaeT (aiia ¢ UMEeHEM
name. 3To O3HaYaeT, 4TO B CBOOOTHOM MECTE 3TOM TaOJIUIBI 3aBOAUTCS (DalIIOBBIA JECKPUTITOD
ISl paboThl ¢ MaHHBIM (aiiom. B atoit 3amucn TO® XpaHUTCS CChUIKA Ha COOTBETCTBYIOILYIO
3amuch B T®. Ecnu daiin oTkpeiBaeTcs BIiepBbie B cUcTeMe, TO B TD 3aBOUTCS HOBAs 3aMKCh AJIs
paboTel ¢ 3TuM daiaoM. B maHHOW 3amucu XpaHUTCS yKas3aTelb YTCHHS/3aMCH, a TaKXKe
KOX(PUIIMEHT KPAaTHOCTH, KOTOPHIH B Hauaje yCTAHABIMBACTCS B 3HAYCHHE | — ATO O3HAYAET,
YTO C JAaHHOW 3amuchio TA accoruupoBaHa €JWHCTBEHHAs 3amuch W3 Kakon-muoo TOD. U,
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KOHEYHO, B JaHHOW 3amucu T xpanutcs ccbuika Ha 3anmuch B THUO®, coxpepikairyro
aKTYaJbHYIO KOIMHIO HHAEKCHOTO JeckpunTtopa oOpabarbiBaemoro daiina. Tabmuupr TO u
TUAO® xpaHar onepaTuBHYIO HWH(}OpMaIMoo, MOATOMY OHH pacnojaratotcs B O3V,
CootBeTcTBeHHO, (aiiioBasi cuctema, paborasi ¢ OoKaMH OTKpbITOro (aiina, omepupyer
JTaHHBIMH, XpaHUMbIMU UMEHHO B TUOD.

TO®,
THI0D TO
name L.
2| pointer; [¢ T
2 | Heckpunr. [ TO®D; @
1 pointer, [« .-
name q---""
TO®D;
name

Puc. 131. Oprannzanusi o6MeHa JaHHBIME ¢ paiinamMu.

[TycTp B cucteme mo3sxe ObuT 3amytneH /Ipoyecc2, KOTOPBINA TakXe OTKPbUT (aiiin hame. B
3ToM ciiyyae B T® 3aBoauTcs HOBasl 3alUCh, B KOTOPOM YCTAHABJIMBAETCS CBOM YKazarTelb
YTEHUs/3aiCH, HO 3Ta 3anuch TP OyneT ceparbes Ha TOT ke Homep 3anucu B TUO®D. Takoit
MEXaHHM3M TII03BOJISIET KOPPEKTHO (C CHCTEMHOM TOYKH 3peHHs) oOpalaThiBaTh CUTYyallUd
OJTHOBPEMEHHOW Pa0OTHI C OJHUM U TeM ke (PaijoM: MOCKOJIBKY B HMTOTE BCE CBOJUTCA K
€IMHCTBEHHON aKTyaJlbHOW KomuH WHAEKCHOro neckpuntopa B THUJIO®D, To pabora BeaeTcs ¢
COOTBETCTBYIOIIMMH Ostokamu ¢aiina. [Ipu 3ToM manHbIe Iporiecch paboTaroT ¢ GailiioMm Kax bl
«T0-CBOEMY», T.K. KaXJIbIi W3 HUX ONEpPUpPYeT HE3aBUCUMBIMU YKa3aTeNlIMU UTEHUS/3aIliCH,
XPAaHUMBIMH B Pa3IMUHBIX 3anucsax T.

Tenepb NpeanoyioKUM, YTO TOCIE OTKPBITHS (Qaitna name, /lpoyecci obpamnaetrcs K
cucreMHoMy BbI30BY fOrk() m moposkmaer cBoero moromka — Ilpoyeccs. Tlpu oOpaiieHun K
cucremaomy Bb13oBY fork() TO® poamrenbckoro mporecca komupyercs B TOD ChIHOBHETrO
npoiiecca. CooTBeTCTBEHHO, Bee 3anmucu TO®d3 OyayT cebuiaThest Ha T€ ke 3anucu Td, uro u
3anucu TO®1. DTO 03HAYAET, YTO NPHU MOPOKACHUU CHBIHOBHETO MPOLIECCA B COOTBETCTBYIOIINX
3anucax TP mpoucxXoIuT yBelaMueHHE Ha | cueTdyrka KpaTHOCTU. 3aMETHM, 4TO IOAO0OHBIN
MEXaHHM3M HaclleJJOBaHMs MOJpa3yMeBaeT, YTO CHIHOBHUH Mpoliecc OyaeT padoTaTh ¢ TeMHU ke
yKa3aTels MU YTSHHS/3aIUCH, YTO ¥ POJUTEIBCKHIA MpoIiecc.

PaccmoTpennass mojenb opraHuzalud oOMEHa JaHHBIMH ¢ (ailmamMu HMeeT CBOM
noctonHcTBa U HenoctaTku. Tak, TUO® pacnonaraercs B ornepaTUBHON MaMsITH. DTO O3HAYAET,
4YTO cTaHOBHUTCS 3 PexTuBHEe padoTa ¢ (PailoBON CUCTEMON, MOCKOIBKY YMEHBIIAETCS YHUCIIO
oOpallleHui K IPOCTPAaHCTBY MHJEKCHBIX JIECKPUIITOPOB (aillIoBOM CUCTEMBI, T.€. 3TOT MEXaHU3M
MOKHO CUMTaTh KOUIMPOBAaHHMEM CHCTEMHBIX 0OMeHOB. Ho 53Ta Monenb uMeeT TiIaBHBIN
HEJIOCTATOK, CBSI3aHHBIN C HEKOPPEKTHBIM 3aBEpIIEHHEM pabOTHI ONEPALIMOHHON CHCTEMBI: €CIIN
B CHCTEME MPOUCXOAMUT cOoM, To coaepkumoe TUIOD Oyaer moTepsHO, a 3TO O3HAYAET, YTO
OyayT moTepu u B (pailyIoBOM CUCTEME.
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4.2.6 TpeponpeaeneHHble HOMepa UHAEKCHbIX 4eCKPUNTOPOB

Jns xoppekTHOi M 3¢ ¢deKkTUBHONH paboThl (PaiaoBO CHCTEMBI HOMEpa HEKOTOPBIX
WHJIEKCHBIX JCCKPUTITOPOB 3apE3E€PBUPOBAHBI, T.€. UMEIOT (PUKCUPOBAHHOE (MPEIOTPEIeIEHHOE)
pasMeleHre B 00JIaCTH MHJCKCHBIX JIECKPUIITOPOB (HampuMep, KOpHEBOi katasor). HekoTtopbie
3ape3epBUPOBAHHbIC UHCKCHBIC JECKPUIITOPHI Ha puMepe daiinosoit cuctemsl Ext4 OC Linux:
0 - mecymectByromuii N1
1 - cnucok MOBPEXIEHHBIX OJIOKOB
2 - KOPHEBOH KaTajor
3 - KBOTHI IIOJIb30BaTENEeH
4 — rpynIoBble KBOTHI

8 - )xypHan

He3zapesepBupoBaHHOE 10O CUCTEMHBIEC HYXIbl HOMEPA HHICKCHBIX JECKPUIITOPOB HAYNHAIOTCS
co 3HaueHus 11.

426.1 AaroputMm noucka UJ1 ¢aiiiia npu ero oTKpbITHH

PaccMOTpHM yIPOIICHHBIN aNrOPUUTM IMOUCKA MHICKCHOTO AECKpUNTOpa (ailia Ha mpumepe
otkpbiTus (aina /dir/filename. B anropurme He Oynem paccMaTpuBaTh JCUCTBHS 1O TPOBEPKE
paB J0CTYyTIA.

1. CuyuteiBacm U] HOMep 2 (npemonpeneneHubiii Homep W]l - KOpHEBOH KaTayior «/») w3
00JIaCTH MHJEKCHBIX JIECKPUITTOPOB.

2. Tlomywaem mOCTymn K COAEPKMMOMY KOpHEBOTO (hailia-katamora (HCIOJIb3ys MAacCHB
aznpecoB 0mokoB /I 2) ocymiecTBisieM MOUCK 3amucy B (ailyie KOPHEBOTO Karajiora, B
KOTOpOU UM coBraaaeT ¢ dir, HoMep HHICKCHOTO JIeCKpUITopa B 3Toi 3amucu - UJ_dir.

3. CuutsiBaeMm coaepxxkumoe UJI_dir, momydaem goctyn K coiepkuMomy (haiiia-kataiora
/dir (ucmons3yst MmaccuB aapecoB OmokoB MJI_dir) u ocyiecTBisseM MOMCK 3amucH, B
KOTOpOl HMMs COBMajgaeT ¢ MMEHeM (aiina-karaigora filename, HoMep HWHAEKCHOTO
neckpunTop B 1ok 3amucu - UJI_ filename.
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5 YnpaBneHue onepatuBHOU NaMATbIO

ByneM roBOpUTh 0 QYHKIHUSAX yIPABICHUS ONEPATUBHON MaMSTHIO B KOHTEKCTE PEIICHHS
CIIEyIOIIMX OCHOBHBIX 3a1ad. Bo-NepBhIX, 3TO OCYyIIECTBICHUE KOHTPOJS HCIOJb30BaHUSA
PEeCypcoB, T.€. YUET COCTOSIHUSI Ka)X0W TOCTYITHOW B CUCTEME €AMHMIIBI TaMATU (CBOOOHA OHA
WIH paclpeieiieHa).

Bropoii 3anaueit siBisieTcs BbIOOp CTpaTeruu pacrpeaeiaeHus naMartu. MiHeIMu cioBamu,
pelaercs 3a/1a4a, KakoMy Ipolieccy, B TCUEHUE KaKOro BpEMEHHU U B KAKOM 00beMe J10JIKEH ObITh
BbIJIEJICH COOTBETCTBYIOLIUHN pecypc. CTpaTerus pacnpezesieHus: MaMsaTH SBJISETCS JOCTaTOYHO
CJI0’KHOM 3aJ1a4eil TUIAaHUPOBAHUS.

KonkpeTHoe BblieneHHE pecypca TOMY WJIM HHOMY HOTPEOUTENIO SIBISETCS TpeTheil
3azadeil ynpasinenus O3Y. Orta nojzajgaya ciexyeT 3a IpeplIylliel 3afadell MIIaHUPOBaHUA:
1ocjie peueHus 3aJadd, KakoMy IpOLECCy CKOJbKO BBIIEIUTH NMaMATH U Ha Kakoe BpeMs (B
COOTBETCTBUM C HAJMUUEM pecypca), CIEeAyeT olepauus HENOCPEICTBEHHOIO BbIIENEHHs. DTO
O3HAYaeT, 4TO JIs MPEeJOCTaBISIEMOr0 pecypca HAET KOPPEKTUPOBKA CUCTEMHBIX JIaHHBIX
(HampuMep, U3MEHEHUE CTaTyca 3aHATOCTH), a 3aTEM BblAaya ero HoTpeOUTEIIIO.

U, nakoHel, yeTBepTON 3a7aueil sBISETCS BBIOOP CTPATErMM OCBOOOXKICHHS MaMSTH.
OcBo0OXk/1eHHEe NaMsITH MOKHO pacCMaTpUBaTh ¢ ABYX ToyeK 3peHHs. C OJHON CTOPOHBI, 3TO
OKOHYATEJIbHOE OCBOOOKJEHUE NaMATH, MPOMCXOJsIIee B cllydyae 3aBepLUEHHUs Ipolecca U
BBICBOOOXKIEHHS pecypca. B 3ToM KoHTeKcTe 3a1aua ToCTaTOYHO AETEPMUHUPOBaHA U HE TpeOyeT
KaKuX-1M00 aJrOPUTMOB IUIAHUPOBaHUS U MNpuHATHS peweHus. C  apyrod  CTOpPOHBI,
0CBOOOK/ICHHE TAMSITH MOXKET PaCCMAaTPUBATHCS KakK 3a/1a4a NPUHATHS PELISHUs B clydae, KOora
BCTaeT MOTPEOHOCTh BHICBOOOAMUTH (DPU3MUECKYIO MaMATh M3-II0JI KaKOro-TO IMpoLecca 3a CHeT
OTKAYMBAHMSA BO BHEIIHIOK MaMATh, YTOObI Ha OCBOOOJMBIIEECS MPOCTPAHCTBO MOMECTUTh
JIaHHbIE JIpyroro mponecca. Takas 3ajaya y)Xe He TpUBHAJbHA: HEOOXOAUMO PEIIUTH, MaMATh
KaKoro mpoliecca HEOOXOJUMO OTKayaThb M Kakas MMEHHO 00JacTh MaMsITH y BBIOPAHHOTO
nporecca OyaeT ocBoO0KIaThCs. B mpuHIIMIIE MOXKHO OTKayaTh BECh MPOLIECC, HO 3TO 3a4acTyI0
Hed(pPeKTUBHO.

Huxe OynyT paccMOTpeHBl pa3iUyHbIe CTpAaTEerMM OpraHU3alluy ONEepaTHMBHOW MaMsTH
(oAMHOYHOE HEMpPEepPBIBHOE pacHpeiesieHHe, paclpesieieHue pas3jeiaMu, paclpeseieHne
nepeMenaeMbIMU  pa3jieflaMi, CTPaHUYHOE paclpefielieHne, CETMEHTHOE paclpelielieHHe u
CEerMEHTO-CTPAaHUYHOE pACIIpPEesIeHNe), a TaKkKe METOoAbl ympaBieHus eto. Ilpu stom npu
00CYXICHUH KaXKI0M CTpaTeruu OyieM oOpaimiath BHUMaHUE Ha €€ OCHOBHBIE KOHIIEIIINY, Ha T
anrmapaTHble CPeJCTBa, KOTOPble HEOOXOAUMBI ISl MOAJIEpKaHUs JaHHOM MOJIeNH, Ha THIIOBbIE
AITOPUTMBI, a TaKke 0yJIeM paccMaTpUBaTh OCHOBHbBIE IOCTOMHCTBA U HEJIOCTATKH.

5.1 OOQuHO4YHOEe HernpepbIsHOe pacrnpedesieHuUe

Jannas mopenp pacrpeneneHust onepatuBHoi namsatu (Puc. 132) asnsercsa oaHoil u3
CaMbIX TIPOCTHIX ¥ OCHOBBIBAETCSI HA TOM, YTO BCE aJ[PECHOE MPOCTPAHCTBO TMOJPA3IEISIECTCs] Ha
JIBa KOMIIOHEHTa. B ogHON yacTu mamsATH pacnojaraetcss M (yHKIMOHMPYET OIepalMoHHas
cUcTeMa, a Apyrasi 4acTh BIJIEISICTCS TSI BRITIOTHEHUS IPUKIIATHBIX TTPOIIECCOB.

[Ipu TakoMm moaxoje HEe BO3HUKAET OCOOBIX OpraHM3allMOHHBIX TpyaHocTed. C TOUKH
3peHHst 00ecrieueHusI KOPPEKTHOCTH (PYHKIIMOHUPOBAHUS 3TOM MOJIEH, HEOOXOIMMO anmapaTHO
00eCTIeunTh «BOAOPA3AET» MEXKAY MPOCTPAHCTBAMHU, IIPUHAICKAIUMH OTIEPAIIMOHHON cUCTEMe
U TI0JIb30BaTEIILCKUM TIpoIieccoM. J[iis 3THX menel 10CTaTOYHO MMETh OJUH PErHCTp TPAaHHIIbL:
€CJIM TOJTy4aeMbIil MCTIOTHUTENIBHBIA aIpec OKa3bIBACTCSl MEHBIIIE 3HAUCHHS ATOTO PETUCTPaA, TO
9TO ajpec B MPOCTPAHCTBE ONEPAMOHHON CHCTEMBI, MHaYe — B IPOCTPAHCTBE IMporecca. Takas
peanu3alysi MOKET COUeTaThCs C allapaTHON MOAIEPKKON ABYX PEKUMOB (PYyHKITMOHUPOBAHMS:
HOJTb30BaTENbCKOro pexknma u pexkruma OC. Eciu B pexxrMe moap30BaTesst HPOUCXOIUT HOMBITKA
0o0patuThcs B 001aCTh MaMATH ONEPAMOHHONW CHUCTEMBI, BO3HHKAET NMpPEphIBaHUE. AJITOPUTMBI,
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UCIIOJIb3yeMbIC MPU TAKOM PACHpEACTICHUH, TOCTATOYHO MPOCThI, U MBI HE OyJeM HX 31eCh
00CyXI1aTh.

oC

Peanvno
Ucnob3yemcs

7
% Bwvioeneno, no
\ % He ucnob3yemcs

Puc. 132. OquHo4YHOE HeNpepbIBHOE pacnipeaesieHue.

Hocmynno <
(6v10eneno)

K noctomHcTBaM naHHOW MOAETM OTHOCHUTCS KOHIENTYyallbHash IMPOCTOTa BO BCEX
oTHOIEHUIX. B YaCTHOCTU, MUHUMAJIBHBIC aIlllapaTHBIC Tp€6OBaHI/I$[ HJIN OTCYTCTBUC TAKOBBIX,
kak B OC Microsoft DOS, B koTopoii gake He OBUIO PErucTpa I'paHMI] U IOJIB30BATEILCKUM
npouecc Mor oopamarses k oonactu OC.

Cpenu HENOCTAaTKOB MOXHO OTMETUTb, BO-TIEPBBIX, HEI(Y(HEKTUBHOE HCIIOJIB30BAHUE
¢u3mueckoro pecypca: 4YacTh MaMSTH, BBIACIAEMOW IIOJ MPOIECC, HHUKOI/IA pPEalbHO HE
UCTIONB3yeTcs. Bo-BTOpBIX, MpoIecc 3aHMMAaeT BCIO MaMITh IOJHOCTBIO Ha BCE BpEMS
BeIMOJIHEHHUs. HO peanbHO OKaspIBaeTcs, YTO 3a4acTylo oOpalieHHus mnpolecca K HamsTd
IPOUCXOIAT B JIOCTATOYHO JIOKAJIM30BAaHHBIE YYacTKH, a Oojiee WM MEHee paBHOMEPHOE
oOpalleHe Ko BCEMy aJpeCHOMY IIPOCTPAHCTBY IIpoliecca ciIydaeTcs o4eHb penko. Ilomyuaeres,
YTO JIaHHAsI MOJIENTb UMEET eIlle M HeIBHYI0 Hed(p(PEeKTUBHOCTH 3a CYET TOTO, UTO ITOJT BCE aIPECHOE
IPOCTPAHCTBO IIpOIiecca OTBOJUTCS Cpa3y Bce HE0OXoanmoe (PU3UUECcKOe MPOCTPAHCTBO, XOTS
peanbHO Tporecc padoTaeT JMIIb C JIOKAJbHBIMH ydYacTKaMu. [, HaKkoHel, B-TPETHUX,
paccmarpuBaemMas MOJIETb KECTKO OTPaHUYMBAET pa3Mep MPUKIIaJHOTO Mpoliecca.

5.2 PacnpedesnieHue Henepemeuw,aemMbIMu pa3oesnamu

Hannas Mozenb ctpoutcs mo cienyromuMm npuniunam (Puc. 133). Onsate ke, Bce
aJpecHOe MPOCTPAHCTBO ONEPATUBHON MaMSITH A€TUTCs Ha JBe yacTH. OJ1Ha YaCTh OTBOJUTCS MO
OTIEPALIMOHHYIO CUCTEMY, BCE OCTaBIIEECS MPOCTPAHCTBO OTBOJIUTCA MOJA pabOTy MPHUKIIATHBIX
MPOIIECCOB, MPUYEM 3TO MPOCTPAHCTBO 3a0JIarOBpeMEHHO JenuTcss Ha N dacteil (Ha30BeM HX
pazoenamu), Kaxaas U3 KOTOPbIX B OOLIEM CiIy4yae MMEET NPOU3BOJIBHBIM (DUKCHPOBAHHBIM
pa3Mep. OJTa HAcTpoliKa MPOUCXOJUT HAa YPOBHE OINEparoHHON cuctembl. COOTBETCTBEHHO,
ouepeib MPUKIAIHBIX IPOLECCOB PA3ENIAETCs IO TUM pa3ieiaMm.

CyIecTByIOT KOHIENTYyaJIbHO JiBa BapuaHTa opraHu3anuu 3Toil ouepenu. [lepoiit
BapHaHT (BapuaHT b) mpenmonaraeT Hamuuue €JUHCTBEHHOW CKBO3HOW oOuepeld, KOTopas Io
KaKHM-TO COOOpaKeHUSIM pactpeiessieTcs MeXIy STUMHU pasjieraMu. Bropoii BapuaHT (BapraHT
A) OpraHmM3oBaH Tak, YTO C Ka)JbIM pa3/IeJIOM aCCOLIMUPYETCS CBOSI OYepelb M MOCTYMAIOMINN
IIPOLIECC Cpa3y MOIAJaeT B OHY U3 3TUX ouepeaeil.

CyI1ecTBYIOT HECKOJIBKO CIIOCOOOB ammapaTHOW peanu3anuu JaHHoi moaenu. C omHOM
CTOPOHBI, 3TO UCHOIb30BAHUE OBYX PE2UCMPOE CPAHUY, OTUH U3 KOTOPBIX OTBEYAET 3a HA4AJIO, &
BTOPOIl — 3a KOHEIl 00JIaCTH MPUKIATHOTO Tpolecca. BrIXxoa 3a Ty WM MHYIO TPAaHUILy BEAET K
BO3HUKHOBEHUIO MTPEPHIBAHUS 110 3aUTE MTAMSTH.
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oC

—— —— _
N éxoonvix ouepeoeii Oona ouepeow
(Bapuanm A) (Bapuanm b)

Puc. 133. Pacnpenesnenue HemepeMeaeMbIMHU pa3aeaiaMu.

PaccmotpuM Tenepp anropuTMbl, NPUMEHSEMbIE B JAHHOM MOJEIU pPaCIpeNelICHUs
namstd. CHayana paccMOTpUM alropuT™ i mojenu ¢ N oyepensimu. CoOpTHUpOBKa BXOIAHOMN
ouepeu MPOLECCOB MO OTACIbHBIM OYEPEIIM K pasjiesiaM CBOAUTCS K TOMY, YTO MPUXOSALIUN
MPOLIECC pa3MeIlaeTcss B pas3zesiec MUHUMAJIBHOTO pa3Mepa, AOCTATOYHOTO JUIS pa3MelleHus
JAHHOTO TIpoliecca. 3aMEeTHM, YTO B OOIIEM Cilydyae HE TapaHTUPYEeTCS paBHOMEpHas 3arpy3ka
BCEX ouepesei, yTo BeJeT K HedP(PEKTUBHOCTH UCIOIb30BaHUS MaMsTH. BO3MOXHBI CUTyaluH,
KOIZla K HEKOTOPBIM pazjielaM MUMEITCS OOJbIIME OYepeau, a K paszenaM OOJbIIEro paMepa
ouepeieil BOOOIIE HET, T.€. BO3HUKAET npoliiemMa Hel03arpy3Kd HEKOTOPBIX pa3iesioB.

Jlpyrast Mozielb ¢ €IMHOM OYepe/Ibio MPOLIeCCOB sBIsieTcs: Oosee TuOKoi. Ho oHa mmeer
cBou mpoOnembl. B wacTHOCTH, BO3HHMKaeT mpoOjema BbIOOpa mpolecca M3 O4Yepenu s
pa3MeIeHust ero B TOJIBKO YTO OCBOOOIMBIIHUIACS pa3aed.

OnHo W3 pemieHui yKa3aHHOM MpoOIeMBl MOXKET COCTOATH B TOM, YTO W3 OYepeau
BBIOMPAETCS MEPBBIN MPOIIECC, MOMEIAIIINUNCS B OCBOOOAUBIIIEMCS pa3jiene. Takoi aaroputM
JIOCTaTOYHO TMPOCTO U He TpeOyeT MmpocMoTpa Bceil ouepeau mporeccoB. Ho B aToM ciydae
3a4acTyl0 BO3MOXKHBI CUTYallMl HECOOTBETCTBUS pa3MEpOB Ipoliecca U pas3zelia, Korjaa rnpouece
HAMHOTO MEHbIIE OCBOOOAMBILIErocs paszzena. ITO MOXKET MPUBECTH K TOMY, UYTO MaJeHbKHE
MIPOIECCHI OYIYT «IOAABISATHY» O0Jiee KPYITHBIC MPOIECChI, KOTOPhIE MOTJIA ObI IIOMECTHUTHCS B
0CBOOOIMBIIIEMCS pa3iee.

Hpyroe peuieHue mpeasiaraeT, HaIpOTUB, UCKATh B OYEpPEU IMPOIECC MAKCUMAJIBHOTO
pa3Mepa, MoMeIaIuics B ocBoboauBIIMiica pa3aen. O4eBUAHO, JaHHBIN alIrOpUTM TpedyeT
IPOCMOTpa BCEl ovepen MPOIECcCOB, HO 3aTO OH JIOCTATOYHO 3((HEKTUBHO 00XOAUT MpodiIemMy
dbparmenTanmu pasnena (BOZHUKAIOIIYIO, KOT/Ia «MAJIEHbKHUID MPOIIECC 3arpyKaeTcsi B KPYIMHbII
paszen, U ocTaBLIasCsl 4acThb pasjena MpocTO He ucmoisb3yercs). Kak criencTtBue, NaHHBIN
AITOPUTM TOJpPa3yMeBaeT AUCKPUMMHALIMIO «MAJIEHBKHX» MPOILIECCOB MPU BHIOOPE OYEPETHOTO
nporecca Jijisi IOCTaHOBKHU Ha UCIIOJIHEHUE.

UroObl M30aBUTHCS OT MOCIHEAHENW MPOOJIEMbI, MOXXHO BOCIOJIb30BaThCS HEKOTOPOM
MoauGUKaAIeld BTOPOTO pEIICHHs, OCHOBAHHOW Ha cleayiomeM moaxojne. s Kaxmaoro
mpolecca HMMEETCs CUeTYMK AuckpuMuHauuu. [log oOuckpumunayueir OyneM TOHUMATH
CUTYyaIMIO, KOTJIa B CHUCTEME OCBOOOIWIICS pa3fell, JOCTATOYHBIM s 3arpy3KH HEKOTOPOTO
nporiecca, Ho cuctema manupoBanusi OC ero npomyctiiia. COOTBETCTBEHHO, MPHU KaxI0H Takou
JAUCKPUMHHALIUK U3 CYHCTUYUKA JUCKPHUMHWHAIIUU JAaHHOI'O ITPOLCCCa BbIUUTACTCA CANHULIA. Torna
IIPU IPOCMOTPE OUYEPEIU TNIAHUPOBIIUK CHaYaja MPOBEPseT 3HaYCHHE STOTO CYETUMKA: €CIIH OHO
PaBHO paBHO HYJIO U MpOLECC MMOMEMIAETCs B OCBOOOAMBIIEMCS pa3jeiie, TO IUIAHUPOBIIUK
00s13aH 3arpy3uTh JaHHBINA MIPOLIECC B 3TOT pa3Jien.

K nocronHcTBaM JaHHON MOJAENN paclpeesieHUsl ONIEPaTUBHOM MaMsATH MOYKHO OTHECTH
IPOCTOTY  alMapaTHbIX CPEACTB OpraHU3alMi  MYJIbTUIPOrPaMMHUPOBAHUSA  (HampUMep,
UCIIOJIb30BAaHUE JIByX PErMCTPOB IPaHUI]) U IMPOCTOTY MCIONb3YyEMBbIX aJropuTmoB. Crenaem
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HebOosbIoe 3ameuanue. Eciu peus uaet o monenu ¢ N ouepeisiMu, TO HUKAKUX JTOMOJTHUTENbHBIX
TpeOOBaHUI K peann3aui He BOZHUKAaeT. M0XKHO Tak BCE OPraHU30BaTh, YTO MOTOTABIMBACMBIN
MPOLIECC B 3aBUCUMOCTH OT €T0 pa3mepa OyIeT HacTpauBaThCs Ha aJjpecalliio COOTBETCTBYIOIIETO
paznena. Eciom ke peub MAET O MOJEIM C €AMHOW OuYepebl0 MPOLECCOB, TO MOSBISETCS
TpeOOBaHUE K MIEPEMENIAeMOCTH KOJIa, ITO e TpeOoBaHKe J00ABIACTCS U K allapaTHON 4acTH.
B nannowm ciydae 310 peructp 0a3bl, KOTOPBII MOKET COBIIAJaTh C OJIHUM U3 PETUCTPOB I'PAHUIL.

K HepocTaTkaM MOKHO OTHECTH, BO-TIEPBBIX, BHYTPEHHIOK ()parMEHTAIMIO B pa3/enax,
IIOCKOJIBKY 3a4acTylO IMPOLECC, 3arpyKEHHbIN B pa3fiell, OKa3bIBAETCSI MEHBIIETO pa3Mepa, ueM
JaHHBIN paszzaen. Bo-BTOPBIX, 3TO OrpaHUYEHUE MPEAEIBHOIO pa3Mepa NPUKIAJHbIX IPOLECCOB
pa3MepoM MakcuMalbHOTO usndeckoro pasznaena O3Y. U, B-TpeThHX, OMITh-TAKH BECh MPOIIECC
pa3Meniaercs B MaMsITH, YTO MOXET MpUBECTH K HedPPEKTUBHOMY MCIIOJIB30BAHHUIO pecypca
(TIOCKOJIBKY, KaK YIIOMHUHAJIOCH BBIIIE, 324aCTYI0 MPoLecc paboTaeT ¢ JOKATU30BaHHOM 001aCThIO
MIaMSITH).

5.3 PacnpedeneHue nepemewaeMbIMu pa3denamu

HNannas wmonens pacnpenencHus (Puc. 134) paspemaer 3arpy3Ky MpPOHU3BOJIBHOTO
(He(hMKCUPOBAHHOTO) YHCJIAa TPOIECCOB B OINEPATUBHYIO MaMsTh, W TOJA KaXJIbli TpoIecc
OTBOJIUTCS pa3ziesl HeoOXxoauMoro pazmepa. COOTBETCTBEHHO, CUCTEMA JO0MYCKAET MepeMeIeHIE
pasjena, a, ClIeZIoBaTelIbHO, U Iiporiecca. Takol Mo X0 1 Mo3BoJIseT H30aBUTHCS OT (hparMeHTaIUH.

oC oC oC
V1 V1 V1
(mporrecci) (mporrecca) (mporiecci)
Vo V3 V3
(cBobOHHE) (mportecc?) [ (rporecc?)
V3 V4 V4
(mporreccy) (mporeccs) (mporreccs)
V4 X Vo+%Vs
(rporreccs) (Cose6568) (mporecca)
Vs
(cBOOOAHE)

Puc. 134. Pacnipenenenne nepemMeniaeMbIMH pa3ieaaMH.

[To Mepe PpyHKIIMOHUPOBAHUS ONEPALIMOHHON CUCTEMBI MOCIIE 3aBEPLICHUM TE€X MIM UHBIX
IpPOIIECCOB  NPOCTPAHCTBO ONEPATUBHOW MaMATH CTAHOBUTCA Bce Oonee U Oonee
(parMeHTUPOBAHHBIM: B MaMSITH MPUCYTCTBYET MHOYKECTBO HEOOJIBIINX YYaCTKOB CBOOOJHOTO
IPOCTPAHCTBA, CYMMAapHbI 00BEM KOTOPBIX MO3BOJSET MOMECTUTh JOCTAaTOYHO OOJBIION
npoIecc, HO KaXAbI M3 3TUX y4YaCTKOB MEHbIIE pa3mepa 3Toro mpouecca. Jas 6oprObI ¢
(dparmMeHTanuen UCIoab3yeTCsl CleMaIbHbIN Ipolecc Komnpeccuu. [laHHas Mozienb MO3BOJISET
UCIIOJIb30BaTh KOMIIPECCHIO 3a CYET TOro, YTO MCHOJIHSIEMBIH KOJ IPOLIECCOB MOKET
[IEPEMEILATHCS 110 ONEPAaTUBHON MaMSATH.

OueBuaHO, YTO B OOILIEM Cily4yae oOmepanuss KOMIPECCHU AOCTATOYHO TpPyJOEMKas,
MI03TOMY CYLIECTBYET psii OAXO0A0B IJis €€ opranu3anyu. C 0qHON CTOPOHBI, KOMIIPECCHS MOKET
OBITh JIOKAJIBHOW, KOTJa CHCTeMa s BBICBOOOXKIEHHS HEOOXOIUMOTO MPOCTPAHCTBA
nepeABUraeT HeOOoJbIIoe KOJIMYECTBO MPOLIECCOB (HampuMep, J1Ba rnpouecca). C 1pyroi CTOpOHBI,
BO3MO>KEH BapUaHT, KOTJja B HEKOTOPBI MOMEHT CUCTEMA NPUOCTAHABINBAET BHINOJIHEHUE BCEX

249



MIPOLIECCOB U HAUMHAET UX MepeMellaTh, HalpuMep, K HayalbHOMY aJpecy ONepaTUBHOM MaMATH,
torga B koHne O3Y okaxeTcst BCs cBOOOIHAS MaMsATh. TakuM 00pa3oM, CTpaTeruu 3/1eCh MOTYT
OBITH PA3HBIMH.

Uro kacaeTcs anmapaTHOW NOANEPKKH, TO 34ECHh OHA AHAJIOTMYHA MPEIbIAYIIEH MOJIEIIHU:
TpeOyIoTCs anmnapaTHble CpeACTBa 3aIIUThI MaMsITH (PErUCTPHI IPAaHUIl) U alfapaTHbIE CPEICTBA,
MO3BOJISIIOIINE OCYUIECTBIATH IEepeMelleHHe MpoIeccoB (B OONBIIMHCTBE CIIy4aeB AJS STHX
LeJIeH UCTIONb3yeTCs PerucTp 0a3bl, KOTOPbIN B HEKOTOPHIX CIIydasX MOXKET COBIAAATh C OJTHUM
U3 PErHCTPOB rpaHwmil). Vcmonb3yemble anrOpUTMBI TaKXKE JOCTATOYHO OYEBHIHBI U MOTYT
HAIIOMHMHATH AJITOPUTMBI, PACCMOTPEHHBIE ITPH 00CYXKACHUU MPEIbITyIIEeH MOJIEIH.

OCHOBHBIM JJOCTOMHCTBOM JIAHHOM MOJICIIN PacTIpeeIICHUS TaMSTH SIBIISCTCS TUKBU QIS
¢parmentanuu  namsaTH. OTMETUM, 4YTO Ui CHCTEM, OpPUEHTHUPOBAaHHBIX Ha paboTy B
MYJIBTUIIPOTPAMMHOM TIAKETHOM peXHMME (KOT/Ia MOYTH KaKIbI MPOIECC SBIISETCS OoJiee WIIn
MeHee OOJIbIION BBIUMCIUTEIBHOM 3amadeii), 3amadya aedparMeHTanuy (Wi KOMIIPECCHUHU) He
UMEET CYIIECTBEHHOTO 3HAYCHHUSI, TIOCKOJIbKY JIJISI MHOTOYaCOBBIX BBIYMCIUTEIBHBIX 3371249 peKast
MUHYTHas IPUOCTAHOBKA JJIsi COBEPIICHHSI KOMIIPECCHH Ha 3()(HEKTUBHOCTh CUCTEMBI HE BIIUSET.
CoOTBETCTBEHHO, JaHHAS! MO/IEIh XOPOIIO MOAXOIUT IS TAKOTO KJIacca CHCTEM.

Ecnu >xe, HanmpoTUB, cuctemMa npegHazHadeHa ajsi 00paboTku OOJIBIIOro MOTOKA 3a/1ady
MOJIb30BAaTENICH, PabOTAIONIMX B MHTEPAKTHBHOM PEXHME, TO KOMIIPECCUS OYIET ITOCTATOYHO
4acTOM, a MPOIOJKUTEIIBHOCTh KOMIIPECCHH, C TOYKU 3PEHUS MOJIb30BaTeNsl, OyJeT JOCTaTOYHO
00NBIION, YTO, B KOHEYHOM cueTe, OyAeT OTpUIATelIbHO CKa3bIBaTbcd Ha 3(PQeKTHBHOCTU
M0I00HOM CHCTEMBI.

K wHemoctatkam JaHHOW MOJENH HEOOXOAMMO OTHECTH OIMSTh-TAKH OTPAHHYCHUE
IpesIeIbHOr0 pa3Mepa MPUKIaTHOTO Ipolecca pa3MepoM dpuznyeckoit namsatu. 1, Tak uiam unaue,
9TO HAKJIa/IHbIC PACXOJIbI, CBSI3aHHBIE C KOMITpEecCcHel. B oHIX crcTeMax OHU HEeCyIIeCTBEHHBI, B
JIPYTUX — HAMpPOTHUB, UMEIOT OOJIBIIOE 3HAUCHHE.

5.4 CmpaHu4Hoe pacrnpedesieHue

006 aTo0il MOAEeNN paclpeneseHUs] ONIEPATUBHOM MaMsTH YK€ LIUIa peub paHee, HO Toraa
nepesl HaMU CTOsUIa 3ajjaya JIMIIb BBECTH YUTATelNs B Kypc Jelia, - B 3TOM K€ pazfene OyayT
o0cyxkaaThcst 6oJiee moAPOOHO COBPEMEHHBIE MOX0/IbI CTPAHUYHON OpraHU3allUU TTAMSITH.

JlaHHast MO/IeNTb OCHOBBIBAE€TCS HA TOM, YTO BCE aJPECHOE MPOCTPAHCTBO MOXKET OBITh
MPEJICTABJICHO COBOKYITHOCTBIO 0J0KOB (pukcupoBanHoro pasmepa (Puc. 135), xotopsie
Ha3bIBAIOTCS cmpanuyamu. EcTb eupmyanvnoe aodpecnoe npocmpancmeo — 35TO TO
IPOCTPAHCTBO, C aJpecaMu KOTOPOIrO ONEpUpYET Mporpamma, U qhuzuueckoe aopecHoe
HPOCMPAHCMEO — DTO TO TPOCTPAHCTBO, KOTOPOE €CTh B HAJMUYUKU B KOMIIbIOTEpE.
COOTBETCTBEHHO, IIPU CTPAHUYHOM PpACIPEAEICHUM MaMATH CYIIECTBYIOT INPOrpaMMHO-
amnmapaTHble CPE/ICTBA, MO3BOJSIONIUE YCTAHABIMBATH COOTBETCTBUE MEX]Y BUPTYaTbHBIMH U
¢u3ndeckuMu cTpaHUIaMd. MexaHu3M NpeoOpa3oBaHusl BUPTYAILHOTO ajapeca B (HU3MUECKUit
o0cy>kancs paHee, OH IOCTaTOYHO MPOCT: OepeTcss HOMEP BUPTYaIbHON CTPAaHUIIBI  3aMEHSETCS
COOTBETCTBYIOIIIUM HOMEPOM (PU3UUECKON CTpaHUIIbL. Takke OTMEYaNoch, YTO JJIsl OTHX Ieieh
UCTIONB3YETCS T.H. MaAbauya cmpanuy, KoTopast eJIUKOM SIBIISIETCS anmapaTHOW, YTO Ha CaMOM
Jene sABNSeTcs OONIBIIMM  YIpoIneHHeM. Eciaum paccMOTpeTh COBpEMEHHBIE MAIlWHBI C
COBPEMEHHBIM 00bEMOM BUPTYaILHOTO aJPECHOTO MPOCTPAHCTBA, TO OKAXKETCS, YTO 3Ta TabIuIa
Oyner oueHb OoibmIO 1o pasmepy. COOTBETCTBEHHO, BO3HMKAET BAXKHbBIM BOMpOC, Kak
OCYUIECTBIISATh YKa3aHHOE OTOOPaKEHUE BUPTYaAJIbHBIX aAPECcOB B PU3NYECKUE.
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Bupmyanwvnoe

aopecroe np-60 IlIpocmpancmeo

dusuueckoii nanamu

¥ BUPTYyaJIbHas

0
% cTpaHuna 0
x 1
3 P 2
3
L1
K3 x
K2 x
K-1

Puc. 135. Ctpanu4Hoe pacnpeneneHue.

OTBeT Ha MOCTABJICHHBIA BOIPOC, KaK BCEr/a, HEOJHO3HAYHBI M MMEET HECKOJIbKO
BapuaHTOB. llepBoe pemieHue, nmpuxojsiiee Ha yM, — 3TO IOJHOE pa3MeElIeHHuEe TaOIuIlbI
npeoOpa30BaHUsl aIPECOB B allllapaTHOMN YaCTU KOMIIbIOTEPA, HO 3TO pEUICHUE TPUMEHUMO JIUIIIb
B T€X CHCTEMaXx, IJIe KOJIMYECTBO CTPaHUIl He3HauuTenbHoe. [IpuMepoM Takoil cucTeMbl MOKET
ciyxuth MamuHa BOCM-6, koropas umena 32 BUpTyalbHbIE CTPaHHUIBL, U Bca Tabmuua ¢ 32
CTpOKaMH pacriosiaranack B mpoueccope. Eciu xe Tabnuia noydaercs 601bI10i, TO BOSHUKAIOT
cJeayroIue npoodeMbl: BO-TIEPBBIX, BHICOKAsi CTOMMOCTD alMapaTHON MOAJIEPKKHU, a BO-BTOPBIX,
HEO0OXOAMMOCTh MOJTHOW Mepe3arpy3Ku TabJIUIbl TPU CMEHE KOHTEKCTOB. Ho mpu 3TOM CKOpOCTh
npeoOpa3oBaHus OKA3bIBAETCS IOBOJILHO BBICOKOIA.

AJNbTEpHATUBON CIyXKUT peEIIeHUE, MPEIoJiaralpilee XpaHeHHe TaHHOW TaOJIWIbl B
OTIepaTUBHOM MaMSITH, TOT/Ia KaX10€ TIpeoOpazoBaHue MPOUCXOTUT yepes oopamienue k O3V, 9o
coBceM HeaddexTuBHO. K ammaparype npeabsBIsSIOTCs ClIeayomue TpeOOBaHUs: TOJDKEH OBITh
perucTp, cchliarommiics Ha Hadajno Tabmumel B O3Y, a Takke JODKHO —ammapaTHO
MO/JIEPKUBATHCS OOpaIeHHue B OMIEPATHBHYIO MAMSATH MO aJpPEeCy, XPaHAIMIEMYCsS B YKa3aHHOM
perucTpe, 3BIECYCHUE JaHHBIX U3 TAOIHIIBI  OCYIIECTBICHHUE TPEOOpa3OBaHus.

Bo3MOXXHO ONTUMHU3UPOBATH PACCMOTPEHHBINM TMOAXOJ 3a CYET HCIOJb30BaHUS
ommpoBanuss L1 wmm L2. C ogHOM CTOPOHBI, MOCKONBKY K TaONHIIE CTPAHUI[ MPOUCXOIUT
MOCTOSTHHOE OOpaIlieHne, CTpaHWYKWA W3 JaHHOW Tabmuisl «3aBucarom» B KOllle. Ho, ecnu B
KOMIIBIOTEpe uctonb3yercs Beero onud KOIII u qyist moToka ympaBlieHus, ¥ ISl IOTOKA IaHHBIX,
TO B 3TOM CJIy4ae yepe3 Hero HarpasisieTcs ellle U MOTOK Mpeodpa3oBanus crpanuil. [lockonbky
9TH TIOTOKA MMEIOT CBOM OCOOEHHOCTH, TO J0OaBIEHHUE JOMOJHUTEIHHOTO MOTOKA CO CBOMMU
WHIMBUTYTBHBIMHU XapPaKTEPUCTUKAMH MTPUBEIET K CHIKCHHIO 3(PPEKTUBHOCTH CUCTEMBL.

CToOuT Takke OTMETHUTh, YTO B COBPEMEHHBIX CHCTEMax TaOJHIIBI CTPAHUI] KaXKIOTO
mpoIiiecca MOTYT OKa3aThCsl JOCTATOYHO OOJBITUMU, - MyJabTHIIporpammubie OC moaaep KuBaroT
00paboOTKy COTEH WM JaXXe€ ThICSY TPOIECCOB, MOATOMY JEp>KaTh BCIO TAOJIMIly CTPAaHUIl B
ONEpPaTUBHON MaMSTH TaK)Ke OKa3bIBAE€TCS NOPOTHM 3aHATHEM. C Ipyroil cToponsl, eciu B O3Y
XPaHUTh JIUIIb OMEPATUBHYIO YacTh ATOW TAOMUIIBI, TO BO3HUKAIOT MPOOJIEMBI, CBS3aHHBIE CO
CMEHOHM TIPOIEeCCOB: HEOOXOoAMMO OyneT 4acTh TaOJUIlbI OTKAYMBATh BO BHEIIHIOK MaMATh, a
4acTb — HAO0OpOT, TMOAKAYMBAaTh, YTO SBISAETCS JIOCTATOYHO TPYJOEMKOW 3aadei.
COOTBETCTBEHHO, BO3HHUKAeT mpoOsiema opraHuzanuu 3G(HEKTUBHONH paboOThl ¢ TadOIuIEeH
CTpaHUIl, 9YTOOBI BOSHUKAIOIINE HAKIIATHBIC PACXO bl HE TPUBOIWIH K JETPATAllid CUCTEMBI.

[ToMrMoO yka3aHHBIX MOAXOJIOB K pa3MEUICHHUIO TaOJIUIbI CTPAHHULL, KAXK]IbIF U3 KOTOPBIX
UMEET CBOM IMPEHMYIIECTBA W HEJOCTATKH, B PEATbHOCTH NPUMEHSIOT CMEIIaHHBIC, WU
TUOPUJIHBIE, PEIICHUS.
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YTo KacaeTcs UCTOIb3yEMBIX AITOPUTMOB U CITOCOOOB OPraHU3ALNK JAHHBIX JJISI MOJEITH
CTPAaHMYHOTO paclpesieeHusl MaMsITH, TO TPAJUIIHOHHO MPUMEHSIOTCS PELICHHUs, CBA3aHHBIC C
MepapXUyecKor OpraHu3arieil dTHX TaOJIHII.

TunoBast cTpykTypa 3amucu Tabmunpsl ctpanul] (Puc. 136) comepxur undopmarmio o
HOMepe (GU3NUECKON CTPAHHUIIBI, @ TAK)KE COBOKYITHOCTD aTPUOYTOB, HEOOXOAMMBIX JIJIsl OTTUCAHUS
cTaryca JaHHOM cTpaHuubl. Cpeau aTpuOyTOB MOKET ObITh aTpuOyT MPHCYTCTBUSA/OTCYTCTBUS
CTpaHUIBl, aTPUOYT pEeKUMa 3aIMUTHl CTPAHHULBI (YTEHHE, 3alucCh, BBINOJHEHHE), ¢uiar
MOTUGPHUKAIIMA COACP)KUMOTO CTPAHMIIBI, aTpHOyT, XapaKTEepU3YIOUMHA OoOpalieHus: K JaHHOU
CTpaHuIle, YTOOBI HMETh BO3MOXKHOCTH OIPEICICHUS «CTApPEHHUs» CTPAHHIBI, AaTpUOyT
OJIOKMPOBKH KAMIMPOBAaHUS W T.A. WTak, B KaXAOH 3allMCH MOXET NPHUCYTCTBOBATh Iieiast
COBOKYITHOCTH aTpHOYyTOB, KOTOpBIE allapaTHO MHTEPIPETUPYEMbI: HAPUMEpP, MPU IOMBITKE
3anucarh JaHHbIE B CTPAHMUILY, 3aKPBITYIO HA 3aIIUCh, TPOU30MUIET MpEephIBaHUE.

€| 0| v | B | o | Homep puznueckoii crpaHnubl

Puc. 136. MoneabHasi CTPYKTYpa 3alicH TaG0JIMIbI CTPaHUL. 3/1eCh: 0. — NMPHUCYTCTBHE/
OTCYTCTBHE; } — 3amuTAa (YTeHUe, YTeHHe/3aNUCh, BHITIOJIHEHUE); ¥ —
H3MeHeHus; O — oOpanleHue (UTeHUe, 3aNMCh, BHINIOJIHEHNE); € — OJIOKMPOBKA
K3IIHMPOBAHMS.

B kadecTBe OJHOr0 M3 MEPBHIX PEUICHUM ONTHMHU3ALMU PAaOOTHI C MAMATHIO CTaJO
ucronb3oBanue T.H. TLB-mabauy (Translation Look-aside Buffer — tabnuma ObicTporo
npeoOpazoBanus ajapecos, Puc. 137). JlaHHBIA MeTOA NOApa3yMeBAacT HAIUYHE AallmapaTHOU
TaOJIUIBI OTHOCUTEIBHO HeOOoNbIIOro pasmepa (mopsaka 8 — 128 3amuceit). JlanHas tabmuna
KOHIENTYaJIbHO COACPKHUT TPU CTOJIOLA: IEPBBIH CTOI0EL — 3TO HOMEP BUPTYaAJIbHOU CTPAHULIBL,
BTOPOH — 3TO HOMEp (hU3MYECKOW CTPAHUIbI, B KOTOPOM HAXOIUTCS yKa3aHHas BHPTyalbHas
CTpaHHULIA, a TPETUH CTOJIOEI] COACPKHUT YIOMSHYThIE BbIIIE aTPUOYTHI.

BupryanbHsIii agpec coCTOUT U3 HOMepa BUpTyainbHol ctpanuiisl (VP) u cmenieHus B Heit
(offset). Crpanuia u3siMaeT U3 3TOrO aJpeca HOMEP BUPTYaJIbHOW CTPAHMIBI U OCYIICCTBISCT
ONTUMU3UPOBAHHBIN MOUCK (T.€. IOUCK HE NOCIIEN0BATENbHbIN, a apaJUIEIbHBIN) 3TOr0 HOMEpa
no TLB-tabnumne. Ecnu uckombiii HOMEp HaWIeH, TO CHCTEMa aBTOMAaTHYECKH Ha YpPOBHE
anmaparypbl OCyIIECTBIISET IPOBEPKY COOTBETCTBHSI aTpUOYTOB, U €CIIM MPOBEpKa YCHEIlHa, TO
MPOUCXOAUT MOJMEHAa HOMEpa BUPTYAIbHON CTpaHMIIBI HOMEPOM (PU3MUECKON CTpaHMIIbI, H,
TaKuM 00pa3zoM, noiyvaercs: GU3NIeCKuil ajpec.

Ecnu ke npu noucke NpoucxoauT npomax (HoOMep BUPTyalIbHOM CTpaHHIle HE HalJIeH), TO
B 3TOM Cilydae cucTemMa oOpalaercs B MPOrpaMMHYIO TaONHIly, BHIKHJBIBAET CAMYyIO CTapylo
3anuchk 3 TLB, 3arpyxaer B Hee HaiJleHHYIO 3alMCh U3 MPOrpaMMHONM TaOJUIBL, U 3aTeM
BbIUUCIIsAETCS pu3nueckuil aapec. Takum oOpas3om, noiydaercs, uro TLB-taGnuna siBisercs
HekoTopsiM KOIlem.

Mogenu oTpaboOTKH NpoMaxa MOTyT ObITh pa3iMyHbIMH. Bo3MO)XHa oOpraHu3zanus
O0TpabOTKH Mpomaxa 0e3 MpepbIBaHUI, KOTrJja CUCTEMA CaAMOCTOSITEIbHO, UMEs PErucTp Hadasa
IPOTrpaMMHOM TaOJIUIBI CTpaHUIL, oOpamaeTcs K 3TOM TabauIle U OCYLIECTBISET B HEW MOMCK.
Bo3moxHa Moaens ¢ npepblBaHUEM, KOT/a MPU IPOMaxe BO3HUKAET MpEPhIBAHUE, YIIPaBICHUE
nepeaaeTcss OINEpallMOHHOW CUCTeMe, KOTOopas 3aTeM HauyuHaeT padoTaTh C NPOrpaMMHON
TaONMUIed CTpaHUIl, U T.JI. 3aMETHM, YTO BTOpas MOJAETb MeHee A(PQPEKTHBHAS, MOCKOIBKY
IIPEPBIBAHMS BEYT K YBEIUUYECHUIO HAKIIAIHBIX PACXOI0B.
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Bupr. aapec

VP offset dusnyecKas
MaMATh:
TLB
» BupT. cTp. | ¢u3. cTp. hit
> v ®us. aapec
> FP offset >
A
—> miss
A L
Taoéauna
CTpaHMII:

Puc. 137. TLB-Ta6auua (Translation Look-aside Buffer).

Wtak, paccMOTpeHHas MOJENIb HUCMoyb30BaHUs |LB-tabmuiu sBisercss peanbHOM, Mo
CPaBHEHHMIO C TOM MOJIeNbl0, KOTOpas Oblja onKcaHa B Hauaje Kypca. OIHOM U3 r1aBHBIX IPoOiieM
3TOTO MOJXOAa SBJISETCS IMpobiieMa, CBsA3aHHAs C OOJBIIMM pa3MepoM TaOJIHMIbI CTPaHUIIL.
OtmeTHM, 4TO OONBIION pazMep ITON TaOIUIIBI TUIOX MO JBYM IIPUYKMHAM: BO-TIEPBBIX, IPU CMEHE
KOHTEKCTa CHUCTEMa TaK WM MHauye 00s3aHa MOMEHSTh 3Ty TabJuIly, a Takxke cojepxumoe TLB,
T.K. TaM XpaHUTCs HH(GOpPMaLK0 00 0JTHOM MpOIecce, a BO-BTOPBIX, 3TO Mpobdiema, CBsI3aHHas C
OpraHu3anyei MyJIbTHIPOLIECCUPOBAHUS, — HEOOXOJUMO PEelIaTh, TJe pa3MeIlaTh BCe TaOJIUIbI
Pa3IUYHBIX [TPOLIECCOB.

OnHUM U3 peleHui, TO3BOJSIONUX CHU3UTh pa3Mep TabIUIbl CTPAHUII, SIBISETCS MOJIEh
uepapxuyeckoii opranuzanuu Tadauubl crpanmi (Puc. 138). B stom ciyyae unbopmanus o
CTpaHHUIIE MpPEACTaBIseTCS HE B BHUJE OJHOTO HOMEpa CTPAHHUIBI, a B BUAE COBOKYIMHOCTHU
HOMEpPOB, HCIIONB3YSl KOTOpBIE, MOXKHO TIIOJIyYUTh HOMEpP COOTBETCTBYIOIIEH (PH3MUECKOM
CTpPaHUIIbI, TOCPEICTBOM OOpAILIEHHUS K COOTBETCTBYIOIIUM TaOIUIaM, YYaCTBYIOIIUM B HEPAPXUHU
(3TO MOXKET OBITh 2-X-, 3-X- WIH AaXKe 4-XypOBHEBasI HEPAPXUSL).

Ilycth umeetcs 32-pa3psiaAHblil BUPTYaJIbHBIN aJipec, KOTOPBIM B CBETE pPaCCMOTPEHHOMN
paHee MOJENN MOXKET, HapuMep, cofepxaTh 20-pa3psaHblii HOMEp BUPTYalbHON CTPAaHULBI U
12-pazpsaHoe 3HayeHwe cmemieHUs B Heil. Eciam ke wucmonb3yeTcs JIBYXypOBHEBas
uepapxuyeckas opraHu3alysi, TO 3TOT )K€ BUPTYaJIbHBIA aJpec MOXHO TPAaKTOBaTh, K IPUMEPY,
kaKk 10-pa3psimiHBI MHIEKC BO «BHENIHEH» Tabnuie Trpynn (wiv kiactepoB) crpanui, 10-
paspsiiHOe CMeIleHHe B TaOJUIle BTOPOTO YPOBHS M, HAaKOHEL, |2-pa3psiHoe CMEIIeHHE B
¢uznyeckoit crpanurie. COOTBETCTBEHHO, YTOOBI MOJYYUTh HOMEpP (PU3MUECKOW CTpaHUIIBI
HEOO0XOIMMO IO MHJEKCY BO «BHEUIHEW» TaOJMIle CTPAHHIl HAaWTH HAYaJbHBIA aJpec TaOJIUIbI
BTOPOTO YPOBHS, 3aT€M I10 ITOMY a/IPECY U IO CMEIICHHIO MO Ta0IHIIe BTOPOTO YPOBHS HAXOAUTCS
HY)KHasi 3amuch B TaOJHIIE CTPAaHUI] BTOPOTO YPOBHS, KOTOpas YXe H COIEPKUT HOMEp
COOTBETCTBYIOIIEH (PU3MUECKON CTPAHUIIBL.
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Puc. 138. Uepapxuyeckasi opraHu3amnus TadJuubl CTPaHMIL.

Hcnonb3ysl NaHHBIM MOJIXO0J, MOXKET OKa3aThCs, YTO BCIO TAaOJIMILy CTPAHHI] XPaHUTH B
MaMsATH BOBCE HEOOS3aTENbHO: W3-3a NPUHIMIA JIOKATU3aluu OyAeT JOCTaTOYHO XPAHUTh
CPaBHHUTEIHHO HEOOJBIIYI0 «BHEIIHIOK» TaOJUIly TPYII CTPAaHUIl U HEKOTOpbIe TaOIUIIbI
BTOPOTO YPOBHS (OHU TaK)Ke MMEIOT HE3HAUUTENIBHBIC pa3Mephl); BCE HEOOXOIUMBIC TaOIHIIBI
BTOPOT'0 YPOBHSI MOKHO IOJIKAYUBATH IO MEpe HAaJJOOHOCTH.

[TomoOHBIE pacCyKIACHHSI MOKHO PAacIpOCTPAHUTH Ha OOJIBITICE YHCIIO YPOBHEH UEpAPXUH,
HO, HauWHas C HEKOTOPOro MOMEHTa, 3()(PEeKTUBHOCTh CHCTEMbl HAYMHAET CHJIBHO MajaTh C
pOCTOM uMclia YPOBHEHW Hepapxuu (M3-3a pa3IMUHbIX HAKIAJHBIX PACXOAOB), MOATOMY OOBIYHO
YHCIJIO YPOBHEW OTPaHUUEHO YETHIPHMSI.

Cyl1iecTByeT HHOE pelieHue, MO3BOJISIIONIEE TakKe 000UTH TpolemMy OO0JIBIIOro pa3zMepa
TaOJIMIBI CTPAHMUII, - OHO OCHOBAHO Ha HCIOJb30BAHUH Xeuiuposanus (Ha UCTIOIb30BaHUU T.H.
Xeuwi-mabnauy). ITO PEIICHUE B CBOIO ouepeib, 0a3upyeTcs Ha MCIOIb30BAHUU Xeul-yHKyuu,
nin pyskuu pacctaHoBku (Puc. 139). Otu QyHKIMU MCmonb3yroTes B CIAEAYIONICH 3amave:
MYCTh MMEETCSI HEKOTOPOE MHOKECTBO 3HAYEHHUH, KOTOpOoe HEOOXOAMMO KaKUM-TO 00pa3oM
0TOOpa3UTh Ha MHOXKECTBO (PUKCUPOBAHHOTO pazMepa. [ ocyecTBIeHHs S3TOr0 0TOOpasKeHUs
UCTIONB3YIOT (DYHKIIHMIO, KOTOpas TI0 BXOJHOMY 3HAYEHUIO OMpeelisieT HoMep MOo3Uuuu (HOMep
KJIacTepa, Ky/ia IOJDKHO MoMNacTh 3To 3HadeHue). Ho ata ¢pyHKIus iMeeT CBOM 0COOEHHOCTH: TIpU
€€ HCIIOJIb30BAaHUHM BO3MOXKHBI KOJUTH3UH, CBS3aHHBIC C TE€M, YTO PA3IMYHBIC 3HAYCHHS] MOTYT
0Ka3aThCs B OJTHOM U TOM K€ KJlacTepe.

VP offset

VP:1 FP1

FP offset
VP> FP2

F(VP)————» \ 4
Xew-gpynxyusn

VP FP

Pduznueckas

Xew-maonuya naMAaThb

Puc. 139. Ucniosib30Banue Xem-TadJmi.
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Mogens npeoOpa3oBaHus aJpecoB, OCHOBaHHAs HA XEIIMPOBAaHWHU, JOCTATOUYHO MPOCTA.
W3 BupTyanbHOro ajpeca ammnapaTHO W3BJICKAETCS HOMEDP BUPTYAJIBHOM CTPAHULBI, KOTOPBIN
MO/Ia€TCs HAa BXOJ] HEKOTOPOM XelI-(hyHKIIMH, OTOOpaKaroIIe 3HaueHNEe Ha anmapaTHY0 TaOIHILy
(T.H. xem-tabuuiyy) (UKCHPOBAHHOrO pasmepa. Kakmas 3amuck B JaHHOW TaOnuie XpaHUT
Hayajo CIUCKa KOJUTM3WH, TI€ KaXKIbIi AJIEMEHT CHHUCKA SIBJIACTCS Mapod: HOMEpP BUPTYAIbHOMN
CTPAHHIIBI — COOTBETCTBYIOIIMK eMy HoMmep ¢u3ndeckoi crpanunbl. HWtak, mnepebGupas
COOTBETCTBYIOIIHN CIIMCOK KOJUIM3HM, MOYKHO HAaUTH HOMEP UCXOJHON BUPTYAJIbHOM CTPAHULIBI U
COOTBETCTBYIOIINN HOMEP (hr3mueckoit crpanuiibl. [lo1oOHOE penieHrne nMeeT CBOU IOCTOMHCTBA
Y HEJJOCTaTKH: B YACTHOCTH, BO3HUKAIOT MPOOJIEMBI € TIEpEMEILIEHUEM CIIMCKOB KOJUTM3HH.

Eme ogHuM perieHreM, MO3BOJIAIOIIMM CHU3WUTH pa3Mep TaOIMIbl CTPAHUL, SBISETCS
MOJICNIb HUCIIOJIb30BAHUS T.H. UHEepmuposannvix maodauy cmpanuy (Puc. 140). T'naBHoi
CJIO)KHOCTBIO JIAaHHOTO DPELICHHUs SIBJIAETCS TpeOOBaHME K IMPOLECCOPY Ha ammapatHOM YPOBHE
pabotath ¢ uaeHtupukatopamu npoueccoB (ux PID). Ilpumepamu Takux mpoueccopoB MOryT
ciry>xuth npoueccopsl cepuit SPARC u PowerPC.

PID VP offset » FP offset
S —

' +oFe

» PID VP

MMOMCK

Tadauua crpanun

Puc. 140. UuBepTHpPOBaHHbIE TA0JIMIBI CTPAHHULIL.

B sTOl MOnenu BUPTyalbHBIN aapec TpakTyeTcs Kak Tpoika 3HadeHwii: PID mpounecca,
HOMEp BUPTYaJIbHOM CTpaHUIIBI ¥ CMEILIEHUE B 9TOU cTpaHulle. [Ipy TakoM moaxoze HCIosb3yercs
€VHCTBEHHAs TaOJMIa CTPaHUI] JJIs BCEH CHUCTEMBI, M Kaxaas CTpPOKa JaHHOW TaOIHIIbI
COOTBETCTBYET (hu3MyecKol cTpaHUIle (¢ HOMEPOM, PaBHBIM HOMepy 3Toil ctpoku). Ilpu sTom
KaX/aash 3aluch JAaHHOW TaONMUIBI COACPXKHUT HH(MOPMAIIMIO O TOM, KAaKOMY IIPOLIECCY
NPUHAAISKUT JaHHas (U3MYecKas CTpaHMIA, a TaKXKe Kakas BUPTyalbHas CTpaHUIA 3TOTrO
npoIriecca pa3MelieHa B JaHHOH (usndeckoit crpanuie. Utak, umes napy PID npouecca u Homep
BUPTYaJIbHOW CTpPAHMIIBI, MPOU3BOAUTCS TOUCK €€ B TabJUIe CTPAHUL, U IO CMEIICHUIO
HAJIEHHOTO pe3yJIbTaTa ONpenesieTcs HoMep (GU3NIeCKOi CTPaHUIIbI.

K nocromHcTBaM JaHHON MOJENIM MOXHO OTHECTH HAJIWYME €IMHCTBEHHOM TaOIMIIBI
CTpaHHL, OOHOBJIEHHWE KOTOPOH TIpPU CMEHE KOHTEKCTOB CpPABHUTEIBHO HETPYJOEMKOE:
ONEpallMOHHAs CHCTEMa IPOM3BOJUT OOHOBJIIEHHME TEX CTPOK TaOJuUIlbl, IS KOTOPBHIX B
COOTBETCTBYIOIINE (HM3NYECKHE CTPAHMIBI MPOMCXOIHUT 3arpys3ka mporecca. OTMETHM, YTO
«TOHKMM MECTOM» JIaHHOW MOJENH SBJSEeTCs OpraHu3alnus noucka B Tabmuue. Ecim Oyzer
HCIIOJIB30BATHCA MPSIMOU IIOUCK, TO ATO IMPUBEAET K CYIIECTBEHHBIM HAKJIAJAHBIM pacxonam. Jlis
ONTUMH3AIMM 3TOTO MOMEHTa BO3MOJKHA HAJACTpoilka Haja dSTUM pelieHueM Oosee
MHTEJUIEKTYaJIbHBIX MOJENEH — HarpuMep, MOAETHN XEeUIMPOBAHUS W/WIH Hcronib3oBaHus TLB-
TaOJINLI.

PeBOIIOIIMOHHBIM  TOCTOMHCTBOM CTPAaHUYHOM OpraHU3alMu IaMATH CTaJIO TO, YTO
UCIIOJHAEMBIM B CHCTEME IIPOLIECC MOXKET HCIIOJIB30BATh OYECHb HE3HAYHUTEIBHYIO YacTh
¢u3nUecKoro pecypca maMsaTH, a BCe OCTaJIbHbBIC €0 CTPAHULIBI MOTYT Pa3MelIaThCsl BO BHEIIHEH
namsTH (ObITh OTKauaHHBIMHU). OUEBUIHO, YTO M CTPAHUYHAS OpPraHU3alys MaMATH UMEET CBOU
HEJIOCTAaTKU: B YACTHOCTH, 3TO MpobdiieMa (pparMeHTaluy BHYTPU CTPAHHIIBI.
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B cBsi3u ¢ UCHOIB30BaHUEM CTPAHUYHOW OpraHM3allMM MaMsSITH BCTAeT elle OAHA
npobiema — 3T0 TpoOiemMa BbIOOpa TOW CTpaHHMIBL, KOTOpas MOJDKHA OBITh OTKAayaHa BO
BHEIIHIOIO MaMSTh PU HEOOXOAMMOCTH 3aTrpy3UTh KaKyl0-TO CTPAHMILYy U3 BHEUTHEH mamsaTu. J1a
3aJa4a UMEET MHOKECTBO PEIIECHH, HEKOTOPBIE U3 KOTOPHIX OyIyT OCBEILICHBI HUXKE.

IMTepBeim pacemotpum anroputm NRU (Not Recently Used — ne mcrnosp3oBaBmiuniics B
nocjienHee BpeMsi). DTOT aJrOpUTM OCHOBAH Ha TOM, YTO C JIOOOM CTpaHUIIeH acCOIMHPYIOTCS
JIBa IPU3HAKa, OJJUH U3 KOTOPBIX OTBEUAET 3a 0OpaujeHue Ha YTEHUE WK 3anuch K crpanuie (R-
NPU3HAK), a BTOPOH — 3a MoaudUKauio cTpaHullsl (M-Tpu3HaK), KOrja B CTPaHUILy YTO-TO
3alKChIBaeTCs. 3HAU€HHWE JTHX IMPU3HAKOB YyCTAHABIMBAeTCs ammapatHo. lMmeercs Takke
BO3MO>KHOCTb IIOCPEICTBOM OOpAIEHUS K ONEpallMOHHON cucTeME OOHYJIATh 3TU IPU3HAKU.

Urak, anroputm NRU neiicTByeT no cienyromemy npuHuuny. M3HadanbHO 171 BCEX
CTpaHHIl mpouecca npuzHakd R u M obnymsroresa. Ilo TaiiMepy wiaM mo BO3HUKHOBEHHUIO
HEKOTOPBIX COOBITHI B CUCTEME MPOUCXOUT IporpaMMHoe oOHyeHne Beex R-mpusnakos. Korna
cucreMe TpeOyercsi BHIOpaTh KaKylO-TO CTPAHHUILy JIi OTKAYKH W3 ONEPATUBHOW MaMATH, 3TO
OCYUIECTBIISIETCS cleAyomuM oopazoM. Bee cTpaHullbl, mpUHAUIekKAIINE JAHHOMY IpPOLECCY,
Jenarcs Ha 4 KaTeropuy B 3aBUCMMOCTH OT 3HaU€HUM npu3HakoB R u M.

— Kuaace 0: R = 0, M = 0. Oto Te cTpaHuIbl, B KOTOPbIX HE MPOUCXOAMUIIO OOpalieHue B
nocJeHee BpeMs U B KOTOPBIX HE C/IeIaHO HU OJTHO U3MEHEHHUE.

— Kuaace 1: R = 0, M = 1. Dro Te cTpaHuIbl, K KOTOPBIM B TOCICIHUN TMEPUOJ HE OBLIO
oOpateHuii (MIOCKOIBKY MPOTrpaMMHO OOHYJIEH R-mpu3Hak), HO B 3TOW CTpaHUIE B CBOE
BpeMsI POU30IILI0 U3MEHEHHE.

— Kuaace 2: R =1, M = 0. 310 Te CTpaHHMIIbI, U3 KOTOPHIX 3a MOCJIECIHUNA TalMayT YUTaIach
nHpopmanus.

— Kuace 3: R=1, M = 1. Or1o Te cTpaHu1Ibl, K KOTOPHIM 32 IIOCIIEAHEE BPEMsI ObLIIN 00pallleHus,
B T.4. OOpalleHus Ha 3aMKCh, T.€. 3TO aKTUBHO UCIIOJIb3YEMble CTPAHHULIBL.

COOTBETCTBEHHO, QJITOPUTM IMpe/jiaraeT BbIOMpaTh CTPaHUIy M OTKAYMBaHUS
CJIy4aifHBIM CIIOCOOOM M3 HEITyCTOr0 KJIacca ¢ MUHUMAJIbHBIM HOMEPOM.

Crnenyromuii anropuT™, KOTOPBIA MBI paccMoTpuM, — 310 anroputm FIFO. Ecmu B
CHUCTEME pPEATM30BaH 3TOT AJITOPUTM, TO IPH 3arpy3Ke OUYEPENHON CTpPaHMILIBI B NaMATh
OTIepaIMOHHAsT cucTeMa (GUKCUPYeET BpeMs 3Tor 3arpy3ku. COOTBETCTBEHHO, TAHHBIN alTOPUTM
npezrnonaraeT OTKayKy TOW CTpaHHIIbI, KOTOpast Haubosee 1oiro pacnoiaraercs B O3VY.

OdeBUAHO, YTO JAaHHAs CTpATEervs 3a4acTyl0 OKa3bIBaeTcs HEd(P(PEKTUBHOM, MOCKOIbKY
BO3MO)KHAa OTKauyka MHTEHCHUBHO MCIIOJIb3yEMOM CTpaHullbpl. IloaToMy CyliecTByeT Lenblil psn
monupukanuii anropurma FIFO, HanleneHHBIX Ha CrilaXuBaHUE 0003HAUEHHOM MPOOIEMBI.

MoupuuMpoBaHHBIA aNTOPUTM MOXKET MMETh Cleaylomuil Buia. BwiOupaercs camas
«cTapas CTpaHUIa, 3aTeM CUCTeMa IPOBEPsIeT 3HaUeHNe MpU3HaKa JI0CTyIMa K 3Toi cTpanune (R-
npusHak). Ecmu R = 0, To 3Ta crpanuua otkaumBaercs. Eciu ke R = 1, To 3TOT mpu3Hak
OOHyJIsIeTCs, a TAaK)Ke BPEMsI 3arpy3KH JIaHHOM CTpaHMIIBI IEPEOTNIPEAEIIAETCS TEKYIIUM BpEMEHEM
(MHBIMH CJIOBaMH, JaHHAs CTPaHUIIA MEepeMeNIaeTCss B KOHELl OYepeiu), MMOCIe Yero aJropuTM
HAaYMHAET CBOIO paboTy C Hadasa.

JlaHHBIN aNrOpUTM UMEET HEOCTATKH, CBA3aHHBIE C POCTOM HAKJIAJHBIX PacXOAOB IPH
NEePEeMEIEHNN CTpaHull Mo ouepenu. [1o3ToMy 3TOT ajropuT™M MOSYy4YWI CBOE pPa3BUTHE, B
YaCTHOCTH, B BUJIE alropuT™Ma «dachm».

Anroput™ «Yacel» moapazyMeBaeT, YTO BCE CTPAHUIIBI 00Pa3yIOT HUKIUYECKUI CIIHCOK
(Puc. 141). imeeTcs HEKOTOPBI MapKep, CChUIAIONIMIACS HAa HEKOTOPYIO CTPAHUILy B CIHCKE, U
3TOT MapKep MOXKET MepPeMEeIaThCsl, HaIpUMeEp, TOJIBKO 10 YacOBOI CTpEIKe.

@YHKIIMOHUPOBAHNE AJITOPUTMa JOCTATOYHO IPOCTO: €CJIM 3HaueHHe R-mpusHaka B
0003peBacMoil MaApKEPOM CTPAHUIIE PABHO HYJIIO, TO 3Ta CTPAHMIIA BBITPYKAETCA, a HA €€ MECTO
MOMEIIAeTCsl HOBasi CTpaHMIIa, MOcie yero Mapkep casuraetcs. Eciu ske R = 1, To 3TOT mpusHak
OOHyJIeTCs, @ MApKEP CIIBUTaeTCs HA CIEAYIOUIYIO MO3ULHUIO.
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Puc. 141.3amemenue ctpanun. Aaroputm «Hacei».

Crnenyromasi Tpymnina ajiropuTMOB IMO3BOJSET OoJjiee aJieKBaTHO YUYUTHIBATH CTapeHUE U
UCTIOJIb30BaHUE CTPAHMII U, COOTBETCTBEHHO, 00JIee aJeKBaTHO OCYIIECTBIIATH BHIOOpP CTPAHUIIBI
JUTSL OTKAYKH.

Anroputm LRU (Least Recently Used — «namMeHee HenmaBHO» — Haumbojiee JTaBHO
UCIIOJIb3yeMasi CTPAaHMIIa) OCHOBAH Ha JJOCTATOYHO CJIOKHOM anmapaTHOM cxeMe U JIEHCTBYET 10
CIEYIOILIEH CXEME.

[Tycts umeercs N crtpanuu. /s permienus 3agauv B KOMIBIOTEpPE MMeETCs OUTOBas
Mmatpuiia, pasmepoMm N x N, KoTopasi u3Ha4ajIbHO 00HYysieTcs. Korma mpoucxonuT obparienue K
i-0if cCTpaHwmIIe, TO BCE OUTHI i-0i CTPOKH YCTAHABIMBAIOTCS B 1, a BECh i-bIii CTOIOEI] OOHYJISIETCS.
COOTBETCTBEHHO, KOTJa MOHAJO0OUTCS BBHIOpATh CTPAHUILy JUIS OTKAdyKH, TO BBIOMpaeTcs Ta
CTpaHHULA, 17151 KOTOPOH COOTBETCTBYIOIIAS CTPOKA XPAaHUT HAUMEHBIIIEE IBOUYHOE YUCIIO.

PaccMOTpeHHBIH anropuT™M XOpOHI TEM, 4YTO JOCTaTOYHO aJeKBAaTHO YYHUTHIBACT
MHTCHCUBHOCTh HCIIOJIB30BaHUS CTPAHMIl, HO 3TOT aJrOpUTM TpeOyeT CIIOKHON ammapaTHOU
peanu3aium.

AJIBTEpHATUBOM yKa3aHHOMY allrOPUTMY MOXKeT ciayxuth aaroputm NFU (Not Frequently
Used — peako MCIONB30BABIIASCS CTPAHUIIA), OCHOBAHHBIA Ha UCIIOJIB30BAHUH MTPOTPAMMHBIX
CUYETYHKOB CTPAHUII.

JlaHHBII aNTOPUTM MOJIPa3yMEBAET, UTO C KaXI0i (PM3NYECKON CTpaHUIEH C HOMEPOM i
aCCOIMUPOBAH MPOrpaMMHbIil cueTunk Counti. Mi3HavanbHO A7t BCEX | MPOUCXOIUT OOHYJICHHUE
CUYETYMKOB. A 3aTeM, MO TalMepy NPOHMCXOJUT YBEIWYCHHWE 3HAYCHHWH BCEX CUYETYHKOB Ha
BEJIMUMHY MHTEHCUBHOCTH HCIOIB30BaHMs, T.€. Ha BennuuHy R-npusnaka: Counti = Counti + Ri.
WNubiMu coBamu, eciid 3a MOCJHEAHUM TaiiMayT ObLIO OOpallleHHe K CTpaHUIle, YTO 3HAYCHUE
CUEeTYMKa BO3pacTaeT, MHaue — He u3MeHseTcs. COOTBETCTBEHHO, AJII OTKAayKW BBIOMpaeTcs
CTpaHHWIla C MUHIMAJILHBIM 3HaueHueM cuerdrka Count;.

JlanHast Mozienb TakKe SIBISIETCS JAOCTATOYHO a/IeKBaTHOM, HO OHA MMEET P Ba)KHBIX
HeocTaTKoB. [1epBhIil CBSA3aH C TEM, YTO CYETYHK XPAHUT UCTOPHIO: HATIPUMEp, €CIIH KaKas-TO
CTpaHHUIIa B HEKOTOPBIN MEeproJi BPEMEHH WHTEHCUBHO HCIOJIb30Bajach, TO 3HAUEHHUE CUETUYHKA
CTaJI0 HACTOJBKO OOJBIIMM, YTO NPH TPEKpameHud paboThl C JaHHOW CTpaHHIEH 3HAYCHHE
CYETYMKa JJOCTATOYHO JIOJITO HE JACT OTKayaTh 3Ty CTPaHUILy. A BTOPOH HEIOCTATOK CBSI3aH C
TEM, YTO TPU OYEHb UHTEHCUBHOM OOpAIIEHNH K CTPAHUIIE BO3MOXKHO MEPETIOIHEHNE CUETUHKA.

UroObl CruaauTh yKa3aHHbIE HENOCTATKH, CYyIIECTBYeT MOAM(PHUKAIUS JTaHHOTO
QITOPUTMa, OCHOBAaHHAS HA TOM, YTO KaXJIbIi pa3 Mo TaiiMepy 3HaU€HHE CUETUYHNKA CABUTAETCS HA
1 pa3psan BmpaBo, TOcCTEe Yero MOCIHEAHHM (JIeBbI) pa3ps] yCTaHaBIMBaeTCs B 3HadeHHEe R-
npu3HaKa. BeiOupaeTcs cTpaHuia ¢ MUHUMAIbHBIM 3HAaYEHUEM CUETUHUKA.

5.5 CeameHmMHoe pacrnipedesieHue

HCIIOCTaTKOM CTPAHUYHOTO PACHPCACIICHUA IMaAMATU ABJISICTCA TO, YTO IIPU pCaIn3aluU
3TOM MOZACIIN MNPOHCCCY BBIACIACTCA eI[HHBIﬁ AWaa3oH BUPTYAJIbHBIX aJApCCOB: OT HYJIA OO
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HEKOTOPOro IpenenbHoro 3HayeHus. C OJHOM CTOPOHBI, HUYEro IUIOXOT0 B 3TOM HET, HO 3TO
CBOWCTBO OKa3bIBAETCsI HEYIOOHBIM I10 Cienyromeii mpuuuHe. B mpouecce ecTb KOMaH[Ibl, €CTh
CTaTH4YECKUE MepeMEHHbIE, KOTOPhIE, [0 CYTH, SBISAIOTCA Pa3HbIMH OOBEAMHEHUSMHU TAHHBIX C
Pa3IMYHBIME XapaKTePUCTHKAMHU HCIIOJIb30BaHMs. Eiie OoNbIIne OTIMYUS B HCIIOJIB30BAHUH
WUTIOCTPUPYIOT CYIIECTBYIONIME B TIpollecce CTeK W 00JacTh JUHAMHYECKON MaMsTH,
Ha3pIBa€MOW TaKkxke Kyuwen. VI mojelnb CTPaHWMYHOW OPraHU3alMy NaMATH [OJPa3yMEBAET
CTaTHUYECKOE pa3/ieJieHNe eIMHOT0 aIpECHOr0 MPOCTPAHCTBA: BBIACISIIOTCS 001acTh ISl KOMaH]I,
o0acTh UIst pa3MelleHHs JaHHBIX, a TAK)KE 00JIacTh It cTeka U KyuH. [Ipu 3Tom 3ayactyto crek
U KydYa pa3MeIlaloTcsi B €IUHOW 00JIacTH, MPUYEM CTEK MpWXKaT K OJHOI rpaHuile oOiacTu,
Kyda— K JApPYyroil, U «pacTyT» OHM HaBCTpeuy Apyr Apyry. COOTBETCTBEHHO, BO3MOXHbI
CUTYalllH, KOTJla OHM HAaYMHAIOT MepeceKaThCs (CUTyalus NepenoiHenus cteka). Mnu naxe eciu
CTEeK OyJEeT pacroyiaratbCsi B OTAEIBHON 001aCTH MaMsITH, OH MOXET MEPETOIHUTD BBIJCIICHHOE
€My IPOCTPaHCTBO. TaKkOBbl OCHOBHBIE HETOCTATKH CTPAHUYHOI'O PACIIPEACICHUS TaMSATH.

N36aBUTbCS OT yKa3aHHBIX HEJOCTATKOB HAa KOHLENTYAJIbHOM YPOBHE NMPU3BaHA MOJIENb
cermMeHTHOTO pacnpenencaus namsata (Puc. 142). JlanHas Mojaenb MPEACTABISICT KaXIbld
IIPOLIECC B BHUJIE€ COBOKYIIHOCTH CETMEHTOB, Ka)IbId U3 KOTOPBIX MOXET MMETh CBOU pasmep.
Kaxxapiit 13 cerMEeHTOB MOKET UMETh COOCTBEHHYIO (DYHKIIMOHAIBHOCTD: CYIIECTBYIOT CETMEHTHI
KO/Ia, CETMEHThl CTAaTHYECKMX NaHHBIX, CETMEHT cTeka W T.1. [lis opraHumsanuu paboThl C
CEerMEHTaMU MOJKET UCIOJIB30BaThCS HEKOTOpas Tabiuila, B KOTOPOH XpaHUTCS UHPOpMAIHS O
KaXJIOM CerMeHTe (ero Homep, pasMmep U mp.). Torma BuUpTyalnbHBIA aapec MOXKET OBITh
IIPOUHTEPIIPETUPOBAH KAK HOMEP CETMEHTA U BEJINYMHA CMEILLEHUS B HEM.

Nseg offset

Nseg
» size | base Offset>= IpepoiBanne
size
base + offset
Tabyuuna cermeHTOB v

(uznuecknii agpec

Puc. 142. CermeHTHOE pacnpeaeieHue.

Mogenb CEeTMEHTHOTO paclpesielieHuss MOXET HWMETh J0CTaTo4HO 3(ddexTuBHO
paOotarolryro anmapatHyro peanuzanuio. CyliecTByeT ammapaTHas TaOJHlla CETMEHTOB C
¢ukcupoBaHHBIM uunciaoM 3anuced. Kaxnas 3amuck 3TOH TaONMIBI COOTBETCTBYET CBOEMY
CEerMEHTY M XpaHUT MHPOPMALMIO O pa3Mepe CerMeHTa U aJpec Hayaja cerMeHra (T.e. ajpec
0a3pl), a TaKKe TYT MOTYT IPUCYTCTBOBATH pa3/InUHbIE aTPUOYThI, KOTOPbIE OYyT OrOBapUBaTh
IIpaBa U PEKHUMBI IOCTYIIA K COIEPKUMOMY CEIrMEHTA.

Wrak, umes BUpTyasIbHBIN ajpec, CUCTEMa anmnapaTHbIM CIIOCOOOM H3BIIEKAET U3 HETO
HOMEp CerMeHTa 1, o0paraercs K i-oif cTpoke TabyuIbl, U3 KOTOPOH U3BJIeKaeTcs HHPpopMaLus o
cermenre. [locie 3Toro mpoucxouT NpoBepKa, He MPEBOCXOANT JIM BETMUYMHA CETMEHTA pa3Mepa
caMmoro cermMeHTa. Eciau npeBocxouT, ToO NpOMCXOIUT MpepbIBaHUE; MHAYe, CKIIaAbIBas 6a3y co
CMEIIEHNUEM, BBIYHUCIIICTCS (PU3MUECKHUH ajapec.

K nmocronHcTBaM JaHHON MOJENM MOKHO OTHECTH IIPOCTOTY OPTaHU3ALMU, KOTOpPasi, IO
CyTH, SIBUJAch Pa3BUTUEM MOJEIM paclpeneieHusl pasfenoB. Ecim monenu pacnpeieseHus
pas3zenoB KaxJIOMy MPOLECCY BBIAEISACTCA TOIBKO OJUH CEIMEHT (pa3lien), TO MPU CETMEHTHOU
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MOJIEJIA PACTIPEICTICHUS TIPOIIECCY BBIICISETCSI COBOKYITHOCTh CETMEHTOB, KKIBIN U3 KOTOPBIX
Oyzer uMeTh CBOU (PYHKIIMOHAJIBHBIC 00SI3aHHOCTH.

K HemocTaTkaMm TaHHON MOJENM HEOOXOIUMO OTHECTH TO, YTO KaXKIBI CETMEHT JIOJDKCH
[EJIMKOM pa3MeNIaThCsi B MaMATH (BO3HMKAeT YINOMHUHABILNASCS BHIIIE MpoOieMa HEesBHOU
Hed(h(PEKTUBHOCTH, CBSI3aHHAS C MPHUHIIUIIOM JIOKAJIBHOCTH). TakXe BO3HUKAIOT MPOOJIEMBI C
OTKAYKOM/TIOIKAYKOM: MOJKAaYKa OCYIIECTBISETCS BCEM IPOLIECCOM WIIM, MO KpaiHed Mmepe,
IEJIBIM CETMEHTOM, YTO 3a4aCTyI0 OKa3bIBaeTcs HeI(D(HEeKTHBHO. M MOCKOIBKY Ka)Iblii CETMEHT
TaK WM UHa4Ye JOJDKEH OBITh pa3MellleH B MaMsATH, TO BOSHUKAET OTPAaHUYCHUE Ha MPeIeIbHbIN
pa3Mep CerMeHra.

5.6 CeaMeHMHO-cmMmpaHU4YHoOe pacrnpeodesieHue

EcTecTBEeHHBIM pa3BUTHEM PACCMOTPEHHOM MOJIENT CErMEHTHOT'O PacIipeIeIeHUs aMsITH
CTajJla MOJielb CErMEHTHO-CTPAHUYHOI'O pacipeneieHus. OJTa MoJelb paccMaTpuBaeT
BUPTyaJIbHBIA aJpec Kak HOMEp CerMeHTa M CMeUleHHe B HeM. VMmeeTcs Takke ammapaTHas
TabJIMIa CETMEHTOB, IIOCPEICTBOM KOTOPOIl U3 BUPTYAIbHOIO aJipeca MOJy4aeTcs T.H. IUHEHHbLI
aopec, KOTOpPbIii, B CBOIO OY€pe/lb, MPEACTABIACTCS B BHJIE HOMEpa CTPAHHIBI U BEIMYUHBI
CMEIIeHUs B HEW. A 3areM, HUCHOJb3ys TaONUIly CTpaHHMIl, IOJy4aeTCs HENOCPEICTBEHHO
dusnueckuit anpec.

Wtak, naHHBI MEXaHU3M MOJIPa3yMeBaeT, YTO B MPOLECCE MUMEETCS Psif BUPTYaJIbHBIX
CErMEHTOB, KOTOPBIE Ipo0sTCs Ha cTpaHuibl. [loaTOMy naHHas Moaensb coueTaeT B cede, C OTHOU
CTOPOHBI, JIOTUYECKOE CErMEHTHUPOBAaHUE, a C JIPYrod CTOPOHBI, MPEUMYIIECTBA CTPAaHUYHOU
opranu3anuu (Korjaa MOXHO paboTaTh ¢ OTJACIbHBIMU CTPAHULIAMHU IAMATH, HE TPeOys MPH STOM
MOJIHOTO pa3merneHus cermenta B O3Y).

[MpumepoMm peanu3zaliu MOXKET CIYXKHTh pealii3alus, MpeuiokeHHas komnanuei Intel.
Paccmorpum yrnpoménnyro mMozaenb 3tol peanusaruu (Puc. 143). BupryansHbiid agpec B 3TOH
MO/IEININ TIPE/ICTABIISACTCS B BUZE cesliekmopa (MHPOPMALIMU O CETMEHTE) U CMEIICHUS B CETMEHTE.

BuprtyaabHblii agpec

ceJIeKTOp offset
Nseg JIOKAJTH3AI NS 3alUTA

O

Puc. 143. CerMeHTHO-CTPaHMYHOE pacnpeaeienue. Ynpoulennas moaeas Intel.

CesleKTop COAEPKUT MHPOPMAIIUIO O JIOKAIU3aluu cermeHTa. B momenu Intel cerment
MOJKET OBITH OJIHOTO M3 JBYX THUIIOB: JIOKAIbHbLI C€2MeHm, KOTOPBI ONMUCHIBAETCS B TadiuIe
nokanbHbIX geckpuntopoB LDT (Local Descriptor Table) u xoTopblit MOXkeT OBITh AOCTYIICH
JUIIb JaHHOMY TMPOLECCY, WIH 2100a1bHblll ce2MeHnm, KOTOPbIM OMHChIBaeTCs B Tabiuile
rnobanpHbIX geckpuntopoB GDT (Global Descriptor Table) u kotopsiii MOXkeT pa3aemsThes
MEXIy TpoleccaMu. 3aMeTuM, uTo Kaxkaas 3anmuchk Tabauiy LDT u GDT Xpanut moiHyio
uHpOpMaIMio 0 cerMeHTe (ampec 0aspl, pasmep W Tp.). MTak, B CEIEKTOpPEe XPAHUTCS THUIT
CErMEHTa, MOCJIe KOTOPOro cleAyeT HOMEp cerMeHTa (HOMEp 3alkCHh B COOTBETCTBYIOIIEH
tabmuie). [ToMrIMO TepedncIieHHOTO, CEJIEKTOP XPAaHHUT pPa3IUYHbIC aTPUOYTHI, KacaroIIUecs
PEXKHUMOB JOCTYyTa K CETMEHTY.

[TpeoOpa3oBaHue BHUPTyalbHOTO aipeca B (U3MYECKUH HMEET JOCTATOYHO MPOCTYIO
opranmzanuio (Puc. 144). Ha ocHOBe BUPTYaJbHOTO ajapeca, MOCPEACTBOM HCIOJb30BaHUS
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uapopmanuu u3 tabmun LDT u GDT, nomydaercst 32-pa3psaHblii JIMHEHHBIA aapec, KOTOPHIN
UHTEPIIPETHPYETCS B TEPMHHAX JBYXYPOBHEBOH HEPapXUUYECKON CTPaHUYHOW OpraHU3alUU.
[Tocnennne 12 pa3psgoB OTBOASTCS TOJN CMeNIeHHE B (Qu3nyeckod cTpanwile, a mepsbie 20
pa3psI0B UHTEPIPETUPYIOT Kak 10-pa3psaHbIil HHIEKC BO «BHEUIHEN TaOIHIIE TPYIIN CTPAHUL] U
10-pa3psiiHOE CMeleHrne B COOTBETCTBYIOIIEH TabJIMIle BTOPOTO YPOBHS UEPAPXHUU.

BupryaiabHbli aapec

ﬂ Hcnosn3oBanue cejiekTopa u cogep:xknmoro tadaun LDT u GDT

JIuHeiinblii agpec

ﬂ JIByXypoBHeBasi CTPAHUYHAS OPraHu3aLus

P1 P offset
N\ ~ J ~ N —
10 10 12

{

duznueckuii aapec

Puc. 144.Cxema npeodpa3oBaHus aipecoB.

Cpenu ocoOeHHOCTEH NAaHHOW MOJEIHM MOXHO OTMETHThb, YTO MOXKHO «BBIKIIIOUATHY
CTpaHWYHYI (QYHKIHMIO, W TOorma Mmozeidb Intel Haumnaer pabortarh MO CErMEHTHOMY
pacnpeneneHno. A MOKHO HE HCIOJB30BaTh CETMEHTHYIO OPraHM3alldi0 Ipolecca, U Toraa
naHHas peanusainus Oyaer padboTaTh MO0 CTPAHUYHOMY paclpeAesIeHUI0 MaMsITH.
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6 YnpaBrneHue BHELUHNMU YCTPONCTBaAMMU

6.1 O6uwue KkoHUenuyuu

6.1.1 ApXxuTekTypa opraHusauuMu ynpasrieHusi BHELULHUMW YCTPOMUCTBaMM

Kak ormeuanoce paHee, Nmpu OpraHU3alMM B3auMOJCHCTBUS pabOTHI Ipoleccopa H
BHEIIHUX YCTPOWCTB Pa3IMYaloT JIBa MOTOKAa MH(GOPMALMU: MOTOK YNpaBistonie nudopmanuu
(T.e. TOTOK KOMaHJ KakoMy-IM0O YCTPOWCTBY YINpaBJIE€HMs]) U IOTOK JAHHBIX (TOTOK
nH(popmaluu, ydacTBylomeld B oOMeHe 00bdHO Mexay O3Y M BHENIHUM YCTPOHCTBAMH).
PaccmarpuBast ucTopuio BoOIpoca, HEOOXOAMMO OTMETUTh, YTO YIMPaBIECHUE BHEIIHUMHU
YCTPOUCTBAMH MPETEPIIEITIO TOCTATOUHO OOJIBIINE H3MEHECHHUS.

[IepBoii HCTOPUUYECKON MOJEIBIO CTAJIO HEMOCPEACTBEHHOE YIPABJICHHE LICHTPAIbHBIM
mpoiieccopoM BHemHUMH  ycTtpoiicTBamu  (Puc. 145.A), korma mporieccop Ha  ypOBHE
MHUKPOKOMAaHJ] IOJHOCThIO oOecredynBaid BC€ JEMCTBUSA 10 YNPaBICHUIO BHEUIHUMU
ycTporicTBamu. VHBIMU clTOBaMH, MOTOK YIIPaBJIEHUs NOJHOCTHIO 11eln depes L{I1Y, a HapaBhe ¢
HUM 4epe3 IpoLeccop IIed M MOTOK JaHHBIX. OJTa MOJEIb HIUIIOCTPUPYET CHHXPOHHOE
yIOpaBlieHUE: €ClIM Hayajucs OOMEH, TO, IIOKa OH HE 3aKOHYUTCS, IPOLECCOpP HE MPOAOIKAeT
BBIYUCIICHUS (IIOCKOJIbKY 3aHSAT OOMEHOM).

A. 03y ¢ > I Bremnee
YCTPOUCTBO
b. KOHTPOJLIEp =
HEIIHee
0O3Y |le— | BHENIHEro u
HH yCTpoiicTBa YCTPOUCTBO
B. DMA-KoHTpOJLIIEp
+ Bremnee
03V |< > KOHTPOJLJIEP WK YCTPOHCTBO
mporeccop

BBOJa-BbIBOJAa

111

Puc. 145.Mopesin ynpasJjieHHsI BHEINTHAMH YCTPOIiCTBAaMH: HeMOCPeICTBEHHOE (A),
CUHXpOHHOe/acuHxpoHHoe (B), ¢ HCIoJIb30BaHNEM KOHTPOJJIEpa NPSIMOTO
JI0CTyIIa UJIU Mpoleccopa (kanajia) BBoAa-BbiBoaa (B).

Bropass mMopenb, MOSIBHBIIASsCS C pPa3BUTHEM BBIUYHCIUTEIBHOW TEXHUKH, CBSI3aHA C
MOSIBJICHUEM CHENMAJM3HPOBAHHBIX KOHTPOJJIEPOB YCTPOKMCTB, KOTOpBIC KOHIICNTYaJbHO
pacnojarajgich MEKAy I[EHTPAIbHBIM MPOIECCOPOM M COOTBETCTBYIOIIUMH BHCITHHUMH
ycrpoiictBamu  (Puc. 145.5). KoHTpoinepsl mO3BONsUM  Ipolieccopy padorate ¢ Ooiee
BBICOKOYPOBHEBBIMH OTIEPAIIMSIMU TIPU YIIPABICHUH BHEITHUMHU yCTpoicTBaMu. TakuMm o0pa3om,
IPOIIECCOpP YaCTHYHO OCBOOOXKIAJNCS OT MOTOKA YNPABJICHUS BHEIIHUMHU YCTPOMCTBaMU 3a CUET
TOr0, YTO BMECTO OOJIBIIOr0 YMCIa MHKPOKOMAaH KOHKPETHOTO YCTPOMCTBAa OH OIEpUpPOBA
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MEHBIINM KOJIMYECTBOM 0OoJjiee BBICOKOYPOBHEBBIX omepanuii. Ho u 3Ta mMonens ocraBanachk
CHUHXPOHHOM.

CrnenyronmM 3TaloM CTAJI0 pPa3BUTUE MPEAbIAYIIEH MOJEId 10 AaCHHXPOHHOM,
OCYIIIECTBIIEHUE KOTOPOH CTajao BO3MOXKHBIM Oyiarojapsi MOSBICHHIO almapara MpepbIBaHHIA.
Jannast MosieIb MO3BOJISIIA 3aIyCTUTh OOMEH ISl OTHOTO IpoLiecca, MOCe 3TOr0 MOCTaBUTh Ha
CYET APYTYI0 3a7auy (WU e TEKYIIUI MPOLeCcC MOXKET MPOJAOHKUTH BBIMOIHATh KAKHE-TO CBOU
BBIUKCJICHHS), @ IO OKOHYaHUU OOMeHa (YCIEHIHOrO WJIM HEYCHEIIHOr0) B CUCTEME BO3HUKHET
MpEepbIBAHNE, CUTHAIU3UPYIOLIEE BO3MOXKHOCTh JaJIbHEHIIIET0 BHIMOJHEHUS MEPBOro Mpolecca.
Ho u T 1Be Mozenu npeAnoiaraiy, 4To NOTOK JaHHBIX UIET Yepe3 MpoIeccop.

KapauHaneHbIM pernieHreM MpoOeMbl TepeMenieHusl 00padOTKU TOTOKA JaHHBIX W3
Ipoleccopa CTajgo UCHOIb30BaHUE MOSBUBIINXCS KOHTPOJJIEPOB MPSIMOI0 J0CTYNA K MMaMATH
(w1 DMA-kouTposiepoB, Direct Memory Access, Puc. 145.B). Ilporeccop reHepupoBai
MOCIIEA0BATEIBHOCT YIIPABISIIOMIUX KOMAaH[, YKa3blBas KOOPJMHATHI B ONEPATUBHOM MaMATH,
KyJa HaJ0 TMOJIOKUTh WJIM OTKyJa HaJI0 B3ATh JaHHble, a DMA-KOHTpoJUIep 3aHUMAJICA
nepemMenieHueM AaHHbIX Mexay O3Y u BHENTHUM yCTpoHcTBOM. Takum 00pa3om, MOTOK JaHHBIX
nres B 00X0J1 mporeccopa.

U, HakoHeIl, MOXHO OTMETHUTD MOCJEIHIOI0 MO/JIeJIb, OCHOBAaHHYIO Ha TOM, YTO YIIPaBJICHUE
BHEIIHUMH YCTPONUCTBAMHU OCYUIECTBJISIETCS C HCIOJIb30BAaHUEM CHEIHAJIM3HPOBAHHOIO
npomueccopa (WM Jaxe CreHaIn3HpPoOBaAHHBIX KOMIILIOTEPOB) WM KAHAJIOB BBO/Ia-BbIBO/IA.
JanHas Mojenb MOJpa3yMEBAET CHIDKEHHME HArpy3KH Ha ILEHTPAJbHBIA MPOLECCOp C TOYKU
3peHusi oOpaboTku motoka ympasienus: LIITY Tenepp omepupyer (QpyHKIHOHATBHO-EMKUMU
MaKpOKOMaHJlaMH. PerieHue 3ajaud OCYIIECTBICHHUS HEMOCPEACTBEHHOTO OOMEHa, a Takxke
pellleHrne BCeX CBSI3aHHBIX C OOMEHOM BOMPOCOB (B T.4. ONTHUMH3ALUsl ONepanuil oOMeHa,
HaIpUMep, 3a CYET WCIOJIB30BAHMS ammapaTHOW Oydepuszamuu B MPOIECCOPE BBOA-BBHIBOIA)
JIOKUTCS «HA TUICYN» CIIEIUAIU3UPOBAHHOTO MTPOLIECCOopa.

6.1.2 [porpamMmMHOe ynpaBneHue BHELWHUMN YCTPOUCTBaMMU

PaccMoTpuM  apXHTEKTypy NIPOrpaMMHOIO YIPABICHHS BHEIIHUMHU YCTPONCTBAMH,
KOTOPYIO MOXKHO IpPEJICTaBUTh B BHUJE HEKOTOpoil mepapxuu (Puc. 146). B ocHOBaHMM JIEXKUT
annaparypa, a Jjajee ciIeQyrT IPOrpaMMHBIE YPOBHU: MPOrpaMMbl 00pad0TKH NpepbIBaHM,
ApaiBepbl (PU3MYECKUX YCTPOMCTB, a HAa BEpUIMHE HEPAPXUU JIEKUT YPOBEHb JApaiBepoB
JIOTHYECKUX YCTPOMCTB, IIPUYEM KaXIbli YPOBEHb CTPOUTCS HA OCHOBAaHWUU HUKEJIEKAILIETO
YPOBHSL.

JpaiiBepbl BUPTYaJIbHBIX YCTPOICTB

JpajiBepnl GuU3HYECKHX YCTPOMCTB

IIporpaMmmbl 00paGoTKH NMpepbIBAHUT

Anmnaparypa

Puc. 146. Uepapxusi apxXuTeKTyphbl MPOrPaMMHOI0 YIIPABJI€HUS] BHEITHUMHA
ycTpoiicTBamMu.

MOXHO BBIICIHUTH CIEAYIOMKE LETW MPOrpaMMHOrO YIPaBICHUS yCTpohcTBamMu. Bo-
MIEPBBIX, ’TO YHU(PUKAIMA NPOrPAMMHBIX HHTEP(EHCOB J0CTYIIAa K BHEIIHUM YCTPOHCTBAM.
WHpiMM  coBamMM, O3TO CTaHAApTHU3alMs IPABUJI MCIOIb30BAaHUS PA3JIMYHBIX YCTPOWCTB.
[Ipecnenys naHHYIO LieNb, MBI aOCTparupyemcsi oT anmnapaTHBIX XapaKTepucTHK oOMeHa. Ecnu
JlaHHasl LIeJIb TOCTUTHYTA, TO, HAIIPUMED, II0JIB30BATEINI0, TOKEIABIIEMY PacleyaTaTb TEKCTOBBIN
¢aiin, He Hago OynaeT 3a00TUTHCS 00 OpPraHU3AIMM YNPABICHUS KOHKPETHBIM IeYaTarOIIUM
YCTPOHCTBOM - €My JOCTaTOYHO BOCIIOJIb30BAaThCSI HEKOTOPHIM OOLIMM IPOrpaMMHBIM
uHTEepdeiicom.
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Crnenyroniasi 1ejib — 3TO o0ecneYyeHHMe KOHKPETHOW MoJeJd CHHXPOHM3AIMU NPH
BBINOJIHEHH U 00MeHa (CUHXPOHHBIN MM aCHHXPOHHBIN 00MeH). OTMETHM 371eCh, YTO, HECMOTPS
Ha TO, YTO CHHXPOHHBIN BUJ 0OMEHAa MOSBUIICS XPOHOJIOTUYECKU OJTHUM U3 MIEPBBIX, OH OCTaeTCs
aKTyaJIbHBIM | IO ceil ieHb. TakuMm 00pa3oM, CTaBUTCS 1eNTb MOAAeP)KUBATh 00a BIIa 0OMeHa, a
BbIOOp KOHKPETHOTO THIIA 3aBUCUT OT MOJIb30BaTEIs.

E1ie ogHOM LIETbIO ABIISETCS BhISIBJCHHE H JIOKAJIN3aLMs OIIHOO0K, 2 TAK)KE YCTPAHEHH e
UX nocJjeacTBuii. /s 10001 cucTeMsbl CIIpaBeUIMBO, YTO YeM 0oJiee OHa CIIOXKHA, TeM OoJIbIle
CTaTUCTHYECKHU B HEHl Bo3HHKaeT cOoeB. COOTBETCTBEHHO, CUCTEMA JOJDKHA OBITh OPraHU30BaHA
TaKuM 00pa3oM, 4TOObI OHA MOIJIAa BBIIBUTH MOMEHT IOSIBIIEHUsS c00s U cTaparhecsi 00padboTaTh
3Ty COOMHYIO CUTYaIUIO: JINOO CAMOCTOSITENIFHO €€ 000MTH, INOO U3BECTUTH MOJIH30BATEIIS.

Crnenyromas neab — Oydepusanmsi o0OMeHAa — CBA3aHa C  Pa3jIMYHOU
IPOM3BOIUTENFHOCTBI0 OCHOBHBIX KOMIIOHEHTOB CHCTEMBbI. M3BecTHO, uTO IJ1t000€ BHEUIHEE
YCTPOUCTBO pabOTaeT MeJIEHHEE LEHTPAIIbHOW 4acTH KOMIIBIOTEPA, M, COOTBETCTBEHHO, CTOMUT
npobiemMa CriaKuBaHHus pa30poca MPOU3BOAUTENLHOCTEH Pa3IMYHBIX KOMIIOHEHTOB CHCTEMBI.
[Tpuyem, ecnu pedb UAeT 00 YCTPOHCTBAaX, HE SBIAIOLIMXCS YCTPOHCTBAMM OIEPATHBHOIO
nocTyrna (T.e. He SIBJISIONIUXCS yCTPOHCTBAMHU, K KOTOPBIM HJET MAacCOBOE OOpalieHne Ha 0OMeH
OT IPOLIECCOB), TO JUISl TAKUX YCTPOMCTB MpobJieMa Crila)KMBaHUsl OTOJBUTAETCs HA BTOPOH IJIaH.
Hanpumep, ecnum 3TO MeAJeHHOE YCTPOWCTBO MedYaTH, TO s HEro 0cobo He Tpedyercs
peamuzanus Oydepa, a ecaum €0 KacaeTcs MAarHUTHOIO JIMCKA, PAcCUUTAHHOIO Ha
UCTIOJIb30BaHUE B KAaueCTBE MAaCCOBOTO YCTPOWCTBA, TO TYT OINEpaldd OOMEHa JOJDKHBI
00pabaTbIBaThCA 10 BO3MOKHOCTH OBICTPO. PerienreM yka3aHHOM 3a1a4M SBJISIETCS OpraHu3anus
pa3HOro pojia KIUIMPOBAHUS B CUCTEME.

Taxoke HEOOXOIUMO OTMETHTh TaKylO Liejlb, Kak o0ecledeHHe CTPATernu JOCTyNa K
YCTPOICTBY (pacrpeeneHHbIN I MOHOTIONBHBIH 10CcTy). Bo Bpemst paccMoTpeHus GailioBbIx
cucteM OC UniX roBOpuiIoCh, 4TO OJIMH H TOT ke (a1 MOXKET OBbITh JOCTYIICH Yepe3 MHOKECTBO
(hailoBbIX  JIECKPUIITOPOB, KOTOPBIE MOTYT OBITh pacmpeiiefieHbl MEXIy pa3IMYHbIMU
npoueccamu, T.e. (aiy MOXeT ObITh MHOTOKPATHO OTKPBIT B CHUCTEME, U CHCTEMa IO3BOJISET
OpPraHU30BBIBATh pacHpeAesieHHbI JocTtyn K ero wuHpopmanuu. Cucrema mO3BOJISET
OpraHM30BaTh YIpaBJICHHE 3TUM JOCTYNOM M CHHXpOHH3auuio. Cuctema Takke IO3BOJISET
OpraHU30BaTh U MOHOIIOJIBHBIM TOCTYII K YCTPOWUCTBY.

U, nakoHen, mocieqHeil 1enpl0, KOTOPYIO CTOUT OTMETUTH, SIBJISETCS NMJIAHMPOBAHHME
BBINOJIHEHUsI omepanuii o0MeHa. OTo BaxHass mpoOieMa, IOCKOJIbKY OT KayecTBa
IUIAHUPOBAHMUSI MOXKET BO MHOIOM  3aBUCeTh A(P(EKTHUBHOCTh  (PYHKIIMOHUPOBAHUS
BBIUNCIIUTEIBHON cUCTEMbl. HenmpaBmiIbHO OpraHM30BaHHOE INIAHUPOBAHUE OYEPEAM 3aKa30B Ha
00MEH MOXKET MPUBECTH K JETpaJlallii CUCTEMBI, CBSI3aHHOMW, K IIPUMEPY, C HAYAJIOM TOJI0JIaHuUs
KaKHUX-TO MPOLIECCOB 1, COOTBETCTBEHHO, 3aBUCAHUS X (PYHKIIMOHAIHHOCTH.

6.1.3 TlnaHupoBaHMe AUCKOBbLIX OOMeHOB

PaccMoTpuM pasnuyHbIE CTpaTerWd OpPTraHU3alMU TUIAHUPOBAHUS TUCKOBBIX OOMEHOB.
[Tpu 3TOM TIpecieayeTcs Melb MPOMLIIOCTPUPOBATh TO MHOTOOOpa3We IMOAXOJ0B K PEHICHHUIO
JaHHOU TIPOOJIEMBI, KOTOPhIE UMEIOT MECTO B MUPE, C KPATKUMU pe3yIbTaTaMU U BHIBOJAMHU.

Bynem paccmarpuBath HEKOTOPOE JHCKOBOE YCTPOWCTBO, OOMEH C KOTOPBIM
OCYIIEeCTBIsETCS AOpokkamMu (win Onokamu). [IpeAamonokum umeeTcs odepeqpb 3ampocoB K
crenayromum 1opoxkam: 4, 40, 11, 35, 7, 14 u mycTh M3HaAYaIbHO rOJ0BKA IMCKOBOTO YCTPOMCTBA
MO3UIIMOHUPOBaHA Ha 15-0if moposkke. 3aMeTH, 4TO BpeMs Ha OOMEH CKIAJbIBAETCS U3 TPEX
KOMITOHEHTOB: BBIXOJ] TOJIOBKH Ha TMO3HIIMIO, BPAIICHUE JUCKAa U HETIOCPEJACTBEHHO oOMeH. J[is
OIIEHKH 3(PPEKTUBHOCTH aITOPUTMOB OYJeM MOACUUTHIBATH CYMMApPHBIN MyTh (BBIPAKCHHBIN B
KOJIMYECTBE JIOPOKEK), KOTOPHIN TPOUIET TOJIOBKA ISl OCYIIECTBICHHS BCEX 3aIIPOCOB HA OOMEH
U3 YKa3aHHOH ouepenu.

[TepBast cTpaTerusi, KOTOpy MbI paccmotpuM, — crparerus FIFO (First In First Out).
Dta cTpaTerus OCHOBBIBACTCS JIMIITL HA TIOPSAKE MOSBICHHUS 3ampoca B ouepeau. B HamieMm cirydae
(Puc. 147) ronoBka cHavajga HaYMHAET IBUTATHCA € 15 moposkku Ha 4, motom Ha 40 u T.1. [Tocie
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00paboTKK BCeW yKa3aHHOW odepeqy CyMMapHas JJIMHA IMyTH cOocTaBiseT 135 mopokek, 4To B
CpeIHEM MOYKHO 0XapaKTepH30BaTh, Kak 22,5 TOPOKKU HA OJJUH OOMEH.

IIyTs rosioBkn L — —

154 1 0 4 7 11 1415 35 40
4 — 40 36
40 — 11 29
11 - 35 24
357 28
7—14 7
Hroro: 135
Cpennmnii myTh: 22,5

Puc. 147. llnannpoBaHue THCKOBBIX 00MeHOB. Moaens FIFO.

AnbrepnaruBoii FIFO siBnsiercst crparerust LIFO (Last In First Out). DtoT anroputm B
HallleM clly4yae MMEET MPUMEPHO Te ke xapakTepuctuku, uro u FIFO. Ho mannas crparerus
OKAa3bIBACTCS TOJIE3HOHM, KOT/Ia MOCTYMAI0T LENOYKU CBA3aHHBIX OOMEHOB: MPOIECC CUUTHIBAET
uH(bOpMalLIMIo, U3MEHSIET €e U 00paTHO 3anuchiBaeT. g Takux mporeccoB 3G GeKTUBHEE BCETO
OyZeT BBINOJIHEHHE WMEHHO IIeTIOYKH OOMEHa, WHAade IOCJIE CYHUTHIBAHHWS OH HE CMOXKET
pOJI0JDKAThCS, T.K. OyaeT oxuaath 3amucu (Puc. 148).

IIyTh rojsoBKH L
15— 14

14 -7 7

7—35 28

35-11 24

11— 40 29

40 — 4 36

Hroro: 126

Cpennuii nyts: 20,83

Puc. 148.IIlnannpoBaHue THCKOBBIX 00MeHOB. Moaens LIFO.

Caenyromas ctparerus — SSTF (Shortest Service Time First) — ocnoBaHa Ha «kaTHOMY
anroput™e. TepMHH «OKaTHOT0» aJropuT™Ma 0OBIYHO MPUMEHSIETCS K HTEPAIMOHHBIM aJlTOPUTMAaM
JUTS BBIZICNICHHS CPETU HUX KJlacca alrOPUTMOB, KOTOPBIE Ha KaXIOW UTEPAIMU UIILYyT HAUTyYIIIee
petrerue. [[puMEHUTENBHO K HAIICH 3aa4e JaHHbBIA alrOPUTM HA KaXKIOM IIare OCyIIeCTBIISIET
MOMCK B OYEpeId 3alpocoB HOMEpa JOPOXKKH, TPeOYyroIel MHHHMAIbHOTO MepeMEIICHUS
TOJIOBKHU JIUCKA. B MTOre, B HAIIEM MPUMEPE MOTYYAOTCS TOCTATOYHO XOPOIIUE PE3YIIbTATHI, HO
JIAHHBIA aJTOPUTM HMMEET CYIIECTBCHHBIA HEIOCTATOK: €My TMpHUCYyIIa MpodjeMa TOJIOJaHus
KpaiiHux nopoxek (Puc. 149).
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IIyTs rosioBkn
15— 14
14 - 11
11 -7

W bW~ |

7T—4
4 — 35 31
35—-40 5

Hroro: 47
Cpennuii nyTh: 7,83

Puc. 149. IlnannpoBaHue THCKOBBIX 00MeHOB. Moaenn SSTF.

Emie onuH anroputM — ajaropuTM, OCHOBaHHBIN Ha npuopurerax mpoueccoB (PRI).
JIaHHBII anropuT™M MOJAPA3yMEBAET, YTO KaXKJAOMYy IIPOLECCY IIPUCBAUBACTCS HEKOTOPBIN
IPUOPUTET, TOT/la B 3aKa3e Ha OOMEH NPHCYTCTBYET eule U npuoputer. M, cooTBETCTBEHHO,
ouepeb 3aIpocoB 00pabaThIBAETCs COTNIACHO MPHOPUTETaM. 3/1€Ch BCTAET cephe3Hast mpoliema
KOPPEKTHON OpraHu3aluy BblJa4M NPUOPUTETa, MHAYe OyAyT BO3HUKATh CIIydyau TOJOAAHUA
HU3KOIIPUOPUTETHBIX MTPOLIECCOB.

Crnenyromuil alropuT™, KOTOPBI MBI pacCMOTPUM, — <WIM(TOBBII» aIrOpUTM, HIIH
anroput™ ckanupoBanust (SCAN). JlaHHBIH aJropuTM OCHOBAaH Ha TOM, YTO T'OJIOBKA JHCKA
nepeMeIlaeTcs cHayajga B OJJHy CTOPOHY (IIPEJeNbHO O IPaHUIlbl AUCKA), BBIOMpas Kax/blii pa3
U3 OYepeIu 3aIpoc C HOMEPOM 0003peBacMOi TOIOBKOM TOPOKKH, a 3aTeM — B Apyryro. Toraa
3aBEJIOMO M3BECTHO, 4TO JIs JII0OOro Habopa 3ampocoB oTpedyeTcs nepeMenieHnii He 0obIle
YABOEHHOI'0 4HCJa JIOPOKEK Ha JAMCKe. [[aHHBIN anropuTtM MOKET HNPHUBOJAUTH K Aerpajaluu
CUCTEMBI BCJIEJICTBUE TOJIOAAHMSI HEKOTOPBIX IPOLECCOB B CIy4ae, KOrJa UAECT WHTCHCUBHBIN
00MEH ¢ HEKOTOpOI JToKaIbHOM 00macThio arcka (Puc. 150).

IIyTh rojioBku L
15— 35 20
35—40 5
40 — 14 26
14 - 11 3

11 -7 4
7—4 3
Hroro: 61

Cpennnii myTs: 10,16

Puc. 150. [InannpoBanue nuckoBbix 00MeHoB. Mogeasr SCAN.

Hexotopoil anbTepHaTHBOI SBISETCS aIrOPUTM LUKIMYECKOro ckaHupoBaHus (C-
SCAN). DToT anropuT™M OCHOBaH Ha TOM, YTO CKaHHPOBAHWE BCET/Ia MPOUCXOAHUT B OIHOM
HanpaBJIeHUU. B ouepeau 3ampocoB HMILETCS 3alpOC C MHUHUMAJIBHBIM (MJIM MaKCHMAaJIbHBIM)
HOMEPOM, TOJIOBKA IEPEABUTACTCS K JIOPOKKE C ITUM HOMEPOM, a 3aTEM 32 OJIFH IPOXO/T IO TUCKY
oOpabatbIBaeTcst BCsS odepenpr 3anmpocoB. Ho mpoOiieMbl OCTalOTCs Te K€ camble, YTO W s
anroput™a ckanupoBanus (Puc. 151).

265



IIyTs rosioBkn L
15—-4 11

4 -7 3
7—-11 4

11 - 14 3

14 — 35 21
35—-40 5
Hroro: 47

Cpennuii nyTh: 7,83

Puc. 151. llnannpoBanue qTucKOBBIX 00MeHOB. Moaean C-SCAN.

st perreHust mpoOJIeMbl 3aBUCAHUS TIPU HHTEHCMBHOM OOMEHE C JIOKAJIbHOW 00JIACThIO
JTUCKa TpuMeHsoTcss MHoromraroBeiii anroput™m (N-step-SCAN). B atom cimydae ouepens
3alpoCcCOB KaKUM-TH00 00pa3oM genutcs Ha N momouepeseii (crmocod paszesieHust MOKET ObITh
MPOU3BOJIBHBIM, B YaCTHOCTH, IO JIOKAIH3AIMK 3aIPOCOB, [0 BPEMEHU MOCTYIUICHHUS U T.1.);
3aTeéM MO KaKOH-IMOO CTpaTeruyd BBIOMpPAETCS ouepeab, KoTopas OyneT o0pabaThIBaThCs
(Hampumep, Mo MopsiAKy (GOPMUPOBAHUsS), U HaUYMHAETCS ee o0paboTka. Bo BpeMs oOpaboTku
ouepenr OJIOKUPYETCs MOMaJaHie HOBBIX 3alPOCOB B ATY Ouepeb (TOrJa 3TH 3alpOChl MOTYT
chopMHpOBaTh HOBYIO OYepenb), APyrHe Ouepelr MOTyT moiy4arh 3asBku. Cama oOpaboTka
ouepeI MOXKET OCYIIECTBISATHCS, HAPUMED, 110 AITOPUTMY CKaHUPOBaHHS. JJaHHBIH alropuTM
«YXOJUT» OT MPOOJIEMBI TOJIOAAHMSL.

WTak, MBI TPOMUIIOCTPUPOBAIM HEKOTOPHIC CTPATETHH OPTraHWU3alluH TUTAHUPOBAHHUS
JTMCKOBBIX 00MeHOB. Ele pa3 oTMETHM, YTO 3TH MOJIENh OYCHD YIIPOICHHBIC: OHM OCHOBAHBI Ha
UCTIOJIb30BaHUM MHHUMAJIBHOW MH(pOpMAIHK 0 3aKa3e Ha oOMeH. PeanbHbIe CHCTEMBI, peallbHbIC
ouepeq CoAep)KaT He OJMHOYHBIC 3aKa3bl Ha OOMEH, a IIeJIble IEMOYKH 3aKa30B Ha OOMEH,
KOTOpbIE TPOHM3BOJILHBIM 00pa3oM oOpadaThiBaTh Henb3s. Hampumep, ecnu uaer 3aka3 Ha
CUMTHIBAHUE JaHHBIX, TIOTOM IPOIECC UX H3MEHSET, a 3aTeM OOpaTHO 3amlWCHIBAET, TO 3TU
CYMTBHIBAHUE U 3aITUCh MOTYT CJICJIOBATH JIUIIb B OJTHOM TIOPSIJIKE.

6.1.4 RAID-cucrembl. YpoBHu RAID

AG66peBuatypa RAID moskeT packpsiBaThesi AByMs crmocobamu. RAID — Redundant
Array of Independent (Inexpensive) Disks, wii n30bITOUHBIN MaCCHB HE3aBUCUMBIX (HEOPOTHX)
muckoB. Ha cerogusimnuii 1eHs 006e pacin@poBKU HE cOBceM KOppekTHBI. [oHsTHE Hemoporux
JIICKOB POJIMIIOCH B T€ BPEMEHA, KOT/1a 0OJbINe ObICTPBIE AUCKU CTOWIH JOCTATOYHO J0POTO, U
nepel MHOTUMHU OpTaHU3alUSIMHU, KEJAIIUMU COKOHOMUTH, CTOsUIa 3aja4a MOCTPOSHHS TaKou
opranu3zanum Habopa OoJiee JemEeBbIX U MeHee OBICTPOICHCTBYIOUINX U €eMKHX TUCKOB, YTOOBI MX
cymmapHas 3¢ ()eKTUBHOCTh HE yCTyIaja OJHOMY «JIOpOoroMy» nucky. Ha cerogHsmHuii neHb
[EHBl MEXIy Ppa3IMYHBIMU IO XapaKTEPUCTHKAM TUCKaMH 0ojee CriakeHbl, HO OBbIBalOT U
UCKJTIOYEHHsI, KOTJa HOBEMIIMN MUCK YyTh JTU HE Ha TOPSAJOK OIMEpekaeT MO IEHE CBOMX
npeapIAy X cooparbeB. UTo KacaeTcs He3aBUCUMOCTH JMCKOB, TO OHA COOTIOIaeTCsl HE BCET/A.

RAID-cucteMa — 3TO COBOKYMHOCTHh (DM3HUYECKHUX JHUCKOBBIX YCTPOMCTB, KOTOpast
NPECTABISETCS B OMNEPAIIOHHONW CHUCTeME KaK OJHO YCTPOICTBO, MMEIOIIEe BO3MOXKHOCTH
OpraHu3aly napauienbHeIx 00MeHoB. [Tomumo 3TOrO 00pasyercs M30bITOYHAST WHOpPMAIIUS,
UCTIONb3yeMast JUIst KOHTPOJISl M BOCCTaHOBIICHHS MH(GOPMAIIMY, XPAHUMOW Ha ITHX JUCKaX.

RAID-cucremsl mpeamnonaraioT pazMelieHre Ha pa3HbIX yCTPOMCTBAX, COCTABISIOLINX
RAID-maccuB, nopuuii TaHHBIX (PUKCUPOBAHHOTO pa3Mepa, Ha3bIBAEMBIX HOJ10CAMU, KOTOPBIMU
OCYUIECTBIIIETCS OOMEH B TaKUX cUCTeMax. Pazmep mosockl 3aBUCUT OT KOHKPETHOT'O YCTPOHCTBA
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(mpu o6cy)neHun (HalJoBBIX CUCTEM OblIa YIIOMSHYTa HMEpapxus pazIudHbIX 0y10koB; RAID
N00aBIISIET B 3Ty UEPAPXUIO TOTIOIHUTENLHBIA YPOBEHb — ypOBeHb mojioc RAID).

Ha ceropnsinmanii AeHb BBIACISIOT ceMb Moaeneil RAID-cuctem (0T HyJIeBOM MOJEH 10
niectoi). PaccMOTpuM UX 10 MOPSAJIKY.

RAID 0 (Puc.152). B aroii Momenau moioca COM3MEPHMa C JUCKOBBIMH OJIOKaMHU,
COCEJIHUE I0JIOCHI HAaXOJATCS Ha pasHbIX ycTpoilcTBax. Opranusauus RAID HyneBoro ypoBHs
YeM-TO HAllOMHMHAET pacclioeHue orepaTuBHONW maMatd. C KaxAbIM JUCKOM OOMEH MOXKET
IPOUCXOAUTh MNapaiienbHo. Kaxaoe ycTpoiCTBO HeE3aBUCHMOE, T.€. JIBUKEHHE TOJIOBOK B
KOKIOM M3 YCTPOMCTB HE CHHXPOHM3UpPOBaHO. JlaHHAs MOJeNb HE XPaHUT H30OBITOUHYIO
UH(OPMAILIUIO, TO3TOMY B HEH MOTYT XpaHUThCA IaHHBIE 00BEMOM, PaBHBIM CyMMAapHOH eMKOCTH
JUCKOB, MPH 3TOM 3a CYET MapajlIelbHOIO BBIIOJHEHUS OOMEHOB JOCTYIl K HH(pOpMaluu
CTaHOBUTCA 00Jiee OBICTPBIM.

— — — —
e —— R — e — e —
mnmaca N mnmnca 1 mnnnca ) 2 7%: 7o Yal-Ne
- 0000 - - 000000 - - 000000 - - 000000 -
— S — S — S —
mnmncra 4 matnca S mnnnca A mnnnca 7
- 000000 - - 00000 - - 00000 - - 00000 -
- — S — S — S —

mnmncra R

- -
f——

mamoca 19

mnamoca Q

mnmnca 13

______

mamoca 10

mnmnea 14

______

mamoca 11

mnmnca 18

______

Puc. 152.RAID 0.

RAID 1, wm cucrema 3epkanupoBanus (Puc. 153). Ilpenmonaraercs Haimuue IBYX
KOMIUIEKTOB TUCKOB. [Ipu 3amucu nHPpOpMAIUN OHA COXPAHSETCs HA COOTBETCTBYIOIIEM JIUCKE U
Ha ucke-nyonepe. [Ipu ureHnn nHGOpMAaIMK 3aNIPOC HANIPABIISIETCS JIUIH OJTHOMY M3 TUCKOB. K
JMCKY-Ty0Jepy MpOUCXOIUT oOpalieHre mpu yrepe HHPOpMaIui Ha TIEPBOM IK3EMIUIAPE JUCKA.

—
e —

amaca N

—— —
Me— M~ — ———
mamnca 1 moamnca |1
—— —
Me— M~ ———

TINTINCA 7

Puc. 153.RAID 1.

JlaHHast MOJeNb SIBIISETCA JOCTaTOYHO J0POroM, IPUYEM JOPOTOBU3HA 3aKIIIOUAETCS HE B
HEIMOCPEICTBEHHOM CTOMMOCTH JUCKOB (€CJIH TIPEANOI0KUTh, 9TO cpeaHsis 1eHa aucka 100 USD,
TO Ha MOKYNKy 10 ocHOBHBIX TUCKOB U 10 AMCKOB-1yOIepoB OpraHu3anus JOKHA MOTPATUTh
nopsiaka 2000 USD, 4to He sBiIseTcst O0IBIION CyMMO# Jytst 'opuaudeckoro auna). [lerna Bompoca
BCTAeT NMpHU 00CITYyKMBAHUU JaHHOH cucTeMbl: 20 TUCKOB 3aHUMAIOT MHOT'O MECTa, MOTPEOIISIOT
JIOBOJIbHO MPUJIMYHYIO MOITHOCTB U BBIIESIOT MHOTO Teria. K aToMy MokHO 100aBUTh pacXobl
Ha o0ecrieueHre pe3epBHOrO MUTaHMs: 4TOObI 3TH 20 AMCKOB HE OTKIIOYAIUCH NpHU mepedosix ¢
IEKTPOIHEPIrHel, HEOOXOAUMO 3aKyUTh UICTOYHUKH Oecriepe0OHHOT0 MUTaHUS C O4YeHb EMKUMU
AKKYMYJIITOPAMH.

OtmetuM, uto Moaenu RAID HyneBoro m mepBoro ypoBHEW MOTYT peaji30BBIBATHCS
IPOTPaMMHBIM CIIOCOOOM.
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Caenyromue ae moaenu (RAID 2, Puc. 154, u RAID 3, Puc. 155) — 310 Mozenu ¢ T.H.
CUHXPOHM3UPOBAaHHBIMU T'OJIOBKAMH, YTO, B CBOI O4Y€peab, O3HAa4aeT, 4YTO B MAacCHUBE
UCTIONIB3YIOTCSl HE HE3aBUCUMBIE YCTPOMICTBA, a CIELUAIbHBIM 00pa3oM CHHXPOHU3UPOBAHHBIE.
OTu Mozenu 00BIYHO UMEIOT TOJIOCHl HE3HAUUTENBHOIO pa3Mepa (HarpuMep, OalT Wil CJI0BO).
JlaHHBIE MOJIENIN COZEPKAT U30BITOYHYI0 MH(OPMALHIO, TO3BOJISIOIIYI0 BOCCTAHOBUTD JaHHBIE B
clydyae BBIXOJla M3 CTPOsi OJHOrO M3 ycTpoicTB. B uactHoctu, RAID 2 wucnonb3yer koAbl
XsMMMHra (T.€. KOJbl, MCHPABJAIOIIME OJHY OHIMOKY M BBIABISIONIME JIBOMHBIE OIIMOKN).
Mogens RAID 3 Gonee mpocTa, 0OHa OCHOBaHA Ha YETHOCTH C YepeayroImuMucs outamu. Jlis
9TOr0 OAMH M3 JUCKOB Ha3HAdaeTcsl Uil XpaHeHUs M30bITOYHOW HH(OpManuum — MoIoc,
JIOTIOJIHSIIOIIMX /10 YETHOCTH COOTBETCTBYIOLIME IIOJIOCHI Ha APYIUX AHUCKax (T.€., IO CyTH, B
Ka)/10M MO3UIMM CYyMMapHOE YUCIIO €MHHUL] Ha BCEX JUCKaX JAOJKHO ObITh UeTHbIM). U B TOM, 1
B JIpyrOM ciiyyae mpu cOoe OZHOTO M3 YCTPOMCTBA 3a CUeT M30BITOYHON MH(DOpPMAIIUN MOXKHO
BOCCTAHOBUTH MOTEPSHHbBIE JTAHHBIE.

bo b1 b2 bs fo(b) fi(b) fa(b)

__________________________________________

Puc. 154. RAID 2. M36bITouHOCTD ¢ Koxamu Xammunra (Hamming, ucnpasisier
OJMHAPHbIE U BHISIBJISAET IBOMHbIE OLIMOKH).

——

B nmamHOM ciydae mmeercs 4 mucka
S S G S S S S i S MaHHbIX U 1 guck dyetHocTH. Torma
IUTSL AUCKA YETHOCTH:

— < < < = < = < X4(i):Xo(i)XOI’Xl(i)XOTXz(i)XOTX3(i)
Ecan HpOPI3017[)IeT MOTEPA AaHHBIX
_ bo JL bn J{ b2 J[ bs J[ P(b) | HAa TEpBOM  JIUCKE, TO  JUIA
BOCCTaHOBJICHU S JAO0CTaTOYHO
L L BOCIIOJIb30BATHCS (hopMyInoii:
AREEEEIE HEHEEEEEEE HEHEEEEEEE HEHRREEEED HEEEEEEEE : Xa(i)=Xo(i)x0rXa(i)xorXa(i)xorXa(i)

_________________________

Puc. 155.RAID 3. YeTHocTh ¢ YepeayOIUMUCA OUTAMM.

RAID 4 sBnsiercst ynpomeanem RAID 3 (Puc. 156). 9To MaccuB HECHHXPOHH3UPOBAHHBIX
yctpoiicTB. COOTBETCTBEHHO, MOSIBIISIETCS Mpo0diieMa MOAAepKaHUsS B KOPPEKTHOM COCTOSHHH
JUCKA YETHOCTH. JIJIs 3TOr0 KaXKIblid pa3 MPOMCXOAUT NEPECUET 10 COOTBETCTBYIOMIEH opMyIie.

Monenu RAID 5 (Puc. 157) u RAID 6 (Puc. 158) cripoekTpoBaHbI TaK, 4TOOBI TOBBICUTH
HaJeXKHOCTh cucTeMbl 10 cpaBHeHMIO ¢ RAID 3 n 4 ypoBHeil. Oka3bIBaeTcsl ONTaCHBIM XPaHUTh
BOXHYI0 MH(pOpMalLKIo (B JaHHOM Clyyae MOJIOCHl YETHOCTH) Ha OJHOM HOCHUTENe, T.K. Ipu
Ka)KIOW 3aIllMCU MPOUCXOAUT OOpallleHHe BCerja K OAHOMY U TOMY K€ YCTPOWCTBY, YTO MOKET
CIpPOBOLIMPOBATh €ro CKOpEeHIIMHA BBIXOJ U3 CTpos. HanexxHee paszHECTH CIIyKeOHYIO
uHpopmarnuo 1mo pasubiM auckaMm. CootBercTBeHHO, RAID 5 pacmpenenser u30bITOUHYIO
UHPOPMALIMIO O AMCKAM LHUKINYecKuM oOpa3oM, a RAID 6 wucmons3yer ABYyXypOBHEBYIO
n30bITOUHYI0 HH(POpMAIIHIO (KOTOpasi TAakK)Ke pa3HEeCeHa M0 AUCKaM).

268



P(0-3)

o

P(4-7

o~

P(8-11)

o <

P(12-15)

nomnoca 3
o~ <

nomoca 2
o~ <

nomnoca 1
o~ <

momnoca ()

B manHOM ciywae mmeercs 4 nucka
o~ <

IaHHBIX U 1 Auck yeTtHOCTH. Torma
JJIA AUCKA YECTHOCTH:
Xa(i)=Xo(i)xorXz(i)xorXa(i)xorXs(i)

nonoca 7
o~ <

nonoca 6
o~ <

nmomoca 5
o~ <

nonoca 4
o~ <

moJjioca 11
o— <

noJjioca 10
o— <

roJjoca 9
o— <

rmoJjoca 8
o— <

ITocie OOHOBIEHHS MOJIOCHI
MIEPBOM JIUCKE:

Xanew(1)=Xa(i)xorX1(i)xorXx new(i)

Ha

nonoca 12| |monoca 13| |monoca 14| |monoca 15

_________________________

Puc. 156.RAID 4.
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f——

nomnoca 14

—
e —

P(0-3)

D ———
e ——
momnoca 7
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moJjioca 11
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nonoca 15
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——————
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Puc. 157.RAID 5. Pacnpene/jieHHAas 4eTHOCTh (HUKJINYeCKOe pacnpeaeieHue YeTHOCTH).
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rnomoca ()
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nonoca 4
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mnomnoca 1
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noJyoca 5
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nonoca 14
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0(0-3)
Y
S —

nonoca 7
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moJioca 11
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momoca 15

Puc. 158.RAID 6. /IBoitHast H30bITOYHOCTH (IIUKJIMYECKOE PacTpeiesieHie YeTHOCTH C
HCIOJb30BAHHEM JIBYX CXeM KOHTPOJIsI; Tpedyercs: N+2 qucka).

6.2 Pa6oma c eHewHuUMu ycmpolicmeamu e OC Unix

6.2.1 ®annbl yCTPOUCTB, ApauBepbl

Kak ye HEOJHOKpaTHO YHNOMHHAJIOCh, OJHOM M3 OCHOBHBIX ocoOeHHocTeir OC Unix
ABJIIETCS KOHIEN IS (ailioB: MPAaKTUYECKHU BCe, C YeM paboTaeT cucTeMa, peCTaBIIsAeTCs B BUIE
¢aiinos. BHenHue ycTpoicTBa He SBISIOTCSA UCKIIOUEHUEM U TaKXKe MPeJICTaBIeHbl B CUCTEME B
BU/JIC CTICIMATBHBIX (DAHIIOB yCTPOICTB, XpaHUMBIX OOBIYHO B Katasiore /dev.

C touku 3peHust nuuTepeiicoB opranu3anuu paboThl C BHEIIHUMH YCTPOHCTBAMHU CUCTEMA
nenutT abCoNIIOTHO BCE YCTPOMCTBA Ha JBE KATETOPUU: Oaiim-opueHmuposanHuvie M O10K-
opuenmupogeannvie yctpoiictBa. C  OJOK-OPUEHTHPOBAHHBIMH  YCTPOWCTBAMH  OOMEH
OCYUIECTBIISIETCS MOPLUUAMHU JaHHBIX (PMKCUPOBAHHOM JUIMHBI, Ha3bIBA€MbIMHU OJI0KaMu. OOBIYHO
pasMep OlloOKa KpaTeH CTEINeHH [BOWKU. Bce ocTanbHBIE YCTpOMCTBA OTHOCATCA K OaifT-
OpUEHTUPOBAHHBIM. Takue yCTpPOHCTBA IMO3BOJIIOT OCYIIECTBISATH OOMEH MOPLMSIMH JaHHBIX
npou3BoJbHOrO pasmepa (ot 1 Oaiita mo Hekotoporo k). Hamo ormeruth, yTOo K Oaift-
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OPUEHTUPOBAHHBIM YCTPOWCTBaM TMOMHUMO (PU3MUECKHX YCTPOHCTB (C KOTOPHIMH MOXKHO
OCYILECTBIIATh OOMEH) MOTYT OTHOCHTBCSL U YCTPOICTBA, C KOTOPHIMH OOMEH HE OCYIIECTBHM.
[IpumMepoM TakOTO yCTPOHCTBA MOXET CIYXKUTh TalMep: peaJlbHO OOMEHBI C TaliMepoM He
IPOUCXOIAT — OH MCIOJB3YETCs AJIs T€HEpali B CUCTEME NPEPBIBAHUIN Yepe3 OIpeeICHHbIE
MIPOMEXKYTKH BPEMEHH, HO TaliMep OTHOCUTCS UMEHHO K 0alT-OpHEHTUPOBAHHBIM YCTPONUCTBAM.

Ho, roBopst 0 6510k- 1 GaliT-OPHEHTUPOBAHHBIX YCTPOHCTBAX, CIEIyeT IOMHHUTb, YTO 32
PErUCTPALIUI0 YCTPOMCTB B CUCTEME B KOHEYHOM CUETE OTBEYAET Opaiigep YCTPOMCTBA: UMEHHO
OH OIpeieTsieT THI uHTep(delica ycTpoiicTBa. BhIBaIOT CUTyaluu, KOT/1a OJJHO U TO e YCTPONCTBO
paccMaTpuBaeTCsl CUCTEMO M Kak OalT-OpMeHTHPOBAHHOE, U Kak OJIOK-OpueHTHpoBaHHOe. B
KauecTBE MpHMEpa MOXKHO MPHUBECTH OINEPATHBHYIO MaMsTh. 3aBeqomMo O3V sBuseTcs OaiT-
OpUEHTUPOBAHHBIM YCTPOICTBOM, HO NPHU OpPraHU3alMM OOMEHOB WJIM NPHU Pa3BEPTHIBAHUU B
OTIEPAaTUBHON MaMsATH BUPTYaJIbHOH (aitnoBoii cucreMbl O3Y MOXKET paccMaTpUBATBHCS YKe Kak
OJIOK-OpUEHTHPOBAHHOE YCTPOHCTBO. Takke OTMETHM, 4YTO ampUOPH CUMUTAETCS, 4YTO Te
YCTPOWCTBA, HAa KOTOPBIX MOXET pacmnojiaratbcs (QaiioBas cucTeMa, SBISIOTCS OJOK-
OPUEHTHUPOBAHHBIMU.

PaccmoTpuM cucTeMHyr0 OpraHuzanuio HH(GpOpMaluu, HEOOXOAMMOMN s YIpaBlICHHS
BHEIIHUMHU ycTpoiicTBaMu. Kak yrmoMuHanoch BhIllIe, B CUCTEME UMEETCS CIIEMAIbHBIN KaTajaor
YCTPOKCTB, B KOTOPOM pacroararorcs Gaiisl 0co00ro Tuna — crenuaibHble (haiiibl yCTPOHCTB.
Otu ¢aiinbl 00ecrneunBaloT pelIeHNe CIEeIyONINX 3a/a4:

— HMEHOBaHUE yCTPOMCTB (ecnu ObITh O0Jiee TOYHBIMHU, TO UMEHOBAHHE IPAiiBEPOB YCTPONCTB);
— CBsI3bIBAHHME UMEHH, BBIOPAHHOTO J1JIi UMEHOBAHUS YCTPOICTBA, C KOHKPETHBIM JIpaiiBEpOM.
COOTBETCTBEHHO, CTPYKTYpHAasi opraHuzanus (aiyioB yCTpOHCTB OTIMYAETCS OT OpraHU3allHH,
HarpuMmep, perysispHbeix (aitoB. CrienunanbHble (aiabl YCTPOUCTB HE MMEIOT OJIOKOB (paiina,
XpaHUMBIX B paboueM MpocTpaHCTBe (ailnoBoll cuctemsl. Bes copeprkarenbHas nHbOpMaIys
¢daitzioB  JaHHOTO THIA pa3MENIAeTCs HCKIIOYUTENIbHO B COOTBETCTBYIOIIEM HMHIEKCHOM
neckpunTope. MHIEKCHBIN TECKPUIITOP COCTOMT M3 TEpEeuHsl CTaHAapTHHIX aTpuOyTOB (aiina,
Cpelu KOTOpBIX, B YaCTHOCTH, YKa3bIBaeTcs THUIl 3TOro ¢aiia, a Takke BKIIOYaeT B cels
HEKOTOpBIE CHElMalbHble aTpUOyThl. DTH aTpUOYTHI coAepkaT CileayroIIMe MoJs: TUN (aiina
ycTpoiicTBa (O70K- WM OalT-OpUEHTHUPOBAHHOE), a TaKXe ele 2 ToJis, MO3BOJIAIOIINE
OCYILECTBIISATH PabOTy ¢ KOHKPETHBIM JIpaiiBEpOM YCTPOMCTBA, — 3TO T.H. CHIAPUUii HOMep |
maaouwun nomep. Crapmuii Homep (major number) — 3To HOMeEp apaiiBepa B TabJjmIle
JpaiiBEpOB, COOTBETCTBYIOMICH THITY (aiiyia ycTpoiicTBa. A Miaammii Homep (Minor number) —
3TO HEKOTOpast IONOTHUTENbHAs UH(pOopMalus, mepeaaBaemMas ApaiiBepy npu oOpaiieHuu. 3a cyer
ATOr0 Peau3yeTcsi MEXaHU3M, KOTJa OJUH JpaiiBep MOXKET YIPaBJIATh HECKOJIBKUMH CXOKUMU

yCTpONCTBaMU.

6.2.2 CuctemHble Tabnuubl ApanBepoB YCTPOMUCTB

Jns peructpauuu JIpaiiBepoB B CHCTEME HCHOJB3YIOTCA JIBE CUCTEMHBbIE TAaOJIUIIBL:
Tabnuia OJIOK-OPUEHTHUPOBAHHBIX ycTpoucTB — bdevsw, u tabnuna GailT-OopHeHTHPOBAHHBIX
yctpoiictB — Cdevsw. COOTBETCTBEHHO, CTapIiMii HOMEp XpaHHT CCBUIKY Ha JpaiiBep,
HAXOJISIIUNCS B OJTHOM M3 TAOJHII, TUIT TAOIUIIBI OTIPECIIIeTCs TUIIOM (haiiia yCTPOMCTB.

Kaxas 3anuch 3TUX TabJIUI CONEPKUT CTPYKTYPY CHELHAIbHOro (popMara, Ha3bIBaeMyIo
KOMMYTaTOpOM yCTpoHcTBa. KOMMyTaTOp yCTpOMCTBAa XPaHHUT yKa3aTeM Ha BCEBO3MOKHBIC
TOYKH BXoAa (T.e. peanau3yeMble (YHKIMM) B COOTBETCTBYIOIIMH JpaiiBep, 10O Xe B
COOTBETCTBYIOIIEH 3amucH TaOMUIBI BMECTO YKa3aHHOM CTPYKTYPBl XPAaHUTCS CHeluaIbHas
CCBIJIKa-3aryIyllKa Ha TOUKY sIpa.

CTOHUT OTMETHUTH CIEAYIOLINE TUIIOBbIE NMEHA TOYEK BXOJa B JipailBep:

Popen(), pclose();
pread(), pwrite();
pioctl();
pintr().
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CumBon [ sBisieTcss aOOpeBHATypoll HMMEHH YyCTpoWcTBa: 00bdHO B Unix-cucremax mjis
MMEHOBAHUSI YCTPOMCTBA UCTIOB3YIOT IBYXCHMBOJIbHBIC HMeHa. Hanpumep, Ip — npuntep, mt —
MarHuTHast JICHTA U T.I1.

B o0miem citydae cucrema crieuduuupyeT Hanbosee MoIHbIN Habop QyHKIIHIA, KOTOPBIHA
MOXET MPEI0CTaBUThH JpaiiBep moab3oBaTento. Eciu kakas-miu6o GyHKIMs OTCYTCTBYET, TO Ha €¢
MecTe B KOMMYTaTOpe MOXKET CTOSITh 3arIylIKa. 3ariaylIKd MOTYT OBbITh JIBYX THUIIOB: 3arJyIIKa
tuma nhulldev(), xotopass mpu oOpalieHuH Cpa3y BO3BpallaeT yIpaBIeHHE, W 3arjiyliKa THIIa
nodev(), kotopasi mpu OOpaIlleHUH BO3BpAIllaeT YIpaBicHHUE ¢ KoaoM omubOku. Hanpumep, ans
TaiiMepa cKopee BCero OyIyT OTCYTCTBOBATh (D)YHKIIMHM YTCHUS U 3aITUCH, IPUYEM IPHU MOIBITKE
YTEHHS WU 3allUCH CHCTEMa J0JDKHA «PYTHYTHCs» (T.€. 3arimyinka tuna nodev()).

HekoTopble U3 MEpEeYHCICHHBIX TOYEK BXOJA SBISIOTCSA CHEIHaTU3upoBaHHbIMU. C
noMouipo QYHKUUH fioctl() MOKHO TPOU3BOIUTH PAa3HOTO POJa HACTPOWKU M YIPABJICHUE
npaiiBepom. OyHKIWs fintr() BEI3BIBACTCS MPH MOCTYIUICHUH IPEPhIBAHUS, ACCOIMUPOBAHHOTO C
JIAHHBIM YCTPOMCTBOM.

TpanuioHHo Yacth (GYHKIMHA JpaliBEpOB MOXKET ObITh pealn30BaHa CHHXPOHHBIM
CIocoOoM, a Jpyrasi 4acTh — aCHHXPOHHBIM Ccr1ocoO0oM. COOTBETCTBEHHO, CHHXPOHHAS 4acCTh
npaiiBepa HaswsiBaeTcs top half, a acuaxponnas — bottom half.

6.2.3 Cwutyauum, Bbi3biBalowme obpaweHme K hyHKUMAM apanBepa

Cnucok cutyanuii, mpu KOTOPbIX IPOUCXOAUT oOpalleHue K GyHKIUAM IpaiiBEpOB, YETKO
JIeTepMUHUPOBaH. Bo-1iepBbIX, 3TO CTAPT CUCTEMbl U MHULIMATIU3AIMUS YCTPONCTB U JApaBEPOB.
[Tpu cTapTe cuctemMa UMeeT NepeyeHb yCTPOMCTB, KOTOPHIE MOTYT OBITh K HEMl MOJIKIIFOUEHBL. DTOT
nepeveHb — cojiepkuMoe Katasora /dev. [Tocie 3Toro oHa mpocMaTpuBaeT AaHHBIN MEPEYCHb U
ompezenseT Te YCTPOHCTBA, KOTOPbIE €CTh B HAJIWYUH, a 3aT€M IOJKIIOYaeT UX MOCPEACTBOM
BBI30Ba COOTBETCTBYIOIIEH (hyHKIIMU KommyTaTopa (pyHkimu fioctl()).

Bo-BTOpBIX, 3TO 00paboTka 3ampocoB Ha 0OMeH. Ecnu nmporieccy He00X01MMO TPOU3BECTH
CUMTHIBAHUE WIIM 3aMUCh JaHHBIX, TO MIPOUCXOAUT OOpaIIeHne K COOTBETCTBYIOIIEH TOUKE BX0/1a
B JIpaiiBep.

B-TpeTbux, 310 00paboTKa MpepbIBaHUs, CBA3aHHOTO C JJAHHBIM yCTpoiicTBoM. Hampumep,
OBLT HHUITMUPOBAH OOMEH, ¥ OH 3aKOHYMJICS (YCTIEITHO WJIM HEYCTEITHO), WU YK€ TI0 JIMHUY CBSI3U
MpUIEeT KaKOW-TO CHUTHAJ, KOTOpBIM HeoOxoaumo oOpaboTath. B 3TOM ciiydae BO3HHKaeT
npepeIBaHne, 00pad0TKa KOTOPOTO MPOUCXOIUT B COOTBETCTBYIOIIEM JIpaiBepe.

W, B-4eTBEpTHIX, I3TO BBINOIHEHUE CHEUUATBHBIX KOMAHJ YIIPAaBJICHUS YCTPONUCTBOM.
OYHKIUK YIIPABIEHUS MOTYT ObITh CAMBIMHU Pa3HBIMU, UX HATIOJHEHHE 3aBUCUT OT KOHKPETHOTO
YCTPOWCTBA U OT KOHKPETHOTO ApaiBepa.

6.2.4 BknioyeHue, yaaneHue apavBepoB U3 CUCTEMbI

NznavanbHo Unix-cucteMbl (Kak W OOJNBITUHCTBO CHUCTEM) MPEAINONATalU «KECTKOS»
CTaTHMUYECKHUE BCTpaWBaHUE JpaiiBEpPOB B KOJ siApa. DTO O3HAYANO, YTO MpHU J100aBIEHUH HOBOTO
IpaiiBepa WM yAaJCHUH CYIIECTBYIOMIETO HEOOXOAWMMO OBbLIO BBHIMOIHUTH JOCTATOYHO
TPYJIOEMKYIO ONEPALNIO MEPETPAHCISAINH (KOT/IA SJIpO CO3AAETCS «C HYJIS») WIH, KAK MUHUMYM,
MEPEKOMITIOHOBKY sifjpa (KOT/Ia €CTh TOTOBBIE OOBEKTHBIE MOAYJH). COOTBETCTBEHHO, 3TH
ornepanuy TpeOOBalM CEPbE3HBIX HABBIKOB OT CHCTEMHOIrO aJMHHHCTpaTopa. UToObI
MUHUMHU3HUPOBATh YHCIO TIEPEKOMIIOHOBOK sapa, HAA0 OBUI0 MaKCHUMHU3HPOBATH YHUCIO
IpaiiBepoB, BCTPOEHHBIX B cucteMy. Ho Takas mozaens Obiia Hed(p(EKTHBHOM, MOCKOIBKY B
CHUCTEME MPUCYTCTBOBAIIM JIpaiiBEphl, KOTOPbIE HUKAK HE UCIIOJIb3YIOTCSI.

AIIbTEpHATUBHOM MOJENIBI0, CYIIECTBYIOIIEH M TIO CEW JEeHb, SBIAETCS MOJIEIb
JUHAMHUYECKOT0 CBA3BIBAHUS IpaiiBepoB. B 3ToM ciiyuae B cucTeMe NpUCyTCTBYIOT IPOrPAMMHBIE
CpEACTBA, MO3BOJIAIOIINE TUHAMUUYECKH, «HA JIETY» MOAKIIOYUTH K ONEPALIMOHHON CUCTEME TOT
WM UHOU ApaiiBep. [laHHas MOAEIb IIPEAToaracT pelieHue Cleyomux 3aaad. Bo-nepssix, 310
3aJlaya UMEHOBaHUS yCTpoucTBa. Bo-BTOpBIX, MHUIIMAIU3anus apaiBepa (T.e. popMupoBaHue
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CHUCTEMHBIX 00JIaCTe! JaHHBIX U T.I.) U HHULMATIU3ALMsl yCTPOHCTBA (MIPUBEIEHHE YCTPOUCTBA B
HayaJlbHOE COCTOsIHUE). B-TpeTbux, no0aBieHHE MTaHHOTO JpaiiBepa B COOTBETCTBYIOLIYIO
Ta0NuIy JpaiiBepoB yCTpocTB (nMubo Oyok-, n1ubo0 OalT-OopHeHTHpOBaHHBIX). W Hakower,
«yCTaHOBKa» 00pa0oTyHMKa MpephIBaHUsA, T.€. MPENOCTaBICHUE SAPY HMHPOpPMALUHU, YTO TpHU
BO3HHUKHOBEHUHM  OIPEJICJIEHHOIO IpEpPBhIBAHUS  yIpaBICHHE HEOoOXOAMMO TIepenaTh B
COOTBETCTBYIOLIYIO TOYKY BXOJ1a B IaHHBIN JpanBep.

Jlis peanu3anun ykazaHHOM MOJIEIM B Pa3IMYHbIX CUCTEMAaX UMEIOTCS pa3Hble CPECTBA:
pasHble CHCTEMHBIC BBI30BBI M, COOTBETCTBEHHO, pa3HbI€ KOMAaHJbI, HPU STOM OOBIYHO
IPUCYTCTBYIOT KaK KOMaHJbl IOJKIKOYEHUS JpailBepoB, TaK M CHUMMETPUYHbIE KOMAaH[bl
yJaJeHus IpanBEPOB.

6.2.5 bydepunsaumsa npu 6N10K-OpMeHTUPOBAHHOM OOMeHe

Onnum u3 nocronHcts OC Unix siBisieTcs opraHu3aiiys MHOTOYPOBHEBOH Oydepu3anuu
IOpU BBIIOJIHEHUU HE>PPEKTUBHbIX JedcTBUiA. B dacTHOCTHM, Uil oOpraHuzanuu OJIOK-
OPUECHTUPOBAHHBIX OOMEHOB CHUCTEMa HCIOJb3YeT CTAaHAAPTHYIO CTPATETHIO KAIIUPOBAHMSL.
JlelicTBUS Ha pa3HBIX YPOBHAX B LIEJIOM OY€Hb MOXOXKHU. Llenb KaMMpoBaHUS — MHUHUMM3ALMS
00OMEHOB C BHEUTHUMH YCTPOICTBaMHU.

OC Unix Obu1a OHOM W3 MEPBBIX MACCOBO PACHPOCTPAHCHHBIX ONEPALMOHHBIX CHCTEM,
UCTIONB3YIOUINX K3IIMPOBAHUE IMCKOBBIX 0OMEHOB. COOTBETCTBEHHO, 3a CYET MUHUMH3AIUU
peabHBIX 00paICHU K (U3NIECKUM yCTpOorCcTBaM paboTa cuctemsl Oosee addextuBHas. Ho ata
OpraHu3alsi CHUCTEeMbl MMEET M CBOM OYEBHIHBIC HEAOCTATKUA. BO-NEpBBIX, KAIIIUPOBAHHE
JMCKOBBIX OOMEHOB IPUBOJIUT K TOMY, YTO UMEETCSl HECOOTBETCTBUE PEATBHOIO COAEPKUMOIO
JIFICKa ¥ TOTO COAECP>KUMOT0, KOTOPOE IOJKHO OBITh HAa HeM. COOTBETCTBEHHO, MPH COOE CUCTEMBI
Bo3MOKkHa moteps uHGopmanuu B KDIllax, pacmosio)KeHHBIX B ONEPATHBHOW mNaMaATH. B
YaCTHOCTH, TIPU cO0e BO3MOXHA MOTEPsl HHACKCHOTO Aeckpuntopa. KoneuHo, Bo Bpems pabOThI
cucreMa cOpachlBaeT akTyalbHYI0 HWHQOPMALMIO [0 MecTaM JAMCIOKAallMH, HO 3TOro
HenoctaTouHo. Eciin TepsieTcss MHIEKCHBIN JeCKpUNTOp, TO TEPSETCsl CIIMCOK OJIOKOB daiina. 3a
CYET HCIOJIb30BaHUs M30BITOYHON HMH(OPMAlMKM MOXHO OpPTaHM30BaTh M BoccTaHoBieHHe. Ho
3aMeTHUM, 4TO NpH cOoe TepsieTcs IUlb (aiii, - paboTOCIOCOOHOCTh CUCTEMBI OCTAETCSI.

AJNbTEepHATUBHBIMH SIBIISIFOTCSL CUCTEMBI, paloTtaromue 0e3 Oydepuszanmu, Koraa mnpu
KaX/I0M 0OMEHE MPOUCXOAUT pealibHoe oOpalieHue K GU3NUIEeCKOMY YCTPOUCTBY. DTHU CUCTEMBI
OoJiee ycTOWYIMBEI K cO0siM B ammapatype. [IpuMepomM Takoil cucteMbl MOXKET CitykuTh Microsoft
DOS. CooTBeTcTBeHHO, NpH pPa3BepTHIBAHMM Ha HEHAECKHOW armapaType OINepaluOHHOM
cuctembl UNIX MHOTHE €€ MOJ0KUTEIbHBIC KaYeCTBA MOTIIH TEPSATHCS.

6.2.6 bBbopbba co cooamu

Tak wim unHaue, Ho B OC UNiX ecTh psii TPaaUIMOHHBIX CPEACTB [UII MHUHUMH3AIUH
ymepba mpu oTKazax. Bo-MepBbIxX, B cUCTeME MOXET ObITh 3a/laH MapaMmeTp, OMpPeeIIOIInn
MIPOMEXYTKH BPEMEHH, YEPE3 KOTOPHIE OCYIIECTBISETCS] COPOC CUCTEMHBIX JAHHBIX [0 MECTaM
JTUCIIOKAIINH.

Bo-BTOpHIX, B cHCcTeMe JOCTyITHA KOMaHa SYNC, MO3BOJISIONIAsT OCYIIECTBIISATE B JTFO0OM
MOMEHT 3TOT cOpOC MH(OPMAIIHH TT0 JKETAHUIO MTOTH30BATEIS.

W, HakoHelN, cHCTeMa WCIONB3YeT W30BITOUHYIO WH(POPMAINIO, TTO3BOJISIONLYTO
BOCCTaHABIIMBaTh JMaHHBbIC. [[0CKONBKY MpPaKTUYECKHU BECh BBOJA-BBIBOJ CBOJUTCS K OOMEHaM ¢
¢aiinoBoi cucteMoi (T.€., o CyTH, UaeT 00phOa 3a COXpPaHHOCTH (HalIoB U (PaiIOBON CUCTEMBI),
TO UCITIOJIB30BAaHUC I/I36BITO‘IHI>IX JAaHHBIX IMMO3BOJISACT BOCCTAHABINBATH CUCTCMHYIO I/IH(l)OpMaI_II/IIO.
OObpuHO 0€3BO3BpATHBIE TMOTEPU TMPOUCXOAT C YACTHIO IMOJIH30BATEIBCKOW WH(OOpPMAIUK;
CUCTCMHAaA I/IH(I)OpMaL[I/IH II04YTHU BCET1a BOCCTaHABJIINBAacMa.

272



