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ITVBJIMYHA A JINITEH3N A

VYuebnoe nocodbue Aniapes Bukroposuua CronsipoBa <Bpejenue B olepaiOHHbIE CUCTEMbL>, BIEPBbIE OIy0-
mukoBannoe M3marensckum oraesom BMuK MI'Y B 2006 roay, mHazbiBaemoe gasee <IIpoussemennem>, 3amnu-
IIEHO IEHCTBYIOIINM aBTOPCKO-TIPABOBBIM 3aKOHOAATENHCTBOM. Bee npasa na Ilpom3senenne, npenycMOTpeHHbBIE
JEHCTBYIOIIMM 3aKOHOAATEIHCTBOM, KAK UMYIIIECTBEHHDBIE, TAK W HEMMYIIECTBEHHBIE, TPUHAJIEIKAT €r0 aBTOPY.

Hacrosimas Jlunensus ycranaBauBaeT CriocoObI MCIOIB30BAHUS IJEKTPOHHON Bepcuu [Ipom3Bemenusi, mpaBo
Ha KOTOPbIE MPeJOCTaBIEHO ABTOPOM U MTPABOOOIAAATEIeM HEOIPAHUIEHHOMY KPYTY JIUII, IPU YCJIOBUH HE30r0-
BOPOYHOI'O MPUHATHS ITUMU JUIaMu Bcex yciaoBuil nannoit Jlunensuu. Jlioboe ucnonpzosanune IIpoussenenus,
HE COOTBETCTBYIOIIEE YCJIOBUSIM JTaHHON JIUIeHInN, a paBHO W WCMOIb30Banue [Ipon3BemeHus JUIAMU, HE CO-
TJIACHBIMU C YCJIOBUSMU JIUII€H3UN, BO3MOXKHO TOJBKO MMPY HAJUYIUU TUCHMEHHOTO PA3PEIIeHUsT aBTOPA U TPa-
BOOOJIa1aTE IsI, & TPYU OTCYTCTBUHU TAKOTO PA3PEINEHUs SBJIAETCS TPOTUBO3AKOHHBIM U IIPECJIEIYETCS B PAMKAX
IPasKIAHCKOTO, AJIMUHACTPATHBHOIO W YTOJIOBHOIO 3aKOHOIATETHCTBA.

ABrop u mpaBoobiaaTesib HACTOANIUM pa3perraeT CJleyoNue BUIbl UCIOIb30BAHNS TAHHOTO (ailina, saB-
JISTIOIIIETOCST 3JIEKTPOHHBIM TIpecTaBienneM [IponsBenenusi, 6€3 yBeIOMIIEHNs TPABOODIAIATEIIST U 063 BBHITLIATHI
ABTOPCKOTO BO3HATPAYKICHUS:

1. Bocnpoussenenue [Ipoussenenus (IIOJIHOCTHIO UK YACTUYHO) HA OyMare myTeM Pacledarku ¢ IOMOIIbIO
MPUHTEPA B OJHOM 3K3EMILISIPE IS YAOBJIETBOPEHUS JIMIHBIX OBITOBBIX WM y94eOHBIX MOTPeOHOCTEI,
6e3 npaBa 1epe/1adn BOCIPOU3BEIEHHOIO IK3EMILIAPA APYTUM JIALIAM;

2. KonmpoBanwue u pacnpocTpanenune MaHHOTO (haiijia B JEKTPOHHOM BHIE, B TOM YHCJIE MYTEM 3alUCH
Ha Gu3nYeCcKne HOCUTEIU W MyTeM IepPeIadr M0 KOMIBIOTEPHBIM CETSM, C COOJIIOIEHUEM CJIETYFOIIIX
yciosuii: (1) Bce BocmpousBeeHHBbIE M IepelaBaeMble JIOOBIM JHIAM K3eMILUISpPbI (haiiaa
ABJIAIOTCHA TOUYHBIMHI KOMMUAMHU UcXoauoro daiisa B popmare PDF, npu KonmnpoBanun He Ipou3BO-
JUTCS HOKAKUX U3bATHI, COKPAIEHUIt, TOTOJTHEHU N, HCKAXKEHUH 1 JIIOOBIX APYTUX U3MEHEHHUH, BKIIOUasT
u uzmenenue ¢opmara npeacrasienus ¢aiina; (2) pacnpocTpaHeHue U nepegada Konuil Apyrum
JUIaM IIPOU3BOAUTCH UCKJIYUTEIIBHO HECNAGMHO, TO eCTh IPU Hepegade He B3MMaeTcs HU-
KaKoe BO3HArpak/JieHue Hu B Kakoii (popme, B TOM uncje B popme mpocMOTpe peKjiambl, B (hopme
IJIATHl 33 HOCUTEJb WM 3a CaM aKT KOIMPOBaHUA U IEepejiadu, JakKe eCIu TaKad IjlaTa OKa3bIBaeTCa
3HAYUTEHHO MeHbIe (PAKTUIECKON CTOMMOCTH Ui CeOECTOMMOCTH HOCHTEJISA, AKTA KOIIMPOBAHUS U T. II.

JIroObIe npyrue crrocobbl PAaCIpOCTPAHEHUs TaHHOTO (aiija Tpu OTCYTCTBUU MUCHMEHHOTO PA3PEIEHUS aAB-
TOpA 3alpeIeHbl. B 9acTHOCTH, 3alpeniaercsi: BHECEHNE KAKUX-IN00 M3MEHEHu! B JaHHbIA (aiiy, co3manne
¥ PaCIpOCTPAHEHWE MCKAYKEHHBIX IK3EMILISIPOB, B TOM 9HCJIE€ IK3IEMILISPOB, COAEPKAIINX KAKYIO-IN00 9acTh
npousBe/eHust; pacipocrpanenue ganaoro gaitna B Ceru UaTepHer gepe3 BeG-caiflThl, OKA3BIBAIOIINE [IIIATHBIE
YCIIyTH, 9Yepe3 caliThl KOMMEPYECKIX KOMIIAHUI, & TAKXKe 9epe3 caiiThl, COAepKAIIue PEKIaMy JII000ro poja; mpo-
Jaka u 0OMeH (DPU3MUYECKUX HOCUTENIEH, COMEPIKAIIIX JAHHBIN (Daiiy, Jae ecin BO3HATPAKIEHIE 3HAUYUTETHHO
MeHbIIe Ce0eCTOMMOCTH HOCUTEIS; BKIIOUEeHNE JAHHOTO (aiijia B COCTAB KaKUX-Tu00 nH(MOPMAIMOHHBIX U WHBIX
MIPO/IyKTOB; PACIPOCTPaHEHNE JaHHOTO (bailia B cocTaBe KaKOH-1n00 MJIATHON YCJIyTH UJIH B JIONTOJIHEHUE K TaKO#
yeayre. C apyroil croponbl, paspermnaercs napenue (GeciiiaTHas nepeada) HOCUTes e, COIepKAIIUX JaHHbLI
daiir, 3anuchk gaHHOrO (hailia HA HOCUTENH, TPUHAJIEXKAIIIE APYIUM [OJIb30BATEsIM, PACIIPOCTPAHEHNE JTAH-
HOro paitiia yepes beciiarabie daitsioodmensbie ceru u T. 1. CebUiku Ha 9K3eMIIAp dailia, paCHoJOKEeHHbIH
Ha odunMaIFHOM caiiTe aBTOpa, Pa3peIeHbl 663 OrpAHNIEHMUIA.

A. B. CroaspoB 3anpeuwaem Poccuiickomy aBTOpPCKOMY OOIIECTBY M JIFOOBIM APYTAM OpPraHU3a-
IUIM IIPOU3BOAUTD JIOGOTO poJa JUIEH3UPOBaHUE JIIOOBIX ero MPOU3BEeAeHUN U OCYIIECTBJIITh B
HHTEepecax aBToOpa KaKyio Obl TO HU OBLIIO MHYIO CBSI3aHHYIO C aBTOPCKHUMU MIpaBaMu JAesTeJIbHOCTD
6e3 ero MUChbMEHHOTO pa3perieHus.
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MIPUKJIaJAHBIE IPOTPAMMBI

CUCTCMa MPOTrpaMMHUPOBAHH A

yIPABJICHUE JIOTHUECKUMH YCTPOUCTBAMHU

OITEPALTMOHHA S
yrnpasjieHue (pU3N4eCKUMH YCTPOUCTBAMHU CHCTEMA

anmmapaTypa

Puc. 1: CrpykTypHasi cxema, BHITUCTUTETHHON CHCTEMBI

Jlekmimga 1

1 O gem 3TOT KypC

O0611yI0 CTPYKTYPY BBIUHUCINTEIHHOW CHCTEMbI MOYKHO TIPEJICTaBUThH B BUJIE
JarpaMMbl, TToOKa3aHHOR Ha puc. 1. BaxkHoe MecTo B 3T0il cxeme 3aHUMAIOT JIBa,
CJI0s1, OTBEYAIOIIHNE 33 yIIPABJICHUE almnapaTypoii (yerpoiictBamu Ha BU3HIECKOM
¥ JIOPUYIECKOM YPOBHE) M COCTABJIAIONINE ONEPALUOHNYIO CUCTIEMY.

Yurarenb HaBepHsIKa 0€3 TPY/Ja CMOXKET NPUBECTH IPUMEPhI OlepaIlnOHHbBIX
cucreM: 310 cucrembl cemeiicrsa Microsoft Windows (Windows 95, Windows
98, Windows NT, Windows 2000 u Windows XP), cucrembr cemeiicta Unix
(SunOS/Solaris, FreeBSD, NetBSD, AIX, Linux u t.11.), gpyrue cucrembl (VMS,
0S/360, Plan9, THE, MacOS...).

IIpeiHazHaveHre OlepallMOHHBIX CUCTEeM — ODECIeUNUTh yIIpaBIeHUe pecypca-
MU BBIUHCIUTEHHON CHCTEMBI TAKUM 00Pa30M, ITOOBI MPUKJIAHBIM TTPOIPAMMAM
He IIPUXOIUIOCH YIUThIBATH 0COOEHHOCTH KOHKPETHOH alnapaTyphbl.

3ajava HaIero Kypca JeKInii COCTONT, B OCHOBHOM, B BhIpaOOTKe TTOHUMAaHUSI
TOTO, KaK YCTPOEHbI ONEPAIMOHHBIE CUCTEMbl U3HYTPU M KaK OHU BBIIJISAJAT C
TOUYKHU 3PEHUs] IPUKJIATHOTO IIPOrPAMMHUCTA.

Ciieslyer OTMETHTDH, UTO ONEPAIMOHHBIE CHCTEMbI MPEJICTABISIOT cO0O0# -
HAMHUYIHO Pa3BUBAIOIIYIOCA 00JIACTH KOMIIBIOTEPHOH HHXKEHEPHUHU, B CBSI3U C UeM
HEOOXOMMa OTIPEJIe/IeHHAsT OCTOPOXKHOCTh B PACCTaHOBKE aKIIEHTOB MPU W3yUe-
HuM 3Toit obsacTtu. CrenuajbHble 3HAHUST O KOHKPETHBIX ONEPAIMOHHBIX CHUCTE-
MaX CIIOCOOHBI B CUMTAHHBIE I'0JIbl IIOJIHOCTBIO YCTapeTh: TaK, B HACTOLIIEEe BPEMs
SIBJISIFOTCSI COBEPIIEHHO HEeaKTyaJibHbIMU 3HaHUsI 00 0CODEHHOCTsIX HEKorjla DoJiee
yeMm nonyspHbix cucteM MSDOS n Windows3.1. B mupe cucrem Unix nameHeHust
HE CTOJIb JIMHAMUIHBI, OJIHAKO ONpPEJIeJeHHbBIN Jpeiid) HADII0MaeTCs 1 TaM.

B ¢Bs3u ¢ 9TUM HACTOSNINI KypC JIEKIUI HEe OCHOBBIBACTCS HU Ha KaKOil KOH-
KPETHO OMepannoHHOl CHCTeMe W He CTaBUT CBOEH HENbI0 O3HAKOMJIEHWE ThTa-
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resieil (caymareseit) ¢ npodeccrnonasbHol nHdoOpManmeil, kacaroreiics paboThl ¢
TeMH MJIM UHBIMM KOHKPETHBIME IPOIPAMMHBIME MPOJAYKTAMK U3 00JACTH OIepa-
IMOHHBIX CUCTEeM. TakKue 3HaHUsI UMEIOT LIAHC yCTapeTh PaHbIIIe, YeM CJIyIIaTesu
JIAHHOTO KyPCa, HOJIydaT JUAILIOMBI.

Hampotus, B HacTosmmeM Kypce JejaeTcs MONbITKA PACCMOTPETH OTepalliOH-
HbIE CUCTEMbI KaK 000DIIEHHYIO KaTeropuio u chopMupoBaTh IOHUMaHUE Da30BbIX
IPUHITUIIOB pabOThI, KACAIONTUXCS OTIEPAIMOHHBIX CHCTEM KaK KJIacca MPOTrPaMM.

Bwmecre ¢ Tem, nonuMaHue OOJIBIIMHCTBA PA3JI€JI0B JIAHHOTO KypCa, ObLIO Obl
3aTPy/IHEHO 0e3 MJLIIOCTpAIUU Ha KOHKPETHBLIX IpuMepax. Takue mpuMepbl, TJie
9TO HEOOXOMMO, TIPUBOJISITCS Ha OCHOBE OTEPAIMOHHBIX crcTeM cemeiicTBa Unix.
DTOT BBIOOpP 00YCJIOBJIEH HECKOJIBKUMHU COOOPaXKeHUSIMU:

e Bo-mepBrix, onepannoHibie cucTeMbl cemeiicTBa, Unix TpajuiiiOHHO OKa3bi-
BAIOTCs MAJIO [OJ[BEPKEHbI BJIUSHUIO IOCTOPOHHUX (HEIPOIPAMMUCTCKUX )
(bakTOpOB IpK UX IMPOEKTUPOBAHUMU; TaKKue (PAKTOPbI, KAK MapPKETUHIOBAs
TPUBJIEKATEIHHOCTD, MPO/IABAEMOCTh, MOTIPOCTY PYKOBOJISIIIE YKA3AHUST OT
JIIOJIEil, HeJIOCTATOUHO KOMIIETEHTHBIX B IPOI'PAMMUPOBAHUH, CIIOCOOHDI CJIe-
JIATh ONMEPAINMOHHYIO CHCTEMY COBEPIIEHHO HENPUTOIHON JIJIsi UCITOJIh30Ba-
HUsI B Ka4eCTBE MJLIFOCTPAIUU 0Aa30BBIX HMPUHIMIIOB, YTO U HPOUCXOJUT, K
coxaJiennio, B mupe Windows.

e Bo-BTOpPBIX, JOCTATOYHO YACTO CPEJICTBA, MOSIBUBIIMECS MCXOAHO B MHUDPE
Unix, CTaHOBATCA CTaHJAPTOM U JIJIsi JIDYTUX OIEpPaIMOHHBIX CHCTEM; Ha-
IPUMEP, MMEHHO TaK ITPOU3O0IILIO C IIOHSITHEM COKETOB, MCXOHO BOBHUKIIEM
B BSD un ucnonbsytonumest ceiidac kKak B Unix, Tak u B CUCTEMaX JTUHUU
Windows.

e Bo-tperbux, xorss B Mupe Unix omnpejie/ieHHbIe U3MEHEHNsT BpEMsI OT BpeMe-
HU ¥ TTPOUCXOJISIT, 9TH U3MEHEHUsT OOBITHO HOCST IBOJIIOINOHHBI XapaKTep
¥ HE 3aTPAruBaiOT apXUTEKTYPHbIX OCHOB. Tak, ¢ co3jaHuemM rpaduaeckux
000JI0U€K, HOJYyUUBIINX cobuparesbHoe HazBanue XWindow, HUKaKuxX ce-
PHE3HBIX U3MEHEHU B CAMUX ONEPAIMOHHBIX CUCTEMAX HE ITPOU30IIII0. DTO
[I03BOJIIET HAJIeATbCs, UTO 3HAHMUsA, uMelolme oTHomleHue K Unix, mMoryr
0Ka3aThCsl CIyTIATEsIM DOJIee TTIOJIE3HBIME, HEXKeJIN 3HAHWS, OTHOCSIIITUECsT K
JIDYTUM OIEPAIMOHHBIM CUCTEMAaM.

[Toguepkuaem, aro m3ydenue Unix Kak TaKOBOE HE SIBJISIETCsI B JIAHHOM Kypce
caMoOIleJIbIO; BCe TPUBEJIEHHBIE cBeJieHns 0 Unix JaroTcs Mpeskje BCero ¢ Iebio
MJLJIFOCTPAIMHU OOIUX TPUHIUIIOB (DYHKIIMOHUPOBAHUST OTIEPAITMOHHBIX CUCTEM.

4



2 Kparkas ncropusi BbIYACJIATEIbHON TeXHUKU

2.1 PaHHue BblYHCJIUTEJIbHbIE YCTPOMCTBA

B kauecTBe 11epBoii B MCTOPUN BHIYUCUTEILHON MaIlMHbI HA3bIBAIOT MEXaHU-
yecknit apudmomerp Bunbrenbma Illukkapa, co3mannbiii B 1623 rogy. Mammna
OblJIa Ha3BaHa, <CUETHLIMU YaCaMU>, IIOCKOJIbLKY ObljIa, OCHOBaHA Ha MEXaHUIECKUX
JIETAJISAX, XaPaKTEPHBIX JIj1sT 9acoB. <CUeTHbIe 4achl> ONEPUPOBAJIN IIECTUPAZPSJI-
HBIMU TEJILIMUA YUCJAMU U CIIOCOOHBI OBLIN IIPOU3BOJIUTE CJIOXKEHHE U BbIUUTAHUE.
[Tepernosinenne ormMedaJsioch 3BOHOM KOJIOKOJIbIMKa. [0 HaIUX JiHEl MalinHa He
coxpaHmiach, Ho B 1960 romy ObLia co3maHa paboTaroInasi KOIus.

ITo HekoTopbIM cBejeHusM, mainia [Iukkapia Moria ObITh U HE caMoii 1ep-
BOIl MEXaHMYECKOW CUeTHON MallrHO’: M3BeCTHbI 3CKu3bl Jleonapo pa Bunun
(XVI B.), HA KOTOPBIX M300pasKeH CUETHBI MEXaHU3M. BbUT JIK 3TOT MEXaHU3M
BOILJIOIIEH B MeTaJljie, HEU3BECTHO.

Camoit cTapoit 13 CYeTHBIX MAIWH, COXPAHUBINMNXCs JO HAIUX JIHEH, STBJIsIeT-
ca apudmomerp Biesa [lackasis, co3pannbiii B 1645 roay. [Tackasib Hadasa paboTy
HaJ MainHoi B 1642 roy B Bospacte 19 jer. Orerr uzobperaressi padboras coop-
IITUKOM HAJIONOB ¥ BBIHYXKJEH OBLT IPOBOIUTH JIOJIUE U3HYPUTEIbHBIE MO/ICUETHI;
ceouM nzobperenuem bies [Mackab Hajesicsa oberdntsh pabory orna. Ilepsbrit
obpaselr uMeJI IITh JTeCITUIHBIX JUCKOB, TO €CTh MOI' pabOTATh ¢ MATU3HAUHBIMU
yucaamu. [lozgHee ObLIM cO3/@Hbl MAIIMHbBI, UMEBIIAE O BOCbME JIHCKOB. CJio-
>)keHue Ha MaliuHe [lackasist BbIIOJIHAJIOCH JIEI'KO, UTO Ke KacaeTcs BblUYUTaHUs,
TO JIjIsI HErO IIPUXO/IUJIOCH KCIIOJb30BATH METOJ JIEBATHIHBIX JIOIOJHEHHIA.

Tpuanars jer crnycrs JIeiOHUIL MOCTPONJI MEXaHUYECKYIO MalluHYy, CIOCO0-
HYIO BBIIOJIHATH CJIOXKEHUE, BbluMTaHUe, YMHOXKEHUE U JIeJIeHUe, a TaK¥Ke U3BJie-
KaTh KBaJipaTHble KOpHU. [ToMuMOo 3TOr0, nMeHHO JIeHOHUIL IPe IJIOXK I JIBOMIHY O
CUCTEMY TIPEJICTABJICHUS YUCEJI, KOTOPast ceiiuac UCIOJIb3YyeTCst BO BCEX BbIUUC/IN-
TeJIbHBIX MallllHaX.

B 1820 romy Yapan3z Kcasbep Tomac co3mas MalinHy, Ha3BaHHYIO IIPOCTO
<apudmomerp>. Apudmomerp umes yeTpoicTBo, cxoxkee ¢ MalnuHO# JIeibHu-
113, ¥ BBIIOJHSJ Te »Ke olepalun; padbora Tomaca mHTEpecHa B-OCHOBHOM TEM,
YTO UMEHHO €ro apudMoMeTp craJjl epBoil cueTHOW MalluHOM, 3aITyIIeHHON B ce-
puiinoe mpou3BOJICTBO.

Anrnmiickuii maremaruk Yapis Beooumx (1792—1871) B 1823 roy nadas pa-
oory HaJ| boJiee CJIOXKHONW MAIIUHON — PasHOCmHOTl. DTa MallnHa JIOJKHA, ObLIa
PeaJIM30BbIBATH METOJ, KOHEUHBIX PA3HOCTEH I IIOCTPOEHUs] MaTeMaTUIeCKHUX
tabJini. Pabora yactuvuno (puHaHCcMpoBaach aHTJIMHCKUM TTPABUTEIHLCTBOM. U3-
HavaJbHO BebOu K mpejnoara IOCTPOUTH MAIIMHY, PADOTAIONIYIO C IIeCTUPA3-
PSIHBIMU YUCJIAMU U BBIUUCJISIONLYI0 PA3HOCTU BTOPOTO TIOPSIJIKA.
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B 1830 rosy B pesyibrare koHdnkTa Bebbnmka ¢ nmxenepom Mozedom Kie-
MEHTOM, HAaHSATBIM paHee JIJisd paboThl HaJT MaIuHOM, KjeMeHT oTkasacs oT 1ajrb-
HeHIIuX padoT, U Co3/laHKe MalIuHbI IprocTaHoBuIoch. Camoro BebbuKa 510 He
cmyTusio. Terepb OH IJIAHUPOBAJ CO3JlaHKUE MalllMHbI, pabOTAIOIIEl C JIBa/IIaTH-
Pa3psTHBIMU YUCTAMU U UCTIOJIB3YIONIEN Pa3HOCTH IIIeCTOro Mopsjika. boJee Toro,
B 1834 rojy BebbuiK n BOBce yTpaTuj MHTEPEC K PA3HOCTHOM MallluHe, P/
K BBIBOJIY, UTO CTPOUTH CJIEJIyeT MAIIuHy YHHUBEPCAJbHYIO, HE OTPAaHUYIECHHYIO B
cBOEH paboTe OHOMN 3a1adeil. DTy MaIINHY OH Ha3BaJ GHAAUMUYECKOT.

K coxaJienuio, aHajuTruiecKast MalllmHa Tak u He Obljia 1ocrpoena. Paborbl
HaJI PA3HOCTHBLIMU MaIllMHAMU OOOIIIUCH AHTJIUHCKOMY TpaBUTeabcTBY B 17000
(bYHTOB CTEPJIMHIOB (aHAJOMMUIHOE KOJIMIECTBO JieHer BeOGOMiK morparui v u3
cBOEro cocTostaust). He mosryans HUKaKoii paboTaromieil MaITHbI, TPABUTEIBCTBO
0TKa3aJ10Cch (PUHAHCUPOBATH JlaJibHEl e nccienoBanusi bebouxa.

Beb0Ou 1K yeres BBIMOJHATD MOJTHBIE YePTeKU OYayIeit MaluHbl U JIayKe BO-
IJIOTUTD <B MeTaJljie> HEKOTOpble ee y3Jbl. HecMOTps Ha TO, YTO MalllnHa TakK H
He OblLjia 110CTPOEHA, UMEHHO aHaJIMTUYecKast MallimHa bebbujpka craJia 1epBoil
MOMBITKON CO3/IaTh NPo2pamMMupyemMyIo 8ol uUCAUMENLHYIO MAUUN]Y.

B nyremecreun B Urtanuio BeOOM K 1M03HAKOMUJICA € UTAJbIHCKUM MaTe-
maTukoM Jlyumku Menabpu, koTopsiit B 1842 romy omybynkoBas Ha (paHILy3-
CKOM SI3bIKE CTaThIO C OnucaHneMm Mmalnabl Bedonka. CraThbio repesesia Ha aH-
rmiickuit B 1843 roxy semu Ajpa Asrycra Jlasneiic, jodb nosra Baitpona. Jlemau
JlaBneiic crabuia CBOW MepeBOJT, Pa3BEPHYTHIMA KOMMEHTAPUAME, 3HATUTETHHO
HPEBBIIAIOIUMU 110 Pa3Mepy caMy cTaTbio. B 0JlHOM M3 pasjiesioB 3TUX KOMMEH-
TapueB TMPUBOJIUTCA TTOJHBIN HAOOP KOMAH/T JIJIsT BEIYUCICHNS drices] BepHy/in Ha
AHAJMTUIECKON MallnHe; 3TOT HADOP KOMaHJ| CAUTAETCS MEPBOil B MCTOPUU KOM-
ILIOTEPHOM mTporpaMmoii, a cama Aja Jlapieiic — mepBLIM IPOrpaMMUCTOM. A3LIK
nporpammupoBanns Ada Ha3zBaH B ee 9eCTh.

2.2 DJaekTpoMeXaHMYecKue 1 peJieifHble MaIlnHbI

B konne 1930x rogos nHemenkuii unxxkeunep Konpaj Llyse nagas pabory Ha
9JEKTPOMEXaHUUECKUMU BBITUCJUTETLHBIMUA MaluHaMu. llepBasg mammuba, co-
zjpannas B 1937 rojy w HaszBanHas 71, nipejcraniisyia coOOit 3JeKTpOMExXaHUIe-
CKUIl KaJIBKYJISTOP ¢ OIPAHUYEHHBIMU BO3MOXKHOCTSIMHU ITPOIPAMMUPOBAHUS, BOC-
IpUHUMAIOINH nHCTPYKIUH ¢ iepdosenTrl. Cremytomnas mamuia Korpasa [yse,
72, oblia ocHoBaHa Ha Tejiedgonubix pese. B 1941 rony Llyse 3aBepiiusi mariu-
HY Z3, TpeCTaBIABIIYIO cOOO0# TIepBOe MOJTHOCTHIO (DYHKIIMOHUPYIOIIEe MporpaM-
MUpyeMoe BblUuC/InTebHOE yerpoiicTBo. Mammua nmesna 2200 pese, paboraJia ¢
TaKTOBO# 1dacToroit H-10 ['iy 1 uMesna JJIMHY MAaIIMHHOTO CJIOBa 22 Outa. Z3 uc-
10JIH30BaJIA JIBOMUHYIO apudmeTnky. Vjieto ncnoss3oBanus pese Jijist peaan3aiiu
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JBonuHOi apudmeruku npunuchkiBaoT Kiojy Ilennony, npejioxupiiemMmy oTob-
paxkenne OyJeBOil ajreOpbl Ha JIEKTPOMATHUTHBIE pejieé B CBOEH MarucTepCKoif
nucceptaruu B 1937 roy; Tak wan nnade, Konpaj Ilyse Brnepsole ycnemso mpu-
MEHUJI JIBOMYHYIO apupMEeTHKy B peabHO paboTaionieil MalinHe.

Opurunan 73 owu1 yanaroxed B 1944 rony npu 6ombapanposkax Bepusnna
aBuallieil COIO3HUKOB. Y HUUTOXKEHbI ObLK 1oMelenunst ocHoBanuoi [lyse komiia-
uun Zuse Apparatebau. K cuacrbio, mouru 3aBepinennast K TOMY BPEMEHN MaIlllHa,
74 Oblia paHee sBaKynpoBaHa B Oe3omacHoe Mmecto. B 1960 rogy mariuna 73 Oblia
BOCCO3/IaHa B KauecTBe dKCIoHaTa JisT HeMernmkoro TeXxunieckoro my3es.

B 1950 rojy 3aBepiiienHasi Maliuna Z4 crajia 11€pBbIM B MUPE KOMIILIOTEPOM,
IPOJAHHBIM 3 JICHLIH.

Ecaun Ay Jlasneiic ciejyer cautars HEPBBIM NPOPAMMUCTIOM-MEOPENUKOM,
to Koupas Ilyse, mo-BujiuMomy, sBISETCS MEPBLIM TPOTPAMMUCTOM-TTPAKTUKOM.

Bropast MupoBas BoitHa oMeniaJa paboram Lly3e okazarh cepbe3HOe BJIUIHNE
Ha MUPOBbIE HAyUIHbIE Pa3pabOTKU B 00JIACTH aBTOMATU3AIMKU BBHIUUCJICHWH, YTO,
0JIHAKO, HEe yMaJisieT ero 3ac/yr'u Kak cosjiarelis 1epBoil paboraroliei 1mporpam-
MUPYEMOU BLIYUCINUTEILHON MAINHDI.

Tem Bpemenem B CIIIA, B Bell Labs [Ixopmk Cruburc rak:ke paspadarbi-
BaJI BBIYUCJIUTEbHBIE MAIIUHbI Ha OcHOBe peje. IlepBas paboTalomias MaIlnHa,
obL1a cosyana B 1938 roay. B 1940 rojy Cruburc npojgeMoHCTPpUpPOBaJ MaIlnHY,
BBITIOJTHSBIITYIO BBHIUUCCHUS HAJ| KOMIJIEKCHBIMU UHUCIAMHU. DTa pa3padoTKa W3-
BECTHA TaK>Ke KakK IepBas MallliHa, YIIPaBJIsiTh KOTOPOH MOXXHO ObLJIO y/laJIeHHO
1o TejiepOHHON JIMHUU C MMOMOIIbIO TejeTaiina. Mamuna Oblia mpoJeMOHCTPUPO-
BaHa Ha KOHQEPEeHIUU, CPejiu yIacTHUKOB KoTopoi Obliu [Ixxon @on Heitman,
>xon Moymiun u Hopbepr Bunep.

2.3 IlepBoe nokosenue 9BM (paauosamiibi)

B 1938 romy Buncent Aranacos n Kimddops Beppu (yruBepcurer mrrara,
AjfoBa) co3jiasin CrielUalu3uPOBAHHY IO MAIIMHY JIJisi PEIICHUs] CUCTEM JIMHEHHbIX
ypaBHEHWi, BIepBble MIPUMEHUB pauoJiaMIibl. B onpejieleHHOM CMbICTIe, TMEHHO
ux komibiorep, Haspautblii ABC (Atanasoff Berry Computer), cran nepsoit B
FCTOPHH 2ACKMPOHHO-GUMUCAUMENLHOTE MAUWUHOT.

Bropast MupoBasi BOWiHa TaK»Ke ChII'paJia OIPeJIeJICHHYIO POJIb B Pa3BUTHUH Bbl-
qucauTenbHOi Texaukn. Tak, B Benukoopuranun npu yuactun Asana Teiopumra
OblIa CO3JIaHa MTOJHOCTRIO dsekTporHas MarnHa Colossus (1943), npepnasnadan-
asics JiJisi paciingpPOBKHU IepexBadeHHbIX HeMenkux coodieHuit. Colossus pas-
pabaThiBaICsS U IKCILIYATHPOBAJICS B 00OCTAHOBKE CTPOTON CEKPETHOCTH; T0IPO0-

! Monroe Bpemsa meppoit DBM cunranca ENIAC; nepserctso Aramacosa u Beppu ObLI0 yCTaHOBIEHO B Cy-
nebrom mopsiake, a narent Moymin na ENTAC 6b11 mpusHaH HeZeHCTBUTEILHBIM
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HOCTH TTPOEKTa, CTaJIM JIOCTYITHbBI ODIIECTBEHHOCTH TOJILKO depe3 30 JieT, a K ToMy
BPEMEHH OHU MPEJICTABJIAIN pa3Be UTO UCTOPUIECKUN HHTEpPec.

B ompenesniennom cmbiciie OoJibine moBessio aMmepukanckomy mnpoexkty ENIAC,
BBIIIOJIHEHHOMY B yHuUBepcutere mrara [lencunbanus [Ixk. Ilpecnepom Dxkep-
toM n Jxomom Yuubamom Moymm. Cozganne ENIAC dunancuposaioch u3
BoeHHOTO O1oKeTa CIIIA 1 nuMesio 1eibio aBTOMATU3AINAI0 pacdeTa TabJIuI] HaBe-
JIeHUs TsKesoit apTusiepun. Paborsl Hal MallnHOM ObLINM 3aBepIIeHbl TOJBKO B
1946 roy, Korja BoiiHa y»Ke 3aKOHUIMJIACh; BO3MOYKHO, UMEHHO 3TUM ODYCJIOBJICHA
noctynHocTh nndopMmaruu o npoekte ENIAC nis maydHoi 0011ecTBeHHOCTH.

B mpoekre ENIAC npunnman yuactue [Ixon @on Heiiman. VMsnaganbras
Bepcusi ENTAC TpeboBaJia 1nmepeMOHTHPOBaHMST 1TPOBOJIOB JIJIsi CMEHbBI 11POIpaM-
Mbl; B 1948 rony marmuna Oblia 1o pekoMmenganun @on Heiimana cnabkena crie-
IAAJIbHBIM YCTPOMCTBOM JIjisi XPaHEHUsI HPOIPAMMbI, & OJIMH U3 PErucTPOB Obl
IPUCIIOCODJIEH JIJIsi BBIIOJIHEHNUS (DYHKIIMI cueTunka KoMaH . Ilepesesnka cHuszm-
Jia, ObICTpOJIeiicTBIE MAIIMHBI IIPUMEPHO B IIECTH Pa3, OJHAKO HPU ITOM CPEJIHSs
IPOJIOJIKATELHOCTD MEePEpOrpaMMUPOBAHUS CHU3UIACH ¢ HECKOJLKUX JIHEH JI0
HECKOJIbKMX YaCoB, TaK UTO M3MEHEHNEe ObIJIO MPU3HAHO ITPOIPECCUBHBIM.

[Tozxke /Ixxon @on Heiiman nokunys nmpoekt ENIAC, arobbl Bo3riaBuTh pas-
paborky kommbiorepa IAS (Immediate Address Storage). Kommnbrorep nagan pa-
ooty B B 1951 roay, a 1ojiHOCTHIO 10TOB ObLI B 1952.

Hekoropnie aBTOpBI yTBepKAal0oT, 9TO UMeHHO IAS crajs mepBoit B mcTopuu
mawurnoti Ponw Hetimana — TepMuH, KOTOPOMY COOTBETCTBYIOT MPAKTUUYECKU BCE
HbIHE CyIIecTByomme KoMmbioTepbl. Ilog mamupoii @on Heiimana monmmaercsa
BBITUCNTENbHAS MallliHa, WMEIOIasi OJHOPOJLHOE 3aIllOMUHAIOIIEe YCTPONWCTBO,
npeHa3HaueHHOe KaK JIJIs XpaHeHus JAHHBIX, TaK W JJIs XpaHeHUs KOMaH], CO-
cTapygomux mporpammy. Apxurexrypubiit npuanun Pon Heiimana nHorma Hasbl-
BaIOT TaKXKe NPUHUUNOM Tpanumot npozpammov,. Cam mpuHIUI ObLT chopmMy/n-
posan @on Heitmanom B 1945 romy B cTaThe, MOCBAIIEHHON €11e OJHOMY IIPOEKTY,
nazpannomy EDVAC.

MeroTcst cBeJIeHrs O TOM, UTO NPUHITUI XPAHUMOI TporpaMMbl ObLIT chopMmy-
suposan panbiine @on Helimana; Tak, cxoxKue NPUHIKIIH YIIOMUHAIOTCS B TIATEHT-
Hoit 3agBke Konpana Iyse, narupoannoit 1936 romom. Berpeuatores yrBep:kie-
HUsI 1 O TOM, 9TO [AS ObLT JaJileKo He IMepBOil BLIYUCIUTEILHON MAIINHOM, Xpa-
HUBILEH [IPOrPAMMy B TOM K€ HPOCTPAHCTBE HaMsATH, 4TO U JaHHble. [Ipu srom
ynoMmuHaioT Takue mpoekTol, kak IBM SSEC (1948), Manchester SSEM (1948),
BINAC (1949) u npyrue.

Tax nnn mHAue, cioBocodeTtanue mawuna Pon Hetmarna sBasSeTCS yCTOSB-
IIUMCsI TEPMUHOM, KCIIOJIB3YEeMbIM JIJIsi 0003HAYEHUs] BBIUUCIUTEILHBIX MAITUH,
COOTBETCTBYIONIUX IPUHIIAIY XPAHUMO IPOrPAMMBL.

Tor dakT, uTo cama nporpamma siBjsiercsi (B coorBeTcTBin ¢ puHinnom Pon
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Heiimana) jgaHHbIMEI, XPAHSIIAMUC B MaMsITH, TTO3BOJISIET BbIUUCIUTEIHHON Ma-
[IHE CaMOii TeHepHPOBATH U U3MEHSITL IPOrpaMMbl. VHade ropopsi, CTAHOBUTCS
MOKHO HAIIMCATDb IPOrPaMMbI, 00pabaTbiBaonue Ipyrue IporpaMMbl. Takum 00-
pas3oM, TOSIBJICHUE TTPUHITUIIA XPAHUMON [TPOrPAMMBbI CJIE€J1AJI0 BO3MOXKHBIMU CHA~
4aJia, CUCTEMbI IIPOrPAMMUPOBAHKS, BKIOUAIONINE KOMIIMIATOPBI, 8 3aTeM U 0ne-
PAUUOHHBIE CUCTNEMDL KAK TAKOBBIE.

[TosBnenune apxurekTypHoro npunnuina Pon Heitmana ciejyer cauTaThb, BUIU-
MO, OJTHUM W3 CaMbIX CEPhE3HBIX JIOCTHXKEHU epnoja Jamobix 9BM, nasniBa-
eMBbIX TpauiinoHHo JBM nepsozo noxosenus. Pazauanble aBTOPBI pacxoIsiTCs BO
MHEHWH, CIUTATH JIM OTHOCSIIUMKCS K TIEPBOMY TTOKOJIEHUIO MAITUHBI, HE TOJIeD-
JKUBABIINE XPAHUMYIO IIPOIPAMMY; TaK, OJIHM aBTOPHI MPEJIAral0T HEePBbIMU Ma-
[IMHAMHK [I€EPBOI0O MOKOJIEHHWs CINTATh KoMmibiorep Aramacosa u Beppu, Colossus
n ENIAC, npyrue npejiarajor OTCIuThIBATH UCTOPHUIO TIEPBOTO MOKOJIEHUS ¢ Ma-
muHbl [AS (mockosbky, Hanpumep, IBM SSEC 6bu1 a1eKTpoMexaHnIecKuM, a He
nammioBbiM, a Colossus u ENTAC ne ob/1a1au criocoOHOCTHIO XPaHUTH TTPOTIPaM-
MBI ).

Henb3st He oTMeTHTH, 9TO HE3aBUCHMO OT Pa3pabOTOK, MPOXOJAWBINUX B 3a-
1a/THBIX CTPpaHAX, AHAJOTHYHbIE MPUHITUIILI, BKJIIOYasd ¥ IPUHITUI XPAHUMOMR TPO-
rpamMbl, Obuin peasim3oBanbl B CCCP. «MaJjast 3/ieKTpoHHasl cueTHasl MAalllki-
nas> (MOCM), cozpannas noj pykosojcrsom Cepresi Asiekceesuda Jlebejena, u
mammmnsa M-1, cosnannas noj pykoBojcTtBoM Mocuda Cemenosuya Bpyka, Hauam
paborarsb B 1951 rojy, kak u IAS JI>kona @on Heitmana.

2.4 Bropoe nokosieane 9BM (MammnHbl HA TPAH3UCTOPAX )

TpansucTop, MOJYIPOBOJHUKOBBII PUOOD € TpeMs KOHTaKTaMH, CIIOCOOHBII
3aMEHUTH PaJMOJIaMIIbl B 3JIEKTPOHHBIX ycTpo#icTBax, Obli uzobperen Jlxonom
bapauaom, Yonrepom Bparteiinom n Yuiabamom Iloknn B yxKe yIOMUHABIIIXCS
Bell Labs; B 1956 romy m3obperaresun ObLin yinocroenbl HobesneBckoit npemun 1mo
dusuke.

CxemaTuvecky TPaH3uCTOP (YCTPOHCTBO JIOCTATOYHO MUHUATIOPHOE U HEIPH-
XOTJINBOE) CIOCOOEH 3aMEHUTH TPOMO3JIKYIO U HEHAJIEKHYIO PAJIHOIAMITY TIPH T10-
CTPOEHUU JEKTPOHHBIX JIOTUIECKUX 3JIeMEHTOB. EcTeCTBEHHBIM CJIeJICTBHEM TO-
1o ¢rakTa CTaJi 1epexo)| KOMIILIOTEPOCTPOUTE/IEN Ha HOBYIO 3JIeMEeHTHYI0 6a3y. Bbi-
YUCIUTEIbHbIE MAIIMHbI, IIOCTPOEHHBIE HA OCHOBE TPAH3UCTOPOB, IPUHATO HA3bI-
BaTh IBM smopozo noxosenus.

YCIOBHO 3MOXY MAaIIUH BTOPOT'O IMOKOJEHUSA MOXKHO OI'paHudInTb 1955 — 1965
rojlamu. VIMeHHO K 9TOMY MEepuojly OTHOCUTCS HAvaJ0 MacCOBOI'O NPOU3BOJICTBA
BBIUMCJIUTENbHBIX MamnH. Tak, komnanus Digital Equipment Corporation mpoja-
na okoJio 50000 sx3emiisipoB kKomibiorepa PDP-8. Kcraru, sTa marmna 3namMe-
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HUTA eIlle U TeM, YTO UMEHHO B €€ apXUTEKType ObLI BIEPBbIE IPUMEHEH PUHIAII
00weth UWUHDL.

K srioxe KOMIIbIOTEPOB BTOPOTO MOKOJIEHUs] OTHOCATCS TaKUe BayKHbIe WHHOBA~
LMK, KAK 3aMEHa KOMMYTAIMOHHbIX IAaHe/el, IPUMEHSIBIIUXCs JIJIsi IIPOIPAMMM-
pOBaHMSI paHHUX KOMIILIOTEPOB, Ha yCTPOICTBa BBOJIA ¢ IepdOoKapT; MOsABJICHUE
A3VKOE NPOZPAMMUPOSANUA GLCOK020 YPO6HA (LEPBBIM S3BIKOM I1POIPAMMEPO-
BaHusi cuntaerca PoprpaH, paszpaboranubiii bekycom B nepuon ¢ 1954 mo 1957
rOJIbl); U, HAKOHEII, TOSIBJICHUE ONEPAUUOHHILT CUCTILEM.

B xadecTBe 11epBoii ONepanuoOHHONE CHCTEMBI (Bo BCAKOM CJIy4dae, OJTHON U3 1ep-
Bbix) 00biuHO HaszbiBator FORTRAN Monitor System, paborasiieii na Marimxe
IBM 7094. /o nosiBiennst FMS 1npu BbIIOJIHEHUE KasKJI0# 3a,1aU1 OIIepaTop C M0~
MOIIIBIO CUUTBIBAIOIIEIO YCTPORCTBA, BBOJIMJI B MAIIUHY € Iep@OKAPT IPOIPaMMy
na Qoprpane, UCXOJIHbIE JJAHHBIE K 9TOH 1TporpaMmMe u cam Tpancisitop Poprpana;
TOJIBKO TOCJIE TOTO (MPU YCJIOBUU OTCYTCTBHs OMMOOK) MAIIHHA MOTJIA TPUCTY-
nuTh coOCTBEHHO K pacdery. [Ipu Takoil cxeme paDOThl MHOI'O BPEMEHU YXOJIMJIO
Ha PYYHbIe MAHHUIYJISAIAKA C KOJojaMu ImepdoKapT, a B CAydae BO3HUKHOBEHUSI
onmboK (0ObITHOE JIeJI0 B IPOrPAMMHUPOBAHNK) — ¥ Ha 0OjlyMbIBAHWE Pe3yJIbTa-
TOB U MCIIPaBJeHUEe MCXOJHOM mporpaMmbl. IIpu sToM goporocrosiinas O0JbIast
MalllMHa, onpocty mnpocraupaJjia. [logasinenne FMS mozsosniio ¢popmupoBars na-
Kemul npo2pamm Ha MAIHUTHBIX JIEHTaX C HOMOIIbIO OoJiee JiemeBoil Mamnubl IBM
1401; cchopmuposannyto ysienTy nepenocuiu Ha IBM 7094 u 3amyckajiu Ha BBIIOJ-
HEHUE, a Pe3yJIbTaThl, 3allMCAHHbIC HA JPYIYIO JIEHTY, PAClevdaTbiBaJUd OlsTh XKe
¢ nomotnbio IBM 1401. Cpasy 1mo okoHuYaHuM pabOTHI ¢ IPEIbIIYIIeil 3a1a4ueil BHE
3aBUCUMOCTH OT Pe3yJibTaTta OoJibIliasi MallllnHa, TPUCTYIIaIa K padoTe co CJiejlylo-
et 3ajaueit, UCKJI0Iasi, TAKIM 00pa3oM, IIPOCTOM.

2.5 Tperbe nokosienne IBM (uHTErpajibHbIE CXEMBbI)

[TosiBsienne uuTerpasbibix cxeM (n3obperaress Pobepr Hoiic, 1958) nossosin-
JIO KapIMHAJBHO YMEHbIINTD pusndeckue pazmepbl 9BM. O0braHo 60J/bIINE BbI-
YUCJINTENIHHBIE MAITUHBI, TOCTPOEHHBIE HA, OCHOBE MHTEIPAJLHBIX CXEM, HA3hIBAIOT
IBM mpemuvezo nokoaenus. K nepuony rocunogcrsa 9BM Tperbero moxkosienusi
MO2KHO ycJioBHO oTHecTH 1965 — 1980 ro/ibi.

K nauboJjiee BaxKHbIM HOBOBBEJICHUSIM TOI'O IEPUOJIA CJIEJyeT OTHECTH, BO-
IePBLIX, BOSHUKHOBeHKE ceMmeiicTB DBM, cosmecmumuviz mex 1y coboii u co3manue
YHUDUIMPOBAHHBIX allllapaTHbIX KOMIIOHEHTOB, MOAXO/ISIINX K PA3HBIM MalliHAM
(0OBITHO B paMKax OJTHOTO CEMEHCTBA).

Bo-BTOPHIX, UMEHHO K 9TOMY TEPHOIY OTHOCUTCS MOSIBICHUE MYALIMUNDO-
2PAMMHO20 PEHCUMG, WIA PEHCUMG MYAbMU3GIAYHOCTNU, TO €CTh TAKOTO CIIO-
coba MCIOAb30BAHUST BLIYUCAUTEILHOW MAIUHBI, TPH KOTOPOM B MAMSTH HAXO-
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JISITCsT OJJTHOBPEMEHHO HECKOJILKO BBITTOJIHSIIONUXCsT TTporpaMM. IlepBoHadaabHO Ta-
KOI pexkKuM ObLIT IpeIHa3HaueH JJIsT YMEHbIIeHNS BpeMeH! TPOCTOs ITeHTPAJIHLHOTO
IIPOIECCOPa: B TO BpeMsI, KOIJla OJIHa IIporpaMMa 3arpeboBaJjia, OIepaIuio BBOJA-
BBIBOJIA (HALIPUMED, YTEHUs JAHHDBIX C JIEHTbI) U OXKUJAET €€ 3aBepIIeHUsl, PO
I[ECCOP MOXKET BBIIOJIHSATH JIPYTYIO IPOIPaMMYy.

[Tozke ¢ nzobpereHueM mepmunaavHo2o docmyna U JTRAJIOTOBOIO PEXKIMA Pa-
o0orbl ¢ 9BM MmysibTH3aa9HOCTD 1103BOJIMIA PabOTATh ¢ OJHON MAIIUHON OHO-
BPEMEHHO HECKOJLKUM IOJIL30BATENSIM; TaK MOIBUINCH MHO20N04b30684MEALCKUE
MEPMUHAALHBLE KOMNAEKCDL.

2.6 YerBeproe nokoJsieHue (mepcoHaJbHbIE KOMITBIOTEDDI)

C nosiBjieHneM CBepXOOJIBIITNX MHTEIPAJILHBIX CXEM CTaJIO0 BO3MOYKHO YMEHb-
IIIUTH Ta0APUTHl KOMIILIOTEPa JIO0 pPa3MepoB HACTOJBLHOIO MPHOOpPa, a CTOUMOCTD
CHU3UTH JIO0 YPOBHsI, HA KOTOPOM KOMITHIOTEDHI OKA3AJIUCHh JIOCTYITHBI YaCTHBIM
JIAIIAM.

[To ¢BOMM BO3MOXKHOCTSIM [IEPBbIE IEPCOHAJBHBIE KOMIIBIOTEPbI HACTOJBKO OT-
CTaBaJIM OT OOJIBIINX MAIIMH, YTO Y HEKOTOPBIX IPOdreCCHOHAJBHBIX IPOrPAMMHU-
cTOB OYM II€pCOHAJIbHBIX KOMIIBIOTEPOB BbI3bIBaJI HEJIoyMeHne. Tak, MoJIHOLEeHHas
0JIJIEPKKA MYJIBTU3a/aUHOTI0 PEXKUMa Ha, [IePCOHAJbHBIX KOMIIbIOTEpaXx JIMHUU
IBM PC crasa Bozmoxkna Juinb B 1986 rojy ¢ nosBiaenueMm mporeccopa Intel
80386.

B nacrosiee BpeMsi epCOHAJbHbIE KOMIIBIOTEPHI JIaJIeKO 000THAJIN KOMIIHIO-
TEPhl TPETHEr0 MOKOJIEHUSI W HCIOJb3YIOTCs He TOJHKO KaK HAaCTOJIbHBbIE Pabo-
ype NprbophI JJIsT KOHEUHBIX MOJIb30BaTe e, HO 1 B KaUeCTBE MOIIHBIX CEPBEPOB.
MaccoBocTb KOMIIBIOTEPOB Ha ocHOBe apxuTekTypbl IBM PC nemaer stu mariu-
HbI CAMbIMHU JICIIIEBbIMU U3 1IPEJICTaBJICHHBIX HA PbIHKE; B PE3yJibTaTe, HAlPUMED,
koMmItanus Google jist mocTpoeHus CBOeit IOMCKOBOM CUCTEMBbI IIPEJIIOUIa, UCIIOb-
30BaTh KJacTep U3 COTEH MEePCOHAJbLHBIX KOMIILIOTEPOB — 3TO OKa3aJI0Ch MHOI'O-
KPaTHO JIEIIeBJIe PelleHri aHAJOIMIHOM MOIITHOCTH Ha OCHOBE CIIeIUAJIM3UPOBaH-
HBIX CEPBEPHBIX MAIINH.

3 3agau;m COBPeMEHHLIX OINepalMOHHbIX CHCTEM

Ha coBpeMeHHBIX KOMIBIOTEpaxX OIlepaloHHasd CHCTEMa MI'PaeT Upe3Bblvaii-
HO BaXKHYIO POJib, OCBODOXK/JIasl IPUKJIAJIHbIE TPOIPAMMBbI OT PEIIeHUs PYTUHHBIX
zajgad. [lepeunciaum 3aaum, permaeMble ONepAMOHHBIMIA CUCTEMaMH.

MynpTu3agadablii pexxuM paboTsl. OnepalinoHHas CHCTeMa O3BOJISET
3allyCcKaTh Ha OJIHOI MalllMHe OJHOBPEMEHHO HECKOJHKO MPOrpaMM U U30JIUPYeT
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IpoOrpaMMbI JIPYT OT Jpyra. I1oabp30BaTe/beKoil TporpaMMe MpeIoCTaBIsieTcs ab-
CTpaKTHasl BUPTyaJbHAs MaIIHa, KOTOPYIO MOXKHO HCIIOJH30BATDH, KaK €CJIU ObI
HUKAKKUX JIDYTUX IPOrPaMM B CHCTEME He BBIIOJIHSIIOCD.

YpaBiieHue ycTpoiicTBaMu BBOAa-BbiBOAA. Onepaiuonas cucrema de-
per Ha cebst Bce TOHKOCTH obpallieHus ¢ IepudepuitHbIMUA YCTPORCTBAMU Pa3/Indi-
HBIX THUIIOB, IIPEJIOCTaBIIAS OJH30BATEILCKIM IIPOIPAMMAM IIPOCTOI mHTEp(Eiic,
abCTparupoBaHHbBI OT OCOOEHHOCTEH KOHKPETHOI'O0 000PYI0BAHMSI.

YrpaBjeHue onepaTuBHOI nmaMdaTbio. O0bema (Gpusndeckoil mamsiT Mo-
’KeT ObITh HEJOCTATOYHO JJIsT PA3MEIeHUsT BCEX BBIMOJIHSOMNUXCS B CUCTEME TTPO-
I'paMM U UX JIAHHBIX; IIPOrPAMMbI MOI'YT ObITH 4yBCTBUTE/bHBI K aJ[pecaM, B KOTO-
PBIX MX Pa3MEIAl0T; IPU aKTUBHOM Pa3MEIICHUU U YIAJCHUHE [IPOIPAMM B [TAMSITH
MOKET BOBHUKHYTB pobsieMa (pparMerTaliuu (Koria 001wt 00beM CBOOOTHOM a~
MSITH JIOCTATOYEH JIJIsl PA3MEIEHIsI OUepeIHOM TPOrpaMMbl, HO P 3TOM Hape3aH
Ha HeOOJbINME OJIOKH B Pa3HBIX MeCTaxX aJpecHoro mpocrpancrsa). CoBpeMeHHasT
alrmaparypa uMeer ClielnaabHble BO3SMOXKHOCTH, IIPeHa3HaATeHHbIe JIJIsT PEITeHus]
STUX U JIPYTHUX HPOOJEM C UCIOJH30BAHMEM ONEPATHUBHON MaMsITH. YIIPaBJeHUe
STUMHU BO3MOYKHOCTSIMI TAKYKe BO3JIATAETCsI Ha, ONMEPAIMOHHYIO CHCTEMY.

B3aumoaeiicrBue npoiieccoB. IIporecch He Beerjia BbIIOIHSIIOTCA He3aBU-
CUMO JIpYT OT JIpyra; B psjie CaydaeB HeoOXOMUMbI CPEJICTBA UX BJIMUAHHUS JIPYT HA
spyra (nanpumep, obmena undopmanueii)?. Cospemennnie OC npejocrasisior
I0JIb30BATEILCKIM IIPOrPpaMMaM BO3MOXKHOCTb TaKOI'0 B3aUMOJICHCTBUSI.

Pasrpanunyenue mmojgHoMounii. PerstamMenTupoBanue J0CTyIa M0Jb30BaTe-
neil (W, TOUHee rOBOPsI, TMOJH30BATEIbCKUAX MPOTPAMM) K PECypCaM BbIUUCIIH-
TEJILHOW CUCTEMBI TIPEJICTABIIET cODOM BaXKHEHIITYIO 3a,a1y MHOIOTIOJIH30BATE -
CKHUX OLEPAIMOHHBIX cucTeM. IIpu 9ToM ciieyer OTMeTuThb, 9TO U B OJJHOIOJIH30Ba-
TEJILCKOM CUTyanuu (HapuMep, Ha JIMTHOM [ePCOHATBHOM KOMIIBIOTEPE, KOTOPBIM
IOJIB3YETCsl OJIMH Y€JI0BeK ) (DYHKIMU PEryiaMeHTHPOBAHKsE JIOCTYTIA OKA3bIBAIOTCSI
BECbMa BOCTPEOOBAHHBIMM, 8 HMHOIJIA U HEOOXOJMMBIMU. DTO BBI3BAHO TEM, UTO
peasibHO JIOCTYIT K PecypcaM OCYIIECTBIISAET HE NOAL306AMEAD, & 3AITyCKaeMbIe TM
npozpammo; (PAKTUIECKN TIPHU 3aIIyCKe JI000i MporpaMMBbl II0JIb30BaTeb Iepe/ia-
eT yrpaBJIeHre CBOMM KOMITLIOTEPOM aBTOPY 3TO# mporpaMmbl. Bmecre ¢ TeMm, ja-
JIEKO HE BCSIKOH IIPOrpaMmMe MOXKHO Oe3rpaHrndHO j1oBepsiTh. OrcyrerBue dyHKIMT
peryiaMeHTUPOBaHUS JIOCTYIIAa B HEKOTOPBIX IOIIYJIsIPHBIX OllepaIMOHHBIX CUCTEMaX
HPUBOJUT K SIUJIEMUSIM BUPYCOB U TPOSIHCKHMX IIporpamMm. Kpome Toro, B TakKux
cUcTeMax 3avacTylo omuOKa, IMyCTh U HE3JIOHAMEPEHHAs, B OJIHOM M3 IpOrpaMM
[PUBOJUT K YHUUTOKEHUIO BCEH CHCTEMbBI BMECTE C BayKHBIMU T10JIH30BATEILCKAME
JTAHHBIMA.

2K B3amMOEHCTBHIO MIPOIECCOB OOBITHO OTHOCAT, KPOME BCEro IPOYero, i 0OMeH JAHHBIME 110 KOMIILIOTEPHOH
ceTn
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3apgaua 1

Puc. 2: OnHoBpeMenHoe BBINOJHEHNE 3a/1a9 Ha OJTHOM IIPOIECcope

Jlekiinga 2

4 MyabTu3agavHOCTb

4.1 OgHOBpEMEHHOE HCIIOJHEHNE HECKOJbKNX 3a/Ja49

Kak y»ke yrnoMHUHAJIOCh Ha MEPBOil JIEKITUH, MYAbMU3GOGUHOCTID WITH PEXKIM
MYJIBTUIIPOI'PAMMHUPOBAHUST — 3TO TAaKO# PEXKUM PabOThI BHIMUCIUTEIHHO! CHCTe-
MbI, I[P KOTOPOM HECKOJILKO ITPOT'PAMM MOT'YT BBINOJHATHCI B CUCTEME OJJTHOBPE-
MEHHO.

Cutejtlyer OTMETHTDH, 9TO JIJIsi 9TOrO, BOODIE TOBOPsi, HE HYXKHBI HECKOJIHLKO
dusndeckux npoueccopos. BoluncanTenbHas CUCTeMa MOXKET HMETb BCEro OJIMH
IIPOIIECCOP, UTO HE MelIaeT caMo 110 cede peajiu3allui PEeKUMa, MYJIbTUITPOTIPaM-
MupoBaHus. Tak uan mHaUe, KOJUIECTBO IIPOIECCOPOB B CHCTEME, B ODIIEM cIydae,
MeHbIIIe KOJINYeCTBa OJJHOBPEMEHHO BbITIOJIHSIEMbIX TPOTPAMM.

AcHo, 9TO npoIeccop B KaXK bl MOMEHT BPEMEHUM MOYKET BBITOJIHAThH TOJHKO
OJIHY LporpaMmy. HTo ke, B TaKOM CJIydae, HOHUMAETCS 110 MYyJIbTUIIPOIPAMM K-
poBaHuem?

Karkymuiicsa mapajJoKc pa3peliaeTcss BBEJIEHHEM CJIEIYIONEro OIpe/e/IeHHs
00H0BPEMENNOCTIU JIJIst CJTydast BBIIOJHSIONINXCS TPOrPaMM (npoueccos, i 3a-
day):

JIBe 3a1aun, 3amyIeHHble Ha OJTHOI BBIYUCJIUTEJbHOI CucTeMe, Ha-
3bIBAIOTCHA BBITIOJTHAEMbBIMUA 00HOBPEMEHHO, €CJIN MEPUOJIbI UX BHITIOJTHE-
HusE (BPEMEHHOGI OTPe30K C MOMEHTA 3aIyCKa 10 MOMEHTA 3aBEPIIEHUS
KaXk/10#1 13 3a/a4) MOJTHOCTHIO UJIU YACTUIHO MEPEKPbIBAIOTCH.

Wrak, ecau mporieccop, paboTas B KaK iblii MOMEHT BPEeMEHHU ¢ OJIHO 3a1a4ueii,
IIPU 9TOM TEePEKJIIOUALTCH MEXKJIy HECKOJbKUMU 3ajla4aMu, yJiessisi BHUMaHUe TO
OJIHOII M3 HUX, TO JIPYTOil, 3TU 3aJla4¥ B COOTBETCTBUU C HAIIIUM OIpeJieJeHUeM
OYJLyT CYNTATHCS BHITOJHSAEMBIMI OJHOBPEMEHHO (CM. puc. 2).
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pabota o’kHaaHue (MpocToH)  pabora

Puc. 3: TIpocroii nporeccopa B 0jiH03a/1a4HON cUcTEeMe

4.2 IlakeTHbIil pexkum

B npocreiiiiem ciydae MyJabTU3aJ[aqHOCTh T03BOJISIET PEIIUTH 1POOJIEMY PO~
CTOs IIEHTPAJILHOTO IIPOIIECCOpa BO BpeMs onepaluilt BBoja-BbiBoja. IlpencraBum
cebe BBIYMCIUTEIBHYIO CHCTEMY, B KOTOPOH BBITIOJIHSAETCS OjiHa 3ajiada (Harpu-
Mep, 00CUeT CJIOXKHOI MaTeMaTUIecKOi MO):[eJm). B HeKOoTOpBIii MOMEHT BpeMeHU
3ajiaue MOXKET IIOTPeDOBATLCs Olepalius OOMeHa JIaHHBIMU C KAKUM-JIMOO BHEII-
HUM yCTPOHCTBOM (HAIPUMED, YTE€HUE 0YEePEJHOIr0 BJI0Ka BXOJIHbBIX JaHHbIX J10O,
HAa00OOPOT, 3aMUCh KOHEUHBIX UJIH TPOMEXKYTOUHBIX PE3YJILTATOB).

CkopocTh paboThl BHEITHUX yCTPORCTB (JIEHT, MATHUTHBIX OapabaHOB, JIMCKOB
¥ T.I1.) OOBITHO Ha MOPSIJIKK HUYKE, IeM CKOPOCTH PabOThI MEHTPATBHOTO MPOIECCO-
pa, 1 B JIIOOOM CjIydae HUKOMM 00OPa3oM He DecKoHedHa. 1ak, JiJis YTeHus 3a/aH-
HOTO OJIOKA, JAHHBIX C JIUCKA, HEOOXOIMMO BKJIFOUUTH IIPUBOJ] TOJIOBKHU, UTOOBI IIepe-
MECTHTD ee B HyKHOE TTOJIOYKeHNe (Ha HyKHYIO JJOPOXKKY) U JIOZKJIATHCST, TIOKA CaM
JICK 1IOBEPHETCsS HA HYXKHbIH yroJi (jjisi paboThl ¢ 33JJAHHBIM CEKTOPOM ); 3aTeM,
IIOKa, CEKTOP IIPOXOJIMT II0JI NOJIOBKOM, IPOUYMUTATH 3aIIMCAHHBIE B 9TOM CEKTOPE
JlaHHbBle BO BHYTpeHHUi Oydep KoHTpoJuIepa JMcKal; HakoHell, cieyer pasmMe-
CTUTDH IPOYUTAHHBIE JIAaHHBIE B TOH 00JIACTH MAMSTH, IJIe UX IOSIBJICHUS OXKHUJAET
10JIL30BATE/IbCKAS IPOrPAMMa, 1 JIUIIH T10C/e 9TOI0 BEPHYTH €l yrpaBjeHue.

Bee 910 BpeMst (Kak MUHEMYM, BPEMsl, 3aTpAaduBaEMOe Ha TEPEeMEIeHne ro-
JIOBKY M O>KMJIaHKE HY»KHOM (Da3bl OBOPOTA JIMCKA) EHTPaJbHbIH poreccop Oy-
ner npocrauBath (puc. 3). [Ipu 9moM, BOZMOXKHO, BO BXOJHON OYepen 3a/IaHMuil
MMEIOTCST 3aJ1a4U, Ha PellieHre KOTOPhIX MOXKHO ObIJIO Obl yIIOTPEOUTH BpEMSsI 11E€H-
TPaJIbHOI'O 1IPOIECCOPa, BIIYCTYIO 1IPOIAJIAIoIIee B OXKUJIAHUUM OKOHYaHUs Ollepa-
U1 BBOJIA-BbIBO/IA.

MMeHHO Tak MoCTynaloT MyJIbTH3a/adHble OTIePAIMOHHbBIE CUCTeMbl. Kak Tosh-
KO aKTHBHas 3ajiada 3aTpedyeT IpoBeJieHre Ollepalliid BBOJIa-BbIBOJA, OIEpalll-
OHHAsl CHCTEMa BbINOJIHAET HEOOXO/MMbIE JIEHCTBUS 110 3allyCKy KOHTPOJJIECPOR
YCTPOMCTB Ha MCIIOJHEHKE 3aIIPOLICHHO OIepaluu, Iocjie Yero 3aMeHsieT aKTUB-

1I‘ITGHI/IQ HEIIOCPEACTBEHHO B OIIEPATHUBHYIO IIaMATb TEOPETHUYIECKH BO3MO2KHO, HO TEXHHYIECKHU COIIPAZKEHO C
onpeaeIeHHBIMU TPYJIHOCTAMU U TPUMEHACTCA PEIKO
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3amaua 1 OJIOKHpOBKA TOTOBHOCTD 3amaua 1

3amayga 2

Puc. 4: Tlakernag OC

HYIO 3aJa4dy Ha JIPYIyl0 — HOBYIO WJIM yKe HUMEIOIYIOCs. 3aMeHeHHas 3aj1ava,
B 9TOM CJIydae CUMTAETCs IepellejIleil B COCMoAHUue 0ACUIGHUL PE3YNbMAINa
6600a-601600a, U COCMOANHUE DAOKUPOBKU.

B npocreiitiem ciydae HOBast aKTUBHAS 3aJiada OCTACTCS B PEXKUME BBIITOJIHE-
HUs JIO TeX 10P, ITOKa OHA He 3aBepIInTCcs Jnbo He 3arpedyer, B CBOI O4Yepe/ib,
IIPOBEJIEHNE OIepallii BBOJIa-BhIBOIA. [[pu 5TOM OJI0KMpOoBaHHAs 3a/a4a 10 OKOH-
YAHWHU ONEepaIii BBOJIA-BBIBO/A MEPEXOIUT U3 COCTOSIHUST OJIOKUPOBKHU B COCMOA-
HUE 20MOBHOCIIU K GUNOAHEHUIO, HO TIEPEKITIOUCHUsT Ha Hee He TPOMCXOIUT (CM.
puc. 4); 970 00yCJIOBICHO T€M, UTO OIEpalns CMEHbI aKTUBHOI 3a/1adu, BOODIE
rOBOPsi, OTHUMAET MHOI'O HPOIECCOPHOIO BPEMEHHU.

Takoit crrocod MoCTpoeHHsT MYJIbTH3a/JaUHOCTH, IIPA KOTOPOM CMEHa, aKTHBHOI
331491 MPOUCXOJUT TOJIHBKO B CJIydae ee OKOHYAHWS WJIM 3alpoca Ha OTepPaIUio
BBOJIa-BbIBOJIA, HA3LIBACTCA NAKEMMHOIM PENCUMOM?, & OMEPAIHMOHHDBIC CHCTEMBI,
peain3yroIe STOT PEXUM,— NAKEMHOLMU 0ONEPAUUOHHBLMU CUCTNEMAMAU.

PexxuM maxeTHo# MyJIbTH3aIaTHOCTH SBJSIETCsS caMbIM 9D ()DEKTUBHBIM C TOU-
KU 3PEHHS UCIIOJb30BaHUs BHIUUC/IUTEIbHON MOIIHOCTH IEHTPAJIbHOTO IIPOIECCO-
pa, IMO9TOMY UMEHHO ITAKETHbIN PEXKUM UCIOJIL3YETCs JIJIsI YIIPABICHUSI CYIIePKOM-
IbIOTepaMU ¥ JIDYTUMH MalllMHAMHU, OCHOBHOE Ha3HaUeHUE KOTOPBLIX — OOJIbIINE
00'bEMbI THCJIEHHBIX PACIeTOB.

4.3 pyrme crocobsl niiannpoBanusa Bpemenn LII. Pexxum
pa3/iejieHus BpeMeHU

C 10siBJIEHHEM TIEPBBbIX TEPMUHAJIOB U JIMAJIOIOBOIO (MHAYE TOBOPs, MHTEp-
AKTUBHOTO) pEXKUMa pabOThI ¢ KOMITBIOTEPAME BO3HUKJIA MOTPEOHOCTD B JIPYTHX

2 PyCCKOA3BIIHBIN TePMUH <TIAKETHBIH PeXKIM > ABJIAETCA YCTOABIINMCS, XOTS U He CIUIIKOM yIAMHBIM Iepe-
BOJIOM aHIJIMIICKOro TepMuHa <batch modes; cioBo batch MOXKHO TakKe nepeBecTr Kak <Koyojas (CoOBCTBEHHO,
U3HAYAJIBHO UMEJIKUCh B BUJY KOJIOAbL epdoKapT, oJuieTBopsBiiue 3a1anus). He ciexyer nyrarb 10T TepMun
C TEPMUHAMH, WCTTOIB3YIOMUMI CJIOBO packet, KOTopoe ToKe 0OBITHO TIEPEBOINTCS HA PYCCKMIT KAK <MaKeT.
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CTpATErusiX CMEHbI aKTUBHBIX 3a/1a9, WJIW, KaK MPUHATO TOBOPUTDH, NAGHUPOBAHU
8PEMEHU UEHMPANDHO20 NPOUECCOPA.

JeiicTBUTEIHHO, TTOJIH30BATEIO, BEAYIIEMY JAAJIOT ¢ TON WJIM WHON TTporpaM-
MO#t, BpsiJl JIM 3aX0UeTcs KJaTh, MOKa HeKas aKTUBHAs 3a/1a4a, BbIYUCIISIONasd,
ckaykeM, obpaTHyto marpuiy nopsjka 100x100, 3apepiuT cBoro padbory. [Ipu aTom
MHOT'O IPOIECCOPHOIO BpeMeHU Ha 00C/Iy>KMBaHUE JMAJIOra C 10JIb30BaTE/IeM He
TpeOyeTcs: B OTBET Ha KaxKJoe JIefiCTBIe MOJIhb30BaTe st (HApIMED, HAyKaThue Ha
KJIABHIIY) OOBITHO HEOOXOIMMO BBITOJHUTH HAOGOP JIEHCTBHUI, YKIIAbIBAIOIIHHACS
B HECKOJIbKO MUJIJINCEKYHJI, TOT/Ia KaK CAMUX TaKUX COOBITHI TOJIb30BATEIb JTa-
JKEe B PEXKUMe aKTUBHOTO HAaDOpa, TEKCTa MOYKET CO3JiaTh HUKAK He OOJIbIle Tpex-
4eThIPEX B CEKYHJy (CKOPOCTh KOMIIBIOTEpHOro Habopa 180 cMMBOJIOB B MUHYTY
CUUTACTCS OUYCHb BBICOKOW M JIOCTUIAETCA TOJBKO IPOMecCHOHAJbHBIMUA MAallll-
rucrkamu). CooTBeTCTBEHHO, ObLIO Obl HEJIOMMYHO XKJATh, MOKA M0JIb30BATEb
IIOJTHOCTBIO 3aBEPIIUT CBO JTUAJIOIOBBII ceaHc: OOJIbINYI0 YaCTh BPEMEHHU IIPOTIec-
cOp MOT' Obl ITPOU3BOJIUTH apudMeTuIecKue JIeHcTBIsT, HeOOXOMMbIE JIJIsT 3aJla9H,
BBITUCIIAIONIEH MaTpUILy.

Permth mpobiieMy MO3BOJISIET pestcum pasdesenus spemenu. B srom pexknme
KaKJION 3a/iaue OTBOJUTCS OlPeJeJIeHHOEe BpeMsi pabOThl, HA3bIBAEMOE KE8AHMOM
epemenru. I1lo oKoHIanum 3TOro KBaHTa, €CJId B CHCTEME UMEIOTCs JIPYTHue TOTOBBIE
K MCIIOJTHEHUIO 3a/1a91, aKTUBHAs 3a/ia4a NPUHYJUTEIHHO TPUOCTAHABINBACTCS U
3aMeHsieTcss Apyroi 3ajadeit. [IppocranoBenHas 3ajiaua OMEIAETCS B ouepeds
3a0a, 20MmoGHIT K BLINOAHEHUIO N HAXOIUTCS TaM, TIOKa OCTAJIbHBIE 38[a91 OTPa~
O0TArOT CBOM KBAHTBI; 3aT€M OHAa CHOBA IIOJIyYaeT OUepejIHOM KBAHT BPEMEHHU JIJIsI
paboThI, U T.I.

EcrecTBeHHO, eciim aKTHBHAas 3ajada 3aTpedoBaJja onepalnio BBOJA-BHIBOJIA,
OHa MEPEBOJIUTCH B COCTOsHUE OJOKUPOBKHU (TOTHO TaK Ke, KAK U B MAKETHOM
pexkrMe). 3alaum, HAXOJSIIUECs B COCTOsHII OJIOKMPOBKH, HE CTABSATCS B 04€Pe/ib
Ha BBIOJTHEHWE W He TOJyYaloT KBAHTOB BPEMEHHU JO TeX TOp, MOKa Omepalus
BBOJIA-BbIBOJIA (MJIK JpyTast IpuanHa OJIOKMPOBKH) He OyJier 3aBepIieHa, u 3ajada
He MepeiijieT B COCTOSTHUE TOTOBHOCTU K BBITIOJIHEHUIO.

HekoTopnie onepalontbie CUCTEMbI, BKJIIOUYas paHnue sepcun Windows, nipu-
MEHSIJTH CTPATErnio, 3aHUMATOIITYI0 TPOMEXKYTOUHOE MOJIOXKEHNE MEXKTY MAKEeTHBIM
PEXKUMOM ¥ PEXKWMOM pas3jiesieHnst BpeMenn. B 9mnx cucremax 3amadam BbiIeIsiI-
Csl KBAHT BPEMEHHU, KaK U B CHUCTEMaXx Pa3/IeJeHIs BPEMEHH, HO IPUHYIUTEIbHOI
CMEHBI TEKYIell 3a/jady 110 UCTeYeHnr KBaHTa BPEMEHU He MPOM3BOJUJIOCH; CHU-
creMa IMpoBepsijia, He UCTEK JIM KBAHT BPEMEHHW y TEKYIeH 3aJa4du, TOJbKO KO-
r1a 3a7a9a 00parasach K OMepalnoHHOl cucTeMe 38 KaKUMU-JIH00 yeayraMu (He
00s13aTeJILHO 32 BBOJIOM-BBIBOJIOM ). Taknm oOpa3oM, 3ajiada, He Hy»KIAIasics B
ycJIyrax oneparoHHOl CHCTEMbl, MOTJIa OCTaBaThCs Ha MPOINECCOpe CKOJIb YToJI-
HO JIOJITO, KaK M B TAKETHBIX OMEPAIMOHHBIX ChcTeMax. Takoit pexkuM paboThI
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HA3bIBACTCH HEBLIMECHANOUWUM. B COBPEMEHHBIX CHCTEMaX OH He NPUMEHSEeTCs,
MIOCKOJIBKY HaJlaraeT CJIUIIKOM YKeCTKHe TpeDOBaHWS Ha MCIOJHSEMble B CHCTe-
Me TIpOorpaMMbl; Tak, B paHHuX Bepcusx Windows Jiobasg mporpaMma, 3aHsaTast
JUIMTEJIbHBIMU BbIUUCJIEHUSAMU, OJIOKUPOBaAJa PabOTy BCEH CUCTEMBI.

4.4 IlnanmpoBanue BpemeHu IIII B pexkume peasibHOro Bpe-
MEHM

B HEKOTOPBIX CHENUABHBIX CJLyUastX PEXKUM Pa3/IeIeHUsI BDEMEHU TaKkKe OKa-
3bIBAETCs HENPUTOJIEH. B HEKOTOPBIX CHTyalldsiX, TaKUX KaK yMpaBJIeHHe MoJie-
TOM CAMOJIETA, SIEPHBIM PEAKTOPOM, aBTOMATHYECKO JIMHUEH MPOU3BOJCTBA U
T.11., HEKOTOPBIE 33149 JIOJIPKHBI ObITH 3aBEPIIEHBI CTPOTO JI0 OMPEJIEJTEHHOTO MO-
MEHTa BPEMEHHU; TaK, €CJIU aBTONUJIOT CaMoJieTa, MOJTyIUB CHIHAJ OT JATIMKOB
TaHraXKa M KPEHa, MOTPATUT Ha BbIYUCJIEHHE HEOOXOMMMOrO KOPPEKTUPYIOIIEro
BO3JIeHicTBUs GOJIbIIE BPEMEHH, YeM JIOMYCTHMO, CAMOJIET MOXKET BOBCE TOTEPIThH
ylIpaBJIEHE.

B ciyuae, Korja BbllOJHSEMbIE 3a/adl (KaK MUHUMYM HEKOTODbIC U3 HIHX)
MMEIOT JKECTKUE PAMKHU 110 HEOOXOJMMOMY BDEMEHM 3aBEpIIeHUsl, IPUMEHSAIOTCsE
ONEPAYUOHHDBIE CUCTNEMDL PEANLHO20 6pemeny. B oTiindare oT cucreM pas/ieseHust
BPEMEHHU, 33/1a1a [JIAHUPOBIIMKA PEAJIbHOTO BDEMEHU HE B TOM, 4TOObI JIATh BCEM
nporpaMmaM 0TpaboTaTh HEKOTOPOE BPEMsl, & B TOM, U4TOObI ofecneuums 2apa-
MUPOBANHOE 6PEMA PEAKUUL HA ONPEICACHHIE BHEUHUE COOLIMUL

B HEKOTODBIX CJIydasix BOSMOXKHO TP HEOOXOJMMOCTH HPOMYCTUTH TY HJIH
VHYTO OIEPAINIO, €CJM Ha Hee He XBATUJIO BPEMEHU; TakK, MPU BOCIPOU3BEJCHUN
BHJICOMOTOKA MOXKHO B Cjlydae KpailHeil HeOOXOIMMOCTH MOMPOCTY MPOIYCTUTh
HEKOTOPBIE KaJIPbl, B TO BPEMsI KAK T€ KaJIPbl, KOTOPbIE MOKA3bIBAIOTCST Ha SKPAHE,
JIOJZKHBL OBITH PACIAKOBAHBI U OOCYMTAHBI K CTPOTO OMPEJCJEHHBIM MOMEHTAM
BpeMenn. B 1mojlobHbIX CIydasx roBOPST O MAzZKOT CHCTEME DEaThbHOTO BPDEMEHH,
B IPOTUBOIOJIOKHOCTD 2icecmkoti® (aBTonuior camosiera).

4.5 TpeboBaHusg K anmapatrype JJjisg obecrniedueHus MYJIbTHU-
3aJaYHOTO peXKnMa

ZcHo, 9To JUIsS TOCTPOECHMST MYJIBTH3aJaIHOIO PEXKUMa PAOOTHI BEITUCIUTE b
HOU cUCTeMbI armaparypa (Ipex/ie BCero caM MeHTPaJbHbII MPOTeccop) TOKHA
00J1aJ1aTh OIPEIeJeHHBIMU CBORCTBAMM.

Bepremcs k curyanuu ¢ omneparumeii BBojia-BbiBojia (puc. 3 u 4). B curyarun
OJIHO3a/Ia9HOI crcTeMbl (pUC.3) BO BPeMsi MCIIOJHEHUs Olepallii BBOJIA~BbIBO/IA

3CooTreercTRylomue anTaniicKme TepMuHLl — soft u hard.
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[EHTPAJILHBIA TTPOIECCOP MOT HEIPEPBIBHO OMPAIMBATL KOHTPOJLIED YCTPOHCTBA,
Ha TPEJIMET €ro TOTOBHOCTH (3aBeplleHa Jin Tpebyemasi Oleparius), Mocje Iero
IIPOU3BECTH HEOOXOMMbIE JEHCTBHS 10 IIOJTOTOBKE K BO30OHOBJIEHHIO PabOThHI
AKTUBHOI 3aJiauu (B 9aCTHOCTH, CKOIIMPOBATH POYMTAHHBIE JaHHble 13 Oydepa
KOHTPOJIJIEpa B 00JIACTH TAMSITH, B KOTOPOIi 3a/1aua OXKUJIACT TTOSIBJICHNUST JIAHHDIX ).
Cremyer OTMETUTH, 9TO B 9TOM CJIydae IPOIEccop ObLI Obl HENPEPBIBHO 3aHSIT BO
BpEMsI OIlepalliil BBOJIa-BbIBOA, HECMOTPSI Ha TO, UYTO HUKAKUX MOJE3HBIX BbHIUKC-
JIGHW# OH HpPK 3TOM HE POM3BOMJI. TaKoil crocod B3anMOIEeCTBUsI Ha3bIBAETCS
axmusnoLM oxcudaruem. Kax yxke ObLIO CKa3aHO, TaKOU MOaX0] Hed(HeKTHBEH,
TaK KakK IIPOIECCOPHOE BpeMsl MOXKHO ObLJIO Obl HCIIOJIb30BaTh ¢ OOJIbIIEH 110JIb30IA.

4.5.1 Anmapar npepbiBaHU

[Tpu mepexojyie K MysibTu3a/1auHoil 00paboTKe, MoKaszaHHOW Ha puc. 4, BO3HU-
KaeT onpejieseHnas npobseMa. B MoMeHT 3aBepiiieHusi onepaiun BBOJIa-BbIBOJIA,
IIPOTIECCOP 3aHsT UCIOJHEHUEM BTOPOM 3ajiaun. Mexx 1y TeM, B MOMEHT 3aBepilie-
HUsT oriepaluu TpedyeTcs KaKk MUHUMYM [T€PEBECTH MEPBYIO 3a/a1y U3 COCTOSIHUSI
OJIOKHUPOBKH B COCTOsIHEE T'OTOBHOCTH; DOJiee TOrO, MOI'YT HOTPeOOBATLCS U JIPY-
rue JIeficTBUsi, TaKue KakK KOIMPOBaHMe JaHHbIX 13 Oydepa KoHTpoJLIepa, cOpoc
KOHTPOJIJIEpa (HAIPUMED, BBIKJIOUEHIE MOTOPA JMCKA), a B O0jiee CIOXKHBIX CH-
Tyallnsix — WHUIIMWPOBAHUE JIPYTO OMepalnny BBOJA-BBIBOA, PAaHEe OTIOKEHHOI
(310 MOXKET ObITh OlEpalsi YTEHUsE ¢ TOIO XKe JIUCKA, KOTOPYIO BbLiaJa jipyrasi
3aJlada B TO BpeMsl, KAaK [epBasi OMEpAIHsl eIle BbIOJJHIIACH).

[Ipobaema cocrouT B TOM, KaKiMM 00pPa30M OlEpPaIMOHHAs CUCTEMa Y3HAET O
3aBEPIICHUN OIePaIl BBOJIa-BbIBOA, €CJIH IIPOIECCOP MIPU STOM 3aHAT BBIIOJIHE-
HUEM JIPYTO# 3a/1a9¥ W HEIPEPHIBHOTO OTTPOCa KOHTPOJIIEPa He TPOU3BOINT.

PemmmTh npobJsieMy MO3BOJIET ammnapar npepuvieaHut. B JaHHOM KOHKPETHOM
cIydae B MOMEHT 3aBepITIeHWs ONepalni KOHTPOJLJIED MOIaeT eHTPATILHOMY TTPO-
IIECCOPY OTPEJICJICHHbIH CUTHAJ (JIEKTPUICCKU UMITYJIbC), HA3BIBAEMBIH 3anpo-
com npepusanus. LleHTpaJbHBII IpOIeccop, MOJYyYUB 3TOT CUI'HAJ, IIPEPbIBaeT
BBINIOJTHEHWE aKTUBHON 3a/ladn W epejaeT ylpaBjeHre MPOIeype OrneparnoH-
HOIl CHCTeMbl, KOTOpasl BBIIIOJIHSET BCEe HEOOXOUMMBbIE 10 OKOHUAHUU OIEPAIUH
BBOJIa-BbIBOIA, JielicTBuUs. [locsie 9Toro ynpan/ieHne BO3BpaIaeTcs aKTHBHOW 3a-
jade.,

4.5.2 3amura naMgaTn

PaccMmorpum Jipyrue mpodjieMbl, BOSHUKAIOIINAE IPU OJITHOBPEMEHHOM HAXO0XK 16~
HUU B IAMSITH MAITMHBI HECKOJIbKUX MPOrpaMM. FKciiu He npenpuHsaTh Creluab-
HBIX Mep, OJHa M3 IIPOrpaMM MOXKET MOJAUMUIUPOBATL JAHHBIE WU KOJ JIPYIUX
MporpaMM UJIM CaMOi OTIePaIlMOHHOI cucTeMbl. JlarXke eciin JIONyCTUThH OTCYTCTBUE
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3JIOIO YMBICJIa, Y Pa3pabOTUYNKOB BCEX 3allyCKAEMBbIX ITPOTPAMM, OT CJIydaillHbIX
omnbOK B IMpOorpaMMax Hac 3TO JONIYINEeHNe He CIIaceT.

flcHo, 9TO HEOOXOMUMBI CPEJICTBa OrpaHMUEHUs BO3MOXKHOCTeH paboTraroreit
POrPaMMBI 110 JOCTYIY K OOJIACTIM TTaMSITH, 3aHSITHIM JPYTUMHU [TPOrPAMMAMMU.
[IporpaMMHO Takyio 3alUTy MOXKHO peajnu30BaTh pa3Be UTO IIYTEeM HHTEpIpe-
TaId BCETO0 MAIIMHHOTO KOJIa UCIOJHAIONENHCS TPOrPaMMbI, YTO KaTerOpUIeCKH
HEJIONyCTUMO 13 cooOparkenunii apdexkrupuocTu. Takum odpazoM, HEOOXOUMa, all-
naparHas MOJIJIep:KKa, 3alUThl AMSITH.

4.5.3 IIpuBujerupoBaHHbII 1 OrpaHNYEHHbI!l PEKUMBI

KoJth CKOPO CyIIecTByeT 3aiuTa maMsiTi, MPOIEeccop JIOJKEH HMeTh HaDOp KO-
MaH/T JIJIs YIPaBJIEHUS 3TON 3amuToil. Ecin, onaTh Taku, He TPeITpPUHATD CIIeIn-
AJIbHBIX MEP, TO TaKhe KOMaHJbl CMOXKET WCIOJHUTD JII00ast U3 BBITTOIHSIOITITXCST
IIPOTPaAMM, CHSIB 3aIUTY MaMATH WK MOAMMUINPOBaB ee Kondurypanuio. Takas
BO3MOYKHOCTH JICJIAET CaMy 3alliTy MaMsTH MTPAKTUIECKN OECCMBICIEHHOI.

PaccmarpuBaemasi mpobsiemMa KacaeTcsi He TOJIBKO 3allUThl aMsiTH, HO U pabo-
ThI C BHEIIHUME ycTpoiicTBaMu. ToObI obecneunTh HopMaabHOE B3auMOJIeicTBIE
BCEX TTPOrPaMM C YCTPOWCTBAMHU BBOA-BHIBOJIA, OMEPAIIMOHHAS CHCTEMa, JOJKHA,
B3sITh HEIOCPEJICTBEHHYIO PabOTy € yCTpPORCTBAME Ha, Ce0si, & M0JIh30BATEIHCKIM
IporpaMMaM IIPeJIOCTaB/IITh UHTepdeiic /i1 00palleHns K olepaloOHHOi cucTe-
Me 3a ycayramu 1o pabore ¢ ycrpoiicrBamu. VHade roBopsi, MOJb30BATEIHCKUE
IIPOTrPAMMbI JIOJ2KHBI UMETh BO3MOYKHOCTH Pa0OThI ¢ BHEIIHHMHU YCTPOHCTBAMU
TOJILKO 1Yepe3 ornepamnuonnyio cucremy. CoOTBETCTBEHHO, HEODXOAMMO 3aIPeTuTh
MOJIB30BATETLCKUM TIPOIPAMMaM BBITTOJTHEHUE KOMaH/T MPOIeccopa, OCYIIeCTBIs-
FOIIUX YTEHUE/3aIUCh TIOPTOB BBOJIA-BHIBO/IA.

[Ipobiema pertaercsi BBeIeHUEM JIBYX PEXKUMOB PabOThI IEHTPAJIHLHOIO MPO-
TIECCOPA: NPUBUAEL2UPOSAHH020 U 02PaHUYerH020 . B TPUBUIEIrIPOBAHHOM peXKIME
MTPOIIECCOP MOXKET BBITIOJHSITH JIFOOBIE CYIECTBYIONNE KOMaH Ibl. B orpannaennom
PEXKKUME BBITTOJTHEHUE KOMAH/I, BJUSIONIMX HA CUCTEMY B II€JIOM, 3aIIPEIeHO; pa3pe-
IIAI0TCS TOJIBKO KOMaH/Ibl, 3(p(PeKT KOTOPhIX OrpaHuueH MOjMpUKaIeil JaHHbIX
B 00JIACTSIX TTAMSATH, HE 3aKPBITHIX 3auToi naMaTu. Cama oneparnnoHHas CUCTe-
Ma, (IIporpaMmMa, HazblBaeMas elre AJpom> OlepalOHHON CHCTEMbI) BBITIOJHACTCH
B MPUBUJIETHPOBAHHOM PEXKHUME, T0JIH30BATEILCKIAE TTPOTPAMMBI — B OI'DaHUYIEH-
HOM.

4B smreparype LPUBUIEIHPOBAHHDLIN PEKUM HYaCTO HA3BIBAIOT <PEKHMOM fApa> W <PEKHMOM CyIep-
Busopas (aurs. kernel mode, supervisor mode). OrpaHUYeHHBINH PEXKUM HA3BIBAIOT TAKIKE <IMOIH30BATETHCKAM
peskuMoM> (aHTII. user mode) WU TIPOCTO Henpususe2uposarnbim (auri. nonprivileged. TepMun ozpanusentoil
pesicum m30paH B JAHHOM TOCODMM KaK HamDOJIee TOYHO OMUCHIBAIOIINI CYIIHOCTH JAHHOTO PEXWMa, pabOThHI
IEHTPAIBLHOTO IPOIEccopa 0e3 MPUBA3KHA K €ro UCIONb30BAHAIO ONEPAMOHHBIMA CHCTEMAMME.

5 Anri. kernel
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4.5.4 Taitmep

st peajn3aiymy IaKeTHOIO MYJIbTH3aJJadHOI0 PEXKUMa, [EePEeUNCICHHbIX all-
HapaTHbIX CPEJICTB y:Ke JIocTaTouHO. Ecin 2Ke HeoOX0oMMO peasii30BaTh CUCTEMY
pasjiesieHrsI BpEMEHN WJIM PeajbHOIO BPEMEHH, B alllaparypPe BbIYUCINTEIHLHOM
cucTeMbl TpebyeTcss HaJu4Ine elie OJHON0 KOMIIOHEHTa — matimepa.

HeiicTBUTENIBHO, JIAHUPOBIINKY OIEPAIMOHHON CHCTEMbI pa3/iesieHus BpeMe-
HU HY>KH& BO3MOXXHOCTH OTCJIEKUBAHUS MCTEYEHUs] KBAHTOB BPEMEHU, BbIJIEJICH-
HBIX I10JIb30BATEJILCKUM IIPOIPAMMAM; B CUCTEME PEAJIbHOI'O BPEMEHHU TaKas BO3-
MOXKHOCTH TaK»Ke HeoOXojiuMa, IpuieM TpeboBaHUs K Hell jlaxke Oojiee XKeCTKHe:
HE CHSIB BOBPEMsI ¢ IIPOIECCOPa aKTUBHOE HA TOT MOMEHT IIPUJIOXKEHNE, ILJIAHUPOB-
UK PUCKYET IOIIPOCTY HE YCIIETh BLIJACIUTH O0JIee BaXKHBIM IIPOIPaMMaM HE0OXO-
JINMOE UM IIPOIECCOPHOE BPEMSI, B PE3YJILTATE 9€r0 MOTYT HACTYIIUTH HEIIPUSITHBIE
MOCJIE/ICTBUS (BCIIOMHUTE TIPUMEDP C aBTOMUIOTOM CAMOJIETA,).

Taiimep npejncraiisieT cob0il CpaBHUTEILHO MPOCTOE YCTPOICTBO, BCA (DYHK-
I[MOHAJIbHOCTh KOTOPOI'O CBOJIUTCs B IIPOCTEHINEM ciiydae K I'eHepallii IpepbliBa-
HUI Yepe3 PaBHbIE IPOMEXKYTKHA BPEMEHU. DTH MPEPHIBAHKUST JAI0T BO3MOXKHOCTD
OIlepaIlMOHHOM CHUCTEeMe MOJYUYUTh YIIpaBJeHHe, [IPOaHAJN3UPOBATh TEKYIIee CO-
CTOSTHME MMEIOIIUXCs 3a/1a9 U [P HEOOXOJIMMOCTH CMEHUThH aKTUBHYIO 3a/a4dy.

4.5.5 Kpartkuii uror

Urak, juist peajn3anuu MybTU3a/IaqHOi OllePallMOHHON CUCTEMbI alllapaTHOe
obecrieuenye KOMIbIOTepa, 00SI3aHO MOJIIEePKUBATD:

® arnmapar IMpepbIBAHNIA;

® 3AIUTY MMaMATH;

® I[IPUBUJICIMPOBAHHBIN 1 OIPAHUYCHHBIN PEXKUMbI pabOThI IEHTPAJILHOI'O IIPO-

reccopa;

® TaiiMep.
IlepBbie Tpu cBoiicTBa HEOOXOMUMBI B JIIOOON MYJIbTU3aIadHON CHCTEME, ITOCTIe]I-
Hee MOXKeT OTCYTCTBOBATH B CJlydyae MakKeTHOW MJIaHUPOBKU (XOTH B peaJibHO CY-
MECTBYIONUX CHCTeMax Tajimep mpucyTcrByer Beerga). Cregyer oOpaTuTh BHU-
MaHWe, YTO U3 IEePEYUCICHHBIX CBOWCTB TOJIBKO TaiMep ABJIACTCH OTJICJIbHBIM
YCTPORCTBOM, OCTaJbHbIE TPU [IPEJICTABJIAIOT COOON (DYHKIMU TIEHTPAJIBHOI'O 11PO-
1eccopa.

5 Anmapar npepbIBaHUIiA

CoBpeMeHHbIIT TEPMUH <npepuiéatues JTOBOJIBHO JTaJEKO YIIeJI B CBOEM Pa3BU-
TUW OT M3HATAJIHHOTO 3HAUYEHNS; HATUHAIOIINe TPOTPAMMUCTHI YacTO € YANBIECHN-
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eM OOHapY>KMBAIOT, YTO HEKOTOPHIE TIPEPhIBAHUSI BOBCE HUUYETO HE NPEPHIBAIOT.

Harb cTporoe ompejiesieHne npepbiBaHus ObLIO ObI HECKOJBKO 3aTPYIHUTE b
HO. BmecTo 3Toro nombitaeMcst 00bsSICHUTDH CYIITHOCTh PA3JIMUIHBIX BUJIOB IIPEPhIBa-
HUN ¥ HAHTKH MeXKJIy HUMU TO 0DIIee, UTO U OIPAB/IbIBAET CYIIECTBOBAHUE CAMOTO
TepMUHA.

5.1 Bmaemniaue (anmapaTHbie) TpepbIBaHUs

IIpepbiBanns B m3HATAJIHHOM CMBIC/IE Y2Ke 3HAKOMBI HaM 10 IIPEbIIYIIEMY ITa-
parpady. Te uiu uHbie ycrpoiicTBa BbIUUCIUTEILHONR CUCTEMbI MOI'YT OCYIIECTB-
JISITh CBOM (DYHKIMKM HE3aBHCHUMO OT IEHTPAJbHOI'O IMPOIECCOopa; B STOM CJIydae
UM MOXKET BPeMsi OT BpeMeHH TPebOBAThCsI BHUMAHKE OIEPAIIMOHHON CUCTEeMbl, HO
eJIMHCTBEHHBIN MEeHTPAJbHBII Tporieccop (WIn, 9TO HUIYTh He JIydIle, BCe NMEro-
IMECs B CHCTEME [EHTPAJTbHBIE TIPOIECCOPDI ) MOXKET ObITh HMEHHO B TAKOH MOMEHT
3aHAT 00PAOOTKON MOJIB30BATEILCKON ITPOrPaAMMOBI.

Anmaparsbie (Wi 6newnue) TPepbiBalust ObLIN TPU3BAHBI PEIUTH 3Ty T1PO-
osemy. s o iiepKKU annapaTHbIX IPepPbIBAHUN IIPOIECCOP OOBITHO UMEET CIIe-
[AAJIbHO TPeHa3HAYEHHbIE JIJIST 3TOTO0 KOHTAKTHI; SJIEKTPUIECKUI UMITYJILC, TPEJI-
CTABJIAIONUNA OObIYHO JIOTMYECKYIO €JIMHUILY, IIOJaHHbI Ha TaKOW KOHTAKT, BOC-
IPUHUMAETCS MPOIECCOPOM KaK CUTHAJ O TOM, UTO HEKOTOPOMY YCTPOMCTBY Tpe-
Oyercsi BHUMaHKE OIEPAIMOHHON CUCTEMBI.

B coBpeMeHHBIX apXUTEKTypaX, OCHOBAHHBIX Ha, OOIIEil IIuHe, JiJisd 3aIpoca
LIPpEPbIBAHUS UCIIOJIB3YETCsI OJ[HA U3 JIOPOXKEK IITUHBI.

[TociegoBaTeIbHOCTH COOBITHI TP BO3SHUKHOBEHUHU U 0OpabOTKE MpephIBAHUS
BBIIVIAANT HPUOJIMBUTEILHO CJIeYIomuM 0bpasom®:

1. ¥YerpoiicTBo, KOTOPOMY TpEOyeTCsi BHUMaHKE MTPOIECCOPa, yCTaHABJIMBACT HA,
IIUHE CUTHAJ <3allPOC MPEPbIBAHUS>.

2. Ilporneccop JIOBOJUT BBINIOJHEHUE TEKYIIEH MpOrpaMMbl JIO TaKOW TOUYKH, B
KOTOPO#l BBINOJIHEHWE MOXKHO IIpEepBaTh TaK, YTOObI IIOTOM BOCCTAHOBUTD
€ro ¢ TOTO YK€ MeCTa; MOCJIe 3TOTO MPOIECCOP BbICTABIAAET Ha IMTUHE CUTHAJ
<IIOJTBEP:KICHNE TIpephiBanug>. [Ipn aToM apyrue npepbiBannsg OJOKHPY-
HOTCA.

3. TlonyuuB moarBep:KaeHME TpepbIBAaHUA, YCTPOMCTBO IepefaeT Mo IIHHE
HEKOTOPOE YKCJIO, UJICHTH(MUIUPYIOIee JJaHHOE YCTPOMCTBO; 9TO YUCJIO Ha-
3bIBAIOT HOMEPOM NPEPLLEAHUS.

63 ech mpUBOIMTCS OOIIAS CXeMa; B IEHCTBUTEILHOCTH BCE HAMHOTO CIIOMKHEE.
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4. TIpomeccop coxpatsier rje-To (0ObIYHO Ha CTeKe) TEKYIIHe 3HAUEHHUs CUeT -
K& KOMAaHJ| ¥ PErUCTPa CJIOBA COCTOSIHUS TIPOIIECCA; 9TO HA3LIBACTCS MAAbLM
ynpamuisaruem. CIeTINK KOMaH]] i CJIOBO COCTOSIHUST JIOJ2KHBI ObITH COXPa-
HEHbI 110 TOH NIPUYKMHE, YTO BLIIOJHEHHUE IIEPBOi Ke MHCTPYKInu 0Opabor-
9UKA TPEPBIBAHIS U3MEHUT (UCIIOPTUT) U TO, U JIPYTOE, CJICJIAB TPO3PATHbIil
BO3BPAT M3 NPEPLIBAHUA HEBO3MOXKHBIM; OCTAJILHBLIC PErHCTPhI 0OpabOTUNK
IIPEPBIBAHUST MOXKET P HEOOXOJUMOCTH COXPAHUTH CAMOCTOSATEILHO.

5. YcraHaBIMBaeTCs MPUBUIJIETUPOBAHHbBINA PEXKUM PA0OTHI IEHTPAJILHOTO MPO-
[eccopa, Mocje 9ero ylupapieHue MepejiaeTcs Ha, TOYKY BXOJa HPOIELy bl
B OIIEPAIMOHHON CUCTeMe, Ha3bIBaeMOU 00pabomuurom npepoisanui. Apec
00paboTunKa MOXKET ObITh IPEJBAPUTELHO CUUTAH U3 ClleluaJibHbIX 00Jia-
cTeil maMsTh, JIMOO BBIYMCICH MHBIM CIIOCOOOM.

O06paboTYnK NpepbIBAHUS MOXKET Cpaldy »Ke BEepPHYThb yIpaBJjieHHe aKTHBHOI
3aJla4e, BuIMoHUB KoMaHy IRET (interrupt return). 91o HasbiBaeTCst KOPOMKUM
npepueanuem. IIpn 3ToOM IpoIeccop BHIIOJIHUT BOCCTAHOBJIEHHE CJIOBA COCTOSHUS
1 CUETUNKA, 33189, TO €CTh IIPEPBAHHBII MPOIECC TTPOJOJKUTCST B TOTHOCTH ¢ TOTO
MECTa ¥ COCTOSIHUSI, Ha KOTOPOM ero npepBaju. KopoTkue npepbiBaHus CHCTEMa,
BBITIOJTHSIET B CJIydae, ecar (C TOYKU 3PEHHs CHCTEMBbI) MPUIIE/IIIee TPePhIBAHNE
HUKAKKUX JefcTBUil He Tpedyer; HalpUMep, KOPOTKUM MOXKEeT ObITh IPepPbIBAaHUE
OT CHCTEMHOI'O TajiMepa B ciIydae, ec/id HUKTO KpoMe aKTHBHOH 3aJlauu He Ipe-
TEHJIyeT Ha MPOIECCOoP.

Ecsin onepalinontoit cucreme TpedyeTcst BhIIOJIHEHNE KAKUX-IM00 JeiicTBril B
OTBET Ha MOCTYIHUBIIEeE TTPEPbIBAHKE, JIEHCTBIsT 00pabOTINKa pepbiBaHus (HA3bI-
BaeMble daunHLM npepuisaruem) OymayT bosee caoKHbIME. [T0CKOIBKY JIIsT Bbi-
HOJIHEHU ST JIFOOBIX JIeficTBUIT TPEOYIOTCs PErucTphl 001Eero Ha3HauYeHus, 00pabOT-
YUK IIPEXKJEe BCEro COXPaHdAeT Ha CTeKe 3HAUEHUs PErucTPOB. DTO HA3bIBACTCS
NONHOLM  YNPAMBIBAHUEM. 3ATEM HEOOXOIUMO TOKHHYTH KPUTHIECKYIO 00J1aCTh
siJipa, OTBEYAOIIYI0 33 HAadaJbHYIO CTaJui0 0OpabOTKU IIpepbIBaHUs, W Iepeii-
TH K KCIOJHEHUIO MPOIEYD, NPEePhIBaHNe KOTOPHIX He BbI3biBaeT omuboK. [Ipu
9TOM IPEPLIBAHUS CJeayeT PasdI0KNPOBaTh, J1aB BO3MOXKHOCTH pabOTaTh JIPYTHUM
YCTPONCTBAM.

[Tocsie BbITIOSIHEHWST CUCTEMHBIX JEHCTBI, KOTOPbIE TTOBJIEKJIO 3a cODOM Tpe-
pbIBaHUE, CJIEJIYET BbI3BATH ILJIAHMPOBIIUK, YTOObI BbIICHUTH, HE HPUIILIO JIK BPE-
Ms 3aMEHHTb aKTHBHYIO 3aJjiady Ha Jpyryio. BoaMoxKHO, Npuilejiiee IpepbiBa-
HHUE [EePEBEJIO U3 PEXKIMA OJIOKHPOBKU B PEZKUM FOTOBHOCTH' IIPOIECC, HMEIOIHil
OOJIBIINI TPUOPHUTET, HEXKEJIU IIpepBaHHAas 33/a4a; B 9TOM CJIydae BCe 3HAUYCHUS

"Hanpumep, mpepblBaHue MOXKET CUIHAJIX3MPOBATH 00 OKOHYAHMH ONEPAIMH BBOJA-BBIBOIA, B OXKUIAHUN
KOTOPOTO HEKWIii MPOIECC HAXOAWICT B COCTOSTHUU OJIOKMPOBKU
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PEruCcTPOB, COXPAHEHHBIE HA CTEKE, & PABHO U CaM yKa3aTeJlb CTeKa lepernuchiBa-
I0OTCSI BO BHYTPEHHIOIO CTPYKTYPY JIAHHBIX ONEPAIMOHHON CUCTEMbI, OTBEYAIOILY IO
3a MPEPBAHHBIN IPOIECC, MOCJAe Yer0 BOCCTAHABIUBACTCS CTEK (U, MpU HEOOXO-
JMMOCTH, €I0 COJIEPXKMMOE) TIPOIEcca, KOTOPbIH HeOOX0MMO CJIeJaTh aKTUBHBIM
BMECTO ITPEPBAHHOTO.

Cnenyer obpaTuTh BHUMaHUE Ha TO, YTO MMEPEKJIOUCHUE U3 NPUBUJIETHPOBaH-
HOT'O peXKnMa, paboThl IEHTPAJBLHOTO MPOIECCOPa B OIPAHMUYCHHBIN MOXKHO OCYIIie-
CTBUTH TPOCTON KOMAH/I0#i (OCKOJIBKY B MIPUBUJIETHPOBAHHOM PEXKUME JIOCTYITHDI
BCE BO3MOYKHOCTH TIPOIECCOPA); B TO 2Ke BPEMs, [IEPEXOJ] U3 OrPAHUICHHOTO (OJTb-
30BATEJILCKOTO) PexKIMMa, 0OPATHO B IIPUBUIJIETUPOBAHHBII TPOU3BECTH € OMOIIIBIO
OOBIYHOM KOMaH/Ibl HEJIb3sI, IOCKOJIbKY 9TO JIMIINAJIO Obl CMBICJIA CAMO CYIIECTBO-
BaHUe PUBUJIETUPOBAHHOIO U OI'PAHUYEHHOI'O PEXKUMOB.

Takum oOpa3oMm, MpepbIBaHUE SIBJISETCS €INHCTBEHHBIM (M3 W3BECT-
HBIX HAM HA TEKYI[Uil MOMEHT) CITOCOOOM MepeKII0YeHNsl TPOoIeccopa
B [IPUBUJIETAPOBAHHBIN PEXKUM.

5.2 BayTpenHue npepbiBaHus (JIOBYIIKN)

Yr1o0bI OHATH, O YeM IOMJeT pedb B 3TOM Iaparpade, pacCMOTPUM CJieJly-
IOIIUIT BOIIPOC: 9TO CJIEJyeT JieJiaTh IEHTPAJbHOMY IPOIECCOPY, €CIU aKTHBHAS
3aJ1a4a BBIIIOJHIIIA TEJOUNCICHHOE JieJieHue Ha HOJIb?

¢lcno, uTo nasbHeliInee BBIIOJHEHNE TPOrPAMMBI JIMIIIEHO CMBICTIA: Pe3yJIbTaT
JIeJICHWST Ha, HOJIb HEBOBMOXKHO TPEJACTABUTH KAKUM-JIM0O0 TIEJIhIM TUCJIOM, TaK UTO
B [IEPEMEHHO, KOTOPasi JIOJKHA Obljla COJEPKaTh PE3YJIbTaT POU3BEICHHOIO J1e-
JIEHHUs, B JIYUIIEM CJIydae OyIeT cojiepKaThCs MyCOpP; COOTBETCTBEHHO, U KOHEUHbIE
Pe3ysIbTaThl, CKOPEE BCET0, OKAXKYTCs UPPEJICBAHTHBIMHU.

[ThrraThest OMOBECTUTH TPOTPAMMY O TIPOUCITIEANIEM ITYyTEM BbICTABICHUS
KaKoro-HUOYIbL (pJiara, OUeBHIHO, TaK»Ke OeccMmblicieHHo. Ecin mporpaMMmucTt He
TPOV3BEJI MEPEJT BhITTOJIHEHUEM JIeJIEHNsT TPOBEPKY JEINTEIsT Ha PABEHCTBO HYJIIO,
HPEJICTABIISCTCS U BOBCE HUITOXKHOM BEPOSITHOCTD TOI'O, YTO OH CTAHET ITPOBEPSIThH
IocJIe JieJIeHusI 3HaYeHue KakKoro-To diara.

3aBeplInTh TEKYIIYI0 3aJlady IPOIECCOp CAMOCTOATEIbHO HE MOXKET. IJTO
CJTUTITKOM CJIOYKHOE JIeHiCTBYE, 3aBUCSIIEE OT Pean3allni OTePAIMOHHON CHCTEMBI.

Ocraercst TOJIBKO OJIMH BapWaHT: MepeaTh yIpaBIeHue OepalnoHHOi cucre-
Me C COoODIIeHreM O lpouciie/iiieM. ITo jesarh ¢ aBapuitHoll 3aja4deit, onepaliu-
OHHAsl CUCTEMa PEIIUT CaMOCTOSTEIbHO.

OrmernM, 4TO Tpebyercs, BooOIIEe I'OBOpsi, HEPEKIIOUUTHCSA B IIPUBUJIETUPO-
BaHHBI PEKUM U MEpPeJIaTh YIIPaBJIeHNE Ha HEKOTOPHIH 00pabOTINK; Mepe] ITHM
KEJIATEJIbHO COXPAHUTH PETUCTPBI (XOTsT Obl CUYETUNK KOMAHJ U CJIOBO COCTOSI-
HUS); JlaXKe e 3aJlada HU TIPU KaKUX YCJIOBUSAX He ByjerT mpoJoJiKeHa ¢ TOro
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Ke MecTa (a mpejosararh 910, BOOOIE roBOpsi, TPOIECcop He BIpape), 3Hade-
HUsI PECUCTPOB B JIIOOOM CJIydae MPUTOISITCS OMEePAIMOHHON crcTeMe I aHAJII3a,
IIPOKCIIECTBUA. Bojiee Toro, KakiuM-T0 00pa30M CJjejyeT COOOIIUTh OIepallOHHO
cucreme O pUuYKuHe TOro, YTO yIpaBJeHue 1epejiato eil; KpoMme JieJieHus Ha HOJIb,
TAKUMU IIPUIMHAMU MOTI'YT OBITh HapPYIICHHE 3alUThI IHaMSITH, IIONbITKA BBIIOJI-
HUTH 3alPEIICHHYI0 WA HECYIECTBYIONIYIO WHCTPYKIMIO, TTONBITKA MPOYUTATH
CJIOBO TI0 HEYETHOMY aJIpecy U T.II.

JIerko 3aMeTuTh, 9TO JefiCTBIS, KOTOPhIE JI0JIKEH BBIIIOJHUTD ITPOIECCOD, OKa-
3bIBAIOTCA OYEHb 1IOXO0KM Ha PACCMOTPEHHbIA paHee cjiydail almapaTHOoro npepbl-
Barust. OCHOBHOE OTJIMYIKME COCTOUT B OTCYTCTBUE OOMEHA IO IIKHE (3ampoca u
IO/ITBEPK JICHUsI TIPEPbIBAHUS ): JIEHCTBUTEHHO, MHMOPMAIIU O [EePEUNCTCHHbIX
COOBITHAX BO3HMKACT BHYTPHU IpoIeccopa, a He BHe ero®. OcTajbHbIe IMard 1o
obpaboTKe JjiejieHns] Ha, HOJIb W JAPYI'UX HMOJ00HBIX CUTYAIMi [IOBTOPSIOT IHAIK 10
0bpaboTKe alnapaTHOro IIpepbIBAHUS IPAKTUIECCKU JOCJIOBHO.

[Tosromy 0OpaboTKy cuTyalnii, B KOTOPHIX JaJIbHEHIee BhIIIOJIHEHNE aKTHB-
HOM 3a/1a4u OKa3blBACTCA HEBO3MOXKHOW 110 IPUYMHE BBIIOJHEHHbIX €10 HEKOP-
PEKTHBLIX JICUCTBUI, HA3BIBAIOT TaK 2Ke, KaK M JeiCTBUS IO 3aIPOCY BHEITHUX
YCTPORCTB — HpepbiBaHusIMU. dTOOBI HE Iy TaTh Pa3HbIE 110 CBOEH IPUPOJIE IIPEPbI-
BAHUSI, UX JIGJAT Ha BHEITHUE (amnapaTHble) U BHYTPEHHUE; TaKAsT TEPMUHOJIOTUST
OIPaBJIaHa TEM, 4YTO MNPUYNHA BHEIIHErO MPEePbIBAHUA HAXOJAUTCA BHE IEHTPAJb-
HOTO TIPOIeccopa, Torja KakK npwunHa BHyTpenHero — y IIII BuyTpu. Mnorma
BHYTDEHHUE TIPEPhIBAHMS HA3BIBAIOT MHAUE, HAIPUMEp JIOBYIIKaMu (traps) wim
KaK-TO elle.

5.3 IIporpammubie npepbiBannusg. CucreMHble BHI3OBHI.

Kak y»Ke roBopujioch, IoJib30BaTeJIbCKOM 3a/iaue He I03BOJIACTCS JieJiaTh HU-
Jero, KpoMme 1peodpas3oBaHust JIAHHBIX B OTBEJEHHOM eit namsTu. Bee neiicTBus,
3aTparuBaloIiie BHEIIHUI 110 OTHOIIEHUIO K 3aja4e MHP, BBLIIOJHSIIOTCI depes
orepanonuyio cucreMmy. COOTBETCTBEHHO, HEOOXOINM MEXaHW3M, MO3BOJISTIOIIHIT
0JIb30BATEILCKOM 3ajatue 0OpATUThCA K APy OINEepaIllMOHHON CUCTEMbBI 33 TEMU
WJIM UHBIMW YCJIYTaMMU.

ObpareHne MoJIb30BaTEJBCKON 3a/a4n (mporecca) K sapy omepa-
ITMOHHOM CHUCTEMBI 33 yCJIyTaMHN HA3BIBAETCH CUCMEMHBIM 6b5l3080M.

AcHo, 9TO 110 CBOEH CyTH CUCTEMHBINH BBI30B — 3TO Tepejada yipaBjaeHus OT
0JIL30BATEILCKOM 3aauu /1Py olepalrnoHHoi cucreMbl. OHAKO 3/1€Ch €CTh JIBe
1pobJieMbl. Bo-1iepBbIX, s1jipo paboTaeT B MPUBUJICTUPOBAHHOM PEXKUME, a MOJIb-

8C TOYKM 3peHud pean3aliy BHY TPEHHHUE IPEPbIBAHUA MOI'YT OKA3aThCsA MHOTOKPATHO IIPOIIE, YeM AIlIapaT-
HbIE, 3a CYeT TOI0, YTO OHU BCEr/ia IPOUCXO/IAT Ha OlpejeieHHol (ase BbIIoJHeHUs MHCTPYKIMK; 10POOGHOCTD
guTaTesh Hafizer B Kuure [8].
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30BATEJIbCKUI 1TPOIECC — B OIPAHUYEHHOM. BO-BTOPBIX, TPOCTPAHCTBO aJIpECOB
sIIpa. JIUIST TOJIb30BATEIHLCKOTO TPOIECCca HEJIOCTYTHO (KAK MBI YBUMM Ha OJTHOI
13 CJAEYIONUX JEKIU, B aIPECHOM IIPOCTPAHCTBE MPOIECCA ITUX aJIPECOB MOXKET
BoOOIIE He ObiTh). Bripouewm, jaxe ecii Ob1 OHO OBLIO JIOCTYITHO, MO3BOJUTH PO
eccy MmepeiaBaTh yrpaBieHne B IPOU3BOJLHYIO TOUKY Sapa ObLIO Obl HECKOJIHKO
CTPaAHHO.

Takum 0OpazoM, JJId OCYINECTBJCHUS CHCTEMHOTI'O BBI30BA HEOOXOJMMO CMe-
HUATH PEXKUM BBITOJTHEHUS € TOJ30BATEILCKOTO Ha MPUBUIETUPOBAHHDBIN 1 TTepe-
JlaTh yIpaBJieHue B HEKOTOPYIO TOYKY BXO/Jla B OIEPAIMOHHON cucTeMe.

Hawm yxxe m3BecTHBI JiBa ciiydas, B KOTOPBIX TaKue JEUCTBUS BBITOJHAIOT-
csl — 9TO annaparHble U BHyTpeHHME HpepbiBanus. M3o0perars JIONOJIHUTE/bHBII
MeXaHu3M JIJIsi CUCTEMHOTO BBI30Ba HU K UYeMYy; JIJI €TO peau3alui MOXKHO HC-
10JIb30BATh YaCTHBIN CJ/ly4dail BHYTPEHHErO MpepbhIBaHUs, WHUIUUPYEMbIil CIIeln-
AJILHO TIPEJTHASHAYEHHOM JJIsT 9TOTO MAIMHHON WHCTPYKIMe# (Ha PasHbIX apXu-
TEKTypaxX COOTBETCTBYIOIIAasi MHCTPYKIMst MoxkeT HazbiBaercs TRAP, SVC, INT
u 1.J1.). OTimane 51010 BUjia MpepbiBatust OT OCTAJIbHBIX COCTOUT B TOM, YTO OHO
MIPOMCXOJIUT TIO0 NHUTIMATUBE MOJb30BATEHCKON 33191, TOT/Ia KaK JIPyTHe Mpepbl-
BaHUs CJrydarorces 6e3 ee BeJjoMa (BHeIHIEe — 110 TPeDOBAHKIO BHEITHUX YCTPOHCTE,
BHYTPEHHUE — B CJIyUae HEeMPEJIBUIEHHBIX 0OCTOATETLCTB, KOTOPBIE BPsiJl JTU ObLITH
BBIINIOJIHAEMON IPOrpamMmoit Hpe,zgyCMOTpeHbl).

IIpepbiBaHue, BO3HUKAIONIEE M0 MHUIIMATUBE BBITIOJHAIOIIENCS 3a-

JTa<u, Ha3bIBACTCA NPO2PAMMHBIM NPEPBEaHUEM .

6 IlpuBujerupoBaHHBIA U OrpaHMYEHHbIN PeEXKU-
MbI. ZlTpOo U IIpoIeccHI.

B ocHoBe ornepannoHHOi CUCTEMBI BCET/1a HAXOINTCsT TTPOTrPAMMa, OCYIIECTBIsi-
o111as paboTy ¢ anmnaparypoit, 00padaTbIBaONIasI IPEPHIBAHKS 1 00CTYKHABAOIIAS
CUCTEMHBIE BBI30BBI. DTa MporpaMMa Ha3BaeTCs AJPoM OTEPAIMOHHON CHCTEMBI.
B onpejie/ieHHOM CMBICIE SJIPO W €CTh CaMa ONEPAIMOHHAs CUCTEMA; B HEKOTO-
PBIX CIydasx, OJIHAKO, ITOJ CJOBOCOUETAHIEM <OIepalnoOHHasl CHCTeMas> MOHMMA-
10T OO0JILINON HADOP MPOrpamMM, BKJIOUYAIOIUI, KpOME sijipa, ellle pa3HooOpa3Hbie
CUCTEeMHbBIE YTUJIMTDI, IPOTPAMMBI JIJI YIPABICHUs U HACTPOUKM, MHOIJIA, JTaXKe
KOMITHJISITOPBI M MHTEPIPETATOPHI S3bIKOB MPOrPAMMUPOBaHMs. B 9TOM cMBbICe
TEPMUH <OIMEpaIMOHHAs CHCTEMas> MOMKET HCIOJIL30BATHCSA B PA3HBIX 3HAUCHHU-
sIX, TOIJIa KaK MCIOJIL30BaHUE TEPMUHA <sJ[PO> HUKAKON HEONpeJIeJIeHHOCTH He

9HexoTopble aBTOPLI HEe AEMAfOT PA3IHUHs MEXKIy TePMHHAME <IPOTPAMMHOE IIPEpLIBAHHE> U <CHCTEM-
HBIl BBI30B>, HA3bIBAsl CHCTEMHBIM BbI30BOM Kak camo obpamexue K OC, Tak U IporpaMMHOE MpepbIBAHUE,
UCNOJIb3yeMOe JJIs €r0 OCYIIECTBJICHU.

25



OTrpaHUYEHHBIN
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MPOIIECCHI
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peKUM

Puc. 5: Adnpo n nponeccor

OCTaBJIfACT.

Kaxk y»ke roBopuoch, mporeccop B COBPEMEHHBIX BHIUUCIAUTETLHBIX CUCTEMAaX
UMeeT JIBa PEeXKMMa, BBITIOJIHEHU S KOMAaH/I: TPUBUJIETUPOBAHHbBIN U OrPaHUYCHHBIIA.
B npuBrIernpoBaHHOM PEXKUME MOXKHO BBITIOJTHSTH JIIOObIE KOMAaH/TbI, UMEIOTIHECS
Ha JIAHHOM TTPOIIECCOPE, B OTPAHUYEHHOM K€ BBITIOJTHEHUE JII0OBIX KOMaH,I, BJIUSIO-
MKUX Ha 4TO-J1b0 3a 1pejiesiaMu OrpaHudeHHON 00JIacTh TaMsiTi, 3a0JIOKMPOBAHO
U BbI3bIBACT BHYTPEHHEE IIpepbIBaHue.

EnuHcTBEeHHOIT mMporpamMMoii, BBITIOJTHAIOIIENCA B MPUBUJIETUPOBaH-
HOM peKHMe BO BpeMs padoThl ONEPAIMOHHOI CUCTEMBI, ABJIAETCH 9/]1-
PO OIIepaIlMOHHON cucTeMbl. Bce ocTasibHBIE MPOrpaMMBbI, BHE 3aBUCHUMOCTH
OT yPOBHSI UX IOJIHOMOYNI, BBIIOJHSAIOTCS B OTPAHUYEHHOM peXKUME B BHUJIE NpO-
yeccos (puc. ), a Bee JIEHCTBUS, BBIXOJSIIME 32 DAMKY TPE0OPA30BaHUs JAHHBIX
B OTBEJICHHOI UM IIaMsATH, BBIIOJHAIOT IIyTeM OOpaIleHHs K SJPy C IOMOIIbIO
CHUCTEMHBIX BBI30BOB.

[TonsiTe mporecca u MpUCYIIUE TIPOIleccaM CBOWCTBa, OyIyT MOJAPOOHO pac-
CMOTPEHbI B HalieM Kypce 11o32ke. [Toka orMmernm, 9410 npoyecec MOXKHO yIHPOIIEHHO
MOHUMATh KaK <IIPOrPAMMY, KOTOpast BBIOJTHSETCs (O] yIPABICHUEM OTepaIly-
OHHOI cucrembl)»>. MHaue roBopst, IPOIECC — ITO KO/ BBIOJIHAEMOM 1POrPaMMbl,
JAHHBIE, COCTOSTHUE (PErUCTPBI, BKIIOUYAS CIETIMK KOMAHJT), & TAKXKE JIOCTYITHBIE
pecypcehl U TTOJTHOMOYUSI.

CToslb MHOrOCNIOBHOE NOsAICHEHME TpebyeTcsl, NOCKOMLKY cama no cebe nmporpamma — 3TO elle
HE MPOLIECC; TaK, Of4HA M Ta XK€ MpOrpaMma MOXET ObITb 3anylleHa OJHOBPEMEHHO B HECKOJIbKUX
3K3eMnsipax (BO3MOXKHO, AaXKe PasHbIMUN MOJb30BATENSMU CUCTEMbI), N PeYb B 3TOM C/y4ae noii-
AeT He 00 OfIHOM MpoLecce, a O HeCKoNbKUX. Bbonee Toro, npouecc gake HeNlb3s TPaKTOBaThb Kak
napy <nporpamma + COCTOSIHWES, MOCKObKY, BOODLLIE roBOps, ABE 3aMnyLEHHbIE KOMNN OAHOR Npo-
rpaMMbl TEOPETUYECKN MOTYT HAXOAUTbLCA B COBEPLUEHHO OAWHAKOBOM COCTOSIHUM, YTO BCE PABHO
He CcAenaeT 3TV KONMUKU OFHVM MPOLECCOM.

Crenmaem ele OJHO BaXHOE 3aMevaHne: KarxKJblii IPOIECC B CUCTEME MMeeT
YHUKAJbHBINA UJIeHTU(MUKATOP, OOBIYHO UKUCJIO; CUCTEMA TMOIJAEPKUBACT TJI00aJIH-
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HYIO MabAUYY NPOUECCOB, B KOTOPOH KayKIOMY CYIECTBYIOIEMY Ha TEKYIINH MO-
MEHT IIPOIECCY COOTBETCTBYET OTpeeeHHAs 3amnuch .

OrMeTuM Ha BCAKUI CIydail, 94To spo He 00:A3aTe/IbHO IIpejcTaBsgeT coboil
MOHOJIMTHYIO POrpaMMy. B HEKOTOPBIX OLEPAIMOHHBIX CUCTEMAX siJIPO IPEJCTaB-
asier coboit Habop B3aUMOJICHCTBYOIIUX MPOIPAMM (APXUTEKTYPBI ¢ MUKPOSIPOM
¥ 9K3051/IPOM ); BO MHOTHX CHCTEMAaX B siJIPO BO BPeMsi pabOThl MOXKHO JIODABIISIT
JIOTIOJIHUTEIbHBIE MOJIYJIN.

Hexkoropbie cBon gacTu sigipo MoxkeT opOPMUTH B BHUJIE ITPOIECCOB, PAOOTAIO-
X HapaBHE C [I0JIb30BATEILCKUME 33aUaMi B OTPAHUIEHHOM PEXKUMe,

zBecTHO, ¢ APYTOil CTOPOHBI, YTO HUKAKOM KOJ HUKAKOTO I10JIb30BaTE/Ib-
CKOT'O IIPOIECCa HU NPH KAKNX YCJOBUHAX HE MOXKET ObITh MCIOJIHEH B

MIPUBUJIETMPOBAHHOM pexKHMe MPOoIleccopa.

6.1 ODOmynsanusa (pu3nIecKoro KOMObIOTEPa

[TockobKy HpH MONBITKE BBIMOJHEHHS IMIPOIECCOM HEKOPPEKTHON HHCTPYK-
nuu (B TOM 9MCJie U MHCTPYKIMH, OTHOCIIEHCS K MPUBUJIEIMPOBAHHBIM ) BO3HM-
KaeT IpephiBaHUe, B pe3ysJbTaTe KOTOPOT'O PO ONEPAIMOHHONW CHCTEMBI TOJIY-
YaeT yrpaBJieHle, OKa3bIBACTCS BOZMOXKHO CHIMUTUPOBATH JIEHCTBUS (PU3MIECKOI
MalllMHbl TAKUM 00pa3oM, 4ToObl y HpOIrpaMMbl, paboTraolieil B paMKax [10J1b30-
BaTEJbLCKOTO MPOTIECCa, <CO3/IAJ0Ch BIIeUaTIeHIes>, 9TO 9Ta IporpaMMma padboTaer
B IIPUBUJIEITMPOBAHHOM PEXKMMeE Ha, MalllMHe, Ha KOTOPOl HUKOI'O KpOME Hee HeT.
JeiicTBusI, KOTOpbIE Ha (PU3UIECKOI MaIIIHE OCYIIECTBJISII Obl IIPOIECCOP B OTBET
Ha MPUBUJIEIMPOBAHHYIO KOMAH/LY, B PEXKUME IMYJIAINN BbITOJIHSIOT 00pabOTInKY
IpepbIBaHUI 110 HEKOPPEKTHON MHCTPYKIUNA U HAPYIICHUIO 3aITATHI TTaMSITH.

B pexknme Takoii SMyJISIIIU MOXKHO 3aIlyCTUTh B BUJIE MM0JIb30BATEILCKOTO MPO-
[ecca d4JIpo JApPyroi oneparnmoHHOil CUCTEMbI UJIU JIaKe BTOPOU IK3EMILJIAD TON 2XKe
CaMOii.

Buepsbie takast amyuisinus ObLia peajusosana na IBM /360 onepanunonnoit cu-
cremoit VM /360. ITox VM /360 MozKHO OBLITO 3aITyCTHTH HECKOTHKO OMEPAITIOHHBIX
cucrem OS /360, npuuem kaxkjasi u3 HuX ObLIa yBepeHa, uro komibiorep IBM /360
HAXOJIUTCS B ee MOJTHOM pacropsikenun. Bosee roro, mogx VM /360 MoxkHO OBLIO
3arpy3UTh B PEXKUME IMYJISIUN €€ camy.

10U graTens MOKET 3aMETHTD, ITO paHee MBI HCIOML30BATH TePMUH <3afadas. elcTBUTeTbHO, MBI H30eranm
yrnorpebJieHus CJI0BA <IPOIECC> [0 TOr0, KAK CTajy M3BECTHBI XOTd Obl OCHOBHBIE CBOHCTBA 3TOrO MOHSATHUS,
ToJrarast TPyl 3TOM CJIOBO <33/1ava> WHTYUTHUBHO TTOHATHBIM.
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Puc. 6: Uepapxus 3alioMuHaIONUX YCTPORCTB

Jlekniua 3

7 llepapxusd 3allOMUHAIOMINX YCTPOICTB

udopmaliyisi B BLIYUCUTEILHON CUCTEME MOYXKET 3allOMUHATHCS U XPaHUTh-
Cd yCTPOHCTBAMHU PA3JUYHOTO TUIA B 3aBUCUMOCTHA OT TOT'O, HACKOJILKO Ollepa-
TUBHBIM JIOJI?KEH OBbITH JIOCTYII K JAHHON WH(OPMaIMN, HACKOJBKO JIOJIIOBPEMEH-
HBIM JIOJ?KHO OBITH ee XpaHeHHe U KaKoB ee oObeM. Mepapxus 3amoMUHAIONINX
YCTPOMCTB cxeMaTU4decKu Moka3zaHa Ha puc. 6.

Haubousiee oreparuBuo jocryinHa umHdopMalus B pEerucrpax HEHTPaJIbHOIO
nporeccopa. OiHakKo o0beM PErucTpoBOil MAMATH 3aJIaeTC pa3 U HaBCETia TPH
HIPOEKTUPOBAHUHU TIPOIIECCOPA U yBeJIMYEH ObITh HE MOYKET; IIPU ITOM 00'beM pe-
TUCTPOBO TaMsATH OTpaHWveH, T.K. KaxKJblii HoBbI peructp LI yBenmuuBaer
ciaoxkuocThb cxembl LTI, Tpebyer BBejleHMs JIONOJHUTE/IBHBIX WHCTPYKIIMIA U B Iie-
JIOM MOKET CYIIECTBEHHO TMOBLICUTH CTOMMOCTD MPOTIECCOPA.

Kam-naMsaTh npejiHazHadeHa Jijisi YBeJIUIeHUsl CKOPOCTH JIOCTYTIA K JIaHHbBIM,
HAXOJIANINMCS B OIEPATUBHON MaMATH. PazimmyaioT xaw nepsozo yposh, (pusnte-
CKW peaJu30BaHHbIN Ha ogHOi Mukpocxeme ¢ LI, w xow emopozo yposna, npe-
CTaBJIAIONUIA COOOM OT/E/bHbBIE KOHCTPYKTUB, CBsI3aHHbBIA C HPOLECCOPOM HEIO-
cpesicTBeHHO (6€3 memosib30Banus o0mieil muHbl). B Ka-naMaru yOaupyoTes
JIaHHbIE M3 OlIEPATUBHON HaMsITH, HaubOJIee JaCTO MCIIOJIb3YIOIMIUECs BbIIOJIHSIIO-
mieiics nporpaMmmoit. CKOpoCTh JIOCTYIIa K K3IIY CYIIECTBEHHO BBIIIIE, UeM K OIlepa-
TUBHOM TTAMSITH, OJIHAKO CAM K3III KMeeT JJOCTATOYHO CJI0XKHOE YCTPOHCTBO, 00beM
ero OrpaHuveH, a CTOMMOCTb IOpa3Ji0 BBIIIE, YeM Y ONepATHBHON IMAMATH TaKOTO
»)Ke obbema.

28



OHepaTI/IBHaH HaMHTbl ABJIFAETCA OCHOBHBIM XPaHWJIMIIIEM IIPOIrpaMM M JaH-

HBIX, HAXO/ISIIUXCS B HEIIOCPEICTBEHHO# 00paboTke. OObeM onepaTuBHON MaMATH
MOKEeT OBbITH CPABHUTEJILHO OOJILIIUM, & CTOMMOCTD €€ B IOCJIeHUE I'0JIbl CHU3U-
Jgachk. Tem He Mmenee, ee 0ObeMa MOXKeT He XBaTUTh. Kpome TOro, cojep:kumoe
OIlepATUBHON MMaMsATH, K3IIa U PErUCTPOB TEPSETCs C BBIKJIIOUEHHEM KOMIIbIOTE-
pa, Tak 9TO JIJIsi JOJTOBPEMEHHOIO XPAHEHUs JAHHBIX 9TU BUJIbI 3AIIOMUHAIONINX
YCTPOICTB HENIPUTOHBI.

Ha ciemytorem ypoBHEM mepapxXuu HAXOJSITCS MAarHUTHBIE IUCKW WJIN, TOBO-
psi B-00IIEM, YCTPOHCTBA JIOJITOBPEMEHHOIO XPAHEHUsI, MO3BOJISIIOIUE TPOU3BO-
JIUTH JIOCTYI K JIAHHBIM B IIPOM3BOJILHOM IMOpsjiKe. KpoMe coOCTBEHHO MarHUT-
HBbIX JIMCKOB, K YCTPOWCTBAM TaKOI'O KJACCa OTHOCATCS, HAIPUMED, HAKOITUTE I
na flash-kaprax. Hoine Boime e u3 ynorped/ieHnsi MarHuTHbIe ODapabaHbl TaK»Ke
OTHOCHJIUCH K 3TOMY Kjaccy. OObeM TakKux yCTPONCTB MOYKET OBbITh Ha TOPSIIKH
bosbire, ueMm oobem O3V, a cTOMMOCTb — CYIIEeCTBEHHO HUXKe. Kpome Toro, coxpa-
HeHHAast Ha IMCKaX MH(MOPMAIUS HEe TePsieTCsT TTPU BBIKIIOUEHUN TTHTAHUS 1 MOYKET
XPaHUTHCs J10Jr0e BpeMsi. OJIHAKO JijIst JOCTYIA K JUCKaM TPEeOYIOTCs MeJIJICHHbIE
(B cpaBHEHHE €O CKOPOCTBIO Tiporieccopa 1 O3Y) omnepaliuu BBOa-BbIBOIA; OoJee
TOTO, IIPOIECCOP HE B COCTOSTHUH HEITOCPEICTBEHHO 00PAIATHCS K JUCKAM, TaK ITO
JIAHHBIE JIJIsI UX UCIOJIb30BAHUS JIOJKHBI ObITH [IPEJIBAPUTEIHLHO CKOIIMPOBAHBLI B
OITEPATUBHYIO TAMSTh.

Cpok xpaHeHusT HHGpOPMAIUN Ha JUCKAX MOYKET COCTABJSITL TOJbI, HO OH BCE
»ke orpanudeH. JIjis Hy»KJI apXUBUPOBaHUS IPUMEHSIIOT HAKOIMTEIN Ha MaIrHUT-
HbIX JICHTaX (CTpI/IMMepr). JIeHThl 11pejcTaB/sior co0oi caMblil HaJIEXKHbBIH, J10J1-
IOBPEMEHHBII ¥ JICIIeBbIi c110co0 XpaHeHus JlaHHbIX. HejgocTraTok JIeHT COCTOUT B
HEBO3MOXKHOCTH JIOCTYTIa K OJIOKAM JAaHHBIX B IPOU3BOJILHOM Mopsijike. Kak mpa-
BIJIO, JIAHHBIE C JICHT IE€pe]l UCI0JIb30BAHINEM KOIUPYIOT Ha JIUCKU.

8 YIipaBJieHHe OIepPAaTUBHON MaMSATbhIO

PerucrpoBast maMsTh HaXOIUTCs 10/, HEIIOCPEICTBEHHBIM KOHTPOJIEM IIPOTPaM-
MucTa. KaI-mamsitTh KOHTPOJIUPYETCsT MPOIECCOPOM aBTOMATHYUECKHU; MPOrpaM-
MHUCT MOXKET HE IPUHUMATh BO BHUMaHHUE €€ CYIIeCTBOBAHUE.

Y10 Kacaercsa onepaTUBHON MaMITH, TO paclpeeseHne u yIpaBJIeHne efo aB-
JISIeTCSI OJIHOM M3 BaXKHEMIINX 3aJiad OlepalnoHHOi cucreMbl. [lombiTaemest pac-
CMOTpeTH 3Ty HpobJieMHYI0 0bacTh. Bomnpockl yrnpapjieHus BHEIIHUMHA YCTPOi-
cTBaMM OYIyT paccMaTPUBAThCs Ha, CJCAYIONINX JIEKITUSIX.

!MoxKXHO Tak»Ke BCTPETHTb TePMHHBI <OCHOBHAS TIAMATh> H <OIEPATHBHOE 3alOMHUHAOIee yCTPOii-
creo> (O3Y). B anrnossbrunoii sureparype ucnoub3dyercs repmud RAM (Random Access Memory), koropbiii
MOYKHO TIEPEBECTH KaK <TMaMATh TPOU3BOIBLHOTO JTOCTYTIAS .
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Puc. 7: Bosuuknopenue pparMeHTanuy maMaTn

8.1 IIpobGjaemsbl, peniaeMbie MeHEeIXKePOM IMaMITHI

[Tepeunciium TpoOJIEMBI, ¢ KOTOPBIMU CTAJIKUBACTCS OTEPaIllMOHHAs CUCTEMa,
1IPU YIIPABJICHUU 11aMATHIO.

1. Bawuma npoueccos dpye om dpyza u onepayuonHot cucmemsv, OM NPoUec-
cos. Ynpasaernue annapamnot 3awumot namamu. Kax y»xe roBOpuioch,
B MYJIbTU3a/a9HOI cucTeMe HeOOXOIMMbI allllapaTHbIe MEXaHU3Mbl 3AIUThI
naMsTH. YIpaBJeHue UMH, BKJIIOUas BblJIeJeHUE TaMITH IIPOIEccaM, BO3-
JlaraeTcs Ha ONEePaIMOHHYIO CUCTEMY.

2. Hedocmamox obsema onepamuenot namamu. ObbeMa olepaTUBHON HaMsi-
TH MOXKET He XBATUTH I Pa3MeIeHUs sijipa U BCEX MPOIECCOB; B 3TOM
cJIydae COBpEMEHHbIE OIlePallMOHHbIE CUCTEMbI BLICBOOOXK TAI0T (PU3MIECKYIO
naMsATh, copachiBas (OTKaunBasi) JABHO HE HCIOJIBL30BABIINECs JIAHHBIE Ha,
JIACK.

3. ybauposanue dannvix. TybsvpoBanue MOXKeT BO3SHUKHYTH, HAIIPUMED, TIPH
3aIlyCKe HEeCKOJLKUX KOMUI OJTHON M TOI K€ MPOrpaMMBbI: XOTd IPU 3TOM UX
JIAHHBIE MOTYT Pa3JMyaThCs, CEIMEHThI KOJla OyJIyT COjIlep»KaTh B TOYHOCTH
OJIHO ¥ TO »kKe. EcrecTBeHHO, TAaKOTO AyOJMPOBAHUS YKeJIaTeJbHO N30erarh.

4. Ilepemewenue xoda. Ko mporpaMm MoxKeT ObITh TPUBsI3aH K KOHKPETHBIM
SHAUEHUSIM aJIPECOB MAMSTH, B KOTOPBIE 3arpyKaeTcs mporpamma (Hampu-
Mep, KO/l MOXKET UCIOJIb30BATH TIEePEX0/ibl 110 aDCOIOTHBIM ajipecam ). Bmecre
C TeM, B MYJIbTU3aJaUHONU CUTYAIMM, BOODIIE TOBOPs, HEM3BECTHO, B KaKOE
KOHKPETHO MeCTO (DU3WIECKON TMaMsITH TMPUIETCS 3arpyKaTh KOHKPETHYIO
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IPOTrPaMMY; €CJIU MPUBS3ATh ee K (PU3MIECKUM aJ[pecaM, UMEHHO 3TO MECTO
B MaMATH MOXKET OKA3aThCs 3aHATO JIPYTOil MPOrpaMMOii.

5. @paemenmanus. IIpu IOCTOSHHOM BbIJICJCHUU U OCBOOOXK IEHUU OJIOKOB I1a-
MSITH PA3HOIO pasMepa MOXKeT BOBHUKHYTH CUTYAIUsI, IPA KOTOPOi 0depei-
HOIt OJIOK HE MOXKeT ObITh BbIJEJIEH, HECMOTPsI Ha TO, YTO 00IIee KOJIUIEeCTBO
cBOOOIHOM TIAMSITH MPEBBIIAET ero pasMep. IIpuMep Takoit cuTyannu mo-
Ka3aH Ha pHUC. 7. B HEKOTOPBI MOMEHT MBI HE MOXKEM Pa3MECTUTh B HaMsI-
™ 33729y NeH, MoTOMY 9TO HET MOAXOISINEro CBOOOIHOTO OJI0OKa aJIpecos,
HECMOTPSI Ha, TO, 9TO 00IIee KOJIUIECTBO CBODOIHON AMSITH [IPEBBIIIACT Pa3-
Mep HOBO#t 3ataun. C npobiieMmoit (pparMeHTaIl HeIIOCPEICTBEHHO CBA3aHA
mpobJIeMa, yBeJIMUeHsT pa3MEPOB CYIIECTBYOMEH 3a/a9u B Cydae, ecju eif
oTpeboBaJIACh JOIOJHUTEIbHA TaMsITh: MOXKET 0Ka3aThCs, UTO MaMSITh 34
BEepXHEN rpaHulleil 3a/laum 3aHdTa U PaciliupATh ee HeKy/1a.

3ameTnm, 9TO OOJIBIIMHCTBO TEPEUNCJEHHBIX MPOOJeM BO3HWKAET JIMIIb B
MYJIBTU3ada4uHO0# cuTyanuu. [leiicTBUTEIbHO, €C/I CUCTEMa OJIHO3a/lauHa, TO 3a-
IUIIATH, BOODOIE TOBOPsi, HEKOTO W HE OT 4ero, nyOoJupOBaHWe BO3HUKHYTH HE
MOXKeT (3ajada BCEro OjiHa), MpoOJIeMbl ¢ TEepeMEIeHneM KOjia He BO3HUKAIOT,
T.K. BCE IIPOrPaAMMbl MOKHO I'DY3UTb C OJHOI'O M TOI'O K€ aJipeca, OTCYTCTBYeT U
dbparmenranus. Ocraercs TOJBKO pobiema obbeMa (Jist crydast OJHON 3ajauu,
HE YMEITAOIIEHCsT B TAMSITH [EJMKOM ), HO U 9Ta MpobjieMa OKa3bIBACTCs pelnaeMa
C TIOMOIIIBIO OBEPJIEHiHBIX CTPYKTYD (dacTeil Kojia, 3arpyKaeMbIX 1 BbI'DYKAEMbIX
110/ KOHTPOJIEM OCHOBHOM MTPOTPAMMBI), XOTSI 9TO U CPABHUTEJIHHO CJIOXKHO.

B MyJsibTH3aauHO#l cucTeMe yIIpaBJeHue OIePAaTUBHON IIaMATbIO CTAHOBUTCS
CJIOXKHOI 3a/1a4eit, Tpebyloleil Kak aliiapaTHON, TaK U POIPaMMHOM 1MO/JIEPXKKU.

8.2 VYmupasjeHHne maMaTbiO: OOIUe IMOHATHUS
8.2.1 Iloagkauka

st perierusi mpobJieMbl HEXBATKY ONEPATHBHON MAMSTH ONEPAIMOHHbBIE CH-
cTeMbl UCTONL3YI0T nodkauxy?. Tlojkadka COCTOMT B TOM, UTO HaXOJsIIUecs B
ONepaTUBHON TTAMSTH JIAHHBIE, KOTOPbIE BPEMEHHO He UCIOJB3YIOTCs (HAIpUMep,
IPUHAJIEKAT OJIOKUPOBAHHBIM 3a/1a9aM ), MOTYT ObITb JIJIsi BDEMEHHOTO XPaHECHH ST
IepeHeceHbl Ha JIMCK (0mKauanst), & NP BO3HUKHOBEHUU B HUX HOTPEOHOCTH —
BHOBb 3aIDYy’KeHbl B ONEPATUBHYIO HAMATH (nodkauaro).

[TamsaTh TO# Man WHO# 33718491 MOXKET OBITH OTKAYAHA HA JUCK HEJUKOM (Ha-
pUMep, ecsin JlaHHas 3ajada Gjokuposana). Kpome Toro, Hekoropbie Mojesiu

2 AuTmmiicKmit TepMUH — Swapping
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Oprann3aliiy yIpaBJeHus MaMAThIO JOMYCKaIOT OTKAUKy OTAEJHHBIX dacTeil ma-
MSTH 3aJIa9H; IPU 9TOM 337a9a MOXKET MPOJI0IKATH BRITOJIHATEHCA. [I[pn monmbiTKe
3aJ1a4u 00PaTUTHCA K 00JaCTH CBOEH IaMsATH, KOTOpas B HACTOsINEe BpeMsi OT-
KauaHa, BO3HUKAET NpepbiBaHue (B 3aBUCHMOCTH OT KCIOJIB3YyEeMOIO MpPOIECcopa
9TO MOXKET OBITH IIPEPbIBAHUE 110 3AINUTE HaMATU UK CIEINUAJIBHOE CMpaHuyHoe
npepuléanue); TOJYIUB YIPABJICHAE B PE3YJbTaTe ITOr0 MPEphiBaHus, Olepalii-
OHHAsl CHCTEMa, OlIpejieJiser, 4To 3ajaue Tpedyercs oTKadaHHas Ha JUCK 00JIacTh
MaMsTH, U TOJAKAIUBAET COOTBETCTRYIONINE JaHHbBIE B ONMEPATUBHYIO TaMATh, TO-
cJie 4ero TPoJIo/IzKaeT BBIMOJHEHNE TPepBaHHON 3a/1a4u ¢ TOTO Ke MecTa, TaK YTO
3aJ1a4a HU4Iero o (pakTe OTKAUKU HE 3HAET.

8.2.2 BuptyasgbHasg nmaMaTh

Hcnonb3oBanue supmyansviots namamu Mo3BoJsgeT 3((PEGEKTUBHO Ipeojioie-
BaTh MpobJIEMY TIepeMelleHst Koja, a B HEKOTOPHIX CJAydasix 00jerdaeT perieHne
1pobsieM JiyOJIMPOBaHUs JIAHHBIX, (pparMeHTaluy 1M 3aluThl. Peaju3anust 110/1-
KauK{ TaK»Ke OOBIYHO OIMPAETCA Ha BUPTYAJbHYIO IAMSTh, XOTS TEOPETHUYCCKU
MOXKeT ObITh CjlejIaHa 1 Oe3 Hee.

U iest BUPTYyaJIbHOM AMSTH COCTOUT B TOM, UTO UCIOJHUTE/bHbBIE ajpeca, pu-
IyPUPYIOIIUE B MAIIMHHBIX KOMaHJIaX, CIUTAIOTCs HE aJpecaMu (PU3HIECKUX sde-
€K MaMsITH, & HEKOTOPbIMHU aOCTPAKTHBIMU SUPMYaAbHbLMU adpecamu. Bee MHO-
YKECTBO BUPTYAJbHBIX aJIPECOB HA3BIBAETCS BUPMYAALHOM GOPECHLM NPOCTNPAH-
cmeom. BupryanbHble ajipeca Ipeodpa3yioTcs IPOoIeccopoM B ajipeca sSUeeK Ia-
MaATH ((Pusuveckue adpeca) IO HEKOTOPBIM MPABUIAM, IPHUEM ITH IPABUIA MOTYT
JIMHAMUYECKT U3MEHATHCS.

OOBIUHO TSI KaxKI0# 3a/1a4i 3aJ1al0TCA CBOU IIPABUJIA BBIYUCICHUS (pU3mUe-
CKHUX aJIpecoB. TakuM 00pa30M, B PaCHOPs>KEHUN 3a/aU1 OKa3bIBAETCSI CBOE COD-
CTBEHHOE BUPTYyaJbHOE aJpecHOE IPOCTPAHCTBO, IIPU MCIOJB30BAHUU KOTOPOTO
MOXKHO HUKAK HE YIUTHIBATH CYIIECTBOBAHUE APYTHUX 3a/a4.

[Ipu mHeobxoquMocTH 3812y (& B HEKOTOPBIX CIYUasX U OTIAETbHYIO €€ JacTh)
MO>KHO TIEPEHECTH B JIpyroe MecTo (PU3UUYECKON MaMsTH, OJJHOBPEMEHHO C STHUM
U3MEHUB JIJIsl 9TOH 3ajlauK 1IpaBujia 11peodpas3oBaHus aJipecoB Tak, 4To0Obl He U3-
MEHUBIINECS BUPTYAJbHBIE aJIpeca COOTBETCTBOBAJIN HOBBIM (PU3UIECKUM.

Hekoropble BUPTYaJIbHbBIE aJIpeca MOI'YT He UMETh COOTBETCTBUS (PUBUICCKUM;
IIPY HOIBITKE 3aJa4l 0OPATUTHCA K TaKUM aJIpecaM BO3HUKACT IIpepblBaHue, KO-
TOPOE MOXKET OLITH MCIOJL30BAHO, YTOOBI MOJKAYATH COOTBETCTBYIOINY 00JIaCTh
JTAHHBIX € JUCKa (ecau o0JacTh OTKAYaHA Ha JIUCK) JUOO CHATH 3ajady (ecsn
00J1aCTh TAMSTH C TAKMMU aJIpecaMy 3ajiade He BbIIeJsIach).
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Puc. 8: baza n npejen

8.3 Moaeau opraHu3aluyu BUPTYaJbHON NaMATH
8.3.1 [Ilpocreitniasg momenb: 6a3a m mpeaest

CuabuM TPOIEccop JBYMsI PETUCTPAMU CHEIUAJbHOINO Ha3HAUEHHUsI, KOTOPHIE
OyneM Ha3bIBaThb basa u npeden. [Iyis mpocTorsl OyneM CIUTATh, YTO B IIPUBUJIC-
IUPOBAHHOM PEXKMME 3HAUEHUST ITUX PerucTpon nrnopupyoorcs. [Tocie nmepexomna
IIPOTECCOPa B ONPAHUUEHHDBINA PEXKUM IIPHU BBITOJHEHUN JIF000H KOMAaH bl IPOIIeCc-
cop (Ha ammapaTHOM ypOBHE) K JIIOOOMY 3aJaHHOMY KOMAHJION MCIIOJHUTETEHOMY
aJipecy npubaBJsieT 3HaYeHrE 0A3bI U YKe PE3YJIbTAT ITOIO CJAOKEHUST UCIIOTh3YeT
B KadecTse ajipeca B dbusudeckoii namsaru (puc. 8). Ilepes obparnennem K mamstu
IPOIECCOP POU3BOJUT (OMSATh JKe Ha alllapaTHOM yPOBHE) IPOBEPKY, HE MPEBbI-
IIaeT JIM TOJIYUEHHBI aJipec 3HaUeHus mpejesia. Eciu oOHapy>KUBAETCSA IPEBbI-
IeHre, TPOIECcop OTpadaThIBaeT BHYTPEHHEE MTPEPhIBAHNE <HAPYIIEHNE 3aIAThI
namsaTi>. Moaudukanusa 6a3bl U Ipejesa npyu padoTe MpoIeccopa B OrpaHuIeH-
HOM pPExKHMe 3allpelieHa.

Taxum obpa3om, peructp <b6aza> 3a/aeT aJipec, HaurHas ¢ KOTOPOI'O B IaMsATH
pacrojiaraeTcst TeKyIas 3ajaqa. Vcromaurenbabie ajpeca, 3aiaBaeMble HHCTPYK-
IUSIMU B KOJIE 3aJ1a491, HE COBIAIAIOT ¢ <HACTOSIIAMIT> a[peCaMI STUeeK MaMITH, K
KOTOPBIM B UTOTE TIPOU3BOINTCS OOpAIeHne, TaK dTO ITH aJIpeca MOXKHO CAUTAThH
BUPTYaJIbHBIMU.

BupTryaJibHble ajpeca TPakTyIOTCsd Kak 0e33HAKOBbIE, TaK 4TO 0OpaTUTHC K
dusrIecKuM ajipecaM, HaXOJSIUMCs HIKe 0a3bl, 3a/1aua He MOXKeT B IIPUHITUIIE:
dusrdeckuit ajpec, BHIMUCICHHBIN KaK CyMMa BUPTYaJIbHOTO ajpeca 1 6a3bl, Bce-
rya Oyger Oosbire 6a3nl. TakuMm 0Opa30oM, BCs MaMATh HUXKE 0a3bl OKA3LIBAETCS
3allUINEeHa OT CJIyUYailHOrO WK IPeHAMEPEHHOr0 0OpaIleHsI CO CTOPOHBI 3a/1a491
POCTO caMuM (PaKTOM TPAHC/ISIIUN aJIPECOB.

Perncrp <mpeesrs> 3a/1aeT BEPXHIO IPaHUILy OJIOKA TTAMSITH, JTOCTYITHOTO Te-
KyITeil 3ajiade. 9TO MO3BOJISIET 3aIlUTUTh TaKXKe MaMsTh, HAXOJANIYIOCS BbIIIE
npejesna.
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Ajpeca B Koje 3ajiaun Tenepb (POPMUPYIOTCsT B MPEJIIOJOKEHUH, ITO 38,198,
Oyner paboTaTh B aJIpECHOM IIPOCTPAHCTBE, HaumMHatomeMmcs ¢ Hyasd. Omnepalin-
OHHAsl CUCTEMa MOKET 3aI'PY3UTb 3aJlady B Jit000# cBOOO/HBIA yYaCTOK ITaMATH:
1pobJieMa, aIalTalliy IIPOrPAMMBbI K aJIpECaM PELIAeTCs YCTAaHOBKOH COOTBETCTBY-
IOIIEro 3Ha4YeHusi 0A30BOI0 U IIPEJIEJIbLHOIO PErucTpoB. BoJjee Toro, mpu HEOOXO-
JIMMOCTH 3319y MOXKHO [IEPEMECTUTH B JIPYroe MECTO HMAMSITH — JIJIsl 9TOrO JI0-
CTATOYHO CKOIIMPOBATDH COAEPKUMOE €€ aJ[peCHOrO POCTPAHCTBA B MAMSTH 110 HO-
BBIM aJIpecaM U U3MEHUTH COOTBETCTBYIOIUM 00pa30M 3HaUEHNsT Da3bl U MpeJIeia.
OmnepalmonHas cucTeMa JJjisl epeiadn yIIpaBaeHus 3a/1a4e 3ai0/IHs1eT 6a30Bblil 1
IpPeJIe/IbHBII PErUCTPhI, [IOCe Yero IEePeKII0IaeT PeXKUM UCIOJHEHUs B OI'PaHU-
YEHHBIN U IIepejiaeT yipaBjienne Kooy 3aja4uu. [Ipy BOSHUKHOBEHUH [IPEPLIBAHUSI
OrpaHUYEHHBIN PEXKUM CHUMAETCS U YIIPaBJeHUE BHOBD IIOJIYIaeT KOJI OIEePAIHOH-
HOJ CHCTEMBbI, KOTOPBIi, B 9HCJIe IPOIEro, MOXKET IPUHSITEH PElIeHne O Hepegaie
yIpaBJeHns JPYTroil 3ajade, /i 9ero JOCTATOYHO U3MEHHTDL COJepKUMOoe Da30-
BOI'O U MPEJIEILHOINO PErMCTPOB Ha COOTBETCTBYIOIINE JAPYTOil 3a/1ade U [epeiaTh
eil yrpaBJjeHue.

ZcHo, uTo pobJIeMbl 3aIUTHI U aJIAlTAIIMU K aJipecaM TaKuM 00pa30M pelie-
ipl. C npobsemoit oobeMa maMaTu Jiejia 00CTOST JIAJIeKO He TaK IJIAJIKO: Ha JUCK
MO>KHO COPOCHUTD TOJIBKO HEJIMKOM BCIO IaMsTh TON WM MHOU 3ajauu. Kpome To-
ro, ecan obbeMa QU3MIECKO MaMsITH He XBaTaeT Jayke Jyis OJHON 3a1adu (To
eCTb HAIILJIACh TaKas 3ajada, IOTPEOHOCTH KOTOPOii MPEBHIIIal0T 00beM (husnte-
CKOM MaMsiTH), OMMCAHHAsT MOJIeJIb BBIATH U3 MOJIOXKeHus He To3BoJister. [Tpobiie-
Ma (pparMeHTAlMK PELIAeTCsl TOJIbLKO IIyTeM IHepeMelleHns 3a1a9 B (pU3MIECKOit
HaMSTH, YTO BJIeUeT OTHOCUTEJILHO JIOPOIOCTOsAIINE Ollepalliid KOIMPOBAaHUs CY-
IIECTBEHHBbIX 00'beMOB JlaHHbIX. Hakounerl, 1mpobjema JiybjiupoBaHusi He pelieHa
BOOOIIIE.

8.3.2 CermenTHas opraHU3anusd MaMATH

YcoBepImeHCcTBYeM MOjIeNib <baza-mpejesr>. g 3Toro BBeJieM TMOHATHE cez-
menma. Iloy cermenTom OyjieM noHuMaTh 00JIaCTh (PUBMYECKON MaMATH, UMEIO-
nyfo Hadasro (o anagoruu ¢ 6a30it) u uMHy (M0 AHAJIOTHH ¢ TIpejeoM ). B orm-
que OT TPEJbIIYIIeil MOJIesN, TTO3BOJUM KaxKI0 3a/a9e UMeTh HECKOJIBKO T1ap
Oaza-mpeJies1, ToO eCTh HECKOJIBKO Ce2MeHmos.

Koneuno, Takas cMeHa MOJIEJU CYIIECTBEHHO 3aTPOHET KaK YCTPOMCTBO MPO-
1eccopa, Tak M IporpaMMHOE obeciiedeHue, IpUYeM, €CId B Mojenn <basa-
npejes> MoTpedoBaIach MOJJIep:KKa CO CTOPOHBI ONEPAIMOHHONW CUCTEMBI, TO B
CEerMEHTHON MOJIEJTM HOBYIO apPXUTEKTYPY MPUJIETCS YINTHIBATH W TTPU HATTMCAHUH
KOJIa TIOJIb30BATEIbCKUX MPOrpaMM (TI0 KpaiiHeil Mepe, eCjii Mbl 3aXOTHM TTHCATH
Ha sI3bIKE acceMOIepa; TPAHCIATOPHI SI3bIKOB BHICOKOTO YPOBHST BCE HYKHBIE MO-
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CEJIEKTOP CMEIICHHUE

Tabnuia cerMeHTOB

»>| aTpUOYTBHI | HAUAJIBHBIN afipec | pa3mep

| ¥

dusnyeckuit agpec

Puc. 9: CermenTHas opranu3anus naMsaT

MEHTBI YUTYT aBTOMATHIECKU MPHU TepeBojie Hallleil MporpaMMbl B UCITOJTHIEMbIi
KOJ1).

Uraxk, mepBoe n HauboJsiee BUAMMOE HOBIIECTBO COCTOUT B TOM, UTO B UCTIOJIHSI-
eMoM aJipece (To ecThb B ajpece, (GOPMUPYEMOM TeM UJTH WHBIM CIIOCODOM HHCTPYK-
UMK TTPOLIECCOPA) TIOSIBJISAETCs CrienuuuecKast 9acTh, MMEHYEeMasi CeAeKmOopoM
cezmenma. Iloj celeKTOp cerMeHTa MOXKHO OTBECTH HECKOJBKO CTapIInX OUTOB
aJipeca, JinbO MCIOJIL30BATh OTJIEJILHBIN CleNUaJIbHO TPEeHA3HAYCHHBI PEerncTp
IPOIECCopa.

CeJileKTOp cerMeHTa COAEPXKUT UUCIO0, MpeJCcTaBIdioNnee coOOi, YIIPOIIEHHO
IOBOPsi, TTOPsAJIKOBBINT HOMEDP CerMeHTa B mabauye deckpunmopos ceemernmos. Ha
KaKJIbIil cerMeHT 3Ta TabJIMIa CONEPXKUT (PU3NUECKUil aJipec ero Hadajga U ero
JUIHY, TUIIOC K 9TOMY HEKOTOpbIe CJIy»KeOHble napaMerpbl (Hanpumep, dJaru,
paszpelraoime Wik 3alperaoliye 3allich B 3TOT CerMEHT, UCIOJTHEHUE €ro CO-
JIEPKUMOTrO B KadecTe Kojga u T.11.). Ousnveckuii ajpec siaeiiku maMsaTh BblIuc-
JISIeTCS TTyTeM TMpuOaBJIEHUs aJipeca HavdaJa CerMEHTa, B3SITOTO U3 CTPOKU TabJIu-
IbI, BBIOPAHHOM CEJIEKTOPOM, K CMEIIEeHUIO, B3ATOMY U3 UCIOJHUTETHLHOTO aIpeca,
(puc. 9).

B03MOXXHOCTH UMETh HECKOJIBKO CETMEHTOB JIJIsT OJTHOM 3a/1a9y MO3BOJISIET, Ha-
NpUMep, CJieJIaTh HEKOTOPBIH cerMenT obIuM Jiist ByX U GoJee 3ajad (TO ecTh
Telepb Mbl MOXKEM DeLUTh 11pobJiemy JlybJupoBaHust).

HekoTopble IpenMyIecTBa Mbl MOJyYaeM W B OTHONIEHUU TTPodieM obbema U
dparmenrannn. OTKaIMBaTH Ha IMCK MO-TIPEYKHEMY TPEOYETCST CEIMEHT TIeJIMTKOM,
HO TIPU HAJWYMK y KaXKJOW 3aJ1auid HECKOJbKUX CETMEHTOB 3TO BCE XKe TPOIIIE,
YeM OTKA4IMBaTh BCIO 33/1a4y; TOYHO TaK >Ke MPU MepeMeIeHnN JJAHHBIX C 1EJIbI0
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JgedparMerTany MOXKHO MepeMeraTh He 3aa9y HeJHKOM, a JINTh HEKOTOPhIe U3
ee CerMEeHTOB, M, KCTATH, HAUTH CBOOOMHYIO 00JIACTDH IOJIXOISINEr0 pa3mMepa s
pa3MeIeHHs CeIMEHTa B CPeJHeM IIPOIIe, 4eM Jjid Beeil 3a1adm’.

Kpome Toro, cerMeHThl caMy 110 cebe MPEJICTABIISIOT OIpeeaeHHoe YI00CTBO.
IIpencraBbre cebe, 4TO B Halleil 3ajade UMeEeTCs HECKOJIbKO OOJIbIINX TabJIHII,
KaykJlasi U3 KOTOPBI MOXKET yBEJMYMBATHCA B pasmepax. Kcim mcnosib3oBarh
OOBITHYTO (IIJIOCKYTO) MOJIETh TTAMSITH, HE UCKJIFOUEHO, ITO OJIHY U3 TaOJIUIL IPH/IET-
csl TIepeMeIaTh B JIPyroe MeCTO, 9TOObI JIaTh BO3MOXKHOCTH PACHIMPUTH JIPYTYIO
TaOJINILY; TIPU STOM IIPUJETCS HE TOJBKO IIPOBOJIUTH KOIUPOBAHUE, HO U [1ePeCUl-
THIBATH BCE yKa3aTesn, COJEPIKaBINUe ajpeca BHYTPHU TTEPEMENIeHHONW TaOJIUIb.
Beex stux TpynHOCTEH MOYXKHO HM30€3KATh, €CJIN O] KaXKYI0 TaOJUILY BBIIEIUTD
OTJ/ICJIbHDBII CerMeHT.

OrmernM, 4TO TabOINIA JECKPUITOPOB CEIMEHTOB XPAHUTCS B OINEpATHBHOIM
HaMSTH, TaK 9TO, €CJIM He IIPEeJIPUHATD CIeIUaJIbHBIX Mep, Ha KayKJioe obpallieHue
AKTUBHOM 1POIPaMMbl K IaMsATH 10TPedOBaJIOCH Obl elle 1 obpallleHue B 1aMsiTh
3a UH(OpMaIieil 13 3TOM TabJIHUIbI, UYTO CHU3UJIO Obl IIPOU3BOIUTEILHOCTD CUCTE-
MBI NTpaKTHYIecKu BJiBoe. [loaTomMy pa3paboTdnku apxXUTEeKTypPhl MPOIECCOPOB Op-
raHu3yI0T XpaHenne nH(opMaIun 00 UCIOb3YEeMbIX CeIMEHTaX HeIOCPEICTBEHHO
B nporeccope. Harpumep, nporeccopnl cepun Intel 3arpyzkaror nudopmaluio us
TaOJINIBI JECKPUITOPOB KasKJIblii pa3 MpU MU3MEHEHUH COJEPKUMOTO CerMeHTHO-
I'0 perucTpa; HHMOpMaIs U3 COOTBETCTBYIONIEH CTPOKHU TabJIHIbI JIECKPHUIITOPOB
3arpyKaeTcss B <HEBUMMYIO> 9aCTh CEIMEHTHOIO PEruCTPa U XPAHUTCS TaM JI0
CJIEJIYIOIIEIrO ero N3MEHEHHs.

8.3.3 CrpaHuyHas opraHU3aIAd MAMATH

BoJiee apdekTupHo pemnth 1podaembl oObemMa u dpparMeHTalnny 103B0JIsieT
CMPAHUYHAA OP2AHU3AUUA TAMATIU,

OrmeTum cpazy, 4To B 3TON MOjIe/ M OOBIYHO Kaxk iast 3ajiada MMeeT CBoe cob-
CTBEHHOE IIPOCTPAHCTBO BUPTYaJIbHBIX a/PECOB U CBOU TAOJIUIIbI JIJId IIEePEeBOJia, UX
B aJjipeca (pusnyeckue.

Paznennm dusndeckyio naMarh Ha kadpv* GUKCHPOBAHHOIO pazMepa, a Ipo-

CTPAHCTBO BUPTYaJbHBIX aJ[PECOB — Ha CIMPanutb. Toro ke padmepa (puc. 10).

Ecnu, k npumepy, Hall npoueccop ucnonb3yeT 32-6uTHble agpeca, a cbusnyeckoil namsT B
KoMnbioTepe ycTanosneHo 512Mb (2% 6aiit), mbl MoxeM pazgennTb dbusnyeckyto namats Ha 217 =
131072 kagpos no 2'2 = 4096 6aiit, unu 4Kb kaxkablii; BUpTyanbHoOe agpecHoe NPOCTPaHCTBO TOrAa
pasgenntcs Ha 220 = 1048576 cTpaHuML, TaKOro Xe pa3mepa.

3Tem me MeHee, 9T MIPEUMYIIECTBA, IUCTO KOJMUECTBEHHLIE I BCEPhe3 HA CUTYAIIMIO He BIUSIOT

4 Anrnmiickuit OpUrMHAT TEPMHHA <KaJAp> B JAHHOM CIIydae — frame; HEKOTOPBIE PYCCKOS3LIYHBIC ABTOPLI
MOJIb3YIOTCS BMECTO CJIOBA <KaJIpP> CJI0BOM <@dpeiiM>, Tu00 MCIOIb3YIOT CIOBO <CTPAHUIA> KaK I 0003Ha-
YEHUsT CTPAHUIL BUPTYAIHHBIX aIPECOB, TaK U /i 0003HAUEHUsT KaIPOB (DU3NIECKONH TAMATH
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Puc. 10: Crpanuunasi opranu3aius maMaTi

SaMeruM, 9TO e/ pasMep CTPAHUIIbl W KaJipa COCTaBJISIeT CTEleHb JIBOMKH,
TO COOTBETCTBYIOIEE KOJUIECTBO MJIAJIIHX OUT ajpeca (KaK BUPTYaJbHOTO, TaK
¥ (BUBMIECKOTr0) PEJICTABIISIOT CODOi CMeIeHne OTHOCHTEHbHO HAauasia, CTPAHUIIbI
WM KaJ[pa, a OCTaJibHbIe OMThl — HOMEDP CTPAHMIIbI MJIM KaJipa.

Ocraercst KaKUM-TO 00pa30M JIJIsI KarXKI0f 38191 COIOCTAaBUTH HEKOTOPHIM
(e Beem!) crpanuram HOMepa dusmIecKux KaJapos. BaxkHo, uro comocrasiienune
MPOU3BOUTCS B IPOU3BOJLHOM MOPSIJIKE, TO €CTh JIBYM COCEIHUM CTPaHUIIAM MO-
I'YT COOTBETCTBOBATDH KaJIphl U3 COBEPIIEHHO Pa3HbLIX obsacreil pU3MIecKoi Ia-
MSATH.

O6b11HO OTOOpAXKEHUE CTPAHUIL HA (PUBKUUIECKUE KAJPhl OCYIIECTBIISCTCS Yepe3
mabauyy cmpanuy, TPUHAJJIEKAITYO0 aKTUBHOM 3ajgade (puc. 11). lns kaxaoii
CTPAHWIIHI TAOJIUIA COJIEPXKUT 3AMUCH, COCTOATILYIO 13 HOMEPa KaJ[pa 1 CJIy>KeOHbIX
arpubyros. B uncio arpmOyTOB OOBITHO BXOJUT TaK HA3BIBAEMbBIU Npu-
3HAK NPUCYmMcmeus, O3HAYAIOIINN, HAXOUTCH JIU JJaHHasd CTPAHUIA B
HACTOdIIee BpeMS B oriepaTuBHOI namMmaTu nian HeT. [Ipm mombiTKe 00pa-
IeHns K CTPaHUIIE, /IJIsd KOTOPOil MPpU3HAaK MPUCYTCTBUSA COpOIeH, Ipo-
IIECCOP MHUIINUPYET MPEPhIBAHNE, HA3bIBAEMOE CMPAHUYHBIM; TIOTYIUB
9TO MpepPbIBaHNE, OMMEPAIMOHHAdA CUCTEMA TIPOU3BO/IUT, €CJAU BO3MOXKHO,
MMO/IKAYKY COOTBETCTBYIOINEN CTPAHUIILI C JIUCKA.

CymecrByer mpobsemMa BbIOOpa pasmepa CTpaHUIbl. deM OOJIbIle cTpaHuIla,
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BupTtyanbhbiii agpec

Howmep cTpanuusl CMEILEHHE

Tabnuua crpanuig

> Howmep ¢wus. Kagpa | aTpuOyThI

Y Y

HoMep (bu3. Kapa | cMelleHHe

®dusnueckud aapec

Puc. 11: Crpanuunoe npeobpas3oBaHue ajapeca

TeM OOJIBITNIE TIAMSATH MPONAJAeT BIYCTYIO B MOCJEIHUX CTPpAHUIAX 3ajad. 1ak,
ecjin BblOpaTh pasmep crpanuiibl 1Mb, 10 3ajada, 3aHMMaOas 4yTh OOJIbIIE
1Mb, zaiimer gBa GusnIecKUX Kajpa, IPUIeM BTOPOil MOYTH BECh (TO €CTh MOYTH
1Mb) He Oyuer ucnosbzoBarbest. C Ipyroit CTOPOHbBI, YeM MEHbIIe pa3Mep CTpa-
HUIBI, TeM OOJIbIIIe KOJMIECTBO CAMUX CTPAHMUIL ¥ TEM, COOTBETCTBEHHO, OOJIBIIE
pasMepbl CTPAHUIHBIX TAOJIUII.

OBbI4HO pa3Mep CTPaHUIlbl BLIOUPAIOT PaBHBIM crenenu jpoiiku, or 22 1o 214
baiit. IIponeccops! Intel Pentium ymeror paboraTs co crpanunaMmu pazmepom 4Kb,
2Mb u 4Mb. Boobmie, pasmep crpanunnt 4Kb (212 6aiir) ssasercs nauboiee 1o-
MYJIIPHBIM CPEJIM Pa3JUIHBIX apXUTEKTYP.

Obparum BHEMaHUE, 9TO TpH 32-6utHOi agpecaruu (4Gb agpecyemoro mpo-
cTpaHcTBa) KoanuecTso crpanui] cocrasut 220, To ecth 6osbine Muona. Eciu
yUIeCTh, UTO KaXKJas CTPOKa B TAOJIHUIE CTpAHUIl 3aHUMaeT oObIYHO 4 OGaiita, 1o-
JIVIUM, 9TO Ha TaOJMILy CTPaHUIl KaxXJ0ro Tmpoiecca tpedyercst 4Mb mamsTn.
BesyciioBHO, 910 Henpuem/ieMo: OOJBIMTMHCTBO 3a/a4 3aHUMAET B IAMATH CyIIe-
CTBEHHO MeHbIe ojiHoro Mb, Tak 4ToO Ha TabJIUIBI CTPAHUIL IPUJIETCS IOTPATUTD
OoJibIlIe ImaMsiTH, 9eM Ha caMu 3ajaqdid. OJHUM M3 BO3MOXKHBIX PEIIeHUi sIBJIsi-
eTcsi UCKYCCTBEHHOE OrpaHUYeHNe KOJUMYECTBa CTPAHMUIL, HO 9TO pelIeHue JIajaeKo
He Jiydinee, T.K. HPUBOJUT K HEBO3MOXKHOCTH BBIMOJHEHUS 3aJ1ad, TPEOYIOmnx
OOJIBIIIEr0 KOJTUIECTBA MAMSITH.

BoJjiee ajeranTHoOe pellleHre COCTOUT B NPUMEHEHUU MHO20YPOGHEBBIL CIMpPa-
HUYHOLT Mabauy. B 9ToM ciydae HOMep CTpaHUIIb JEJIUTCs Ha Pyl OUTOB, 3a-
JIATOITUX HOMED CTPOKH B TaOJIMIAX COOTBETCTBYIONINX YPOBHEI; Tab/uIa IepBoro
YPOBHST COJEPYKUT ajipeca TabJINI] BTOPOTO YPOBHSI, W T.JI., & TaDJIUIA TTOCIEHETO
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BupryanbHbii agpec

Tabn. 1 | Tabm. 2 cMelnieHue

Tabnuua BTOporo ypoBHst

-

Howmep ¢us. kampa | atpuOyTsl

Tabauia neporo ypoBHs

> Anpec Tabi. 2ro yp.‘ aTpHOyTHI ‘

Y

HOMep (pH3. Kajipa | CMEIIeHHe

,,,,,,,,,,,,,,,,,,,,,

Pu3nyecKu agpec
Puc. 12: JIByxypoBHeBasi cxeMa, CTPAHUIHOI'O 11PE0OPA30OBAHMS

ypOBHsI — HOMepa, (usndecknx Kajpos (puc. 12). B srom ciyuae jisi Kaxioii
331491 HeOOXOIMMO 3aBeCTH TabJIUIY BEpXHEro YpPOBHs U IO OJHON TaOJuIe JJisi
BCEX OCTaJIbHBIX YPOBHEI; OCTaJIbHbIE TAOJUIbI Oy1yT J100ABIATHCS 110 HEOOXO 11-
mocti. TTocKoIbKy cxeMa, Kak IIPaBUIIo, COAEPKUT He bojiee Tpex ypoBHEH®, Juis
HeOOJIBIION 3a/1a4un TpedbyeTcss XPaHUTh BCEro JBe WK TPU CPABHUTEIHLHO HEOOIb-
e 1o pasmepy TabJinib.

PaccMoTrpuM Jij1s1 TIpuMepa ABYXYPOBHEBYIO CTPAHUIHYIO CXEMY JIJIsI CJIydas
32-0uTHBIX ajpecoB u pasmepa crpanuibl 4Kb. CMmenienue mpu TakoM pasmepe
cTpaHullbl 3aHuMaeT 12 Our, Ha HOMep cTpaHullbl ocraercs 20 OUT, U3 KOTOPbIX
10 ucnosb3yem st BbIOOpa CTPOKHU B TaOJIMIIE IIEPBOI'O YPOBHs, ocTajbHbie 10 —
7151 BEIOOpa cTpoKu B Tabsnie sroporo yposua®. Torma Tabamis 060nx ypoBHeit
MoryT comepxkarh 2!° = 1024 cTpoku, uTo mpu jaimMHE cTPOKH 4 Gaiita Tpebyer
4096 GaiiT, TO ecTh KaxKjas TabJInIla 3aHUMaeT POBHO OJIMH KaJIp B MaMsTH.

Kak MOXKHO 3aMeTHTh, CTPaHUYHAS OPraHU3AIMs TaMATH CHUMAET MPOOJIEMBbI
obbema u gpparmenTaluu. JleiicTBUTENIbHO, B pACCMOTPEHHOM Mojie/n (hu3rmdecKas
MaMsATh BBIJESIETCS KaIPpaMu, IPUYEeM COBEPIEHHO 6€3Pa3/IniHo, OyAyT JIn Ka/l-
PbI COCEJIHUMU WJIK HET; Jito0O0# CBOOOMHBIN KaJIp MOYXKET OBITH UCIIOJIL30BAH s
Joboit 3ajaun. Takum obpasom, ¢gpparMeHnTalidsi BOSHUKHYTH He MoxkeT. JlaJiee,

3Q6BIYHO B3 YPOBHS I71a 32-OUTHBIX apXUTEKTYp U TPH — 171 64-OHTHBIX

6YImenHO Tak OBCTOAT A€ B COBPEMEHHBIX 1386-COBMECTHMEBIX IIPOECcOpax; B JOKYMEHTAIINE OOLIMHO Tab-
JINTIA TIEPBOrO YPOBHSI HA3BIBAETCS KATAJIOTOM TAOJIHUIL, & TAOJUIBI BTOPOrO yPOBHSI — COOCTBEHHO TAOJIUAIIAMHU
CTPaHMUIL
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KaskJiasl CTPAHUIA HE3ABUCHMO OT JIPYIUX MOXKeT OBITh B JIIOOOH MOMEHT OTKa-
vyaHa Ha Juck. [Ipm obpalenun K Heit Tpou30iiIeT CTpaHUYIHOE IpepbIBaHue, 110
KOTOPOMY OIIE€pAIMOHHAs CUCTEMa MOXKET II0JIKauaTh CTPAHUILY 0OPAaTHO B IAMSITh,
[I0CJIE 9eT0 MPOJOJIKHUTH BBIIOJHEHUE 381491 B TOYHOCTH ¢ UHCTPYKI[UU, BbI3BAB-
et npepbiBanue. Bo3mMoxkHO, cTpanuiia OyJaeT mojiKadaHa B COBEPIIEHHO JIPYToil
bmsnueckuit Kap, HO MOJBL30BATEIHLCKAS 38/a1Ua ITOI0 HE 3aMETHUT, KaK 1 BOODIIE
caMoro pakTa MOJKaUYKH. bjarogapsi He3aBUCUMON 0OpPabOTKe OTHEIbHBIX CTPa-
HUIIL, 38/[a19€ MOYKHO BbIJICJINTH OOJIbINE MaMsiTH, YeM (DU3UIECKN €CTh Ha, MalllnHe;
B 9TOM MBI OTPAHUYEHbBI TOJHKO 00bEMOM BUPTYAJILHOI'O aPECHOrO IPOCTPAHCTBA,
1, KOHEUHO, BBIJICJIEHHBIM JINCKOBBIM IIPOCTPAHCTBOM II0J] CBOIIIIMHI.

K nejocTarkaM cTpaHUYIHON MOJIEIN MOXKHO OTHECTH, BO-TIEPBBIX, CPABHUTE b
HO OOJIBbIIIOE KOJIMYECTBO HEUCIIOJNIb3yeMOi aMsITH B KOHIIE IOCJIEeHEel CTPaHHUIbI
KaK 107 3a1a491 (0cobeHHO 1Py BOJIIINX Pa3Mepax CTPAHUIL) U, BO-BTOPBIX, O0JIb-
e 00beMbl CirykebHO# nHMOpMAIH (CTPAHIIHBIX TAOJIHIT).

OcranoBuMcst Ha 3TOM 10JipobHee. Eciu He mpelpuHsaTh ClienraJbHbIX Mep,
1Ipy paboTe 10 JBYXYPOBHEBOH TAOJIUUHOI cxeMe Karkjioe oOpallleHhe K IMaMsATH
3a KOMaHJ0# WM JJaHHBIMU TTOTPEOyeT elre JByX oOpallleHnit: K TabJImIe 1epBoro
YPOBHsI U K TabJjuIe BTOporo ypoBHsi. Curyarus, B 00IEeM, aHAJOTMIHA BO3HUK-
el B CerMeHTHONH MOJIEJIN, 38 WCKJIIOYEHHEM TOr0, 9TO CTPAHUIA — HE CerMEHT,
ee 00bEM CYIIECTBEHHO MEHbIIE, 8 KOJUIEeCTBO CTPAHULL — IOpa3jio 0oJbIe; Ipo-
rpaMMa MOXKeT 3a OJIHY CEKYHJIy YCIeThb OOPaTUTbhCA K HECKOJbKHUM JIeCSITKAM
crpaHull. fIcHO, 9T0 XpaHUTH UHPOPMAIUIO O CTPAHUIHOM COOTBETCTBUM B PErHU-
CTPOBOI TAMSATHU HE MOJYUUTCS U3-3a OOJBINTOro oObeMa.

Perurs 11pobJieMy 1103BOJISIET BCTPOEHHOE B IIPOLIECCOP ClIelHaJbHOE YCTPOii-
CTBO, HA3bIBACMOE ACCOUUAMUEHOT NAMAMbBI0 . YCTPOHCTBO IIPEACTABIACT COOOIl
TabJINIY U3 JABYX MOJIel — HOMEP BUPTYAJLHOH CTpaHUIIBI 1 WHPOPMAIUs O CO-
OTBETCTBYIONIEM €il Kajpe (HOMep Kajipa ¥ ero aTpubyThbl). DJIEKTPOHHAS CXeMa
ACCOIMATUBHON MaMsTH yCTPOEeHa TaK, 9TO 3alpoCc K Heil popMuUpyeTcs He 1o
HOMEPY CTPOKHU TaOJIMIbI, a 110 3HAYEHUIO MEPBOrO II0JId, TO €CTh 110 KJIO9y.
CrauyeHue Npe/bsiBJICHHOIO 3HAUYEHUSA CO 3HAUYCHHSIMHU KJIFOUEBOI'O IIOJIsi IIPOU3-
BOJIUTCsI OJIHOBPEMEHHO BO BCEX CTpPOKax Tabsuibl (lapaJiieJbHbIMI CXeMaMu ).
Eciu B oiHOI U3 CTPOK 3HAUYEHHE COBIIAJACT, B KAUECTBE pPE3yJIbTaTa BbIIAeTCs
BTOPOE T10JI€ TOM YKe CTPOKH (TO eCcTh HOMED KaJpa U ero arpubyThi).

CJI0XKHOCTD peasin3aliui aCCOIMATUBHON MaMsITH PacTeT HEJUHEHHO C YBeJIu-
YEeHNEM KOJIMIECTBA CTPOK, TaK 9TO OOBITHO UNCJIO CTPOK TaOJIMIILI HE ITIPEBLIIIAET
HECKOJIbKUX JIECATKOB (16 CTPOK MOYKHO CYMTATH THITHIHBIM MTPUMEPOM EMKOCTH
ACCOIMATHBHON MTaMsTH ).

IIpu obparleHnu K cTpaHuile, 0 KOTOPOil B aCCOIMUATUBHON MaMSITH HET WH-

"B aHIVIOA3BIYHOI JUTEpAaType 4acTo Berpedaercs repMun <Translation Lookaside Buffers, TLB, a B pyc-
CKOSI3BIYHOM — <Oydep ObICTPOro nmpeobpa3oBanus aapecas
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dbopmaruu, Tpou3BOUTCs TpeobpasoBaHie Yepe3 CTpaHuIHbIe TabJIHIb (TO ecTh
K CTPAHUIAM BCE-TAKU MPUXOAUTCS OOPATUTHCST), HO TOCJIE 3TOT0 WH(DOPMAITHS,
HOJIYUeHHAasl U3 TaOJIMI, 3allUChIBACTCS B aCCONMATUBHYIO NaMsaTh. Eciu Tenepb
1porpamMa 0o0OpaTUTCs K TOW »Ke caMoil cTpaHuile, oOpalleHusi K Tabjmuiam He
norpedyercs. Korya Bce CTpOKHM TabJIMITLI OKA3bIBAIOTCSA 3aII0JHEHbI, OUYepeIHOe
obOpallieHre K HeM3BEeCTHOM CTpaHMIle IIPUBOJUT K TOMY, 9T0 uH(pOpMAaIusi 00 0j1-
HOIl M3 U3BECTHBIX CTPAHUI] U3 ACCOIUATUBHON MaMSITH YIaJIseTCsl.

Cueyer oTMeTnTh, 9TO HHMOPMAIHsT 00 0TOOPAXKEHNUN CTPAHUIL STBJISIETCST JIO-
KaJIbHOW JIJIA KaxKJI0 3aJ1a4M, TaK YTO MPU CMEHEe aKTUBHOU 3aJ1a4U COMCPIKUMOE
aCCOIMATUBHON MaMATH HPUXOJUTCA cOPachiBaTb, 1 HEKOTOPOE BpeMs HOBas 3a-
Jlada TPATUT Ha 3all0JHEHHE aCCOIUATUBHON HaMsATH CBOMMH JAHHbIMHU. Takum
0obpa3oM, IIPU CTPAHUYHON OpraHU3aIUuy [MaMATH CMEHa 3aJladd CTaAaHOBUTCS ellle
boJiee JIOPOTOCTOsIIIER omepalueit, 0JHaKo BbIOOpa y HAC HET.

OTMeTrM Tak:Ke, UTO yIpaBJICHHE aCCOIUATUBHON IMAMATHIO MOXKHO BO3JIO-
JKUTH Ha, ONEPAIMOHHYIO cucreMy. B 9ToM ciiydae mnpoiieccop BOOOIEe He Jiejiaer
HUKAKHUX IPEJIIOJOXKEHN 0 TOM, KaK YCTPOEHbI CTPYKTYPhI JAHHBIX, OTBEUAI0-
e 3a 0TOOpaYkeHue CTPAHMUIL; TO TTOJHOCTHIO OTJAHO Ha, OTKYI OTepallMOHHO
cucreme. B ciydae, eciin B acCOIUMATUBHON 1aAMSATH OTCYTCTBYET CTPOKA OTHOCH-
TeJIbHO TPeOyeMOro HoMepa CTPaHMIIbL, IPOIECCOp I'eHePUpPYyeT IIPephIBaHUE, IIOCIe
4ero orneparnuoHHast CUCTEMa, JIOJIKHA HPOIPAMMHO IIPOUM3BECTH IIOUCK WMJIUM WHOE
BBIUKCJICHHE COOTBETCTBYIONIEH NHMOPMAIIUU U 3aHECTH 3Ty WHMOPMAIHUIO B ac-
COIIMATUBHYIO ITaMsTh, IIOCJIE Yero BO30OHOBUTH MCIIOJIHEHNE aKTUBHON 3aa4M.

8.3.4 CermMeHTHO-CTPAHNYHAS OPraHM3aIlsd MaMATH

Kak ropopuioch panee, cerMEeHTHas MOJIC/Ib OPTAaHU3AIUN IaMATH UMeeT CBOU
crenuduueckKue JOCTOMHCTBA, Jiejas aJPeCHOe POCTPAHCTBO 3a/la9d MHOTOMEP-
HbIM. CerMeHTHO-CTpaHNnYHas MOJIEIb IPEJCTaB/IsAeT COOOM MONBITKY 00beIMHUTD
JIOCTOMHCTBA CEIMEHTHON U CTPAHUYHON OpraHu3aluu namsTu. B aroit Mmojenn 3a-
Jada MMeeT HeCKOJIBKO CeIMEHTOB, IPUUEM KaXKIbIil CerMEeHT IPeJICTaBIsSIeT CODO
CaMOCTOSATEJIbHOE BUPTYaJbHOE aJIPECHOE TIPOCTPAHCTBO, MOJEJICHHOE Ha CTPaHU-
1bl. MHade roBopsi, Kaxk/io0il 3ajiade HPUIIMCHIBACTCs, B ODIIEM CJlydae, He OJHO
oToOpazkeHrne CTPaHuIl B (DU3MIECKUE KaJpbl, 8 HECKOJBKO (IO OJHOMY Ha KarK-
JIblii CerMeHT).

CerMeHTHO-CTpaHUYHAs OpraHU3allds peaju30BaHa, Hampumep, Ha 1386-
COBMECTHMBIX Tporeccopax. OCHOBHBIM HEJOCTATKOM 9TON MOJIEJIN SIBJISIETCS €€
Ype3MepHasl CJA0KHOCTh; TPAKTUIYECKN HE U3BECTHBI ONEPAIUOHHBIE CUCTEMBbI, CY-
IIECTBEHHO MCTOJIb3YIONINE CETMEHTHO-CTPAHUIHYIO MOJET.
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Jleknuga 4

9 MHcropua OC Unix

B konmne 1960-x romos koncopiumym B cocraBe koniepHa General Electrics,
Maccauycerckoro Texnonormiaeckoro Uncruryra (MIT) u wmccraemoBarensekoii
kommnanun Bell Laboratories (na Tor moment — nojpassenenust AT&T) paspaba-
ThIBaJIM onepanuonnyto cucremy MULTICS.

O npoekre MULTICS unoria ropopsaT Kak o HeyiadHOM; Tak wjik nHade, Bell
Labs B Hekuit MOMEHT U3 IIPOEKTA, BbIILJIA.

B uwncno corpyanukos Bell Labs, yuactBoBapmmux B nmpoekte MULTICS, Bxo-
ana Ken Towmrmcon. 1o ognoit 3 jereni, B Te BpeMeHa ero WHTepecoBaJjia HOBas
Ha TOT MOMEHT 00J1aCTh IPOrPaMMHUPOBaHUsS — KOMITbIOTEPHBIE UI'Pbl. B cuiy
JIOPOTOBU3HBI BBIYUCIUTENbHON Texnuku Toro Bpemenu y Kena Towmicona Obi-
JIN OTPEJIEJIEHHBIE CJIOKHOCTU C MOJIyUIeHUEeM KOMITHIOTEPHOTO BPEMEHU JIJIsi WT-
pbl B Hanucanuyio uMm Star Travel, mosToMy OH 3amHTepecOBAJICS WMEBIIEHCS B
Bell Labs u masoBoctpeboBantoit Ha Tor MmomenT maimuuoit PDP-7. Hanndaecrso-
BaBIllee JIJIsi 3TON MAIMHBI CUCTEeMHOE TporpaMMHoe obecriedenue TomrcoHa He
YCTPOWJIO, ¥, TIOJIB3YSICh OTThITOM, TToyderrbiM B mpoekTe MULTICS, on nammca
st PDP-7 c¢Boto onepanuonnyio cucremy. IlepBonavasibno cucrema Towmiicona
ObL1a deyr3a/lavdHoll, TO €CTh MO3BOJISIA 3AITYCK JBYX HE3aBUCHUMBIX MTPOTIECCOB —
110 uucity nojk/oYeHubix Kk PDP-7 repmunadios [9).

Hazsanne UNICS (mo amamormm ¢ MULTICS) B mytky mpemmoxkua Bpaitam
Kepuuran. Hazpanue 3akpenuioch, TOJbKO mociepaue Oykbl CS ObLIM [MO32Ke
3aMeHeHbl Ha OjiHy X (IPOUBHOIIEHKUE [IPU ITOM HE U3MEHUJIOCH ).

K Keny Towmicony B ero pazpabotke npucoeunnics Jlennnc Putun, u BiaBoem
OHW TIEPEHECJIU cucTeMy Ha bosiee coepitieHHbIi MuHUKOMITbIoTEep PDP-11. Torja
Ke BO3HUKJIA UJIesl LiepelucarTh cucremy (10 Kpaitheil Mepe, Kak MOKHO OGJIbIILY IO
ee 9aCTh) Ha s3bIKE BBLICOKOTO ypPOBHs. TOMIICOH MOMBITAJICS HCIOJB30BATH JJIst
9TOTO ycedeHHbI# jguaJiekT s13bika BCPL, koTopsiit on Haspas «B>. OnHako si3biK
OKa3aJICsl JIJIsT 9TOTO CJUIITKOM MPUMHUTUBEH, B HEM He OBLIO JlaXKe CTPYKTYPHBIX
JIAHHBIX. PUTYU MPEJJIOKNI PACHIUPUATh sI3bIK. TakK MOsiBUJIACH TepBasi BEPCHs
si3bika, C.

B 1973 romy cucremy ynajoch nepenucath Ha C. [l TOro BpeMeHH 3TO
ObL1 GoJee YeM COMHUTEJIBHBIH IMIar: TOCHOICTBOBAJIA TOUYKA 3PEHUS, UTO BHICO-
KOYPOBHEBOE IIPOrPAMMHUPOBAHUE C YPOBHEM OIEPAIMOHHBIX CHUCTEM IIPUHIUIIN-
aJIbHO HECOBMECTMMO. Bpems mokasaJjio, 0JHaKO, ITO MMEHHO STOT Irar onpeje-
JINJT HA MHOTO JIeT TeHJICHIINY Pa3BUTHS WHAYCTpUU. I3BIK mporpammupoBanns C
1 olepanronHas cucreMa Unix COXPaHSIOT MONYJISPHOCTH ciycTst Oosee dem 30
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JIET TOCJIe OINUCHIBAEMbIX COOBITHI B-OCHOBHOM OJjiarojapsi Tomy, 4ro Unix oka-
zaJicst meppoit OC, mepenncanHoil Ha A3bIKe BLICOKOIO YpoBHs, a C 0Ka3aJjIcsa ITUM
SI3BIKOM.

B 1974 rojy Bbiia crarbs Tomiicona u Putdun, B KOTOPO# OHUM paccka3aJiu
o cBoux jioctukenusx. PDP-11 ma Tor MoMeHT Obljia MaInHO# BecbMa TOIYJIsip-
HOM, YCTAHOBJIEHHOW BO MHOTMX YHUBEDPCUTETAX W JPYTUX OPraHU3aINsIX, TaK ITO
MIOCJIe BBIXOJIa B CBET CTATHU HAIJIOCH HEMAJIO YKEJAIONINX MOMPOOOBATH BOCIIOThb-
30BaThCsi HOBOW cucreMoil. Ha 9ToM ncropudeckom stalie BaXKHYIO POJIb ChIIPAJIO
ocoboe mostoxkerne kommanun AT&T: aHTuMOHOMOMBHBIE OrPAHUIEHNsT HE TTO3BO-
JIATIV €efi y9acTBOBATH B KOMITBIOTEPHOM OusHece (Kak 1 BoobIme B j11000M Ousnece
3a npejesamu rejgedonnn). B cssu ¢ 9ruM Koy Unix ¢ MCXOJHBIME TEKCTaMU
PEeOCTABJISIUCH BCEM KeJIAIOMUM Ha HeKoMMepdecKoit ocHoBe. CoryracHo oJiHOi
u3 jeren;1, Ken ToMmIicon nmoanmcbiBas Kayk bl 9K3eMILISAP CJIOBAMHU <C JIIOOOBBHIO,

Kems (love, ken) [3].

CleyommM cepbe3HbIM MaroM CTaJ mepeHoc Unix Ha HOBYIO apXUTEKTYDY.
Unest storo Obina BeiaBunyTa lennncom Putum n Credanom [IxkoHCOHOM; s
IPOBEJIEHUsT IKCIIepUMenTa Oblia npuobperena Maimua Interdata 8/32. B pawm-
Kax 9Toro npoekta J»KOHCOH paspaboras nepenocumoil komnussmop sasvika C,
CTABIIUI, KCTATU, €JIBa JIX HE IIEPBLIM II€PEHOCHUMbIM KOMIIMJIATOPOM B HUCTOPUHU.
[Iepenoc ObL1 3aBepiien B 1977 roy.

Baxkneiimuii BKJia | B pa3puTre Unix BHECJIH KCCJIE0BATEIN U3 YHUBEPCUTETA,
Bepkuin. Opna n3 wanbosiee nomyaspabix Berok Unix, BSD, mpejcrapiennast B
HaCcTosIIee BpeMs TakuMmu cucreMamu, Kak FreeBSD, NetBSD, OpenBSD u BSDi,
Oblsta co3/lana uMeHHO TaM (cobersenHo, akporrM BSD osnavaer Berkley Software
Distribution). UccrenoBanus, cesazanubie ¢ Unix, Havamuch 37ech B 1974 romy;
OIIpeJIeJICHHYIO poJib cbirpaJju Jieknuu Kena Towmiicona, npounrannbie B Bepkiiu
B 1975-1976 rr. IlepBasi Bepcusi BSD 0Obiita cospmana B 1977 ropy Busiom [Ixoewm.

B 1984 rony ¢ AT&T mnocne pasapobienuss OIHOTO W3 €e IOApas3/IeeHuil
ObLIM CHATHI AaHTUMOHOIOJIbHBIE orpanndenusi. B urore meneprment AT&T wa-
YyaJl CTpeMUTENbHY 0 KoMmMepimaan3anuio Unix. CBobojiHOE pacipocTpaHeHne uc-
XOJIHBbIX TekcToB Unix ObLI0 npekpariero. Ilocieyromme rojibl 03HaMEHOBAJIUCH
IPOTUBOCTOSHUSIMIA ¥ U3HYPHUTEJbHBIMU CYIeOHBIME TSKOAMU MEXKy pa3padboT-
gukamn Unix, B gactaoctn — Mexay Bce Toit ke AT&T m kommanmeit BSDi,
IbITABIIENHCs TPOIOJKATh paspaborku Ha ocHoBe BSD. Hesichoctn ¢ opujmye-
ckuM crarycoM BSD 3aropmosuiu paszsurue Bcero Unix-coobiectsa. Haunnas c
1987 rojyia B Bepkiin npoBojininch pabOTHI 110 YAAJEHUIO KO/, sIBJSIIOIIErocs co0-
crBennocTbio AT&T, u3 cucrembl. [IpaBoBbie CrIOphI OBLIN YPEryInpOBAHDI JIUII
B 1993 roay, korma AT&T npopasia cBoe moppazjenenne, 3annManiieecss Unix
(Unix Software Labs, USL) dupme Novell; opucrs mocsenneit ugentudunuposa-
au Tpm u3 18000 (1) daiisios, cocrapisiBiime JAeficTBUTENLHbBINA MTPEJMET Criopa, u
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3aKJII0UYUIN ¢ YHUBEPCUTETOM DBepKJin corjiamierue, yCTpaHuBIee Pa3sHOrIACHS.

Mex 1y Tem, oka pazpadborunky Unix ObLIN 3aHSITHI MEXKJI0YCOOUTIEH, PHIHOK
OKa3aJICsI 3aIlOJIHEH JIeNIeBLIMU KOMIIBLIOTEPAMHU Ha OCHOBE IIpoleccopoB Intel u
orepalnoHHbIMu cucteMaMu or Microsoft. [losgBupiuiicsa eme B 1986 romy mpo-
meccop Intel 80386 Obui1 npurojen it Unix; 6oJiee TOro, AeaauCh U IOHIBITKA
neperoca BSD wa miardopmy 1386, onHako (He B MOCIEIHION 0Yepeib U3-3a Mpa-
BOBBIX 1po0JieM) J10 Hadasa 1992 rojga 06 9mux paspaboTKax HUYEro CJIbIIIHO He
OBLIO.

Jpyrass wHTEepecHas JUHUsS COOBITHII Ipociexkupaercsa ¢ 1984 roga, Korja
Puaapyg Crosnman ocroBas Qo ¢BOOOIHOTO MPOrPAMMHOI0 0DECIIeYeHUsT 1 N3~
JIaJI COOTBETCTBYOIIHH naeosorndeckuii manmdect. Hapox marorreecst o0I1ecTBeH-
HOE JIBM2KCHHE JIJIs HauaJ ia [IOCTaBUJI0 cede 1eJIbIo co3/1aTh CBOOOHY O OIIEPAITHOH-
Hyto cucremy. [To Hekoropbim cBejiennsiM, umenHo Crosiman B 1987 rojy yoeu
ucciaenopareseit u3 bepkin B Heobxogumoctu ounctku BSD oT Koja, HAaXOsIIe-
rocst B coocrBennoctn AT&T.

Croponnnku CrosiMaHa yCIean CO3/1aTh CYIIECTBEHHOE KOJIUIECTBO CBOOO/I-
HBIX IIPOI'PAMMHBIX HHCTPYMEHTOB, HO 06€3 IIOJIHOCTHIO cBoOOiHOTO a1pa OC 1esb
ocTaBajach Bce ke jasieka. Ilomoxkenne mamenusioch Juinb B Hadasge 1990-x. B
1991 rony dbuncknii cryment JInnyc TopBaabac Havyag padbory Hal gapoM Unix-
110J100HO OIepallMOHHOM crucTeMbl Jiis maTdopMbl 1386, npudem B 3T0il paboTe

KOJI U3 JIDYI'UX OIEPAIMOHHBIX CUCTEM HE MCIIOJIb30BAJICS BOODIIIE.

Kak pacckasbiBaeT cam TopBanbAc, €ro TBOPEHME CHavana 3a4yMblBafoCh KakK aMy/ATOp Tep-
MUHaNA A5 YAANIEHHOrO OCTYNa K YHUBEpCMTeTCKOMY KoMmnbtoTepy. CooTBETCTBYOLLast NporpaMmma
nog Minix ero He ygoeneTsopsna. YTobbl 3aoaHo pasobpatbes B ycTpoiicTee 1386, Topeanbac pe-
WK HanucaTb CBO 3MYNSTOP TEPMUHANA B BUAE MPOrpaMMbl, HE 3aBUCALLEN OT OMNEpaLMOHHOA
cuctemsbl. o3xe aBTOpy moTpeboBanach nepekadka aiinos, Tak YTO 3MYNSATOP TepMMHana Obin
CHabXeH ApaliBepOM [MCKOBOAA; B UTOTe aBTOP C YANBIEHNEM ODHAPYXWJI, Y4TO NULIET ONepaLnoH-
Hyto cuctemy [4].

Hosasi onepaimonnasi cucrema moJjydu/ia Ha3BaHue Linux 110 MMEHM CBOEro
co3naress. [IpumeuarebHo, YTO TaKOE Ha3BaHUE JAJ CUCTEME OJIMH U3 CTOPOHHUX
yuyacTHUKOB IpoekTa. Cam TopsaJjibjc IJIaHKPOBaAJ Ha3BaTb cucTreMy <Freaxs.
Camblit niepBbiii ybsmano jgocryubiii ko (Bepeust 0.01) nostusics B8 1991 roauy,
nepBas odunuasnbhas sepcus (1.0) — B 1994, Bropas — B 1996.

Cremyer ormeTutsb (1 910 Takke ormedaer cam Jlunyc Topsasibic), aro Hema-
JIOBAXKHYIO POJIb B CTPEMUTEJILHOM B3JjieTe Linux chirpaJjia cyjaeOHast BOHa Mex-
ny AT&T n yausepcurerom Bepkin, memagias pacnpocrpanennio BSD na 1386.
Linux mosyuns mn3psiaayio dopy Ha crapre, B urore ocrtaBuB BSD na BTOpBIX

poJIAX’.

'Mnorue npodeccuonansl B Poccunm ¢ 3atuM yTBep:KieHHeM He corsacdarca. Tak, B cekrope Internet-
nposaiigunara B Poccun FreeBSD cymiecrsenno nonysspaee Linux’a. Criegyer npusnaTh, OHAKO, 9TO 3a IPE/Ie-
namu Poccun (u eme nouemy-ro dnonunu) momysapuocts FreeBSD cyrmecrBenno uuzxke
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Cozpannoe TopBaJIbICOM SIIPO PEIIUIO TJIABHYIO MPODOJIEMY BO3TJIABJISEMOTO
Pruaapnom CrosimanoMm oOIMIECTBEHHOTO JBUYKEHUS; MOJHOCTHIO CBOOOIHAS OIle-
pannoHHasl CHCTEeMa, HAKOHEII, MosABUIach. Bbosee Toro, TopBasbic mpuHsT pere-
HUE UCIOJIb30BaTh i sipa npeiaoxkennyio Crosummanom juiensuio GNU GPL,
tak 910 CTOJJIMAHY U €ro eIMHOMBIIIJIEHHHKAM OCTAJOCHh TOJIHKO 3asiBUTL O 0~
CTUTHYTOMW IEJIN.

B nacrostiee BpeMsi Toprosast Mapka <Unixs He MCIIOJIL3YeTCs JJIsi UMEHO-
BaHUsI KOHKPETHBIX OINEPAIMOHHBIX cucTeM. BmecTo sToro peub uaer o Uniz-
NOJOOHBLL ONEPAYUOHHBLL CUCTIEMAT, COCTABJISIONMX Ieoe cemeiictro. 1o mo-
yJIsipHOCTH Jiuupytor Linux (npejicraBieHHbl#i HECKOJIbKUMU COTHSIME BAPUAH-
TOB JIUCTPUOYTUBOB OT PA3JIMIHBIX TPOU3BOJUTENEH) U (C HEKOTOPBIM OTPBIBOM )
FreeBSD. O6e cucrembr pacrpocrpaHsiorcst ¢Bo0oHO. Kpome Toro, Heib3st He
OTMETHTH KOMMepUeckue cucreMbl ceMeiicrsa Unix, cpeji KOTOPbIX HanboJiee 13-
secrern SunOS /Solaris (npowssoguresns — komnanust Sun Microsystems).

Dnoxa KOHIA BOCBMHUJECATHIX — HAUaJa JEBIHOCTBIX MTOPOJIAJIA PACCOTIACO-
BaHHOCTH B UNixX-c000IIeCTRBE, CHUYKABIIYIO TIEPEHOCHMOCTH ITPOTPAMM 0 TTPUIHHE
pasmnauii B uarepdeiicax. OTuacTu mpodbeMy pelraeT MOSBUBIIMICSA CTAHIAPT
POSIX 1003.1, onuckiBaiomuit OCHOBHbIE CUCTEMHbBIE BBI30BBHI UNIX M CO3MaHHBII
110 TIPUHIIMITY [IePeCeveHnsl OCHOBHBIX BerBeil passurus Unix (Ha TOT MOMEHT —
BSD u System V).

Boiiepkan 6oJiee ueM rpuiaTuierHion neropuio, Unix (yKe He KakK KOHKPET-
Hasi OTEPAIMOHHAS CUCTEMA, & KaK OOTIHiA TT0/IX0/ K UX TOCTPOCHUIO) COBEPIIEHHO
HE BBITVISIIUT YCTAPEBITNM, XOTsI TIPU 9TOM PAKTHIECKH HE MpeTeprieBasl PeBo-
JIIOIIMOHHBIX U3MeHeHui ¢ cepeannbl 1970-x rogos. daxke cosnanue rpaduieckoi
Hajicrpoitku X Window He BHECJIO CyIIECTBEHHBIX U3MEHEHUi B OCHOBBI Unix.

10 Kparkoe BBegenne B Unix

[TonbiTaemcst j1arh Kparkoe mpejcrapierrne o Unix B HaJeXkKje, 9TO 9TO
MO3BOJIUT UUTATEJIO IIPOBECTU CAMOCTOSATEIbHBIE SKCIEPUMEHTBI C KaKOi-I11ub0
Unix’onoo0Hoi#t orepaiioHHOl CUCTEMOIA.

10.1 Ceanc pabotbl

Ceanc paborsl ¢ OC Unix Hepa3pbIBHO CBSI3aH C MOHITHEM mepmunana. Tep-
MHUHAJIOM HA3bIBAETCsT YCTPOMCTBO, MOAKII0IaEMOe K JIUHAN CBSI3U, UMEIOIIee KJla-
BUATYPY JIJIs1 BBOJIA TEKCTOBOM MHMOPMAIUY U JIUCIIe (WIH IpUHTEp) J1Jist 0T00-
paxkenust; (pyHKIMOHAILHOCTH TEPMUHAJA CBOJINTCS K TNepeade B JMHUIO CBSI3U
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Puc. 13: Tepmunan vt320 (Digital Equipment Corporation)

TeKCTa, HaOMPAEMOro Ha KJIaBUATYpe, i OTOOpazKeHue Ha JIUcIiee (MJIi IPUHTEPE )
TEKCTOB, MOJIyYE€HHbIX 10 JIMHUU CBA3U. [lepBoHavabHO B KauecTBe TEPMUHAJIOR
UCIIOJIb30BAJUCH TEJCTANTIBI; TT03Ke MPUHTEPHI ObLIN 3aMEHEHBI JIUCIIICSIMU.

B nacrosiiee BpeMs almapaTHO pPeaJin30BaHHbIE TEKCTOBbIE TEPMUHAJbI TTPU-
MeHSIoTC pejiko. Tem He Menee, cam TepmuH B OC Unix mpojiosnKaeT UCIohb-
3oBaThes: Hanpumep, Linux n FreeBSD smymupyror tepMunaan Ha cucreMHOi
KJIABUATYPE U BUJIEOKAPTE, IPUYEM IMYJIUPYETCs HECKOJILKO SUPMYAALHOLT MEP-
MUNAA06, HE3ABUCHMBIX JIPYT OT JIpyTa’.

OO6bIYHO OLEpalMOHHbIE CUCTeMbl cemeiicTBa Unix TpedyioT OT HOJIb30BATEIs]
ayTeHTHGUKAIMA (TO €CTh, MOMPOCTY TOBOPs, BBOJIA BXOJHOTO UMEHH U MAPOJIs).
BxojiHoe uMs 1 1apoJib BaM COOOIIUT CUCTEMHBIN aJIMUHUCTPATOP; €CJIU YKE KOM-
NBIOTED BAlll, U Bbl CAMU MOCTABUJIN HA HETO ONEPAIMOHHYIO CUCTEMY, TO MapoJib
aJIMUHUCTPATOPA, & TaKyKe BXOJIHOE UM U MapOJib KK MUHUMYM OJ[HOT'O 110JIb30-
BaTeJIsA, CKOpee BCEro, BB 3aJ[aJTW MTPW YCTAHOBKE CUCTEMBI.

[Tporpamma getty, npejHaszHadenHas JJjis 3al1poca BXOAHOIO UMEHU 1 apOJId,
3AITyCKaeTCs CUCTEMOI He3aBUCHMO Ha KaXXJOM U3 TEPMUHAJOB, 33 JAHHLIX KOH-
dburyparmeit cucrembl. Takum 06pa3oM, BBEJIs BXOJHOE UMsT (JIOPWH) ¥ TTAPOJIb, BbI
3aryckaere ceanc paboThl ¢ BAIMME MpaBaMu Ha JAHHOM (OJHOM) TEPMUHAJE;
Ha JIpDYTUX TepMUHAJaX, B TOM YHUCJe U BUPTYaJbHBIX, MOKHO HE3aBUCUMO BbI-
HOJIHUTH BXOJI B CUCTEMY C lIpaBaMu TOI'O K€ WJIK JIIOOOI0 JIPYIoro 1moJib30BaTe/Is.

[Tocsie Bxojia B cucTeMy 3allyCKaeTcs MporpaMMa, HasbIBaeMasd KoMaHIHbIM
UHMEPNPEMAMOPOM. DTa TTPOrPAMMa, B IUKJIE TPOUNTHIBACT C TEPMUHAJA KOMaH-

2 1151 nepeK/IIoYeHns MexK/1y BUPTYaJbHBIMI TEPMUHAJIAME HCII0/b3yHTe KoMOunanuio Alt-Fn, riie n — nomep
BUPT. TEPMUHAJA, TO €cTh 1, 2, 3, ..., 12
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JIbI TIOJIB30BaTe st U BhIOHsIeT ux. Cjegyer oTMeTuTh, 9TO KOMAaHIHBI WHTED-
PETaTop — 9TO OOBIKHOBEHHAs TMOJIH30BATEIbCKASA MTPOTPAMMa, KOTOPYIO MOXKHO
He CUYUTATD YaCTBhIO ONMEPAIMOHHON CUCTEMBI.

CyIrecTByeT HECKOJBKO JIECATKOB PAa3JIMIHBIX KOMAHHBIX WHTEPIPETATOPOB.
Mbr Oysiem paccMaTpuBaTh HPpUMEPHI JIJIs CTaHAPTHONO HHTEpIpeTaTopa Bourne

Shell.

10.2 JlepeBo kaTaJjoroB um HaBuranus. ®aitianl

Cucrema karajgoros B OC Unix HECKOJBKO OTJIMYAETCs OT HIPUBLIYHOM IT0JIB30-
Baressim MSDOS u WinXX, n nanbosiee 3aMeTHbIE Ha TIEPBHI B3TJIST OTJINYINST —
9TO OTCyTCTBHE OYKB, 0003HAYAOIIUX YCTPOcTBa (4To-T0 Bpoje A:, C: u T.I.),
a TakKe TO 00CTOATe/IbCTBO, YTO MMeHa KaTaJioros pasjessdiorcd B OC Unix He
00paTHO, a MpsiMoil Kocoit yeproit (/).

[Tocsie BXOMA B cucTemMy BbI OKaXKeTech B BaieM domawmem rkamanoze. Jo-
MAIIHAN KATAJOr — 3TO MECTO I XpaHeHUsl BaIlWX JUIHLIX (haiiyoB. UToObI
y3HATH UMsl (nYymb) TEKYIIEro Katajora, BBejJuTe KOMaH 1y pwd:

$ pwd
/home/stud/s2003324

Y3uarb, Kakue (pailjbl HaXOMATCsI B TEKYIIEM KaTaJiore, MOXKHO ¢ IIOMOIIBIO
KOMaH/Ibl 1s:

$ 1s
Desktop tmp

Nwmena daitiaos B OC Unix MoryT copep:kaTh JH000€ KOJUIECTBO TOUEK B JIO-
OBIX MO3UITUSX, T.e. HAIIpUMED, UMsi a.b..c...d. .. .e IBJIAeTCS BIOJIHE JIOMYCTH-
MbIM nMeneM daiiia. [Ipn aTom meficTByer corsalenune, 9To0 MMeHa, HATUHAIONIN-
ecsl ¢ TOUKHU, COOTBETCTBYIOT <HEBUIUMbBIM> (paiisaM. UToOb! yBUIETH BCe (Dailbl,
BKJIFOUas HEBUJIUMbIE, MOXKHO BOCIIOJIb30BATbCs KOMaH10il 1s -a:

$ 1s -a
.bash_history  Desktop tmp

HekoTopble m3 moKazaHHBIX UMEH MOTYT COOTBETCTBOBATDH MOJIKATAJIOTaM Te-
KYIIEero KaraJora, Jpyrue MOI'YyT MMETh CleluajbHble 3HaYeHUsi. dToObl ObLIO
poIIe pa3audaTh (Paityibl MO THITAM, MOYKHO BOCIOJIB30BATHCS (PIakKoMm -F:

$ 1s -aF
./ ../ .bash_history Desktop/ tmp/
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cp Komnuposanue daitna

mv [TepenmenoBanue unn nepemertenne Qaiia

rm YiaJsienne aitia

mkdir | Co3janue KaraJjora

rmdir | YjajeHnue KaraJora

touch | Coznanue daiisa nin ycraHOBKaA HOBOI'O BPEMEHU MOIU-
dukanm

less | [Ipocmotrp comepxkumoro daitia ¢ pa3duBKOil Ha CTPaHU-
ITbI

Tabsuma 1: Komanas! st paboTsl ¢ baitmamn

Tenepnb MBI BUAMM, UTO BCce MMeHa, KpoMe .bash_history, coorBercTByIOT Ka-
TajoraMm. 3aMeTuM, UTO <.> — 3TO CChLJIKA Ha CaM TEKYIIMH KaTaJor, a <..> —
CCBbLIIKA Ha POJAUTEJIbCKUI KaTaJIor Qne.KaTaﬂor,cogepanuﬂﬁ:TeKyluMﬁ:KaTaﬂor;
B HaleM mpumepe 310 /home/stud).

[lepeitT B apyroit Karajgor MOXKHO KOMaH0# cd:

$ pwd
/home/stud/s2003324
$ cd tmp

$ pwd
/home/stud/s2003324/tmp
$ cd

$ pwd
/home/stud/s2003324
$ cd /usr/include

$ pwd

/usr/include

$ cd /

$ pwd

/

$ cd

$ pwd
/home/stud/s2003324

[Tocsieinnit mpumep mokKasbIBaeT, 9YTO KOMaH ia cd 6e3 yKazaHus KaTaJora Jejaaer
TEKYIIUM JIOMAIIHAN KaTaJor TMOJb30BaTe s, KaK 9TO ObLJIO cpa3y ITOcse BXOJ/a B
CUCTEMY.

OcHoBHBIE KOMaHILI pabOTH ¢ daitmaMmn nepedrcienbl B Tadbuie 1.
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10.3 AprymMeHTHI KOMaHJIHOII CTPOKH

BosbIIHCTBO KOMaH,T TPUHUMAET JOMOJHUTEIbHbIe KITIOUH, HAUNHAIOITIECs
co 3naka '-. Tak, komanja rm -r the_dir nospoJisier yjaJjuTh JIUPEKTOPUIO
the_dir BMecTe cO BceM ee COJIepKUMBIM.

Kak MOXXHO 3aMeTHTh, 9aCTO KOMaHJa COCTOUT W3 HECKOJbKHUX cJioB. [losic-
HUM 370. IlepBoe U3 CJIOB gBJIAETCS UMEHEM TTPOTrPAMMBI, KOTOPYIO CJIeJTyeT 3ally-
CTUTh, JIHOO UMEHEM 8CMpPoennoli Komandv, (TO ecTh KOMaHIbl, 00pabaThiBaeMOil
CAMHUM WHTEPIIPETATOPOM Oe3 TPUMEHEHUST BHEITHUX TTPOrPAMM; TPUMEPOM TaKOit
KOMaH/Ibl sABJsieTcs cd). VMg mporpaMMbl, mojiesKaiieil 3amycKy, MOXKHO 3a/1aTh
U C yKa3aHUEM KaTaJora, B KOTOPOM OH& HAXOJUTCs, HAIPUMED:

$ /bin/ls -1 -a
$ /usr/local/bin/pine -f sent

OcTaJibHbIE CJIOBa, COCTABJIAIONINE KOMAH,TY, HA3bIBAIOTCS AP2YMeEHMAMU KOMAHO-
HOT CMPOKU W MOTYT 3aJIaBaTh KJIOUH, MOJ0OHbIE PACCMOTPEHHBIM BbIlle (-a, -1
¥ T.11.), UMeHa (DailJioB U KaTAaJOroB, U T.II.

OOBIYHO WHTEPIPETaTOp BOCIPUHUMAET CHUMBOJ TMpodena Kak pasjesn-
TeJib IapaMeTpoB KOMAHIHONW cTpoKu. [Ipum HeoOXOMMMOCTH, OJHAKO, MOXK-
HO WCIOJIh30BaTh MpPOOET W KaK OOBIYHBIA CHUMBOJ, B TOM 9HCJE, HAIPUMED,
<CKJIEUTb> HECKOJIbKO CJIOB B OJIMH Iapamerp. Tak, ecju Mbl OODHapy»KuUM
aiisi, B UMEHH KOTOPOTO COJECPKHUTCA Mpobes (Hampumep, 9TO-HHOY/b BPOJIE
<just a file.txt>), creperh €ro MOXKHO OJIHOM U3 TAKMX KOMAHI;

$ rm "just a file.txt"
$ rm just\ a\ file.txt

KaBbluky # cEMBOJI 00paTHOIl KOCOil UepThl IIO3BOJISIIOT OTMEHUTD ClIela IbHbII
CMBICJT W JIJIST HEKOTOPBIX JAPYTUX CUMBOJIOB, ¢ KOTOPHIMU MbI BCTPETUMCS HUXKE.

10.4 IlepenampaBjieHUd BBOJa-BbIBOA

[TpakTraecku Bce nporpammbl B OC Unix ciie1yioT COrIaiiennio, mo KOTOPpoMy
KaskJiasi IporpaMMma MMeeT MOTOK cmaHdapmmozo 660da, TIOTOK CMandapmHozo
6116004 W TIOTOK cO0OWeHUT 00 owuUbKaT.

OcymecTBisiss 0OOMEH JIAaHHBIMU Y€pe3 CTaHJaPTHBIE ITOTOKH, OOJIBITMHCTBO
IIpOrpaMM He JIeJaeT MPEJIIIOJOXKEeHU O TOM, ¢ YeM Ha CaMOM Jiejie CBsA3aH TOT
UM UHOHM MOTOK. DTO MO3BOJISIET MCIOJIb30BATH OJHU W TE€ K€ MPOrPAMMbI Kak
71t pabOTHI ¢ TEPMUHAJIOM, TaK U Jist dTeHust u3 daiina u/uin 3anucu B haii.

Komangable mHTEpPIpETaTophbl, B TOM uncie Kiaaccuieckuit Bourne Shell,
IPEJIOCTABJISIOT BO3MOXKHOCTU JIJIsI YIIPABJIEHUST BBOJIOM-BBIBOJIOM 3allyCKAEMbIX
niporpaMm. JlJist 3TOro MCMnob3yoTest CUMBOJIB <, >, >> >& u | (cMm. Tabauily 2).
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cmdl > filel 3aIyCTUTh nporpamMMmy cmdl, nampaBuB ee BbI-
Boj, B (haitn filel. Ecim daitn cymecrByer, on
OyjieT repesanucan ¢ HyJis, €CJU He CYIIECTBY-
er — OyJier co3/iaH.

cmd2 < file2 3aIllyCTUThH nporpamMmmy cmd2, 1ojiaB el conep-
>)kumoe daitsia file2 B KauecTBe CTaHIAPTHOIO
BBOMA. Ecin daitna He cymecTByer, nponsoi e
omunoOKa.

cmd3 > filel < file2 | zanmycrurh nporpaMMmy cmd3, nepeHanpaBuB KaK
BBOJI, TaK U BBIBOJI.

cmdl | cmd?2 3allyCTUTh OJIHOBPEMEHHO nporpammbl cmdl u
cmd?2, 10jaB JIaHHbIe CO CTaHJapPTHOI'O BbLIBOJIA
[IEPBOY Ha CTaH/IAPTHBIN BBOJ| BTOPOI.

cmd4 2> errfile HaIPaBUThH TOTOK cOODIeHuit 00 ommnbkax B
daitn errfile.
cmd5 2>&1 | cmd6 O0BbEJIMHUTH TIOTOKU CTAHJIAPTHOIO BbIBOJIA U

BBIBOJIA OIINOOK ITpOrpaMMbl cmd5 U HAIIpABUTh
BCE Ha CTaHJIAPTHBIN BBOJI nporpaMmMme cmd6é

Tabauna 2: [Tpumeps! nepenatipaniiennii BBOjia-BbIBO/IA

O6nraro B OC Unix npucyTeTByeT mporpamMma 1ess, TMO3BOJISTIONast MocTpa-
HIUTIHO TTPOCMATPUBATDL COjep:KuMoe (haitioB, Moab3ysich Kiaapuiamn '"Crpeska
BBepx "Crpenka saus PgUp, PgDn u gp. mjist mpokpyTku. DTa, »Ke mporpamMmma mos-
BOJISIET IIOCTPAHUYHO IIPOCMATPUBATD TEKCT, IIOJaHHbII €l Ha CTaHIaPTHBIA BBOJI.
Vcnosp3oBanue mporpaMMbl 1ess TOJIE3HO B cJiydae, ecjid WHMOpMallns, BbIIa-
BaeMast Kakoi-jimbo M3 3alyCKaeMbIX BaMu HPOIPAMM, HE YMeIaeTcs Ha SKpPaH.
Hanpumep, komanga

ls -1R | less

MO3BOJINT BaM IPOCMOTPETH CITUCOK BCeX (ailjioB, HAXOSIINXCS B TEKYIei jim-
PEKTOPUU U BCEX €€ 110JIJIMPEKTOPUSIX.

10.5 YmnpaBJjeHue mnpolieccamun

CIuCOK TIPOTIECCOB, BLITTOMHSIOMNXCA B HACTOATINN MOMEHT, MOYKHO TOJTYINTD
KOMaHJ10it ps:

$ ps
PID TTY TIME CMD
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2199 pts/5 00:00:00 bash
2241 pts/5 00:00:00 ps
$

Kak BujHO, KOMaHa IO YMOJYAHHUIO BBIJIAET TOJHLKO CIHCOK IIPOIECCOB, 3ally-
IIEHHBIX B JIAHHOM KOHKDETHOM CeaHce PabOTHI.

K coxajenuio, KJIOIM KOMaH/Ibl pS OUYeHb CUJIBHO OTJINYIAIOTCS B 3aBUCUMOCTH
OT cucreMbl (B yacTHOCTH, OHM passindtbl st FreeBSD u Linux). 3a nojpobroi
nHdopMalneii cienyer obpaliarbes K JoKyMeHTanuu 1mo koakpernoit OC; 31ech
MBI OFPAHMYINMCS 3aMedaHueM, 9YTO KOMaHJa PS ax BbIJIACT CITUCOK BCEX CYIIe-
CTBYIOIIUX TIPOIECCOB, & KOMAaHJa PS axu JIOMOJHUTETHLHO BBIIACT UH(MOPMAIIIIO
0 BJIAJIEJIBIAX IIPOIECCOBS.

CHSITH HPOIECC MOXKHO ¢ IIOMOIIBIO CUrHaJa. [T0CKOJIbKY CUIHAJIBI HAMU IOKa,
HE pacCMaTPUBAJIACH, OTPAHUYUMCA 3aMedaHueM, 4TO KoManga kill 2736 cuu-
MaeT mpolecc HoMmep 2736, ecay TOJIBKO MPOIEece He MPEAIPUHA CHelnaJIbHBIX
Mep; KoMaua kill -9 2736 yHUUYTOXKUT HPOIECC B JIIOOOM Cydae, U IOMeIlaTh
9TOMY TIPOIIECC HE MOXKET.

10.6 Bromoanerne B (hOHOBOM pexKmnMe

Hekoropbie mporpaMMbl BBITIOJHSIIOTCS Oy TUMOE BPEMsi, IPH 9TOM He Tpedysi
B3aMMOJICHCTBUSI C MOJIb30BATEJIEM Uepe3 CTaHIapTHbIE TIOTOKH BBOJA,/BbIBO/IA. Bo
BpEMsi BBITIOJIHEHWsT TaKUX TTPOrPaMM yJI00HO MMeTh BO3MOXKHOCTH MPOJIOJIKATH
JIaBaTh KOMAHIbI KOMAaHIHOMY HUHTEPIIPETaTopy.

Homnyctum, Ham noTpeboBaJicst ClicoK Beex (haitor B daitioroit cucreme. Ta-
KOI CIIMCOK MOKHO IIOJIyYUTh C IIOMOIIbIO KOMaH bl 18 -1R /. EcrecrBenno Obi-
JI0 OBl IIepeHalIPABUTh €€ BhIBOJL B (paiiji, 4TOOBI 1103/HEE UMETh BO3MOXKHOCTD €I'0
aHaJM3a. 3aMeTuM, 9TO Takas KOMaHjia Oy/JeT BBIMOJHATHCS HECKOJbKO MUHYT,
1 XKJaTh ee OKOHYaHUsS HaM Obl HE XOTEJOCh, IIOCKOJBbKY 9TH HECKOJIHKO MUHYT
MBI MOIJIU ObI, HAIIPUMEP, MCIIOJIB30BaTh Jijist Habopa TeKCTa B pejakTope. dro-
OBl 3aIlyCTUTH KOMaHJy B (POHOBOM peKMME, K Heil cjiejlyeT B KOHIIE IPUIIACATD
CUMBOJI <&>, HAIIPUMeEP:

$ 1s -1R / >list.txt 2>/dev/null &
[1] 2437
$

Ilepenamnpaiienne OTOKa BLIBOA COODIEeHUi 00 omunbkax B /dev/null cienano
JIJIsT TOTO, YTOOBI COODIIEHMST O HEBO3MOXKHOCTH UTEHUsI HEKOTOPBHIX KATAJIOIOB HE
MeIlIaJIo Hallleil gaJbHeilineil padbore.

33910 Bepno ana OC Linux u FreeBSD. B apyrux OC, nanpumep 8 SunOS /Solaris, onmun KOMaH/ b1 ps HMEOT
COBEPIIIEHHO WHOW CMBICT
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B orBer Ha Hallly KOMaH/ly CHCTeMa COODIaeT, YTO 3aJaHue 3alyIneHo B (o-
HOBOM pekKuMe B KadecTBe (poHOBO# 3ajaum Nel, mpuueM HOMeD 3aIlyIEHHOTO
nporecca — 2437.

Ecisin 3ajia4da y2Ke 3aiyiieHa He B (P)OHOBOM PEXKUME U HAM He XOUeTCsl XKJIaTh
ee 3aBepllleHts, Mbl MOXKEM CJejaTh OObIUHYIO 3a/a41y ¢poHoBOit. [yisg sroro cie-
ayer HaxkaTb Ctrl-Z, B pesy/bTraTe Uero BbIIIOJHEHUE TeKyllei 3aja4dn Oyaer
IPHOCTAHOBJIEHO. 3aTeM ¢ HOMOIIBIO KOMaHmnl bg! mpmocramosmennyio zagamdy
MOXKHO CHOBA IOCTABUTH Ha BBITIOJHEHNE, HO yKe B (DOHOBOM peXKUME.

Tax>ke BOBMOXKHO CIeIaTh TEKYIIei (T.e. TaKOW, OKOHYAHUSA KOTOPOW OXKUJIACT
KOMAH/IHBII MHTEPIPETaTop) JIIOOYI0 13 (POHOBBIX M IPHOCTAHOBJICHHBIX 337144,
DTO JesIaeTCs ¢ HOMOIIBIO KOMaH bl £g°.

10.7 Komanmgubie (aitabl

KoMaHIHBII MHTEpPIpeTaTop MO3BOJISIET OCYNIECTBISITHL HE TOJBKO paboOTy B
peXKuMe JIaJIora ¢ IoJIb30BaTe/IeM, HO U BBIIIOJIHEHKE [IPOI'PAMM, Ha3bIBAEMbIX KO-
MaH/IHbIMU (paiijiaMu (CKpMHTaMI/I). Daiisi ¢ nporpamMmmoit, pejHazHaueHHOl JiJist
ucroJjiHeHus uHTeprperaropom Bourne Shell, joken HaUMHATHCS CO CTPOKU

#!/bin/sh

Azwik Bourne Shell nmogepxuBaer pabory ¢ nepemennbivMu. Vmena nepeven-
HBIX COCTOSAT W3 JIATUHCKUX OYKB, MU(pp, 3HAKA MOJTUEPKUBAHUS ¥ HAUMHAIOTCS
Beerjia ¢ OykBbl. [lepemeHHasi MOXKeET MMeTh 3HaYEHUEM JIIOOYI0 CTPOKY CUMBO-
J0B. UTOOBI MPUCBOUTH MEPEMEHHON 3HAUEHWE, HEOOXOJINMO HAIUCATH OTEPATOP
PUCBAMBAHWS, HAIIPUMED:

I=10
MYFILE=/tmp/the_file_name
MYSTRING="Here are several words"

ObparuTe BHUMaHWE, 9YTO B MMEHM NMEPEMEHHOMN, a TaK>Ke BOKPYT 3HaKa paBeH-
cTBa (CHMBOJIA MTPUCBAMBAHYSI) He JIOIKHO OBITH TPOOEJIOB, B TIPOTUBHOM CJIydae
KOMaH/1a OyJieT paciieHeHa He KaK [pUCBanBaHue, a Kak OObluHas KOMaH/Ia, B KO-
TOPOI 3HAK TPUCBAWBAHUS — OJINH U3 IMapaMeTpoB.

st obpaliieHus K rnepeMeHHoii UCrojb3yercs 3uak $, nanpumep:

$ echo $I $MYFILE $MYSTRING

B pesyiibrare BbIIOJHEHMS 9TOM KOMaH bl OyjieT HalledaTaHo:

4Ot anrmmiickoro background — dbon
5Ot anrmmiickoro foreground
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10 /tmp/the_file_name Here are several words

[Ipr HEOOXOMMMOCTH CKOMIIOHOBATH CJAUTHBIA TEKCT W3 3HAUYEHHIH IepeMeHHBIX
MOKHO MMEHa IIepeMEHHBIX 3aKJ04aTh B (pUIypHbIE CKOOKH, HAlpUMED:

$ echo ${I}abc
OTa KoMaH ia HalledaTaeT:
10abc

st Boinonennst apudgMeTndeckux geictsuit ncnombsyercs suak $(( ). Ha-
pUMep, KOMaH/1a

$ I=3(C $1 + 7))

YBEJIMIUT 3HaUeHue nepeMennoit | na cemb.

C 1oMoIIIbI0 BCTPOECHHON B MHTEPIIPETATODP KOMaH/Ibl test MOXKHO OCYIIeCTB-
JISITH TTPOBEPKY BBITIOJTHEHUS PA3JNYHBIX YCJOBU. Kcam 3aanmoe ycjioBrue Bbi-
IOJIHEHO, KOMaH/ [, 3aBEPIIUTCS ¢ HYJIEBbIM (yCIENTHbIM) KOJIOM BO3BpaTa, B IPO-
TUBHOM CJIydae — C eJUHUIHBIM (HeycrermHbiM). CHHOHNMOM KOMaHJIbI test sB-
JIsieTCsi CMMBOJI OTKPhIBaIOIIEil KBaJipaTHOi ckoOKuU. [IpuBejieM HECKOJILKO TTpUMe-
POB.

[ -f "file.txt" ]
# cymecTByeT nu Qainm c mMeHeM file.txt
[ "$I" -1t 25 ]
# sHadeHme nepeMeHHOX I MeHbme 25
[ "$A" = "abc" ]
# 3HaueHUe IepeMeHHOX A dABJdeTCa CTPOKO# abc
I: Il$AII != lla'bcll :l
# SHa4YeHUe IIepeMeHHOU A He dABJIAETCA CTPOKOH abc

DTO MOXKHO, HAIIPUMEP, MCIOJIH30BATH B YCJIOBHOM OTePaTOpe

if [ -f "file.txt" ]; then

cat "file.txt"
else

echo "®ayin file.txt He Hanmen"
fi

CreslyeT OTMETHTD, UTO B KaUeCTBE KOMAH/Ibl, TTPOBEPSIONIEH yCIOBHe, MOXKET
¢urypupoBarh He TOJIHLKO test, HO u Jirobast jpyrast komana. Hanpumep:
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if gcc -Wall -g myprog.c -o myprog; then
echo "Kommunanus mpomsna ycCrIemHo"
else
echo "llpm KoMmunanuu npom3omia omubra'
fi

ABbIK mojIepKuBaeT u OoJsiee CJI0YKHbIE KOHCTPYKIIMU, B TOM YHCJe NUKJIBL. Ha-
npuMep, cieylomunii pparMeHT HaredaraeT Bee uuciaa ot 1 o 100:

I1=0

while [ $I -1le 101 ]1; do
echo $I
I=$CC $I + 1 ))

done

st 6ojiee 110 ipobHON MHGOPMAIIMK O IIPOI'PAMMUPOBAHUN Ha sidbike Bourne
Shell ciietyer obpaTurbes K crnenuasbHoil gureparype [1].

10.8 IlepemeHHbIE OKPY2KEHUS

Opnum u3 cBoitcrs upornecca B OC Unix siBjisieTcst HADOP NEPEMEHHBIT 0KPY-
oicenus. OKpyxKeHue (paKTUIECKU IIpeJIcTaBiisger coO0il MHOXKECTBO TEKCTOBBIX
crpok Buga VAR=VALUE, rae VAR — unmsa nepemennoii, a VALUE — ee 3nayenmue.

IIporiecc uMeer BO3MOXKHOCTH M3MEHUTH CBOE OKpPY2KEHHE: JI00aBUTH HOBBIE
lepeMEeHHbIe, YJIAJUTh Y2Ke MMEIONINecs WM U3MEHUTh UX 3HadeHus. JloyepHue
IIPOTIECChl OOBIYHO HACIEIYIOT OKPYKEHUE IIPOIECCa-POTUTEI.

Oroit n3 HanboJtee BaXKHBIX sIBJITETCST TlepeMenHast ¢ nmeneMm PATH. Dra nepe-
MEHHas COAEPXKUT CIIMCOK KaTaJOroB, B KOTOPBIX CJICJlyeT UCKATb MUCIIOJIHACMbIN
daits, eciu mosb30BaTEb JaJl KOMaHLy, He yKa3aB KaTaJor. CTOUT TaKKe YIIOMs-
nyTh nepemennyio HOME, copepzkamiyio myTh K JJOMalIHEMYy KaTaJory I0Jb30Ba-
TeJig; nepeMennyto LANG, mo KOTOpOil MHOTOA3BIYHBIC TTPUJIOKEHUA ONPENCIIAIOT,
Ha KAKOM sI3bIKE CJIeJIyeT BhbIJaBaTh coodienus; nepemennyio EDITOR, B KOTOpyIoO
MOXKHO 3aHECTU UM TPENOUNTAEMOTO PeIakKTopa TEKCTOB. Paszymeercs, Cncok
MIEPEMEHHBIX OKPY>KEHHUsI ATUM He McUeplbiBaeTcs. Bech HAOOp MMEIOIIUXCs B Ba-
11IeM OKPY>KEHUU [IePEMEHHbBIX MOXKHO YBUJIETh, JlaB KOMaH 1y set 0e3 apaMmerpos.

VuaTeprnperaTop KOMaHJHON CTPOKH IPEJOCTABJIAET BO3MOXKHOCTHU II0 YIIPaB-
JIEHUIO TIEPEMEHHBIMU OKPY2KeHust. Bo-11epBbiX, 1IpU cTapre UHTEPIPETaTOp KOIIU-
PYeT BCe OKPYKEHHe B CBOU COOCTBEHHBIE MIEPEMEHHbBIE (3aMeTHM, YTO BHY TPEHHEE
epeMeHHble MHTepIpeTaTopa OPraHn30BaHbl TaK »Ke, KaK IepeMeHHble OKPYKe-
HUsI, & IMEHHO — B BHJIe Habopa cTpok Bujia VAR=VALUE), Tak 9TO K HUM MOXKHO
00paTUTHCS:
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$ echo $PATH
/usr/local/bin:/bin:/usr/bin
$ echo $HOME
/home/stud/s2003324

$ echo $LANG

ru_RU.KOI8-R

Kpowme Toro, marepnperaTop IpeIocTaBIsgeT BO3MOXKHOCTD KOITMPOBATH 3HATEHU
nepeMeHHbIX 00PaTHO B OKPY2KeHUe C MOMOIIbI0O KOMaH/ bl eXport:

$ PATH=$PATH:/sbin:/usr/sbin
$ export PATH

WJTH TIPOCTO
$ export PATH=$PATH:/sbin:/usr/sbin

OrmeruM, 9TO camu 110 cebe PUCBAUBAHWST BHYTPEHHUX MEPEMEHHBIX, MOI00HbIE
TeM, 9TO Mbl HCIIOJTH30BAJIN B KOMAHIHBIX (hbailjiax B IpeablIyIeM naparpade, Ha
OKPY>KEHWE HUKAK HE BJIUSIOT.

[Tepemennyro MOXKHO yOpaThb M3 OKPYXKEHUs C IIOMOIIbIO KOMaH/)| unset u
export:

$ unset MYVAR
$ export MYVAR

Monudukalyst OKpy»>KeHUsi BJIUSET Ha BBITOJHEHHE BCEX KOMaHJ, KOTOPHIE
MBI JIa€M THTEPIIPETATOPY, OCKOJIbKY 3aIlycKaeMble HHTEPIPETATOPOM MPOIECCHI
HACJIEJLYIOT Y2Ke MOJAUMUIIMPOBAHHBIN HAOOP EPEMEHHbBIX OKPY2KEHHUS.

Kpowme Toro, mpu HEOOXOAMMOCTH MOXKHO OTJEJHHO B3ATYIO KOMAHJY 3ally-
CTUTH ¢ MOJIM(UITUPOBAHHBIM TOJIHKO JIJIST HEe OKPYXKEHHEM. IDTO JIeJIaeTCsl MPH-
MEpHO TakK:

$ VAR=value command

Tak, B OC FreeBSD moxHO cMeHUTH MHQPOpPMAIKAIO O II0Jb30BaTe e, BKJOUas
MCIIOJIBb3YEMbI KOMaH IHBI HHTEPIIPETATOP, ¢ IOMOILIO KOMaH bl chfn, KoTopasi
npeJijiaraeT K peJakTUPOBAHUIO OIIPeeJeHHbII TEKCT, U3 KOTOPOI'o 3aTeM U3BJIe-
KaeT HYXKHbIe 3HAYEHUs. DTa KOMAH/A 110 YMOJIAHAIO 3allyCKAeT PEJIaKTOP TeK-
CTOB Vim, UTO He JJIsI BCeX IM0Jb30BaTe el yao0Ho. BoliiTu 13 1MoJI0XKeHnsT MOXKHO,
HAIIPUMED, TaK:

$ EDITOR=joe chfn

B sTom ciyuae Oyjier 3amyiieH pejiakTop joe.
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Jlekiusa 5

11 Bsoa-BbIBOJ

11.1 HeobxogmMmocTh abcTparnpoBaHud

YerpoitcTBa, TOJAKII0YaeMbie K KOMIIBIOTEPAM, MOI'YT BBIIOJHAThH CaMble Pa3-
Hble (PYHKIUU, OT JOMAIIHEro OyJMIbHHUKA JI0 YIPaBIEHUs KOCMUYECKUMH KO-
pabssimu. CyImecTBYIOT ThICAYN Pa3HOOOPA3HBIX YCTPOHCTB, MPUIEM HEKOTOPHIE
13 HUX MOI'YT BBINIOJIHATEH CXOXKHUE (DYHKIMH, HO IIPH 9TOM TPeOOBATH COBEPIIEH-
HO Pa3HbIX JefcTBUil Juist ynpaienus. [IpekpacHbIM NPUMEPOM 3TOTO CJIy»KaT
>kectknit auck u flash-6pesok: oba MCIOIL3YIOTCA JIJIsT JOJITOBPEMEHHOTO XpaHe-
Husi ailjioB, NpudeM UYUTaTe/ib HaBepHsKa 3HAET U3 COOCTBEHHOI'O OIIbITa, YTO
pabotra ¢ jauckoMm u ¢ flash-OpesikoM ¢ TOUKM 3peHust M0JIb30BATE]IbCKOIO HHTED-
deiica TpaKTHIECKH HE PA3JINIAlOTCs (U TO, U JIPYTOe YCTPONHCTBO MPEJICTABIIsET-
cst abCTPAKTHBIM <XpaHusuiems aiion). Mex iy Tem, 1o ¢cBoeMy BHYTDEHHEMY
CTPOEHUIO 3T YCTPOMCTBA HE UMEIOT MEXKJy coboit HuUYero o0Imero.

[Tomiep:kKa KaykJI0ro KOHKPETHOI'O YCTPOMCTBA — 3aja4ua JO0CTaATOUHO CJIOXK-
Hasi, OCOOEHHO eCJIM y9ecTh BCe MHOrooOpasne yCTPOWCTB; 3aMETUM, UTO JIaJIeKO
He BCerJia Ha MOMEHT pa3pabOTKH IPOTrPaMMbI U3BECTHO, C KAKUMHU YCTPONCTBAMU
eit mpuaeTcss paboTarh y MOJIh30BaTENeH, TPUIEeM HEKOTOPHhIE W3 ITHX YCTPONHCTR
MOI'YT €Ill¢ M HE CYIIEeCTBOBATH B NPUPOJIE, HO OyjyT M300peTeHbl PpaHbIIe, YeM
nporpaMma BbliijieT u3 yrnorpedsenus. Tak, cucrema Bepcrku BITEX, ¢ moMoripo
KOTOPO TIO/IIOTOBJIEHO JIAHHOE 110cobre, ObLIa BBIYIEHa 338 MHOTO JIET JIO TOsIBJIe-
nusi flash-6pesikoB, uTo coBeplileHHO He MeIaeT 3alUChbIBATh PE3YIbTATHI PAOOTHI
Ha flash.

Kpowme Toro, eciin Kaxjas mporpaMmma OyJier BbIHY K JIeHa T0JJIePKUBATh (U
XOTs1 OBI MBITATHCST TOJJIEPIKUBATDH) BCE BOSMOXKHBIE YCTPOMCTBA, ITO MPUBEJIET K
HEOOXOIMMOCTH OIPOMHBIX 00HEMOB IPOrPAMMHUPOBAHNS; aBTOPHI IPOrpaMmMm Oy-
JIyT BBIHY>KJIEHBI CKOpee TPaTUTh BpeMsl Ha OOpbOY ¢ yeTpoiicTBaMU, UeM Ha MpU-
KJI THbIC 3a,/a4H.

B ¢Bsi3u ¢ 9mMM yripaBiienne yeTpoicTBaMU BO3JIAraeTCs Ha ONMePalnoHHy0 CH-
cremy. IIpukiiaJiHbIM IpOrpamMmam Jijisi B3AaUMOJEHCTBHSI ¢ yCTPORCTBAME IIPEI0-
CTaBJISIETCs IIPOCTON MHTepdeiic, abcTparupoBaHHbI OT KOHKPETHBIX OCOOEHHO-
creil OTJIe/IbHBIX yeTpoicTB. Tak, OTHOCUTEIHHO JII0DOI0 yCTpoiicTBa, CIIOCOOHOTO
cojiepKarh (pailyibl, CJIeyeT 3HaTh €ro pa3mMep, BO3MOXKHOCTH 3aIlMCH Ha HEro H,
MOXKeT ObITh, <CMEHHOCTb> (TO €CTh MOXKET JIH [0JIb30BaTeb JAHHOE YCTPOHCTBO
dbusMIeCKN OTKIIOYUATH BO BpeMst paboThl). B aToM 1mtane mpukaaHas mporpam-
Ma MOXKET y3HaTh, 9YTO B CHCTEME HAJIMIECTBYIOT YCTPOHCTBO eMKOcThio 80GD,
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IpoLEeCCcop
‘ BBO/I-BBIBO/I \

yCTpPOHCTBA

OornecpaTuBHAs IaMsITh

Puc. 14: BBoJI-BbIBOJI ¢ TOUKM 3PEHUS allllapaTyphbl

1ocTosinHoe; eMKocTbio 1.4Mb, cmenHnoe; u emkocrbio 256Mb, cmennoe. To, uTo
IIEPBOE U3 HUX IIPeJIcTaBsieT coboit »xecTKuil juck ¢ uarepdeiicom IDE, Bropoe —
TPEXII0MMOBYIO JINCKeTy, a TpeTbe — flash-Opesok, mporpamme 3uarh yxKe He 005-
3aTeJIbHO (XOTsI TIPH HEOOXOAMMOCTH TaKyt0 WH(MOPMAIMIO MOKHO MOJIYyIHUTh).

11.2 JIBe TOYKHU 3peHUd Ha BBOA-BHIBO/],

CxeMaTnaecKy BBOJI-BBIBO/I (WUJIH, TOBODSI IIIUDPE, YNPAGACHUE YCPOTCMEAM)
nokazaH Ha puc. 14. IlenrpaJibHblil 1polieccop U orepaTuBHas MaMATh 3aHUMa-
IOT B 9TOI cXeMe HECKOJBbKO 0coD0e MeCTO: HeCMOTpsl Ha TO, YTO W IIPOIECCOp,
1 TIaMsTh, HECOMHEHHO, sIBJISIOTCS TEXHUYECKUMU yCTPONCTBAMMU, OHU HE BXOJIAT
B YMCJIO T€X YyCTPOUCTB, 00 ylpaB/eHuu KOTOPbIMU UjeT peub. MHorja Bo nzbe-
YKaHue MyTaHUIbl TOBOPAT 00 YIPABICHUN SHEWHUMU YCMPOTUcmEamu, TIPH STOM
10/IPAa3yMEBAETCS, UTO TPOIECCOP U MaMATh — YCTPOHCTBA 6HYMpPeHHUE.

Takum 0Opa3oM, B3aUMOEHCTBIAE MEXK Ty MPOIECCOPOM M MaMATHIO He BXOTUT
B IIOHSITUE BBOJIA-BbIBOJIA; C TOUKU 3PEHUS, IPUHATOMN 11p1 0OCYKJIeHUK allliapaT-
HOTO obecredeHust (B TOM YUC/Ie CPEJU MTPOrPAMMECTOB, CO3/IAIONINX S/Ipa Ollepa-
nmonnbix cucrem), HIT v namsith npepcraBiasior coboii euHblii KOHCTPYKTUB, a
BBOJIOM-BBIBOJIOM CUYUTAETCsI OOMEH MHGOPMAaIeid MeXKTy 9THM KOHCTPYKTHBOM
1 BCEM OCTaJIbHBIM MUPOM.

Cy1recTByeT 1 nHasI TOUKa 3pEHUs, TPUHATAA CPeJIH MPUKJIATHBIX TPOrPAMMHU-
CTOB. DTa TOUYKA 3PEHUsT MOTJIA ObI MOJTHOCTHIO COBIAIATH C MTPEIbILYITei, eCu Obl
He TOT (paKT, YTO OJIHA U Ta YKe IIpOorpaMMa, BBITIOJHS OJIHUA U T€ ¥Ke JefCTBU, B
3aBUCUMOCTH OT ODCTOSITEILCTB, B KOTOPBIX €€ 3allyCTUJIN, MOYXKET KaK OCYIIeCTB-
JATH ANMAPATHBI BBOJI-BBIBOJI, TaK W HE OCYMIECTBAATEL ero’. IlycTs, HampmMep,
nMeeTcs IporpaMMa progl, cojiepzkaliias CUCTEMHBIN BbI30B, BBIIAIOMINAN CTPOKY

! MMeeTcs B BULY, €CTECTBEHHO, OCYIIECTRIEHNE BBOIA-BLIBOIA Uepe3 obpamenne Kk OC

57



"Hello, world" B mOTOK CTaHJAPTHOTO BBIBOJA 3TOW NPOTPAMMbBI (Haan/IMep,
mporpaMma MoxKeT OBbITh Hamucana Ha C u copep:KaTh OOBIUHbBINM BbI3OB (DYHKITHH
printf). Eciau Tenepb BbI3BATH 9Ty MpOrpaMMy KOMAaHOi

progl > filel

TO cTPOKa OyjieT BhiBejieHa B (aityl filel Ha Jjucke, 4TO O3HAYAET, YTO IPOU30NJIET
almapaTHBI BBOJI-BBIBOJI. Ecyin xKe Ta ke caMad mporpamMMa OyJieT 3amyieHa
KOMAaH/JI01

progl | prog2

TO HUKAKOI'O BBO/Ia-BBIBOJIA (C allliapaTHOl TOUKM 3pEeHMsi) He MOCJIe/yeT: CTPoKa,
BBIBEJIEHHAS TTPOrPaMMOil progl, Oy/jer mojana Ha BXOJ MpOrpaMMe prog2, Tak
9YTO BCE B3ANMOJIEHCTBIE, CKOPEE BCETO, OCTAHETCST B pAMKaX CHCTEMbI <ITPOIECCOP-
TAMSATE>.

[TosToMy mHpuKIIaHbIE TPOIPAMMUCTEI OOBIYHO II0J] BBOJIOM-BBIBOJIOM ITOHU-
MatoT JI000# 0OMeH nHbOpMATHel MexXy mporpaMMoil (3ajadeil) U BHEITHUM
MHPOM, K KOTOPOMY OTHOCHUTCSI, KPOME IIPOYEro, U MaMsATh 3a MPeJeIaMu JTaHHO
34,14,

11.3 JIpaiiBepnl
11.3.1 Haznauyenue apaiiBepoB

[Ton dpaticepom monuMaeTcst mporpaMma (0OBIYHO SIBJISTIOIMASICS YACTHIO SIPa,
ONEePAIMOHHOI CHCTEMBI), OTBeYaoIast 3a paboTy ¢ KOHKPETHBIM YCTPOHCTBOM.

3Hasg, Kak HY»KHO pabOTaThb ¢ JAaHHBIM KOHKPETHBLIM allapaTHBIM yCTPOi-
CTBOM, JipaiiBep CKPbIBAET OCOOEHHOCTU ITOIO YCTPOWCTBA OT BCEH OCTAJbLHOI
cucteMbl. [Ipyrue dacTu sijipa obOpalialoTcs K japaiiBepy, BbI3bIBas €ro BHEITHUE
dyukmMu, mpudeM 3t PYHKIUNA OJIMHAKOBBI JIJIs BCEX JIpailBEPOB Olpe/Ie/IeHHOi
KaTeropuu.

Tak, obpaliieHue K jipaiiBepy »KeCTKOro JINCKa C IEeJIbIo 3aliucaTh ceKTop Ndd u
Takoe ke oOpalleHne K JipaiiBepy JUCKOBOJA JIJIst JIUCKeT OyJer (¢ TOUKU 3peHust
710007 TOJICHCTEMBI SIIpa, KPOME CAMUX 3THX JIPAHBEPOB) BBINJISAIETH OJMHAKO-
BO, HECMOTPs Ha TO, YTO ITU YCTPOMUCTBA HaA AlapaTHOM YPOBHE YIIPaBJISIOTCS
COBEPIIEHHO MO-Pa3HOMY.

Takum 0b6pa3omM, JleTajn MMporecca yIpaBJIeHus KOHKPETHBIME YCTPOCTBaMU
OKa3bIBAIOTCS JIOKAJIM30BaHbI B Kojie JipaiiBepa. [Ipu Hanucanmm ocrajbHbIX Ya-
CTeil onepanuoHHOi CUCTEMBI, & TaKKe IPU CO3JaHUuU IOJb30BATEILCKOTO IPO-
I'PAMMHOTO OOeCIieYeHus CTAHOBUTCS BO3MOXKHO UX HE YUUTHIBATD.
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11.3.2 Crmocobbl 3arpy3Kmu JpaiiBepa

OObIYHO JipaiiBep JIOJI2KEH BBINOJIHATLCS B IPUBUJIETHPOBAHHOM PEXKUME, TO
ecTb ObITh YacThIO sijipa. TeopeTrudyecKr BO3MOXKHO BbIIOJIHEHUE JipaiiBepa U B
MIOJIb30BATEJILCKOM PEXKUME, HO TaKOe MPUMEHSIETC sl PEJIKO.

Cy1ecTByeT Tpu OCHOBHBIX CIIOCODa 3arpy3Ku JipaiiBepa B sijpo:

1. Bkiiouenue Koja JipaiiBepa B KauecTBe MOy Ha dTare cOopku djpa. [lpn
9TOM JlobaBJIeHre WK yjajenue Jpaiisepa Tpebyer nepecbopku (Iepekom-
MUJISITANR) SI7[pa U TIepe3arpy3Ku OMEepAIMOHHON CHCTeMbI. 3aMeTHM, TpH
9TOM TIOJIH30BATENIO JOJIKHBI OBITH JJOCTYITHBI NCXOIHBIE TEKCTHI SIAPa, JIN0O,
KaK MUHUMYM, €10 OO'beKTHBIE MOJLYJIM U COOTBETCTBYIOIINE UM UHTEPdEic-
able paitibl. Takoil moaxo saBIsgeTcs TpaIuiuoHHbIM JJ1d Unix’ omnomobnbix
OIE€PAIMOHHBIX CHCTEM.

2. ToakJitouenue JjipaiiBepa Ha dTalle 3arpy3KH ONEPaIMOHHON cucreMbl. [Ipu
9TOM B cHucTeMe umMeercs aiiyi, copepxKalliuil CIUCOK JpaiiBepoB, U CaMU
JipaiiBepbl B BUJIe OT/e/bHbIX (paityioB. [Ipu 3arpyske siipo aHaju3upyer
CIIMCOK ¥ IOJKJIOUAeT JpaiiBephl, IOCJe 4Yero HaunHaeT pabory. B srom
cJydae i MOJKJII0UEeHNs JOMOJHUTEILHOTO JIpaiiBepa JIOCTATOTHO repe3a-
Ipy3uTh cucremy. [lepekommnuisanus sinpa He Tpedyercs. TpaguIiinoHHo 5TOT
I10JIXOJ] UCII0JIb30BaJIH cucTeMbl ceMeiicrBa Windows, a panee — u MS-DOS.

3. Jlunammdeckas 3arpyska Mojysieil B apo. [lpu TakoMm mogxome 10cTaToqHo
HOJI'OTOBUTEL (pait JipaiiBepa, cOOJIIOMAIONIMI OlIPe/IeJIeHHbIE COTJIAIIEHMS
00 MMeHaX, W BblJIATh siJIPY COOTBETCTBYIOIIUI CHCTEMHBII BBI3OB, IIOCJE
4ero MOJIYJIb CTAaHOBUTCS 4acThiO sijipa. Hu mnepesarpysku, HU HEPEKOMIIN-
JISIIAN s17ipa He Tpebyercs. Bojiee TOro, HEHYKHbIE MOIY/IN MOXKHO U3 siJIpa,
U3bsITh. Takas BO3MOXKHOCTH IPUCYTCTBYET NMPAKTUUYECKU Ha BCEX COBPE-
MeHHBIX Unix-cucremax, Bkjodast Linux, FreeBSD u Solaris. Heobxomgumo
OTMETHUTh, YTO NMPHU BBHICOKOW THMOKOCTH 3Ta MOJEIh CUMTAETCS Hebe3orac-
HOM, T.K. IHO3BOJIET 3aIlyCTUTh NPOU3BOJIbLHBIN KOJI B IIPUBUJICTUPOBAHHOM
pexume.

11.4 BsBoa-BbIBoa Ha pa3HbIX ypoBHAX BC

Ha mepBoii JjieKuu Mbl IPUBOJUIIN YCJIOBHYIO (YIPOIIEHHYIO) MHOIOYpPOBHE-
BYIO CTPYKTYDPHYIO CXEMY BBIYUCJIUTENbHON cucTembl (cM. puc. 1 Ha crp. 3). Tlo-
HSATHE BBOJIa-BBIBOJIA IPUCYTCTBYET MIPU OMUCAHUN JIIOOOTO U3 STUX YPOBHEH, OTHA-
KO TEPMWHbBI, B KOTOPBIX OIMMCHIBACTCS CaM BBOJI-BbIBOJI, MEHAIOTCS. KOMIIOHEHThI
KayKJIOTO YPOBHS, MOJYUYUB OT YPOBHsI O0Jiee BHICOKOI'O COOTBETCTBYIOIIEe 0Opa-
IIeHUe, TePEeBOJIAT ero B TEPMUHBI YPOBHs 00Jiee HU3KOIO U TEPEJIaloT HUXKE, a
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I10JIb30BATEJIb

l prog > file
IPHUKJIATHBIC IIPOTPaMMBbI

l printf("Hello, world");
CHUCTEMaA NMPOrpaMMHUPOBAHHU A

l write(1, "Hello, world", 12);
YHOpPaBJICHHE JIOTHUYCCKUMH yCTpOfICTBaMH

l disk#1, part#2, sector#127563
yIipaBJICHHUE (I)I/IBI/IIICCKI/IMI/I YCTpOﬁCTBaMH

L ide#0, slave, cyl.125, head 8, sec.20

anmapaTtypa

Puc. 15: BBoji-BbIBOJ Ha pa3HbIX YPOBHAX BHIUNCIUTEIHHON CHCTEMbI

MOJIYIEHHBIH OTBET IEpPEeBOJIST, HA0DOPOT, B TEPMUHBI YPOBHs 00Jiee BHICOKOI'O U
OTTIPABJIIOT HABEPX. TakuM 00pa30M, 110 Mepe JIBUXKEHWST OT anmapaTyphbl K M0JIb-
30BATE/IIO HApaCTaeT ypPoBeHb adCTPparupoBaHus, a CJIOKHOCTH OIUCAHUS 11a/1aeT.

PaccmoTpum it ipuMepa 3allyCcK TPOrpaMMbl ¢ BBIBOJIOM WH(MOpMAIUU B
daitn (puc. 15). Tloab3oBaressb mojaer MoJIb30BATEILCKO MporpamMe (B JaH-
HOM CJIydae — KOMAHJIHOMY HHTEPIPETATOPY) KOMAHy Ha MOHSITHOM TOJIH30Ba-
Teio s3bike. [Ipukimanas mporpamMma Jiist BBIBOJIA HCIOJB3YET OMOJIUOTETHYIO
pyHKIIMIO BBOJIA-BbIBOJIa BLICOKOI'O YPOBHS. bubsimoreka pyHKIMIA, OTHOCSIIAsACS
K CJIOIO0 CUCTEM MPOTPAMMUPOBAHUSA, IEPEBOJIUT TOJYIEHHBIH 3aIIPOC Ha SA3BIK, O~
HATHBIH G0JIee HU3KOMY YPOBHIO (s1JIPY ONEPAIMOHHOM CHCTEMbI); TAKUM S3BIKOM
SABJIeTCA MHTEepdeiic CUCTEMHBIX BBI30BOB, & MEPEBEJCHHBIN 3allpOC CTAHOBUTCS
BBI30BOM (Hampumep, write()) ¢ COOTBETCTBYIONMME MapaMETPaMU.

OmnepanuonHasi cucremMa Ha, ypPOBHE MPONEAYDP YIIPABJICHUs JIOIMICCKIMU
yCTpoiicTBaMK IIpeodpasyeT ImapaMeTrpbl CUCTEMHOI'0 Bbi3oBa write() B mociie-
JIOBATEJIbHOCTh JIeHCTBU, HEOOXOUMBbIX JIJIsI 3aIUCH IOy YeHHOW UH(OPMaIun B
daits, Ha OTKPBITHIA JIECKPUIITOP KOTOPOIO COCJIAJICS BhI3BaBIINi mporecc. ['oBo-
pst KOHKpeTHee, JipaiiBep (paitjioBoii cucTeMbl TIEPEBOJIUT 3aIPOC B MOCJIEI0BATE b
HOCTD Olepaluil 110 MOJUMUKALMK CEKTOPOB JIOI'MYECKOI'O JIMCKOBOI'O YCTPORCTBA,
a JIpaiiBep COOTBETCTBYIOIIEIO JOTMYECKOT'O JUCKaA, B CBOIO OYepe/lb,— B IOCJIe-
JIOBATEJILHOCTH ONepaluil HaJj ceKropaMu jiucka (usndeckoro. CooTBETCTBYIO-
11asl I0CJIeI0BATEILHOCTD 3aIIPOCOB IepejaeTcs 060Jiee HU3KOYPOBHEBBIM TOJIIIPO-
rpaMMaM sijipa, BKJIFOUAIONMM JpaiiBep (hU3MIECKOTO JINCKa. DTOT JpaiiBep yrKe
OCYIIECTBJISIET JEHCTBUsI, HEOOXOIUMbBIE JIJIs1 BBIIOJHEHUs MOCTYIIUBIIErO 3aIIpo-
ca C y4eToM OCODEHHOCTEH KOHKPETHOI'O MMEIOIIErocs (Pu3nyveckoro JIMCKOBOTO
YCTPOMCTBA.

OTMeTuM, UTO 110 OKOHUYAHUM OIEPAIlMd BBOJA-BLIBOJIA, COOOIEHNE 00 3TOM
MOJIyIaeT CcHadaJia 00pabOTINK COOTBETCTBYIOIIErO IMPEPLIBAHUS, KOTOPBIA yiKe
nepeJiaeT MoJyUYeHHYI0 HHMOPMAIUD HyKHOMY ApaiiBepy. OOpabOTINKN IIpephbl-
BaHU TaK»Ke OTHOCATCS K CJIOI0 yIpaBJeHnst (PUIUICCKUMI YCTPOHRCTBAMMA.
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noJib3oBartejibckoe 110

anmnapaTHO-HE3aBHCUMbIC KOMITOHEHTbI OoC

orepanrdoHHast

anuBepPbl (PU3HUECKUX YCTPOHUCTB
AP prt ¢ ycrp CHCTEMA

00paOOTUMKH MpEephIBAHUN ;

ammaparTtypa

Pwuc. 16: YposHU opranusaimm BBOJIa-BhIBO/IA,

11.5 YpoBHU NPOrpaMMHOI OpraHmM3aliiid BBOJa-BbIBOJA

B upejpijymiem naparpade yrnoMuHaJuch, KpoOMe aliaparypbl, pasJjiidaHble
KOMIIOHEHTBI IIPOIPaAMMHOTO obecIevueHnsi, HaXO sIuecs Ha, pa3HbIX YPOBHSIX BbI-
YUCJIUTETLHON CUCTEMBI, TPUYEM MOYXKHO ObLJIO 3aMETUTh, YTO OINpEJIeJIeHHbII 00-
MEH JaHHBIMU MTPOU3BOJINTCS MHOTJIA U B PAMKaX OJIHOTO CJIOs: TaK, JapaiiBep daii-
JIOBO# cucTeMbl 1 JipaiiBep JIOTMYECKOro JUCKa 00a OTHOCATCS K YPOBHIO <yIpaB-
JIEHUs JIOTMYECKUMU YCTPOMCTBaAMU>, &, CKayKeM, JipaiBep (pU3UYECKOI'0 JIUCKA
1 00paboOTUMK IIpepbIBaHUsS OT (PU3MIECKOI'O JINCKA — K YPOBHIO <YIIPABJICHUS
pusrveckuMu ycrpoicTBaMms.

B nesigx 60sbIeit HarisgJHOCTH MOYKHO JIJIsT TTPOrPaMM, YIacCTBYIONUX B 0bec-
IleYeHUU BBO/IA-BbIBOJIa, HA PA3HbIX YPOBHX BbIUYUCJUTEJILHONW CUCTEMbI, BBECTU
cBOe cOOCTBEeHHOE Jiesienre Ha, cjon. OUH U3 BAapUAHTOB TaKOIoO JIeJIEHUsT MOKa3aH
Ha puc. 16.

PazymMmeercsi, Takoe JieJieHue OCTaeTCsi BO MHOI'OM YCJIOBHBIM. Tax, daiisioBas
crucTeMa, M JipaiiBep JIOTUYECKOTO JUCKa IMO-TTPEXKHEMY OKa3bIBAIOTCs OTHOCSIIN-
MUCSI K OJIHOMY CJIOIO, Ha 9TOT Pa3 <allllapaTHO-He3aBUCUMBIX KOMIIOHEHTOB OC>.

Kpowme Toro, cjioit 06paboTInKOB IIPEPHIBAHUIT HE SIBJISIETCSI CJIOEM B IIOJIHOM
cMmbIce cyioBa. JIpaitBepbl (pu3nIecKnX yCTPOUCTB OTIAI0T PACIOPSXKEHNS YCTPOi-
CTBaM O TPOBEJECHUN TEX WJIM WHBIX ONEpalyii HAMPSIMYIO, U TaK »Ke HaIPSMYTO
MOKET OCYITECTBIATHCS UTeHHe pe3yabraToB. OIHAKO MOMEHT, KOIJ[a CJIeIyeT Ha-
4aTh YTEHWE, BHIOMPAECTCS € IMOMOIHI0O 00PabOTUNKOB TPEPhIBAHU, T.K. UMEHHO
OIPEJIEJIEHHOE TTPEPhIBAHNE CUIHAJMBUPYET O TOM, 9TO JAHHbIE JIJIsi YTEHUST IOTO-
Bbl. OOpaboTKa MpepbhIBAHUI MOXKET ChIIPATh CBOIO POJIb U IIPU BHIOOPE MOMEHTA,
JIUIsT MHUITMMPOBAHNUST ONEPaIliy BBOJIa-BhIBOJIA. JleficTBUTEIHHO, B MOMEHT, KOTJIa
JipaiiBep MOJIyUMJI Ha BXOJ[ 3aIIPOC Ha IIPOBEJEHHE Ollepallii, YCTPORCTBO, KOTO-
PBHIM YIIPABJISIET 3TOT JIpaiiBep, MOYKeT ObITH elle 3aHsTO 00pabOTKOM TIpe bl Iy et
orepalun. B aToM ciydyae u MOMEHT HaUaJia Olepalii OIpeIesIeTcs IPU TOCpe/I-
cTBe 0OpabOTUYMKOB MPEPHIBAHMIA.
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11.6 BzammogeiictBme OC c anmapaTtypoii
11.6.1 Ilonarme KOHTpOJLIIEPA

st ynpaBjieHusi BHEIIHUMU YCTPONCTBAMU [EHTPAJIbHbBINA TTPOIECCOP CIIOCO-
OeH reHepupoBaTh OIIpPeeJeHHbIe KOMOMHAIIMN JIOTHYECKUX 3HAUCHU; B YaCTHO-
CTU, HA COBPEMEHHBIX apXUTEKTypax IMPOIECCOP MOYXKET TepejaBaTh 1Mo o0Iei
IIUHE ONpeJleJICHHbIe 3HAUCHUA 110 ONPEJICJICHHBIM aJIpeCcaM.

flcHo Tmpw 9TOM, UTO HUKAKON W3 BBIBOJIOB (<«HOXKEKs) MpOIeccopa HE MO-
KET COOTBETCTBOBATH KOHKPETHBIM JEUCTBUAM C BHEHIHUMHU YCTPOUCTBAMU, Ta-
KUM KaK I[epeMeleHne YUTAIINX I'OJIOBOK, 3allyCK UJIU OCTAaHOB MOTOPOB U T.II.:
BO-IIE€PBbLIX, PA3JUYHbBIX JICHCTBUIA TAKOT'O POJIa CJUIIIKOM MHOI'O, & BHIBOJIOB Y IIPO-
Ieccopa — OrpaHUYEHHOE KOJUYECTBO, U, BO-BTOPLIX, TaKOE IMOCTPOCHUE apXWU-
TEKTYPhl OIPAHUYIIIIO ObI ACCOPTUMEHT YCTPOUCTB, KOTOPHIMU MOYKET YITPABJIATH
JAHHDBIA KOHKPETHDBIA [TPOIECCOoP.

B cBsi3u ¢ 5TUM MeXK/1y BHEIIHUM (PU3NUECKUM YCTPOICTBOM H IIPOIECCOPOM
BCET/la UMEeeTCsl OIPeJIeJICHHBIN ITOCPEIHUK, HA3bIBACMbII KOHMPOANEPOM JTAHHOTO
YCTPOWCTBA.

KonrpoJuiep npejcrapiisier co0oii 3JIEKTPOHHYIO JIOTHYECKYIO CXEMY, HOJIKJIIO-
YEHHYIO, C OJIHO¥ CTOPOHBI, K ODIIIeil 1IMHE KOMIILIOTEPA, YTO 1103BOJIsIeT OOMEHHU-
BaTbCd JAHHBIMU C IIPOIECCOPOM, U, C JPYTrOil CTOPOHDLI, — K COOTBETCTBYIOIIECMY
pusrveckomy ycTponcTBy.

[TockobKY KOHTpPOJIIEp CO3/IaeTcsd Beerja JJid YIpaBJIeHUsS KOHKDPETHBIM
YCTPOMCTBOM, JIJII HErO HEe COCTaBJisieT IIPOOJIEMbl I'€HEPUPOBATh MMEHHO TaKHe
9JIEKTPUYECKUE CUI'HAJIbI, KOTOPbIE HEODXO UMbl JIJIsi PAOOTHI JJAHHOI'O yCTPONCTBA.
C Jipyroii cTOpOHBI, IIOCKOJIBbKY J000I KOHTPOJLIED B3auMOJECHCTBYeT ¢ IIpolec-
COPOM IIyTeM IpueMa U Iepejiady Olpe/le/IeHHbIX YUCJIOBbIX 3HAUYCHUNR 110 InHE,
IIPOTIECCOP MOXKET OBITH 3aIIPOrpaMMHUPOBaH Ha pabOTy ¢ JIFOOBIM KOHTPOJIJIEPOM,
KOTOPBII TOJBKO MOXKHO (PU3UIECKN MOJKIIOUYUTH K O0IIei IMNHE JaHHOTO KOM-
npfoTepa. barogapst 3ToMy mIporeccop MoXKeT paboTaThb U ¢ yCTPOHCTBaMH, KO-
TOPBIX HA MOMEHT BBIIIYCKa JIAHHOI'O MIPOIeccopa ele He CYIIeCcTBOBaJIO.

11.6.2 Iloptel n 6ydepa BBOIa-BBIBOAA

[TockoabKy K 00IIei mmHe MOXKeT OBITH MOJKII0UEHO OJITHOBPEMEHHO OOJIbIIOe
KOJINYECTBO PA3JIMIHBIX KOHTPOJLIEPOB, HEOOXOIMMO KaKUM-TO 00pa3oM pasJin-
4aTh, KOMY IPEJIHA3HAUYEHbBI [IePEIaBaeMble JIaHHbIC WM, HA0DOPOT, KTO JIOJIXKEH
OTBETUTDb Ha 3aIIPOC JAHHBLIX. [IJIs1 9TOro BBOAUTCS IOHATHE NOPMa 6600a-6b616004.

[Topr BBOMmA-BBIBOMA IPEJCTABISIET COOON aOCTPAKIIMIO, MMEIOIIYI0 aJIpec,
MpEJICTABUMBIH Ha JaHHON mmHe. [ Kax10ro mopra BOSMOXKHBI (¢ TOUKH 3pe-
HUsI MTPOIECCOpa) ONepanuy 3anuct W 4MeHuA, TO eCTh, COOTBETCTBEHHO, Mepe-
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JIadM 3HAYEHUsT 10 3aJaHHOMY aJIPecy W 3aIlpoca 3HAYEeHWs C 3aJIaHHOTO aJIpeca.
Jnama30oH BO3MOXKHBIX 3HAUEHUH, KAK W JIMANA30H aJ[pecOB IIOPTOB, 3aBUCUT OT
APXUTEKTYPhI IIUHBI. 3& KaXX/JbIM KOHTPOJIJIEPOM UUCIUTCA OJIMH WUJIM HECKOJIb-
KO (a mHOIJa 1esias 00JIacTh) TAKUX 1OPTOB BBOJIA~-BbIBOJIA, IPUYEM, BO3MOXKHO,
YTO HEKOTOpbIE M3 HUX MOI'YT ObITH TOJIBKO IPOYUTAHBI, & HEKOTOPbIE — TOJILKO
3aITMCAHDI.

OTrmeTHM, YTO HOPT BBO/Ia-BBIBO/IA HECKOJILKO ITOX0K Ha OOBIKHOBEHHYIO sTUeii-
Ky HaMsiTh. Bojiee TOro, B HEKOTOPBIX apXUTEKTypaX, KaK Mbl YBUJIUM TI03KE,
IOPTHI BBOJA-BBIBOJIA PACIIOJATAIOTCSI B TOM K€ aJpecHOM NPOCTPAHCTBE, UTO U
OOBbIYHAST ONIEPATUBHAS [AMSATH, U TUTAIOTCSI /3AUCHIBAIOTCSA TEMU YK€ KOMAaHIaMu
1poieccopa. Tem He MeHee, 1HOPT BBOJIA-BbIBOJIA STYEHKON 1aMsITH HE SIBJISICTCS,
IIOCKOJIbKY B OOJILIIMHCTBE CJIy4daeB HUYEro He XPaHUT, & 3HAUYCHHUs, IUTaeMble
13 [OpTa, OOBIYHO OTJIIMYAIOTCS OT 3HAYEHUIA, Ty/la 3aHOCUMbIX (HE rOBOps yXKe O
TOM, UTO MHOI'HME€ HMOPTHI JIOCTYIHBI TOJbKO Ha UYTEHUEe UJIM, Ha0DOPOT, TOJILKO Ha,
3allCh). 3HAYEHHE, 3alMCHIBAEMOE B TIOPT, MOXKET MPEJICTAaBIATE COOOH KOl KO-
MaH/IbI, HAIpUMeEP, Ha BKJIOUEHHE MOTOPA >KECTKOTO JUCKAa, a 3HaUYeHHe, U3 TOrO
JKe TIopTa 9uTaeMoe, — KO/, TT0 KOTOPOMY MOYKHO OMpPEeNTh TEeKYIIee COCTOSTHIE
YCTPOUCTBA.

Kpome 1moproB, HEKOTOpbIe KOHTPOJIJIEPLI UMEIOT ellie u bydepa 660da-6vi60da.
Takue Oydepa 1npejicTaBiisior coOOil ONEPaTUBHYIO MaMsATh, KOHCTPYKTUBHO $IB-
JISIIOIYIOCS 9aCThbI0 KOHTPOJLIEpa U IpeJHA3HAUYCHHYIO JJisi OOMeHa MacCHBaMU
MHQOPMAIK MEXK/Iy KOHTPOJJIEPOM W IEeHTPaJbHBIM IporeccopoM. Hampuwmep,
JaHHbIe, IIpeHa3HaYeHHbIe JIJIs 3aliCH Ha JIUCK, HEOOXOIUMO CKOIIMPOBATDL B OY-
dep KoHTpOJIIEpa ITOTO AWCKA, a 3aTeM JaTh Yepe3 MOPTHI COOTBETCTBYIOILYTO
KOMaH/Iy Ha 3alliCh; HA00OPOT, IPU YTeHUH MHMOPMAIUU C JINCKA OHA TTOMEIa-
ercs B Oydep KOHTpoJIepa, OTKY/la e MOXKHO IIOTOM CKOIIMPOBATh B OCHOBHYIO
AMSITD.

Hpyrum npumepom Oydepa BBOJA-BbIBOJIA MOXKHO CUMTATH BUJIEOIAMSITH, TO
ecTh MaMsTh, B KOTOPOW XPAHUTCsT M300parKeHne, BUINMOE Ha KpaHe JINCILIEs.

11.6.3 Iloaxoapl K aapecanuu IMOPTOB

Ha nexkoTophIx mporeccopax IOPThI BBOJA-BBIBOJIA IMEIOT OTACILHOE aIpeCHOE
IPOCTPAHCTBO (KaK MPABUIIO, MEHBIICH PAa3PsIHOCTH, 9eM IPOCTPAHCTBO aJIPECOB
onepaTuBHOi naMsTu). B 9roMm ciydae jisi paboThl ¢ OPTAMU UCHOJIB3YIOTCSE
OTJIeJIbHBIC MHCTPYKIMHU Tporeccopa (Hanpumep, IN u OUT Bmecto MOV).

AnpTepHATHBHOE peIlleHne — Pa3MeCTUTh KOHTPOJIIEPHl YCTPOWCTB B TOM Ke
aJIPECHOM MTPOCTPAHCTRE, UTO U OMEPATUBHYIO TaMATh. B 3TOM ciydae mporeccopy
He HYKHBI OTJICTbHbIE MHCTPYKIMY JIJIsT pabOTHI ¢ TOPTaMU, BCE JIEJIAeTCs OOBITHOI
komaH,10it MOV. Takast cxema Oblita, Hanpumep, peajnsobana na PDP-11.
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Oj1HO W3 JOCTOMHCTB TaKOW CXeMbl — BO3MOXKHOCTH COITOCTABUTH HEKOTOPHIE
00JTaCTH TIOPTOB BBOJIA-BBIBOJIA BUPTYAJbHBIM aJIpecaM HEKOTOPBIX IPOIECCOB,
pPeOCTaBUB, TAKUM 00pPa30M, OTJIEJLHBIM ITPOIECcaM BO3MOXKHOCTDH B3auMOIei-
CTBUS C OIPEJCJCHHBIMI YCTPOHCTBAMU HAIPsIMYIO, 0€3 MOCpeCTBa OlepPaIiOH-
HOW cucTeMbl. B pe3ynbraTe, HaIpUMEp, MOXKHO BBIHECTU HEKOTOpBIE JIpaiiBepHhI
YCTPORCTB W3 sijipa B MOJIH30BATEIbCKIE TTPOIECCHI.

OrcyTerBue CrenuaJbHbIX WHCTPYKITUI JIJ1s B3aUMOJEHCTBUS ¢ TIOPTAMU Jie-
JIa€T BO3MOXKHBIM HAIMCAHUE JPAIBEPOB Ha S3bIKAX BHICOKOTO YPOBHs (TAKMX KaK
C-++) 6e3 mpuMeHeHUsI BCTABOK Ha, sI3bIKE acceMOJepa.

K HejocraTkaM ejmHOrO ajpecHOro MpoCTPAHCTBA MOYKHO OTHECTH, HAIPH-
Mep, TOT (akKT, ITO Ha TOPTHI PACXOYETCS OCHOBHOE aJIpECHOE MPOCTPAHCTBO,
KOTOpPOro Moxket ObITh He Tak MHOro. Ha PDP-11 3ra npobsiema ObL1a jloctaTou-
HO aKTyaJbHOM, T.K. aJipeca Ha 3To# MmarmuHe Obtu 16-6utoBbie. Kpome Toro, Ha
COBPEMEHHBIX IPOIECCOpax MPUMEHSIETC Kell-TIaMsTb, TaK 9TO yIaCTKH ajipec-
HOT'O MPOCTPAHCTBA, COOTBETCTBYIOIME OydepaM 1 mopTaM, U3 MPOIECca Keln-
pPOBaHUs PUXOJUTCA UCKYCCTBEHHO MCKJIOYaTh. HakoHel, onepaTuBHas MaMsTh
1 KOHTPOJJIEPHI YCTPOHCTB MPEACTABIAIOT cO0O0M CYIIHOCTH BEChMa Pa3JIndHbIE,
U TIOMECTUTH WX Ha OJIHY ODIIYIO IMHUHY MOYXKET OKa3aThCs 3aTPYAHUTEBHO, a IO~
CTPOEHWE JIBYX PA3HBIX IMUH TPW HCIOJH30BAHUU OJIHOTO ODIIEro MPOCTPAHCTBA,
aJIPECOB MIPUBOJIAT K HEOOXOJAMMOCTH Ha TOM WJIM WHOM yPOBHE MTPUHUMATH Perlie-
HUe, 110 KaKo#l mumne ciejyeT paboTarb ¢ KOHKPETHBIM aIPecoM.

Ele o/iuH BO3MOXKHBIN 110J1X0/1, TPUMEHsIEMbIil B apxuTekType 1386, siBjsercs
KOMOWHUPOBAHHBIM. [[OpTHI BBOJA-BBIBOJIA B 3TOM CJIyYae PasMeIaloTcs B OT-
JIeJIbHOM aJ[PECHOM TPOCTPAHCTBE, a Oydepa — B 0bIIEM.

11.6.4 KoHTpoJsjiep Kak CpeJaCcTBO abCTparupoBaHUA

CoBpeMeHHbIe KOHTPOJLIEPhl YCTPORCTE CaMi IPEJCTABISIOT cOOO0il J10CTaTOY-
HO CJIOXKHBIE YCTPOHCTBA, MO3BOJSAIONINE B PANE CAYIaeB a0CTPATMPOBATLCSA OT
HEKOTOPLIX 0COOEHHOCTEl annapaTypbl, YTO CHUMAET 4aCTh HAIPY3KHU C JpaiiBe-
POB YCTPOMCTB.

Tak, GOJLIIMHCTBO COBPEMEHHBIX JKECTKIX JINCKOB Ha CAMOM JIeJIe MMEeeT Ieo-
METPUIO (PACIIOJIOKEHUE CEKTOPOB), OTJIMIAIONLYOCH OT BUJMMOI J1jist OlIEPAIIMOH-
HOlt cucrembl. Hampumep, Ha 10poKKax, pacloOXKeHHbIX OJIMKE K HEHTPY JHUCKA,
JUIsl coXxpaHenus: DoJiee-MeHee MOCTOAHHON IJIOTHOCTH 3allUCH JIAHHBIX PasMela-
FOT MEHBIIIE CEKTOPOB, YeM Ha BHEIIHUX JOopokKax (puc. 17); BMecTe ¢ Tewm, ¢
TOYKHN 3PEHUsI BCeil OCTAILHON CHCTeMbI TeOMETpUs JIUCKa cOCTOUT U3 Nj, CTOPOH,
N, JIopokKeK Ha KaxKJoii cropone (MuIuHAPOB), Ny CEKTOPOB Ha KaXKJIOH JT0POXK-
Ke, IPUYeM BCe TPU MapaMeTpa MOCTOSHHBLI M HEe 3aBUCAT OT 3HAUYCHUs JPYTUX.
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Puc. 17: ®usnueckas u BUpTyaJbHas T€OMETPHS JTUCKA

OyYHKINIO 0TOOpaXKeHKsl BUPTYaJbHOM reoMeTpur Ha (pU3UIECKYI0 OepeT Ha cebs
KOHTPOJLJIEP JIMCKA.

Taxum 0Opa3oM, BHYTPHU CJI0s, 0DO3HAUEHHOIO HAMHU KaK <allllapaTypas, TaK-
JKe MMEIOTCsST pa3IndHble yPpoBHM abcTparnpoBanusi. Bripodem, 9T0 y»Ke BLIXOIUT
34 PaAMKHU HAIllero Kypca, IpejMeToM PacCMOTPEHUST KOTOPOIO SIBJISIIOTCS Ollepa-
[[IOHHDBIE CHCTEMBL.

11.6.5 JIBa crmocoba o>KuaaHus

Honycrum, apaiiBep ycTpoiicTBa BbIJaJl OCIEI0BATEIHHOCT KOMAHI 3alli-
CH B IIOPTHI, HEOOXOIUMYIO, YTOOBI HAUATH HEKOTOPYIO OIIepalliio BBOJIA-BLIBOJIA.
[TockosbKy ckopocTh PaboThl J1I0OOI0 BHEITHEIO0 yCTPOMCTBA KOHEUHA W B 0O0JIb-
IMTHCTBE CJIyYaeB CPABHUTEJBHO HEBBICOKA, JIO 3aBEpINEHUsT Omepalu (To eCTh
JI0 MOMEHTA, KOTJIa MOXKHO OYJ/IeT BOCIIOJIB30BATHCS PE3YJILTATOM) JOJIPKHO TPOii-
TU HEKOTOPOE BPEMH.

Kak yke orMmeudasoch B § 4.5, BOBMOXKHO J[Ba, [10JIX0/1a, K OpTaHU3aIINK OXK1 1A~
HUsI MOMEHTa 3aBepliieHust onepanuu. IpaiiBep MOXKeT MUKJIMIECKH OlpaliuBaTh
COOTBETCTBYIONINH TOPT BBO/IA B OXKUTAHUY TTOSIBJICHNS TaM 3HAUEHN, CBUIETEIIb-
CTBYIOIIEro 00 OKOHYAaHUU OTlepallnu (1/1 FOTOBHOCTU YCTPOMCTBaA K JaJIbHEHIIeH
pabore) — TAKOH BapUaHT Ha3bIBACTCH AKMUGHHIM OHCUOGHUEM U IIPUBOJUT K
HEIIPOU3BOJIUTEIHLHOMY PACXOJy MPOIECCOPHOI0 BPEMEHH.

B cBssu ¢ 9ruM 00bIYHO HPUMEHsieTCs JIpyTroit noaxos. [paiiBep ycrpoiticrsa,
BBITIOJTHSAET 3alliCh B MOPTHI, HHUITUUAPYs OMEPaIdio BBOJIA-BBIBOJA, IIOCJE TEero
npekpaiiaeT pabory, oTjaBas yipaBJjaeHue APyruM TOJICUCTeMaM sijipa, KOTOphIE,
B CBOIO OUEpEJib, MO HEOOXOJAUMOCTH MEPEBOJIAT MPOIECC, 3aTpebOBaBINTil (MIPsIMO
WJIM KOCBEHHO) JIAHHYIO OIEPAINio, B PEKUM BJIOKMPOBKHU, & 3aT€M MOTYT TOCTa~
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BUTH Ha BBINOJHEHNE KAKOW-JIM00 APYToii MPOIecc, eCJii TOTOBbIE K BHIITOJHEHUIO
[IPOIECCHI B CUCTEME €CTh.

Okon4aHue ornepaiun GUKCUPYETCsi COOTBETCTBYIOIIUM IIPEPbIBAHUEM, B pe-
3yJabTaTe KOTOPOTO JpaiiBep YCTPOMCTBaA CHOBa MOJyYaeT yIpaBJeHue (Ha cen
pa3 — oT 00paboTIMKa MPEPLIBAHNUS) U BBITOJHSICT JeHCTBUS, HEOOXOIUMBIE JIJIsT
3aBEPICHUs OTIepalliy U MoJIyueHus ee pe3yabraToB. O pesysibraTax JipaiiBep co-
obiiaeT BbiecTosdiei nojgcucreme. [Ipu 3roMm BO3MOXKHO, 4TO IIPOIECC, OXKMUJIAB-
Ui pe3ysibTaTa olepaluu, OyneT IepeBeeH U3 pexKuMa OJOKMPOBKHU B PEXKUM
IOTOBHOCTH.

11.7 DBydepun3anusa BBO/1a-BbIBOIA
11.7.1 TIlonarue Oydepusaliuu n IPUIUHBI €€ HEOOXOIUMOCTH

Kak MOXKHO 3aMeTUTbh, IPU OCYIIECTBJICHUN ONEPAIMK BbIBOJA MOXKET IOJIY-
YUTHCSA TaK, YTO COOTBETCTBYIOILYIO MIPOIEyPy Ha (PU3UIECCKOM YPOBHE HAYATh B
JIAHHBIT MOMEHT HEBO3MOXKHO. [IpousiiocTpupyem 310 Ha CJIejyloneM pumMepe.
Homycrum, nporece A MHUIMKUPOBAJ 3alIMCh B JUCKOBLII (haiis; B pe3ysabrare Iie-
MOYKHM BBI30BOB 3aI1POC HA 3Ty OTMEPAINIO TPaHCHOPMUPOBAJICs B 3aITPOC HA, 3aITHChH
OIIPEeJIeJIEHHOIO CeKTOpa, JIUCKa ¥ OBbLI IepeaH KOHTPOJIEPY B BUJIE HHCTPYKITUH
Ha MO3WIIMOHUPOBAHNE TOJIOBKH, OXKWIaHNEe HY>KHO# (ha3bl TTOBOPOTA, JINCKA 1 3a-
MUCH CeKTopa. Kak y»XKe oTMevasoch, 9TH (PU3NIECKUE OIepaluu TpeOyIoT Bpe-
MEHH, TaK 9ITO mporecc A mepeBoguTcsa B pexKuM OJOKHPOBKH, a HA BBIIOJTHEHHE
zaltyckaercs npoiecc B. [onycrum renepb, 4ro mnpoiece B Takxke 1norpedoBall
zamucu B paiiyi, npuyeM 3TOT pailjl HaXOUTCs Ha TOM »Ke (PU3UIECKOM JIHCKE.
OnepannonHasi CUCTEMa MOXKET TPaHCGOPMUPOBATH W €ro 3a1poc B HAOOP du-
3UYUECKUX Ollepalliil, 0JJHAKO B TaKOi CUTYyaIuu IepeiaTh UX KOHTPOJIIEPY TUCKA,
He TPEJICTAB/ISIETCST BO3MOXKHBIM, BEJIb KOHTPOJLIED BCE eIe 3aHsIT BBITTOJTHEHUEM
3akasza mporecca A.

Jloruuno ObL10 ObI OJIOKMPOBATH IpoIiece B 10 0cBOOOXK IeHNsI KOHTPOJLIEpa,
a 3aTeM yXKe TMPUCTYIUTh K BBIMOJHEHNWIO ero onepanuu. Jlomycrnm Tenepn ciie-
Iyomyio curyarnuio. Koarposiep mo 3amanmio mpomnecca A 3aHIT BBIIOTHEHHEM
orrepanyy B 00JIACTH TOCJIEIHUX IIUINHIPOB JNCKa. B 9T0 BpeMsi omepaimonHOi
cucreMe IpUIILIOCh cHavaJia OJIOKMpoBaTh 1polecc B, Tpedytoiuit olepaiuu B
00J1aCTHU NEePBBIX IUJIKHJIPOB, & 3aTeM — mporecc C', Tpebyolinii CHOBa OIepaIliu
C TIOCJICHUMU IUJIUHIpaMu. Ecau paccMaTpuBaTh COOTBETCTBYIOIIME 3AITPOCHI B
HOPsiJIKE MOCTYILIEHUsI, KOHTPOJIJIEPY IIPUJIETCs CHAYaJa IIepPeBeCTH TOJIOBKY U3
KOHEYHOW B HAYaJbHYIO MMO3WIINIO, & 3aTeM CHOBa B KOHeUHY0. Ecym mporeccehr A,
B u C 0ynyT npojonKaTh akTUBHO UCIOJIB30BATH JUCK, TAKKIE IIePEBOJIbI TOJOBKH
Tysa ¥ 00paTHO MOTYT BEChMa, HETaTUBHO CKa3aThCst Ha, 00IEeM ObICTPOIEHCTBIN,

66



[Torpirkn onruMusarmn (cravasa pasoyqurs nporece C) 3atem yxe B) mo-
TpeOYIOT OT CHCTEMHOIO ILJIAHUPOBIMUKA <3HAHWI> O TOM, KaK CJIEIyeT ONTHMU-
3UPOBATDH IIOCJIEI0BATE/LHOCTH 3allPOCOB K JIAHHOMY KOHKDPETHOMY YCTPONCTBY.
HaBaThb MJIaHUPOBINMKY TaKKWe 3HAHUs HEXKEJIATETbHO, BEJIb OHU CHEIU(UIHBI JIJIs
PA3HBIX TUIIOB YCTPOMCTB, a TaKyI0 CHEIUMUIHYI0 KH(MOPMAIUIO HE XOTEJI0CH Obl
BBIIIYCKATh 34 IIPe/esbl JpaiiBepoOB YCTPOUCTB.

Kpowme Toro, nporeccy B ero jajbHeiiiieit padbore, BOSMOXKHO, U He TpedyeTcst
JIOKUIATHCS PE3YJILTATOB OIEPallMi BbIBOJA, B IPOTHBOIOJJOXKHOCTEL OIllepaIiun
BBOJIA, PE3yJIbTAT KOTOPOI, CKOpee BCero, HeoOXOJuM B BbhIuncjeHusx. IToaromy
OJIOKMPOBAHUE MPOLECCa B OXKUJAHUK JIOCTYIIHOCTH KOHTPOJLIEPA JJIsi OLEPAIMH
MOKET OKa3aTbCs HEXKeJIaTeJbHbBIM.

Paccmorpum Temepnh omepaluio BBoja JaHHBIX. [lycTh mporece A 3ampocu
qTeHne JAaHHBIX U3 paiisia u ObL1 OJIOKMPOBAH B OXKUJIAHUU TIOCTYILJIEHUST STUX
JaHHBIX. Hepe3 HeKoTOpoe BpeMsi 00pabOTUYUK IIpepbiBaHUs COOOIINII JipaiiBepy
yCTPORCTBA O TOTOBHOCTH 3aIPOIIEHHBIX JaHHBIX. Tenephb jpaiiBepy HeoOX0omnMo
CKOIIMPOBATh JIaHHbIE U3 Oydepa KOHTPOJLIEpa Kyda-TO B HaMsITh. JIOrHYIHO ObI-
JI0 OBl KOTIMPOBATH HEMOCPEICTBEHHO B MPOCTPAHCTRO Tnporecca A, ograko 37ech
MOYKHO CTOJIKHYTbCSI €I1e ¢ OJIHON 1TPOo0JIeMOit: COOTBETCTBYIOIIAsi 00JIACTh TTaMsi-
TH MOXKET OKa3aTbCs OTKadaHa Ha JucK. Takum obpazom, JJjis pasrpysku Oyde-
pa KOHTpOJLIepa OT MOCTYIUBIINUX JIAHHBIX JpaiiBepy NMPUIETCs CHAaYaJa WHUIN-
NPOBATh 3arpy3Ky B MaMATh HYKHBIX CTpaHul] u3 objgactu mporecca A. UToObl
MOHSIThH HEJONMYCTUMOCTh TaKOr0 BapuaHTa, JIOCTATOYHO MPEICTABUTH cebe, ITo
00J1aCTDh TOJKAYKN PACIOJAraeTcs Ha TOM »Ke (PU3UUIECKOM JUCKE, UTO U IIPOUN-
TaHHbIC JIaHHbIEe. B 9T0i# cuTyanun jpaiiBep 3arOHUT CUCTEMY B TIOPOYHBINA KPYT:
9700bI OCBODO/IUTH KOHTPOJLIEP, HEOOXOIMMO CHAaYaJIa, 110/IKa9aTh B HaMsATh CTPa-
HUIBI Iporecca A, HO 4TODBI 3TO ¢1e/1aTh, HeOOXOAUMO CHada 8 0CBOOOINTD KOH-
TPOJLIEP.

BhIIens/i0’KeHHOE TOKA3bIBAET, ITO s/IPY YaCTO YKeJaTe/IbHO, & WHOI/IA 1 TTPO-
CTO HEODXOIMMO IIPHU IPOBEJICHUK Ollepalliuil BBO/IA-BbIBOJIA COXPaHAThH JAHHbIE B
HEKUX 00J1aCTsAX TMAaMSATH JIJIsi TPOMEYKYTOUHOTO XpaHeHus. Takue objacTu maMmsi-
TH HA3BIBAIOTCS Oydepamu 6600a-6v600a (MX HE CJIEJYET, pA3yMeercsi, MyTaTh ¢
OydepaMu KOHTPOJLIEPOB YCTPOHCTR).

11.7.2 O 6ydepusanum JUCKOBOTO BBOJa-BbIBOJIA

Cuoii mporpaMMHOro obeclieueHns, OTBEYA0IIero 3a (PyHKIMOHUpOBaHue Oy-
depoB, pacriosiaraeTcsi MEXK/Iy CJIOEM, OTBEYAIOIINM 33, yIIpaBieHue (pu3naecK-
MH YCTPOHCTBAME, ¥ BCEM, UTO HAXOJUTCS BBIIIIE,

st TMCKOBBIX yCTPoiicTB Oydepa opranu3yoTcs Kak Habop MOpIuii JaHHbIX,
COOTBETCTBYIOIINX TOMY, UTO JOANCHO HALOOUMBCA B CEKTOPAX (PU3NIECKOTO JINC-
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ka. B wrore mpm oneparuu 3ammcu, BMECTO TOTO, YTOOBI HEMTOCPEJCTBEHHO 00pa-
MATHCA K JIpaiBepy YCTPOUCTBA, BEPXHUN CJION dJIpa MPOCTO 3aHOCUT MePEeTaHHY IO
emy nHdopmanuio B 0ydep. paiiBep ycrpoiicrsa, nuMmeronuil goctyi K oydepam,
CaMOCTOSTE/IbHO OIPEJIEIUT OYEPEIHOCTb, B KOTOPO cojepkumoe Oydepos Oy-
JIeT peaJibHO 3allMCaHO Ha JUCK; HAIpUMep, IPU HAJUUIUU HECKOJIbKUX 0ydepos,
COOTBETCTBYIOIIUX CMEXKHBIM O0JIACTIM JUCKa, JIpaiiBep MOYXKeT 3alucarh uX BCe,
Ipek/Jie 9eM IIePexXo/IuTh K JIPYruM Oydepam, BHE 3aBUCUMOCTH OT TOI'O, CKOJILKO
BpEMEHU Ha3aJ COOTBETCTBYIOIIME Oydepa ObLIN CO3/IaHbI.

Cnenyer 3aMeTuTh, 4T0 Oydepusaliis IacTo NPUBOJUT U K YMEHbIIEHUIO UNC-
jga usmaeckux onepannii. Tak, ecan cnadasa nporecc A morpedoBas 3ammucu
HEKOTOPOI'0 CEKTOopa, 3aTeM Ipoiecc B morpeboBaj UTeHUsI TOIO K€ CEeKTopa,
MOMMUIIMPOBAJ TTOJyIeHHBIE JaHHBIE W TOXKe TOoTPeOOBaJ 3aIlnch, TO pusnde-
CKHU OIepalusl ¢ JIUCKOM, BO3MOXKHO, IMPOU30MIET BCero ojaHa. JleilcTBUTEILHO,
nHdopmanusa oT nporecca A okaxkercs: coxpaneHa B Oydepe; omeparius YT€HUsI,
3aIIPOIICHHAsT IIPOIECCOM B, HU K KaKuM (PU3MIECKUM JIeHCTBUSIM He IPUBEIeT:
eMy IIpOCTO BbLiajyT umH@opMaluio u3 oydepa. Hakoner, zampoc mpomecca B
Ha 3aIMCh MOJIUMUIIMPYET COJEPXKUMOE yrxKe CyInecTByforero Oydepa, n, eciau K
9TOMY BPEMEHH OIlepallis 3allUCU BCe ellle He ObLIa OCYINecTBJIeHA, BMECTO JIBYX
orepanuii Termephb MOTpPedyeTcst TOJIHLKO OJIHA: Ha 3aIMCh MOCJIEeJIHEH BEpCUN WH-
dopmanum.

OrmernM, 9TO TakKWe CUTYAIud JIEHCTBUTEILHO HEPeIKH: CUCTeMHbIe 00Ja-
CTU JHUCKa, OTBeYaoIye 3a riobajbHble mapaMeTpbl (pailjioBoil CUCTeMbl, MOTYT
MOJIBePraThCs MOJNMUKAIINNA OYEHb 9aCTO, U SKOHOMUST MOXKET JOCTUTaTh ThICST
JIOTMYECKUX Olepaluii Ha ojHy (pU3HIECKYIO.

11.7.3 Bydepusanusa nmocjeaoBaTeIbHBIX MTOTOKOB BBOJa-BbIBOJIA

[TocsieoBaTeIbHBIE TOTOKK BBO/IA-BBIBOJIA, OOBITHO HCIOJIB3YIOTCS MPU Tepe-
Jlavue JIAHHBIX Ha MevaTh, TP nepejaatde nH(OpPMaIi 110 JIOKAJIBHON ceTr WIn 110
MOJIEMHOMY KAQHAJIy W T.II.. 3JIECh TaK>Ke BO3ZHUKAIOT OIPEJICJICHHbIE TPY/HOCTH,
B OCHOBHOM OOYCJIOBJICHHbIE KOHEUHOCTBIO CKOPOCTU OOMeHa ¢ IepudepuiiHbIMU
YCTPOMCTBAMMU.

Bydepuzanust 1moc/ie10BaTe/IbHOr0 BBIBOJIA TTO3BOJIsIET TTPOIECCaM HE KJIaTh
Pe3YJIbTaTOB BbIIOJIHEHUS Ollepallui BbiBOJla. 1T0 Kacaercs Oydepusaliuu BBOJIA,
TO C ee TIOMOITBIO MOYKHO HAKaIIMBATHL WHMOPMAIINIO, TOJYIEHHYIO OT BHEITHETO
MCTOYHMKA (HAIPUMED, MOJIEMa), ¢ TeM, 4T0Obl BbIJIATh €€ YUTAIONIEMY [1POIEC-
Cy B OJUH TIpueM (3a OJIUH CUCTEMHBIH BbI30B). [IOCKOJIBKY CHCTEMHBI BBI30B,
KaK Mbl BUJIEJIN paHee, TPeJIcTaB/isier coboil ornepalnio JOpOrocTosIyi0 B IJIaHe
UCTIOJIb30BAHUS MTPOIECCOPHOTO BPEMEHH, a WH(OPMAIMS OT BHENIHETO yCTPOii-
CTBa, MOXKET TTPUXOINTH HEOOJIBITTUMHI MOPIUSIMHU U JIayKe OTAETHHBIMUA CHMBOJIAMU
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(baiiramn), Oydepusalmst 3/1eCh TakXKe PUBOUT K SKOHOMUHU PECYPCOB CHCTEMBbI.

Kpome Toro, B HEKOTOPBIX CJaydasax Oydepusarus mocaegoBaTeIbHOI0 BBO-
Jla OKa3bIBaeTCs HEOOXOJIMMa II0 TeM »Ke IIPUYUHAM, 4TO 1 Oydepusalus BBOJA
JINCKOBOI'O: HEOOXOIMMOCTH OYMCTKU KOHTPOJIJIEPA MOXKET BOBHUKHYTH B TOT MO-
MEHT, KOIJIa IIPOIECC, JIJIsi KOTOPOro IpeHa3HaYeHbl I0JIyUeHHbIe JaHHbIe, JII0O
HAXOJIUTCS B OTKATaAHHOM COCTOSTHWW, JIMOO 3aHAT JPYTUMU JIEHCTBUSIMU U HE BbI-
IIOJTHSIET BBI30B UTEHMSI.

11.7.4 OrpaandyeHnd Ha 00beM OydepoB

[TockobKy Oydep MOXKeT MOHAJ00UTHCA B CAMblil HEIOIXOJAINNA MOMEHT U
BPEMEHHU Ha ero MoJIKavdky He Oyjer, Oydepa BBOIA-BHIBOIA BCETUIA, PA3MEIIAITCS
B IIAMSITH sJIpa, KOTOpasi He TOJJIEXKUT OTKAUYKe 1 MoAKaduke. KaxXIblil JOMmo/IHN-
TeJIbHBII Oydep yMeHbIaeT KOJMIeCTBO JOCTYITHOW (DU3NUIecKoil naMsaTu. fcHo,
q10 001Kt 00bem OydepoB B cucTEME OKa3bIBACTCS OIPAHUYEH.

ITo jocTuzkeHnn IpejiesIbHOr0 COBOKYIIHOI'O 00'beMa, JIMCKOBBIX 0ydepoB HEKO-
TOPBIE U3 HUX MOI'YT OBITh JIMKBUIUPOBAHbI, 9TOOBI OCBODOUTH ITAMSATD 110J HOBbIE
oydepa. JIuKBuIMpPOBaTH, OJHAKO, MOXKHO HE BCsaKuii Oydep: Tak, ecyiu B Oydepe
COJIEP>KATCs JaHHbBIE, MOJJIEXKAIINEe 3alTUCH Ha JIMCK, HO €Ie Ha JUCK HE 3aICaH-
Hble, YHIUITOXKATH TaKoii Oydep Heb3s.

Ecsin nipeiesibHbI 00beM JIOCTUTHYT, a 0ydepoB, JOMyCKAIOIINX JUKBUIAIINO,
HeT, OUepejiHast Olepalsi JUCKOBOIO BbIBOJIA BCe 2Ke OyjieT 3a0JIOKUPOBaHA, JIO TeX
110D, IIOKa JipaiiBep He 3allMileT Ha JUCK HWH(POpPMAIKUIO U3 HEKOTOPBIX CYIIECTBY-
folux OydepoB u He 0cBOOOUT OYdEPHYIO AMSITD.

AnaylormaaeIM 00pa3oM MPOUCXOAUT 1 paboTa ¢ OydepaMmu moceI0BaTeIHHO-
ro BbIBOJIa. IIpy ux mepenojnennn odepeHas omepalins BbIBOJa Oyrer OJI0KIPO-
BaHa JI0 TeX IIOp, IoKa B Oydepe He 0CBODOIUTCS MECTO.

Hawnbosiee Tskesoii siBIsieTcst cUTyallnsi nepernojinennsi Oydepa mociaeaoBa-
TeJILHOTO BBOJA. Takoe MOXKeT IPOM30MTH, HAIPUMED, €CJIA M0 KaHAJy CBI3U I10-
CTYHAIOT J@HHBIE, & IIPOIECC, OTBEYAIONIUI 3a UX IOJydeHue u oOpaboTKy, IO
KaKUM-JIM00 [IPUYUHAM YTEHMsl JAHHBIX HE HPOU3BOJAUT (HAIIPUMED, IPOCTO HE
ycreBaet). B aTom ciryuae BO3MOXKHA MOTEPsT BXOJIAIINX JTAHHBIX, PA3PBIB COETHHE-
HUsI 110 KQHAJIY CBSI3M U T.I1. ZICHO, 9TO TaKUX CUTYAIMH CJIEyeT 110 BO3MOXKHOCTH
HE JIOIYCKATh.

11.7.5 CuHXPOHHBII U ACMHXPOHHBII BBOJ-BLIBOJI

MHoria HEOOXOUMO TOYHO YJIOCTOBEPUTHLCSI B TOM, 4TO MH(OpMAaIKd, Hepe-
JlaHHasi B Olepalluy BbIBOJA, ObLIa (pu3muecky 3alncaHa Ha, JKUCK. B kadecTse
IPOCTEHIIEro MpuMepa MOYKHO HA3BATH OMEPATINIO BBIBOJIA HAa CHeMHBIH JTUCK (Juc-
Kery) repej hbU3HIecKuM yiaJeHueM 9TOro JINCKa W3 CUCTeMbl. Bosiee CioKHbIM
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SIBJISIETCST TTPUMEP ¢ DAHKOMATOM, BBIJIAIOIIUM JEHLIU: MTPEXK e €M BbIJIATH MAaIKy
OAHKHOT, HEOOXOIMMO YIOCTOBEPUTHCS B TOM, UTO 9Ta OIepalldsd peabHO 3a]uK-
CUPOBaHa B JIOJTOBPEMEHHON aMsATH, TO €CTh YTO CO cUeTa KJIUeHTa COOTBETCTBY-
IOIIAasi CyMMa, CIIMCaHA.

DTO JIOTUYIHO TMPUBOJUT HAC K BOIPOCY O TOM, B KaKO# MOMEHT cJieJlyeT Bep-
HYTh yIIPaBJIEHNE MPOIECCY, 3aIIPOCUBIIIEMY OIEPAINIO BHIBOJIA.

IBa MPOTHUBOIIOJOXKHBIX MTOJIX0/Ia COCTOAT B TOM, UTO YIIPABJICHIE MOYXKHO BEP-
HYTh Cpa3y 2Ke, 3alncaB JaHHabie B Oydep n He J0KUIasiCh KaKNX-JI100 Pesyiih-
TATOB, JINOO, HAIIPOTHUB, 3amucaTh nHOpMannio B Oydep, HO yIpaBIeHUe MOJIb-
30BaTEJIbCKOMY IpOIeccy He BO3BpaIlaTh, IMOKa omepalus He OyJeT (pusndecku
[IPOU3BEJICHA.

OTHU JBa TOXO0/la HA3bIBAIOTCS, COOTBETCTBEHHO, GCUHIPOHHOIM W CUHTPOH-
HOLM.

Acuraxponnblit moxo/1 3pGEeKTUBEH M0 BpeMEeHH, MOCKOJBKY MO3BOJISET TIPO-
Ieccy MpoJIoJKaTh paboTy, HE JOYKHUAsCh OKOHUAHWS MeJJIEHHOH (hu3naeckoit
orneparuu. C Jpyroit CTOPOHBI, CHHXPOHHBIN TMOAX0JT OOJiee HAJIEYKEeH, T.K. €CJIH
BO BPEMsi BBITIOJIHEHUST (PUBUIECKUX JICHCTBUI C YCTPOWCTBOM TTPOU30IJIeT KaKasi-
Jin0o o1ndKa, 00 TOM MOXKHO OyJIeT Cpasy Ke COOOIIUTH ITPOIECCY, TOIJIa KaK 1pu
ACHHXPOHHOM MTOCTPOEHUHU BBIBOJIA MPOIECC MOYKET JlayKe YCIeTh 3aBEPIIUTHCS J10
TOTO, KaK Pe3yJIbTaThl ONEPAINKA CTAHYT W3BECTHHI.

BrIO0op TOr0 MJIM MHOTO MOJIXO/A 3aBUCUT OT CTOSIIIH Mepej] HaMU KOHKPETHBIX
3aJ1a4. K npumepy, daitoBbie cucTeMbl MOXKHO HUCIIOJIB30BATh KaK B CHHXPOHHOM,
TaK U B ACHHXPOHHOM pexknuMe. HacTo UCOIb3YeTCsT TOIX0/, TPU KOTOPOM (hUKCH-
POBaHHBIE JIUCKH PabOTAIOT B ACHHXPOHHOM PEXKUME, & CheMHbIe JIMCKH (JINCKETHI,
duter-Kaprhbl 1 1p.) — B CHHXPOHHOM.

OTMeTuM, 9TO UMEHHO MPUMEHEHNEeM ACMHXPOHHOTO pexKmma 00y-
CJIOBJIEHA KPAalH#As HEXKEJIATeJIbHOCTb BBIKJIIOUYEHUS MUTAHUS KOMITbIO-
Tepa 0e3 MOATOTOBKM CHCTEMBI K TaKOMY BBIKJIIOYEHMWIO. PesynbraTom
HEOXKHUJJAHHOTO OTKJIIOUEHUsST MUTAHWS MOXKET CTaTh, KaK M3BECTHO, HAPYIIECHHUE
IEJTOCTHOCTH (hailJIoBON CUCTEMBI U MTOTEPST JAHHBIX, & MHOT/IA W TIOJIHOE pa3pyIiie-
Hue ¢aifJoBoit crucTeMbl Ha, JIOTHIECKOM YPOBHE, HECMOTPST HA TO, IYTO (PU3NIECKH
alraparypa MOXKeT MPU 9TOM HUCKOJIBKO HE MOCTPAJIATh.

[Ipu pabore B acCHHXpPOHHOM pexKHUMe OIepalMOHHas CUCTeMa OOBITHO TPeo-
CTaBJISIET BO3MOXKHOCTH IPUHYJIUTEJILHOIO cOpoca cojiepkumMoro 0Oydepos Ha
JIUCK. DTO HA3BIBACTCA NPUHYIUMENHOT CUHTPOHUSAUUET.
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Jlekniusa 6

12 ®aijija0BbIiA BBOA-BHIBOJI

12.1 OOmue nmoaaTuda (paiijIoBBIX CHCTEM

Ilon ¢hatinom B TEpMUHOJIOTUHN, CBSI3aHHON ¢ KOMIIbIOTEpaMU, OOBITHO TOHUMA-
eTcsi HeKuit Habop XpPaHMMBbIX Ha, BHEITHEM 3allOMWHAIOIEM YCTPONCTBE JaHHbIX,
UMEIOIIU nmst!.

[Toxcucrema onepanroHHONl CUCTEMbBI, OTBeJaOIIas 3a XpaHeHne nHpopMalnu
Ha BHEIIHUX 3aIOMHHAMONINX YCTPORCTBAX B BUJIE NMEHOBAHHBIX (DaiijoB, HA3bI-
BaeTcst Patinosoti cucmemot.

TepMmun ¢atinosas cucmema THOTIA UCIOJB3YETCs B COBEPIIEHHO NHOM 3Hae-
HUK, & UMEHHO, JiJisi 0003HaYeHUs] CTPYKTYP JIAHHBIX, CO3/IaBAEMbIX Ha, BHEITHEM
3aIIOMUHAIOINIEM YCTPOMCTBE € TeJIHI0 OPTaHN3aIuN XPaHEeHNUS Ha 9TOM yCTPOMCTBe
JIAHHBIX B BUJIe MMEHOBAHHBIX (paitmoB. OOBIYHO M3 KOHTEKCTa MOXKHO OJIHO3HAU-
HO OLIPEJC/INTD, Kakas U3 JIByX <(ailJIoBbIX CUCTEM> UMEETCs B BHUJLY, TaK 4TO
IIyTaHUIIbl TaKas Meperpy3ka TepMuHa He CO3J/1aeT.

Pannne (aitioBble cuCTeMbl TIO3BOJISINA JlaBaTh (paifjamMm mMeHa TOJHLKO Orpa-
HUYEHHOW JIJIMHBI, IPUYEM 3TH UMEeHa HaXOMJIMCh B OJITHOM ODIIEM ITPOCTPaHCTBE
HMMeH; eCTeCTBEeHHO, OT UMeH TpeboBaIach YHUKAJILHOCTL. fICHO, 9TO TaKoil moI-
XOJ MOKeT paboTaThb JIUIIb JIO TeX 10D, IoKa (ailjloB Ha OJIHOM YCTPONCTBE CpaB-
HUTEJHbHO HEMHOrO. C pocToM 00BbEMOB JIMCKOBBIX HAKOMUTEEH HoTpedOBaIaCh
boJiee TOKas cxeMa, KMEHOBAHMSI.

Y10o0BI CO3/1aTh TAKyi0 THOKOCTH, BBEJIU MOHSATHE JUPEKMOPUL, WU KAMAAO-
2a’. Karasor nipecrapiser coboit ocobwrit Tut daiiia, Xpanammii nvMena haition
(HEKOTODbIE U3 KOTOPBIX, BOBMOXKHO, CAMU sIBJIsIOTCs KaTajoramu ). [Ipu cozpanun
Ha JiucKe (pailjioBoil CUCTEMbI CO3/IA€TCs OJUH KaTaJjor, HAa3bIBAEMbIH KOPHEGbIM
kamanozom. Ilpn HEOOXOAUMOCTU MOXKHO CO3/IaTh JIONOJHUTE/]bHbIE KATAJIOIH, &
X UMeHa 3aIlicaTh B KOpHEBO#. Takne KaTaJoru WHOT/Ia, HA3bIBAIOT Ka1Man02a.MuU
nepeo20 yposhsa (6a00icennocmu). B HUX, B CBOIO 0Y€pPejib, TOXKe MOXKHO CO3/IaBaTh

!9lcno, uro sra dpasa He MOKET LpereHI0BaTh Ha POJib CTPOIOIO OLIPEIEeIeHHH; OHA, JaHa JIMIb I8 TOro,
9T00BI 3abUKCHPOBATH OCHOBHBIE HYYKHBIE HAM CBOHCTBA (baitnos

2B aHI/10A3bI9HOI TUTEPATYPE UCIONb3YeTCH TEPMUH directory; CJIOBO <KaTAJIOrs MPeJCTaBadeT coboil Goee-
MEHee TOYHBINM TePEBOJl ITOr0 TEPMUHA HA PYCCKUi, OJHAKO B HOCJTEIHUE TOJbI CJIOBO <IUPEKTOPUS> BOILIO
B JIHCTBYIOIIHI CJIOBAPHBIA COCTAB PYCCKOIO si3bIKa, ME€pecraB ObITh KAProHHbIM. OTMETHM, 4TO CJIOBO <Ka-
TaJIOr> TOYKE WMEET WHOCTPAHHOE MPOUCXOXKIEHUE, MPOCTO OBLIO 3aMMCTBOBAHO paHbIe. B mociemnune roabi
MapKEeTWHTOBAS TIOJUTHKA OTIETbHBIX KOMITAHUN ObLTa HATPAB/IEHA HA 3aMeHy TepMmuHa directory cioBoMm folder
(coorBercTByIOUMI pyCCKUii mepeBos, — <Iankas ). s npodecCHoHaIbHBIX IIPOrPAMMUCTOB TaKas JIEKCHKA
HerpuemsieMa XOTs Obl 110 TOil NPUYUHE, YTO /Ui CMEHbI MCIIOJIb3YeMOoro (M yCTOSIBIIErOCs) TEPMUHA HYZKHBDI,
O-BUIUMOMY, HOJIee BECKHE MPUIUHbBI, HEXKEJIU MHEHHE JTAJIEKUX OT ITPOrPAMMUPOBAHNS COTPYIHUKOB OTAEJIbHO
B34TONH KOMMEPYECKOI KOMTaHUN.
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KaTasoru (8mopozo ypoeHa), u T.].

[Tpn mcrosb30BaHNKM KaTAJIOIOB MOXKHO TOBOPHUTH OTIEIBHO O KPamKoOM WA
AOKANOHOM UMENY Patisg (TO UMsT, KOTOPOE (hailsl UMEET B <CBOEM> KATAJIOTe) U O
NOAHOM UMENY (Patiag W NOAHOM NYMU % Patiay (CTPOKA CUMBOJIOB, BKIIOYAIO-
ITas MocjIeI0BaTeIbHO UMEHA, KATAJIOTOB TIEPBOTO, BTOPOT'O U T.JI. YPOBHE, a 3aTeM
nMst caMoro daiiia B mocseaem u3 Karajaoros). Vimena karanoros u daiiia 00br4-
HO PasJIe/IsiioTCs ClienrabHbIM cuMBOJIOM; B cucremax MS-DOS u Windows s1o
obparHast Kocast depta (<\>), B cucreme Unix — mpsimast Kocas depta (</>). Tak,
ecJI MbI CO3JIaJIMM KATaJIOT TIePBOT0 yPOBHST WOrk, B HEM CO3J1a/ MM KaTaJiol BTO-
pPOro ypoBHSI project, B KOTOPOM paszMecTuM ailji program.c, TO MOJHBIH MyTh
K aromy daitity B OC Unix Oyzer Boirysiiers Tak: /work/project/progranm.c.

OOBIYHO B KaXK/I0M KaraJjore cyiiecrByer (haiij co crennaabHbIM HMeHeM, 000~
3HAYAIONINI KaTaJor 00Jjiee BLICOKOTO YPOBHSI, COJEPKAIIUil JJAHHBII KaTaJjor (TaK
HazbiBaeMbIil podumesvcrut xamanoe). B OC Unix, a nosgaee u 8 MS-DOS u
Windows, B KauecTBe TaKOTO CIEMUATHLHOIO UMEHN UCIOIb3YeTCsl <. . (JIBe TOU-

[Tpu pabotre ¢ daitamMmu 0OLIYHO HEKOTOPBIN KaTaJor Ha JIUCKE TeM UJIU UHBIM
criocoboM obbsaBsieTcs mexywum. K daitmam, HAXOIANUMCS B TEKYIIEM KaTajio-
re, MOYKHO 0OpallaThcst 6€3 yKazaHus My TH, UCIOJIb3Ys TOJLKO KPATKOE M.

st obpamienunst K daitiam, HAXOAANIMMCS BHE TEKYIIEro KaTaJjora, MOXKHO
HCIIOJTb30BATh KAK MOJHBIA MyTh, TAK U OMHOCUMEALHOIT NYMb, COCTOAIIN 13
MMEH KaTaJIOrOB, TTEPBBIH 13 KOTOPHIX HAXOAUTCS B TEKYIINEM, BTOPOil — B MEPBOM,
u 1.J1. [Ipu HeoOX0MMOCTH MOYKHO HUCIIOJIB30BATDH CHEIUAJIbHOE UMST, CChLIAIOIIEEC s
Ha POJIUTENILCKII KaTaJIor.

[IycTn, K puMepy, B daitioBoii cucTeme ecTh daitin
/home/work/projects/task/prog.c u /home/fun/books/alice.txt. Ilycrs
Terniepb KaTtajor /home/work/projects o0baBien TekynmMm. OTHOCHTENbHBIMU
nyTsaMu Hammx (aifaos OyJlyT B 9TOM cilydae, COOTBETCTBEHHO, task/prog.c u
../ ../fun/books/alice.txt.

OnepanuoHHble CUCTEMBl OTJIMYAIOT MOJHBIE IMIyTH OT OTHOCHUTEIbHBIX HAJIU-
YUIO0 CUMBOJIA-PA3JIEINTEIs [IEPEJ] IEPBbIM HMEHEM B IyTH. ECIu 3TOT CUMBOJI
(mpsimast i obpaTHas Kocast depra, B 3apucumoctu ot OC) B Hauase myTH mpu-
CYTCTBYET, TO Mbl UMEEM JIEJIO C MOJIHBIM ITyTEeM, €CJIM HET — TO ¢ OTHOCHTEJILHBIM.

12.2 ®Daiigosag cucrema OC Unix
12.2.1 MonaTnpoBanue

B ornnune or MHOrMX npyrux omepannoHubix cucrteMm, B OC Unix daitsoBas
cucrema mpejicrapisierT coboit enHoe JepeBo Kartajgoros. B nms daitia au B KakoM
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BUJIE HE BXOJUT MMsi yCTPOHCTBA, Ha KOTOPOM 5TOT haiia Haxomurcest (To ecTh
HIYEro aHAJOTHIHOTO MPUBBITHBIM J7Ts1 mostb3oBareseii Windows obosnauenusm
A:, C: u . B OC Unix mer).

B caydae, eciii B cucTeMe HMeeTCsI HeCKOJIbKO JIMCKOB, OJIMH U3 HUX 00bsIBJIsSCT-
CA KOPHEBBIM, & OCTAJIBHBIC MOHMUPYIOMCA B TOT WX MHON KATAJIOr, Ha3blBaeMblil
moukot monmuposanus (aHDII. mount point), TPH STOM JIJIS yKA3AHU TTOJHBIX
nyreit K daitjaam Ha 9TOM JIMCKEe HEOOXOIMMO K IIOJIHOMY MMeHH baitjia B paMKax
JINCKa JI00ABUTH CIIEped MOJHBIN IyTh TOUKKM MOHTHpoBaHus. K mpumepy, ecin
y HaC eCcTh JMCKeTa, Ha Hell co3/laH KaraJjor work, B HeM — aiiy prog.c, a ca-
Ma JINCKeTa CMOHTHUPOBaHA IO KaTasjor /mnt/floppy, MOMHBIH MyTh K HaIIEMy
aitny Oyzer Boirisiers Tak: /mnt/floppy/work/prog.c.

12.2.2 HWwmena ¢aiijioB 1 MHAEKCHBIE JI€CKPUIITOPBI

B OC Unix kaTajor# XpaHAT TOJbKO UMsI (aiijia 1 HEKOTOPBI HOMEp, II03BO-
JIAOMKA 1IeHTUUIIPOBATH COOTBETCTBYIOU daity. Besa npouas undopmalius
o daiisie, BKJIOUas €ero pasMep, PACIOIOKEHUe Ha JIUCKE, JAThl CO3IAHMSI, MOJIN-
dukanuu u mnocjegsHero obpallleHns, JaHHble O Bjajesblie daiina u o mnmpaBax
JIOCTYIIa K HEMY CBSI3bIBAIOTCS He ¢ MMeHeM (aifiia (Kak 910 Jeaercs BO MHOIMX
JIPYTHX OMEPAIMOHHBIX CUCTEMAX), & ¢ BBIMIEYITOMIHYTHIM HOMEDOM.

XpaHuMasi Ha BHEIITHEM 3aITOMUHAIOIIEM YCTPOUCTBe (IUCKe) CTPYK-
Typa JaHHBIX, cOoAep2kallasg BCIO mHAOpMaIUio o0 dQaiijie, NCKI04Yasd
ero uMsi, Ha3bIBaeTCd UHIeKCHbM deckpunmopom (auri. inder node, win
i-node). VHeKCHBIE IECKPUTITOPHI NMEIOT HOMEpa, YHUKAJIbHBIC B paMKax Qaii-
JIOBOH CHCTEMbI JAHHOI'O JincKa. VIMenHo HOMep (aiijioBOro JIECKPHUIITOPa U Xpa-
HUTCS B KaTaJore BMecTe ¢ uMeneM daiia.

Ormerum, uro umsa ¢aiiia B OC Unix MoxXKeT OBbITH JOCTATOYHO JIIMHHBIM
(0OBIYHO OrpaHrvYeHre cocTaBisgeT 255 CUMBOJIOB) U COJIEPXKATH, BOOOIIE MOBODS,
JIIOOBIE CUMBOJIBI KpOME HYJIEBOTO M CHUMBOJIa-pasjennTess. Tak, uMms ¢aiiia us3
MSITHAIATH TOYEK sIBJISIETCsT ¢ TOYKHU 3pennsi Unix BIOJIHE JTOMYyCTUMBIM. TeM He
MeHee, HaCTOATEIbHO He PEKOMEH IYeTC sl UCIOIb30BaHne B UMeHaX (DaiijioB TaKuX
CUMBOJIOB, KaK TTPO0eJI, 3Be3019Ka, BOCKINIIATEILHBI U BOTPOCUTEILHBIN 3HAKH,
XOTsI 9TO ¥ BO3MOXKHO. TaK»Ke PEKOMEH/IyeTCsl BO3JIEPKATHCS OT UCIIOJb30BAHNS B
rMeHax (DailjioB CIerCcuMBOJIOB (TaKue Kak MepeBoJ| CTPOKH, TaOyJIsIis, 3BOHOK,
backspace u 11p.) 1 CUMBOJIOB ¢ KOJIOM, MpeBbIaomnm 127 (Takux, Kak pyccKue
oyksbl). Hakower, nMst aiiyia KpaiiHe He PEKOMEH/yeTCsl HAYMHATH ¢ CHUMBOJIA
<«-» (munyc). Hecobsoienne s1ux peKoMeHJAIMil TPUBOJUT K BOZHUKHOBEHUIO
pobJieM B pabore. [IpobeMbl TAKOTO Pojia BCeria MOI'YT OBITH IIPEO0JIeHbI, O]I-
HAKO MPEOJIOJINMOCTH TPYIHOCTEH He SBISIETCS MOBOJOM JIJIsT UX CO3MAHWSI.
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12.2.3 2XecTrkue ccpLiIKu

B OC Unix gomnyckaercsi, 9T00bI JBa njin 6ojiee umer hatiiog, paciojgoKeHHbIX
KaK B Pa3HbIX KaTaJorax, TaK ¥ B OJIHOM, CCBbLIAJKACH Ha OJMH U TOT »KE& HOMED
UHJIEKCHOTO JIECKPUIITOPA.

Acuo, uTo cozpaercs daiii o1 OJHUM OlIpeJieIeHHbIM uMeHeM. [lononure)ib-
Hble UMeHa (pailyl MOXKET IOJIYUUTD M032Ke ¢ IIOMOIIbIO CUCTEMHOTO BbI30BA

int link(const char *oldpath, const char *newpath);

rje oldpath — cymecrByioriee nms aitjia, newpath — nosoe ums. Takue nme-
Ha HA3BIBAIOTCS olcecmiumy cevakamu (auri. hardlinks). OTanduTsh KeCTKYIO
CCBIJIKY OT OPUTMHAJHLHOTO WMeHu paiijia HEBOZMOYKHO: 9TH MMEHa COBEPITEHHO
pPaBHOIIPABHBI.

fAcHo, 9TO XKecTKast CChIIKA MOXKeT ObITh yCTaHOBJIEHA TOJHBKO B paMKax O/l-
HOTO JINCKA; JIEHCTBUTENBHO, HyMepallus WHJEKCHBIX JECKPHUIITOPOB Y KayKJOTO
JINCKA, CBOSI, TAK UTO COCJAThCS Ha WHIAEKCHBIH JECKPUTITOD APYroro JINCKa, He
[PEJICTABIIACTCS BO3MOXKHBIM.

B WHIEKCHOM JIECKPUIITOPE COJIEPXKUTCsI, KPOME BCEro MPOYEro, Cuemyur Ko-
AUYECTNBA CCHIAOK HA JaHHbI jeckpuirrop. [Ipu cosjanuu daitia s1or cyeTdmnk
yCTaHABJIUBAETCA B €JUHUILY, TIPU CO3/IaHUU HOBOMN YKECTKON CCBIIKU — YBEJINIH-
BaeTCs HA €JIMHUILY.

OyukIys, IpegHasHadeHHasd JJisd yaajenus daiina, HaszbpBaercd unlink (),
YTO WHOIJIA BBI3LIBAET YAMBJICHUE Y IPOIPAMMUCTOB, 1510X0 3HaKOMbIX ¢ OC Unix.,
B OC Unix sra (yHKIMSA SBJIAETCSI CHCTEMHBIM BBI30BOM, YAAJIONIAM CCHLAKY
Ha aiis, 970 1 00bICHSIET MPUINHBI TAKOTO Ha3BaHusi. [Ipu BHITOJIHEHNN BHI30BA,
unlink () wmsd ynajasercsa W3 KaTajora, a CIeTUYHK CCBLIOK B COOTBETCTBYIOIIEM
MHJIEKCHOM JlecKpunTope yMmenbiaercs. Cam daiia yaanasercs TOIbKO B Caydae,
ecJ yJaJleHHast CChLIKA Oblia TMOCTeHel (CIeTInK 0OpaTWcs B HYJb), W TPH
9TOM (pailsl He ObLT HU OJHUM U3 IIPOIECCOB OTKPBIT HA 3allUCh WU UTenue. Eciu
cueTunK oOpaTuiics B HyJib, HO (pailjl KeM-TO OTKPBIT, y/aJieH OH OYJIET TOJIbKO
MOCJIe 3aKPBITHUS.

Hr0obbI CO3/1aTH XKECTKYIO CChIIKY CPEJCTBAMU KOMaH/IHOM CTPOKHU, MOXKHO BOC-
MOJIB30BaThCsT KoMaH 10# 1n. OHa moxoXka Ha KOMAaHJy Cp, HO OCYIIECTBJIAET He
KolupoBaHue gaitjia, a co3jlaHue Jijisi Hero HOBOI'0 UMEHH.

Co3nanne »KeCTKINX CChLJIOK Ha KaTaJoTu CHUCTeMa 3arpeniaet. [leio
B TOM, 9TO CO3JIaHUE YKECTKUX CCHLIOK Ha KATAaJOI'W MOXKET ITPUBECTH K BO3HUK-
HOBEHWIO OPUEHTHPOBAHHBIX IUKJIOB B JepeBe KATAJOTOB: HAIPUMEp, K TaKOMY
IUKJIy TTPUBEJIO Obl BBHITIOJHEHNE KOMAH/I

$ mkdir a; cd a; mkdir b; cd b; In ../../a ./c
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B sT0it curyaiuu momnbiTKa peKypCUBHO TPONTH KaTaJjor a, HaIpPUMEp, C IEeJbIO
nojicyeTa KoJndecTBa (hbailJloB B HEM 3aKOHUYHWJIACH OBl 3aIlUKJIuBaHHEM. Kpowme
TOTO, 0Ka3aJ0Ch Obl, YTO KATaJOT & HEBO3MOXKHO YIAJUTH, Beb OH BCErJIa YTO-TO
COJIEPKUT (KOCBEHHO OH COJEPKUT caM cebst).

[To 3Toit mpuunMHe KecTKNe CChIIKN Ha KaTaJOTH 3alpelieHbl Ha, YPOBHE sIipa
OIlePaIllMOHHON CHUCTEMbl, IIPpUYEM HUKaKHe IIpaBa JOCTyla He IMO3BOJAIOT 3TOT
3amper 0DOUTH.

12.2.4 Tunsl daitaoB. CuMBoOJIMYIECKNE CCBLIKN

Karanorn B daitmonoii cucreme OC Unix saBagioTcs He Oojiee deM datiiamu
cneyuasvrozo muna. Boobiie roBopsi, nHGOPMAaIINIO, COAEPKAIILYIOCS B KaTaJsore
(MMeHa U HOMEpA MHJIEKCHBIX JECKPUITOPOB), HEOOXOJAUMO 1jie-TO XpaHuThb. [1o-
9TOMY BCE, YeM Ha HU3KOM YPOBHE OTJIMYAETCs KaTaJor OT OObIYHOTO (haiiia — 5T0
3HaUeHUe [PU3HAKa TUIA B UHJIEKCHOM JjlecKpulirope. B ocrajibHOM xpaHeHue Ha
JINCKE KaTaJjora OpraHM30BaHO TOYHO TaK 2Ke, KaK U XpaHeHue 0ObIYHOro Qaiia.

Kpome 00branbIX (aiijioB 1 KaTajgoroB, olnepaluoHHbie CUCTEeMbl OObIYHO T10/1-
JIEPXKUBAIOT U JAPYTHe cleluajbHble TUlbl (paitios. Tax, B ¢ailJoBbIX cucremax
cemeiicrea FAT (MSDOS, Windows u nekoropsie jpyrue OC) npumMepom Takoro
CIEIUATBHOTO THMa (bailra MoXKeT ObITh memra moma (volume label).

B OC Unix nojjiep:KuBaeTcss CpaBHATEIbHO DOJIBIIOE KOJHUUIECTBO Pa3HOBU/I-
Hocreit (aityioB crienuabHOro Tuila: (aiijibl 0alT-OpUEeHTUPOBAHHBIX U OJIOK-
OPUEHTUPOBAHHBIX YCTPOICTB, UMeHa COKeTOB, mMeHoBauHble Kanaybl (FIFO) u,
HAKOHEIl, CUMBOAUYECKUE CClAKU. B 9TOoM naparpade Mbl pacCMOTPUM CUMBOJIN-
YeCKHUe CCBbLIKH; K OCTaJIbHBIM THIIaM (PailjioB Mbl BEPHEMCSI ITO32KeE.

Cumposnueckast cebliika (anri. symbolic link) npejpcrapisier coboii daii crie-
IIAJIBLHOIO THUIIA, COJEpXKAaIuil mMs Apyroro (aitaa. Onepariust OTKPBITUS CHM-
BOJINYUECKOI CCBIJIKK Ha, YTEHKE WJIM 3allUCh IIPUBOJIUT HA CAMOM JieJie K OTKPbITHIO
daiisia, Ha KOTOPbI OHA CCHLIACTCS, a HE €€ CaMOI.

B oTamdune oT XKeCTKOW CChIIKU, CAMBOJUYECKAs CCHIIKA JIETKO OTJIUYUMA, OT
OCHOBHOrO nMmeHu ¢aityia. CUMBOJIMIECKasl CChLIKA UMeeT CBOM COOCTBEHHBIH HO-
Mep MHJIEKCHOTO JIECKPUIITOPa U uMeeT cBoit Tun. Co3janue u yaaJeHne CUMBOJIU-
YECKOM CChIJIKM HUKaK He 3aTparnBaer HU (paiiji, Ha KOTOPbIi OHA CChLIAETCs, HU
ero MHJEKCHBIH neckpunTop. Bojee Toro, dhaiii, Ha KOTOPBI YKa3bIBaET CChLIKA,
MOZKeT BOOOIIE He CYIIEeCTBOBATbH B MOMEHT €€ CO3JIaHusl, UJI MOXKET OBbITh y/laJeH
103JIHee.

CHMBOJIMYECKHE CCHLIKU CO3/IAI0TCsS BHI30BOM

int symlink(const char *oldpath, const char *newpath);

OUeHb ITOXOXKUM Ha y2Ke pacCMaTpUBaBIIuiicsa Bb30oB 1ink (). YiajleHue CuMBOJIN-
YECKOMN CCHhIJIKU TTPOUCXOJUT y¥Ke PACCMOTPEHHBIM BhI3oBOM unlink ().
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st co3ianmsi CUMBOJIMYECKON CCBHLIKU CPEJICTBAMU KOMAH/HOW CTPOKHU CJie-
JIyeT UCIIOJIH30BATh YKE pacCMaTPUBABIIYIOCI KOMaHIy 1n ¢ dpJytarom -s:

$ In -s /path/to/old/name new_name

12.2.5 IlIpaBa gocrymna K daitiam

[Ipasa jocryna K daitiny (aHIII. access permissions) OUpeesIsior, KTo U3 1M0JIb-
3oBareseil (ToTHee, MPOTECCOB) KAKHe OMEpPAIMU MOXKET C JaHHbIM (ailyioMm mpo-
U3BECTH.

[TpaBa xpaHATCS B WHAEKCHOM JIECKPHUIITOPE B BUje 12-0uTHOTO citoBa. Mia/i-
e 9 OUT TOro CJIoBa OO'bEJIMHEHBI B TPU I'PYIIIBI 110 TPY OUTA; KaXKjiasi IPYIIa
3aJlaeT MpaBa JOCTYNa JJIs BJAaJeNbIa paiiia, Ui TPYNIbI BAAJCTbIA W JIJIs
BCEX OCTaJbHDIX MOJIb3oBaTreseil. Tpu OuTa B KaXKJ10ii TpyIIe OTBEYAIOT 3a MPaBo
yrenust paiisia, HpaBo 3amnucu B (aitj u 1npaBo uctojiHeHus daiiia.

Hrob6bl y3HATDH MpaBa JIOCTYIa K TOMY WJIH WHOMY (Daiiyly, MOKHO BOCIIOJIB30-
BaThCd KOMaH [0l 1s -1, Hanpumep:

$ 1s -1 /bin/cat
-TWwXr-xr-x 1 root root 14232 Feb 4 2003 /bin/cat

Pacrnosioxkennast B HauaJje CTPOKHU I'PYIIIA CUMBOJIOB -IWXT -XT -X [TOKA3bIBACT THII
daiia (MepBbIii CUMBOJI — <MHUHYC> O3HAYAET, YTO MbI HMEEM JIeJIO ¢ OObIKHOBEH-
ubiM aitiom, 6ykBa d o3Hauaga OB KATAJOD U T.II.) W MPaBa JOCTYIA, COOTBET-
CTBEHHO, JJisi BJaJebla (B JaHHOM CJydae IWX, T.e. 4TeHHe, 3allCh U UCIOJI-
HEHUE), IPYIIIbl U BCEX OCTAJIbHBIX (B JIAHHOM Cjlydae r-X, T.e. IpaBa Ha 3allCh
orcyTcrBytor). Takum obpaszom, daitr /bin/cat 1ocTyeH JI060MY MOTH30BATEIIO
Ha YTEHNE W WCIOJTHEHWE, HO MOAN(UIMPOBATH €r0 MOXKET TOJHKO M0JIH30BATEIb
root (T.e. aIMUHUCTPATOP).

[TockosbKy rpyrina u3 Tpex OuT COOTBETCTBYET POBHO OJIHON I pe BOChMe-
PUUHON CHCTEMbl CUUCJIEHUsI, OOIEIPUHSITON SIBJISIeTCs MPAKTUKa 3aIlUCh CJIOBA
paB JiocTyla K ailjay B BHJEe BOCBMEPHYHOIO YKCJa, OOBIYHO TPEX3HAUHOIO.
[Ipu srom mutaiuii paspsi (nocsie/Hsist udpa) CoOOTBETCTBYET IpaBaM Jijist BCeX
MOJIb30BaTECH, CPeJIHsIs — MpaBaM JJIsi TPYIIbL U cTapiiasi (OOBITHO OHA HJET
camoii reppoii) mudpa obozHavdaer npasa s Biajebia. [IpaBa Ha ncnosHeHne
COOTBETCTBYIOT 1, MpaBa Ha 3alluch — 2, IpaBa Ha dTenue — 4; COOTBETCTBYIONINE
3HAYEHUST CYMMUPYIOTCS, T.€., HAPUMeD, TTpaBa Ha 9TeHUe W 3al1ch 0003HATAI0T-
cst uchpoit 6 (4 + 2), a npaBa Ha uTeHne u ucnoHerne — udpoit 5 (4 + 1).

Taxum obpasom, mpasa gocTyna K ¢aiisy /bin/cat us Harero npuMepa MoK-
HO 3aKOJMPOBATH BOCHMEPUIHbIM unciiom 07553,

3Q6parure BHEMAaHIE, YTO YHCJIO 3AIHCAHO ¢ HyJIeM BIEPeIH; COIMIACHO HpabBHiaM sa3blikKa C 3TO o3Hadaer,
9TO YMCJIO 3aTNCAHO B BOCBMEPUYHON CUCTeMe
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st Karajoros nHTeprperans OUTOB MpaB JIOCTYa HECKOJIbKO OTJIMIAeTCS.
[IpaBa ma dTenme KaTajora JAlOT BO3MOXKHOCTH MPOCMOTPETH €T0 COJEPKUMOE.
[IpaBa Ha 3amuch MO3BOJSIOT MOAMMUIUPOBATH KATAJOT, T.e. CO3/[aBaTh W YHU-
YTOXKATh B HEM (pailjibl (Hpﬂqu YJIaJIUTh MOYXKHO U 4y2KO0# (pailji, a Tak»Ke TaKoii,
Ha KOTOPGLI IIpaB JOCTyIla HeT, T.K. JOCTaTOTHO UMETh IIpaBa JIOCTYyIIa Ha 3allUCh
B caM Karasior). Uro kacaercst Oura npaB <Ha UCIHOJHEHUEs, J[Jisi KATAJora 9TOT
OUT o3HAYAET BOBMOXKHOCTH KaKUM-THOO 0OPa30M UCIOJb30BATH COMEP:KUMOe Ka-
TaJora, B TOM YHCJIe, HAllpUuMep, OTKPbIBaTh (pailjibl, HAXOSAIIMEeCs B KaTaJjore.
Takum 0Opa3oM, ecjim Ha KaTaJIOT YCTAHOBJIEHBI MpaBa UTEHUs, HO HET MpaB HC-
IIOJIHEHUS, MBIl MOXKE€M €TI0 IIPOCMOTPETDH, HO BOCIIOJIb30BATHCs YBUJIACHHLIM HaM He
yjacresd. Hanporus, ecjiv ectb 1ipaBa UCHOJIHEHUSI, HO HET 1IPaB YTEHUs, Mbl MO-
YKeM OTKPBITH (Pailyl U3 3TOro KaTajaora TOJbLKO B TOM CJIydae, eCJu TOYHO 3HAEM
uMs paitia. Y3Harh UMs Mbl HUKAK HE MOXEM, T.K. BOBMOXKHOCTH TPOCMOTPETH

KaTaJior' y HaC HET.

OcraBwnecs Tpu (cTapwmnx) paspsiga cfnoea npae gocTyna HaseiBatoTcst SetUid Bit (04000),
SetGid Bit (02000) n Sticky Bit (01000).

Ecaun gns ucnonusiemoro cpaiina ycraHoeuts SetUid Bit, aToT chaiin byget npu mcnonHeHnm
NMeTb NpaBa CBOEro BiaAesbLa (Hale Bcero — nonb3oBaTeNst root) BHe 3aBUCMMOCTMN OT TOrO, KTO
U3 nonb3oBaTenein cooteetcTeyownii daiin 3anyctun. SetGid Bit paboTaeT noxoxum obpasom,
ycTaHaenmeas 3beKTUBHYIO Fpynny nosib3oBaTtens (B otauyne ot 3¢pekTUBHOro ngeHTndrnKaTopa
nonsb3osaTens). [pumepom suid-nporpammel sensieTcs passwd.

Sticky Bit, ycTaHOB/EHHBbI Ha ncnonHsiemom daiine, B HekoTopbix Bepcusx OC Unix obosHa-
4aeT, 4YTO CErMEHT KOfA MPOrpaMmebl CiaefyeT OCTAaBUTb B NaMSATH JaXKe NOC/E TOro, Kak NporpaMmma
DymeT 3aBepLueHa; 3TO NO3BOJIET 3KOHOMUTbL BPEMS HA 3arpy3Ke B NaMATb NPOrpaMm, NCMONHAEMBIX
yaie gpyrux.

[nsa katanoros SetGid Bit o3Hauyaet, 4TO, Kakoii Dbl NOMBL30BaTENb HU CO3[aN B 3TOM KaTa-
nore cpaiif, B Ka4eCcTBe <rpynnbl BAagenblas ans storo daiina byaer ycTaHOBMEHA Ta Xe rpynna,
4YTO N y camoro katanora. Sticky Bit o3Ha4aeT, 4TO, Aa)ke ecnn nNoabL30BaTeSlb UMEET MPaBoO Ha
3annCb B JaHHbIA KaTasor, yaanuTb OH CMOXET TOJIbKO CBon (npuHagnexawue emy) aiibi.

JI11 M3MEHEeHHs IpaB JI0CTYIA K (ailjlaM UCIoIb3yeTcs KoMana chmod?. Dra
KOMaH/1a MO3BOJISIET 3a]1aTh HOBBIE TIpaBa JIOCTYIIa B BUJI€ BOCBMEPUYHOTO YUCJIA,
HallpuMep:

$ chmod 644 myfile.c

ycranapiupaer jyisi (aitia myfile.c npaBa 3alucu TOJILKO JiJisl BJIaJEJibla, a
IpaBa YTEeHUsI — JJIsI BCEX.

[IpaBa gocryma TakkKe MOXKHO 3aJaTh B BHJIE MHEMOHHUIECKOH CTPOKK BHJIA
[ugoa] [+-=] [rwxsXtugo] Byxsnr u, g, 0 1 a B HavaJje 03HAYAIOT, COOTBETCTBEH-
HO, Biajesbia (user), rpymmy (group), Beex ocTagbHbIX (others) m Bcex cpasy
(all). <+»> ozHavaer gobaBjIeHAE HOBBIX NIPAB, <-> — CHATHE CTAPBIX IIPAB, «=> —
YCTaHOBKY yKa3aHHBIX 1IPAB U CHATHE BceX ocrajbHbIx. [lociie 3Haka OyKBbI ', W, X

4coxparmenne caos Change Mode
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O3HAYAIOT, KAK MOYKHO JIOIa/IaThCs, IpaBa Ha ITEHWE, 3aliCh U UCIIOJHeHNnE, OyK-
Ba S — YCTAHOBKY /CHsiTHE Set-OMTOB (MMeeT CMbICI JIJIsT BJIAJIEeIbIIa U IPYTIIbHI), t
obozmataer Sticky Bit. Byksa X (3aryaBnast) o3nadaer yCTaHOBKY /CHATHE OUTA
UCIIOJTHEHUST TOJIBKO JIJIs KQTaJIOroB, a TakxKe Jijist Tex (hailjioB, Ha KOTOPbIE XOTs
Obl ¥ KOro-HUOY/Ih €CTh TpaBa MCIIOJTHEHUS .

Eciin koman 1y chmod ucroJib30BaTh ¢ KJIIOYOM -R, OHa IIPOBEJIET CMEHY IIPaB
JIOCTYTIa KO BceM paifjiaM BO BCEX MOJJIMPEKTOPUIX 3aJIaHHON JTUPEKTOPHUH.

Hampumep, komanjga chmod a+x myscript cienaer ¢aitn myscript ucmod-
HAEeMbIM; KOMaH1a chmod go-rwx * CHUMET cO BcexX (DallJIoB B TEKYIIEM KaTaaore
BCe IIpaBa, KpoMe IpaB Biajenbiia. O4eHb M0JIe3HON MOYXKeT OKa3aThCs KOMaH/1a

chmod -R u+rwX,go=rX ~

Ha cJydali, eciu BbI CJydaliHO UCIOPTUTE TTpaBa JIOCTYIa B CBOel jomarineit jau-
PEKTOPUHU; 3Ta KOMaH/la, CKOpee BCero, MpuBeer BCe B yJOBJICTBOPUTEIILHOE CO-
CTOSAHUE.

JJist CUMBOJIMYECKUX CCBIJIOK IpaBa, 00bIYHO MI'HOPUPYIOCS U UCIOJIB3YIOTCs
npaBa aiisa, Ha KOTOPbIE JJAHHAA CCHLIKA CChLIAETCH.

AcHo, 4TO UBMEHUTH TPaBa MOJb30BATE/]b MOXKET TOJILKO JIJIsi TTPUHAJIICKa-
mux emy ¢aitinos. Ha mosib3oBaress ¢ nmpaBaMu root 3TO orpaHUYueHME He Jeii-
CTBYeT.

12.3 CucreMHBI€ BBI30OBHI JJId PaboThI ¢ (paiitamn
12.3.1 OrTkprpiTue daiiaa

Yrobbl HayaTh paboTy ¢ ailjoM, ero HEOOXOIUMO OMKEPLIMDb, TO €CTh 00b-
sIBUTH OIIEPAIMOHHON cucTemMe, 9To Hallla IporpaMMa cooupaercs paborarh ¢ JiaH-
HBIM (aitjloM. DTO JIeIaeTCsl CUCTEMHBIM BBI30BOM

int open(const char *name, int mode);
int open(const char *name, int mode, int perms);

[Tapamerp name 3ajaer uMs Qaiiaa, KOTOPBIH MBI XOTUM OTKDBITh. DTO MOMKET
OBITH KOPOTKOE UMsT (pailia, HaXOMSIIErocs B TEKYIIEM KaTaJore Wil XKe MyTh K
daiimy (Kax MOJHBIA, TaK ¥ OTHOCHTEIHHBIN ).

[Tapamerp mode 3ajiaeT pexKUM, B KOTOPOM Mbl HaMePEHbI padoTaTh ¢ (paitjiom.
OcnoBubiMI pexkumaMu sBJistioTcss 0_RDONLY (tosbko drernne), 0_WRONLY (TosibKO
samch) u O_RDWR (urenue u 3anuch). OJHYy MX 5TUX TPEX KOHCTAHT yKa3aTh
HEOOXOINMO.

Kpome nepednciieHHbIX OCHOBHBIX KOHCTAHT, CYIIECTBYIOT eIle u Modudui-
PYI0ULUE KOHCTAHTBI, KOTOPbIE IIPU HEOOXOJAUMOCTH MOXKHO JI0OABUTH K OCHOBHBIM,
VICTIOJIL3YS ONEePAIUIO TOOUTOBOTO <WJIN>. K 3THM KOHCTAHTAM OTHOCSATCH:
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O_APPEND — oTkpbITh paita Ha JjobaBieHre B KOHEIl: KaxKjasi Oleparusi
3aIlICH OYJIeT OCYHIECTBISIThH 3aliCh B KOHEI (baiia;

e 0_CREAT — eciiu haitsia He cyInecTByeT, pa3peliuTh OlepallOHHOI cucreme
€ro co3JlaHue;

e 0_TRUNC — ecsu ails cyliecTByer, mepeji HauajgoM padoThl COPOCUTH €ro
cTapoe COJIEPXKUMOe, B pe3yJibrare vero jijiuHa paiijia craHeT HyJIeBOii; 3a-
UCh HAUYHETCs ¢ HavaJga gaiia,;

e 0_EXCL — (ucrosb3yercst TosibKo B coderannu ¢ 0_CREAT) morpeboBath o1
OIIepaIlMOHHOM CHCTEeMBbl CO3JaHKs HOBOro paitna; ecan aita yxe cyie-
CTBYET, He OTKPbIBaTh €I'0, BblJIaTh OLINOKY;

CymecTByIoT 1 HEKOTOPBIE JIPyrue MOJIU(DUKATOPDI.

Tperuit nmapamerp (perms) ciejyer 3ajaBaTh TOJLKO B CJIydae, eCiy 3HaUE-
HUE BTOPOTO TTapaMeTpa MPeJIoJaraeT BOSMOXKHOCTh co3fanus daiiita (To ecTb
ecsin ucnosib3yercst 0_CREAT). DTor mapameTp 3ajaer mnpasa JIoCTyna JJisi co3/1a-
Baemoro aiina. 3aberas BIepej, OTMETUM, UTO U3 3HAUYEHHUS] ITOTO IIapamMeTpa
cucTeMa, TTOOUTOBO BHIYUTAET OINpEJIeIeHHOE YUC/I0, HazkiBaeMoe umask. [Tosromy
npu co3gaHum ob0brdHOrO (haiina JaHHBIX (TO €CTh HPU YCJIOBHM, HUTO
MBI HE COOMpaeMcs ero UCHOJHATH KaK MPOrpaMMy ), cjieiyeT 3a4aBaTh
3HadeHue 0666, 1To 03HAYACT HAJIMYKE IIPAB HA YTEHHE U 3alMCh (HO HE HA HC-
MOJIHEHWE) JIJIST BJIAJIEJIbIA, TPYIIILL U BCeX OCTalbHbIX. OOBIMHO MpaBa Ha 3aluCh
JUIsT TPYIIBLI U OCTAJBHBIX IOJB30BaTE/Iel MCYe3al0T MOCJe BhIYMTAHMS umask,
eCJIM YK€ TOI'0 He IMPOUCXOIUT — 3HAUUT, TaK XOTeJ M0Jb30BaTEeb.

Cucremublii BpI30B open() BO3BpalnaeT 3HaveHue -1 B cjaydae, €CIu TTPO-
u30IJI1a Ta UM uHas omubka. Ecim ke daitsn OTKPbITH yaJi0ch, BO3BPAIACTCs
HeOOJIBITIOE TIeJIoe HeOTPUIATEIBHOe INCII0, HasbiBaeMoe deckpunmopom gatiagd.

DaitoBbIil TECKPUIITOP HA CAMOM JIeJie PACIOIaraeTcsa B SJIpe OIepaIumoHHOl
CUCTEMBI, SIBJISISICH €€ 00'beKTOM JaHHBIX. B 110J1b30BATE/ILCKOM ITPOIECCEe HaM J10-
CTYIIEH JIUIIb HOMEDP Jeckpunmopa — 1eJioe HeOTPHUIATeIbHOe THCJI0, UCIOIb3ye-
MO€, ITOOBI pa3anvdaTh MeXK Iy co0oil (haitoBbie TeCKPUTITOPHI, MPUHAIJIEKAIIIE
OJIHOMY M TOMY K€ IPOIECCY. 3aMETHM, 9TO HOMEpP JICCKPUIITOPA JIOKAJIEH 110 OT-
HOIIIEHUIO K IIPOIECCY: CKaXKeM, JIeCKpUIITOp NeH MOxKeT B OJHOM IIpoliecce ObITh
CBs3aH ¢ OfHUM (pailjioM, B JIPyrOM — C COBCEM JPYI'UM, & B TPETHEM U BOBCE HE
COOTBETCTBOBATH HUKAKOMY IIOTOKY BBOJIa-BbIBO/IA.

JlecKpuITOpbl MOI'YT OBITH CBsSI3aHbI HE TOJILKO C OTKPBITBIMU pailiaMu Ha
JINCKE, HO U C IMOTOKAMU BBOJIa-BbIBO/A IIPOU3BOILHON IPUPOIbI. JJeCKpruITopsI ¢

3 JleCKpUTITOPHI OTKPBITHIX (haifios HI B KOEM CIydae He CleayeT MyTaTh ¢ UHIeKCHbLMU 0eCKpUNMopaMU, 3TO
COBEPIIIEHHO PA3HBIE M HUKAK MEXKIy cO00il He COOTHOCAIMECS CyITHOCTH. OTMETHM, 9TO B QHIJIMIICKOM S3bIKE
ca0BO descriptor TPUMEHSIETCS TOJBKO /I 0003HAYEHUsT JECKPUNTOPOB OTKPBHITHIX (DANMIOB, TEPMUH K€ UH-
dexcnull deckpunmop NpeacTaBisger coboil mpuMep HeyAaqHOro (HO NPUXKUBIIErOCs ) HePeBOJIa: OPUTHHAJIbHBII
AHTJIOS3BITHBIN TepMUH index node BOOOIE HE COMEPAKUT CJI0BA descriptor n OyKBaIbHO MOXKET ObITh IepeBeIeH
KaK UHOeKCHbLT Y3en.
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Homepamu 0, 1 1 2 urpaior ocodyo poJib: MporpaMMbl 0OBITHO UCXOJIAT U3 COTJIa-
IIeHNs, YTO UMEHHO JIECKPUIITOPHI ¢ STUMHU HOMEPAMU SABJISIOTCS CTaHIaPTHBIMU
IIOTOKaMHU BBOJIa, BbIBOJIa 1 cO0DIEHMIE 00 omnOKax. OObIYHO Ha MOMEHT 3allyCcKa,
POrPAMMBI 3TH JIECKPUIITOPBI YK€ OTKPbITHI.

CkazaHHOE HE 03HAYAET, YTO Mbl HE MOXKEM KCIIOJIB30BAThH 9T JIECKPUIITOPHI
JIJIsT CBOUX TeJIeil WJIM CBA3ATH WX C JIDYTUMU TTOTOKaMU BBOJA-BbIBOJIA, B YaCTHO-
cru, ¢ aitiamu. ITojpodbHee K 3TOMY BOIPOCY MbI €Ille BEPHEMCSI.

12.3.2 Yrenue u 3anuch

Yrenue uz daitna (wiu, ropopsi 6osiee MUPOKO, U3 JHOOOIO MOTOKA BBOJIA)
IIPOU3BOAUTCS BBI3OBOM

int read(int fd, void *buf, int len);

[Tapamerp fd 3ajyiaer daityioBbiit jeckpunrop; buf ykasbiBaer Ha Oydep, B KO-
TOPBIl CjIeyeT MOMECTUTDb [IPOYNTaHHbIE JaHHbIC; len coodIaeT BbI30BY pasMep
oydepa, aTo0bI 1306€KaTh €10 1ePEIOJHEHHUS.

Boizos read () mblTaercsi IpounuTaTh U3 3aJIaHHOIO 1IOTOKA len OaiT jaHHbIX.
Eciu B yKazaHHOM IIOTOKE OTCYTCTBYIOT JIaHHbIE, FOTOBbIE K IIPOUTEHUIO, BHI3OB
OJIOKMPYET BhI3BAABIIIHI MTPOIECC JI0 TEX TOP, MOKa JTaHHBIE HE TIOSIBSITCS, ¥ TOJIHKO
1ocJie UX IPOUTEHUs] BEpHET yIpaBjeHue. Kciau JaHHbIE HPUCYTCTBYIOT, HO HX
Meree 1eM len OaiiT, BHI30B COXpPAaHWUT nX B buf u BepHET ylpaBieHue.

BrizoB Bozppaiaer —1 B ciydae omubku. B ciaydae ycrenHoro 4reHusi Bo3-
BPAIIAETCS HOJOKUTEJILHOE YUCI0, O3HAYAIOIIEE KOJUIECTBO POUNTAHHBIX OaiT.
EcrecTBeHHO, 3TO 4KC/IO HE MOXKeT ObITh O0JibIe len.

OcobbIM citydaeM siBiisieTcst Bo3paliiaeMmoe 3nadenue 0. Ecan read () Bepmyn
HOJIb, 9TO O3HAYAET, YTO B 3aJIaHHOM TTIOTOKE BBOJ/Ia HACTYIINJIA CUTyallus KOH-
ma daiiga. B vacrtnocTu, s 0O6bIuHOrO (haitsa 3To o3HaYaeT, UTO MbI JJOUUTAJIH
JIO €ro KOHIA 1 OOJIbITIE TaM YUTaTh HEYEro.

Huist 3anmcn B daitn (mim gpyroil MoTOK BbIBOJIA) MOXKHO HMOJIb30BATHCS BBI30-
BOM

int write(int fd, const void *buf, int len);

[Tapamerp £d 3ajaer daiiiosbiit jeckpunrop; buf ykasbiBaer Ha Oydep, comepka-
MU JTAHHBIE, KOTOPBIE HEOOXO MO 3amucarh B (aiist (nin apyroii ToToK BBIBOJIA);
len 3ajiaeT KOJMUYECTBO ITUX JIAHHDIX.

BrizoB Bozppaiaer —1 B ciydae omubku. B ciydae ycrenHoro 4reHusi Bo3-
BpAIACTCS MOJOXKHUTEILHOE YNCI0, O3HAYAIOIee KOJUIECTBO 3alUCAHHbIX OaT.
EcrecrBenno, 310 uncio He MoxkeT ObITh Gosibiiie len. B OoJbIIMHCTBE CIyvaen
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YUCJIO 3alMCAHHBIX 0afT B TOUHOCTH PaBHSETCS 3HAYEHUIO 1en, OJHAKO MOJIaraTh-
¢s1 Ha 9TO OMACHO. B KOppeKTHO HAMMCAHHOM ITporpaMMe 3HadeHne, BO3BPAIaeMoe
BbI30BOM write (), 00s3aTe/IbHO JIOJ2KHO [IPOBEPATHCS.

12.3.3 3akpsiTue (aiiia

[Tocsie okonuanmst paboTh! ¢ paitjioM ero cieyer 3aKpbiTh. ITO OCODEHHO BaK-
HO, TOCKOJIbKY JIECKPUITOPDI TIPEJICTABIISIOT COOO# OrpaHUIEeHHBIN pecypc (Tmommpo-
CTy TOBOPsI, WX 00Iee KOJIMIECTBO B CUCTEME HE MOYKET MPEBBINATH HEKOTOPOTO
IUCIA, KAK U KOJIMIECTBO JIECKPUTITOPOB, OTKPBITHIX OJIHUM MTPOTIECCOM ).
SakpbiTie (aiijia TPOU3BOJIUTCA BHI30BOM

int close(int fd);

riae £d — nmeckpunTop, mojaekamyil 3aKpbITHio. Ber3oB Bozpparmaer (0 B ciaydae
ycrexa, —1 B ciaydae OInmOKu.

OrmerrM, 9TO IPU 3aBEPIIEHUN TTPOIECCa BCE €r0 JIECKPHUIITOPDHI 3aKPHIBAIOTCSI
aBTOMATUYIECKHU.

12.3.4 Ilo3unmoHupoBaHue

Ilpu BbIMOSTHEHUN OMEpANWil UTEHWS W 3AITUCH JOCTYI aBTOMATUYECKH OCY-
IECTBJISIETCS K N0CACJ068AMENbHVIM TIOPIUIM JlaHHbIX B (baiiie. omycTtum, Mbl
OTKPBLIH (pailyt Ha uTenue. Kcim Teneph HavaTh BLI3BIBATH read () ¢ mapaMeTpom
len, pasubiM 100, TO 1epBbIil BLI30B pounTaer u3 graitia 6afiThl ¢ HYyJIEBOTO 110
99i1, Bropoit Bb3oB — OaiiTol ¢ 100ro mo 199ii, rpernit — daiiter ¢ 200ro o 299it
u T.I.

DTOT TOPSIIOK MOXKHO TIPU HEOOXOAMMOCTH HAPYIIUTh, N3MEHUB B SIBHOM BU-
7le 3HaveHne mexyuyeti no3uyu, CBI3AHHON ¢ (dailloBeIM geckpunrtopoM®. DTo
JIEJIAETCST BHI30BOM

int lseek(int fd, int offset, int whence);

[Tapamerp fd, kak oObIUHO, 3aj1aeT HOMeD haitoBoro jgeckpunropa. [lapamerp
offset ykasbiBaer, Ha CKOJILKO OailT cjiejlyer cMecTuThCsi, U apamerp whence
OlIpeJieJisIeT, OT KAKOI'0 MeCTa STH OalThI cjiejlyeT OTCUUThIBaTh. [Ipu 3HaveHun
whence, pasuoMm koncraute SEEK_SET, orcuer noitjier or nadaJia aitia; npu 31a-
yenun SEEK_CUR — or Texkyineit nosuiuu, u nipu 3Hadenun SEEK_END — or koHI1a
daitsia. BoizoB Bo3BpaliiaeT HOBOE 3HaUEHUE TEKYIIEH TO3UIINK, CUUTas OT HAYaJIa.

SKax MBI yBUANM M3 JAJBHEHIIEr0, 3TO MOYKHO CIEJIATh He JJIs JI060T0 (BafiIoBOro TeCKPUITOPA.
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Paccmorpum Heckosibko nipumepoB. 1seek(fd, 0, SEEK_SET) ycTraHOBUT Te-
KYIIYIO O30 Ha Hadajo daitia, 1seek(fd, 0, SEEK_END) — ma koner daii-
ja. BoizoB 1seek (fd, 0, SEEK_CUR) HMKaK IO3MIMIO HE U3MEHHUT, HO €[0 MOXKHO
UCIIOJIB30BATH, 9TO0bI y3HATH TEKYyIee 3HadeHne no3uiuu. [Ipounrars nocienme
100 GaiiT (raita MOXKHO € IIOMOIIBIO BBI30BOB:

int rc;
char buf[100];
/* ... %/

lseek(fd, -100, SEEK_END);
rc = read(fd, buf, 100);

OTMeTUM, 4TO NpM CMEHe NO3NLUNM MOXHO 3aiiTu 3a KoHel, caiina. Camo no cebe 3710 He npnsoanT
K U3MEHeHNIO pa3mepa haiina, Ho ec/in Nocnie 3TOro NPOU3BECTU 3annch, pasmep caiina yeenuyunT-
cs (koHeuHo, balin npu 3TOM [OMKeH ObITb OTKPLIT B peXuMe, AonyckatoLiem 3anuck). [pu atom
BO3MOXHO 0Dpa30oBaHMe <AblpKi> MEXAY NOCAEAHUMMN AAHHBIMI NEPEA CTapbiM KOHLOM dalina n
NEpPBbLIMA AAHHLIMUN, 3aMUCAHHLIMU C HOBOW NO3uumn. Takum obpa3om, Hanpumep, MOXHO CO3AaTb
Ha MerabaiiTHOI anckeTe calin pasmepom B rurabaiit. 3to koppekTHo, T.K. B OC Unix Takne <abip-
K> He 3aMOfIHAIOTCA peaNbHbIMU JAaHHLIMU U HE 3aHUMAKOT MECTa Ha AWNCKe, NOKa KTO-HMbyab He
NPON3BEAET ONepaunio 3anmncu.

12.4 @aiiabl ycTpoiicTB 1 KjaaccuduKammusa yCTPOIiCTB
12.4.1 O06o06menHoe nousaTue paiia

Opaum n3 3amedaresbibix cpoiicts OC Unix gsisiercst 0boOIennasi KOH-
nenius aiiga Kak yHHBepcaJibHOM abcTpakiuu. IlpakTudecku Jioboe BHEIHe
YCTPOICTBO MPEJICTABIISECTCS Ha MOJB30BATEIHLCKOM YPOBHE Kak (ail crernmain-
HOI'O TUIIA. DTO KACAETCs, B YaCTHOCTH, U XKECTKUX JIMCKOB, U BCEBO3MOXKHbBIX 110-
CJIeIOBATENbHBIX U MapaJlJIeJIbHBIX IOPTOB, U BUPTYAJbHLIX TEPMUHAJIOB, U T.II..

Tak, dacro Bo3HHKaeT 3ajada co3janust obpasza kommakr-jucka (CD). Ta-
KOE€ MOXKET IIOTpeDdOBATLCsI, HAIIPUMED, IIPU CO3TaHUU KON JINCKa. B HEKOTOpDIX
JIPYTUX OIEePANMOHHBIX CUCTEMaX JIJIsI IPOBEJICHNsT TAKOH omepanni HeOOXOIMMO
creruaJjbHoe mporpaMmmuoe obecreuenne. dro kacaerca OC Unix, To TyT 0OBIYHO
JIOCTATOYHO BCTABUTDL JIMCK B MIPUBOJL U JATh KOMAHILY

cat /dev/cdrom > image.iso
Touno Tak e, 4To0bI, CKaXKeM, OTIPaBUTh (ailjl Ha 1e4aTh, JJOCTATOYHO KOMaH /bl
cat myfile.ps > /dev/1pO

KOHG‘{HO, OOBLIYHO TaK He JA€JIal0T, II0JIarasdChb Ha IIOJCUCTEMY IIedaTh, OJHAKO HaM
B JaHHOM CJIy4da€ BaKHeEe CaM (baKT TaKOW BO3MOYKHOCTH.
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Hesio B TOM, 9TO TaKOW MOJIXOJI MO3BOJISET OCYINECTBJISATH PAbOTy C YCTPOi-
CTBaMH B OCHOBHOM C ITOMOIIIBIO T€X K€ CAMbBIX CUCTEMHBIX BBI30BOB, UTO U pabOTy
¢ o0braHbIMU (aityiamu. Tak, 9Tobbl 3amnucarb THHOPMAIIUIO B OLPE/ICJICHHBIH CeK-
TOP YKECTKOI'O JIMCKA, B JIPYI'UX OllEPAIMOHHBIX cUCTEMaX TpedyeTcs 00paTuThes K
CUCTEMHOMY BbI30BY, CIIEIIUAJILHO [IPETHA3HAYCHHOMY JIJIs 3allUCH CEKTOPOB (pU3H-
geckoro jucka. B OC Unix gocrarodHo OTKPLITH Ha 9T€HUE CIeUaJIbHbII (paii,
COOTBETCTBYIONINN HY>KHOMY JIMCKY, C IIOMOIIbIO BbI30Ba 1lseek () MOBUITMOHHPO-
BaThCs HA HYXKHBII CEKTOP U BbIJATh 00bIuHbIi write (). IMenHo tak ocyiiecTs-
JIIETCsT, HATIPUMED, BBICOKOYPOBHEBasi pasMerka, ((popMaTupoBanue) JUCKOB.

Touno Tak ke, HAlIpUMEDP, 1IPU BBOJIE 3BYKOBOI'O CUI'HAJIA, ¢ MUKPO(MOHA, MOXK-
HO OTKPBITH Ha uTeHue (aiij, coOOTBeTCTBYIONINI 3BYyKOBOMY yYCTPOMCTBY, U IIPO-
uzBecTu drenue. Kciau npounTaHHyio uH(OpPMAIMIO 3aTeM 3allucaTbh oOpaTHO B
3BYKOBOE yCTPOMCTBO, 3BYK OYIET BOCIPOU3BE/IEH.

Hao oTMeTuTh, 9T0o HeKOTOphIe epudepuitible YCTPOCcTBa MOTYT U HE UMETh
daitioBoro npejcrasienus. Hanpumep, e Bo Bcex OC cemeiicrBa Unix cyIiecTBy-
10T (paiijibl, CBSI3aHHbIE C CeTeBbIMU UHTEPdeEicaMu.

12.4.2 JIBa Tuma yCTpOICTB

YerpoiteTBa, 171t KOTOPBIX HMEETCs TIpeJiCTaB/eHne B Bujie (aiiia, J1esiTes Ha
JIBa TUMA: CuMBoAbHbLe (W Nomokosvie) u aounvie. st 0003HAUEHUS TEX ¥Ke
HOHATHI MOTYT MCIIOJb30BATHLCS TEPMUHbBI <0aUM-0PUECHMUPOSAHHDBIES> U <OA0K-
OPUEHMUPOBAHHBLE> YCTPOKCTBA.

OcCHOBHBIMU OIepanysiMu Ha| OailT-OpUEeHTUPOBAHHBIMK YCTPOHCTBAMU SIBJISI-
FOTCSI 3AIUCh U 9TeHUe OIHOTO (ouepeHoro) cuMposa (6aiita). B mporuBomomox-
HOCTH 9TOMY, OJIOK-OPUEHTUPOBAHHBIE YCTPONCTBA BOCIPUHUMAIOTCS KaK XPaHU-
JIUITE JIAHHBIX, pa3/eJIeHHbIX Ha OJIOKH (DUKCHPOBAHHOTO pa3Mepa; OCHOBHBIMU
OTTepaIsIMKU, COOTBETCTBEHHO, SIBJSIIOTCS 9TEHWE W 3aINCh 3aIaHHOro OJI0KA.

[Ipnmepamu 6afiT-OpHEHTHPOBAHHBIX YCTPOHCTR SBJSIOTCS TepMUHAI (KJIABH-
aTypa u yCTPOHCTBO 0TOGPaykeHust ), IPUHTEP’, MAHUIIYJIATOD <MbIIIb>, 3BYKO-
Basg Kapra. CyIecTBylOT Tak»Ke YUCTO BUPTyaJbHbIE CHUMBOJIbHBIE YCTPOUCTBA,
He uMerolue (pusrmdeckoro BoiomeHus. Tak, ycrpoiicrso /dev/null nosBoJsier
IPOU3BOIUTH B HErO 3alUCh JI00OOi mHMOpMaIu, KOTopas MOMPOCTy UTHOPHPY-
eTCsT; TIOMBITKA YUTATh W3 ITOr0 YCTPOHCTBA Cpaldy BHIZLIBAET CHUTYAINIO <KOHEI]
daitnas. YerpoiicrBo /dev/zero mo3BoJigeT MPOUNTATH JH000E KOJUIECTBO DAMT,
NpuyueM Bce TTPOYMTaHHBIE DalThl OYyAyT paBHbI HYJIO. YcTpoiicTBo /dev/random
BbIJIACT YUTAIOMIEMY ITPOIECCY MOCIE0BATEILHOCTD M1CEBIOCTYYaiiHbIX TUCEII, U
T.II.

"Tounee GLITO 6BI CKA3aTh <MPHHTEPHEI TOPT>
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B Bujie 6JI0K-OpUEHTUPOBAHHBIX YCTPONCTB OOBIYHO MPEJICTABIAIOTCS JIUCKA U
JIPyTHE MOJI0OHBIE UM YCTPOicTBa. leficTBUTEBHO, JUCKOBBIE YCTPOHCTBA 0OBIY-
HO TIO3BOJISIOT UTE€HHE UJIU 3aIUCh TOJHKO TEJBIMA CEKTOPAMU, ITO OOYCIOBJIEHO
0cobEeHHOCTSAMU (PUBUUYECKON peasin3allui TaKuxX yCTPONCTB.

Hapsjly ¢ JUPEeKTOPUSMU ¥  CHMBOJUYECKUMHU  CCBLIKaM#,  OJIOK-
OpPUEHTUPOBAHHbIE U OANT-OPUEHTUPOBAHHBIE YCTPONCTBA PEJCTABJISIOT CODO
erre JiBa CIeNUAJbHBIX THITA, (DaiiIoB.

12.4.3 Omnepanuu Haja yCTpPOCTBaAMU

Kak MOXKHO 3aKJII0UNTD U3 IPEJIbLIyINero naparpada, aiabl yeTpoicTB MOXK-
HO OTKPBIBATH HA UTEHWE W 3aliCh, 8 K MOJYIEHHBIM JeCKPUIITOPAM NMPUMEHSIThH
BbI30BbI read () u write().

Kpome TOro, 0JI0K-OpUEHTHPOBAHHbBIE YCTPONCTBA IOJJICPXKUBAIOT IIO3UIIKO-
HUPOBaHME C MMOMOINBIO Bbi3oBa lseek (). Creyer oTMeTHTh, 9TO MO3UIMOHUPO-
BATHCsSI MOXKHO B JTIOOYIO (CYIIECTBYIOIIYI0) TOUKY YCTPOHCTBA, KOTOpast, BOODITE
roBOpsi, He 00si3aHa HAXOJIUTHCsI TOYHO Ha rpanuie cekropa. [Ipounrtars nam 3a-
IUCATh TaK»Ke MOYKHO IIPOM3BOJILHOE KOJIMYECTBO JAHHBIX; €CJIU YUTACMbBIH I
3alUChIBAEMbIH (DPArMEHT HAUMHAETCs U /WM 3aKaAHIMBAETCsI TJIe-TO, KPOME I'Pa-
HUIl OJIOKOB, CHCTEMa BO3bMeT Ha cedsg paboTy IO OTOPACHIBAHWIO JIUIMHEH WH-
dopMaluy npyu ITEHUK WK 10 MPEJIBAPUTE/ILHOMY IIPOUYTEHUI0 UHMOPMAIUMU U3
3aTPOHYTHIX CEKTOPOB, HAXOISAIIEHCS 3a MPEJIeIaMy 3aIllMChIBAEMOT0 (pparMenTa,
JUUIs TIOCJIeIYIOINe 3aIluCh CEKTOPOB IEJIMKOM.

BaiiT-opueHTupoBaHHBIE yCTPOMCTBA OIEPAIAIO MTO3UIINOHNIPOBAHUS
He TOJEeP2KUBAIOT. DTO, [I0XKAJIYyil, OCHOBHOE OT/InUKe OaiT-0pUEeHTHPOBAHHBIX
YCTPOICTB OT OJIOK-OPUEHTUPOBAHHBIX C TOUKHU 3PEHUsT TPUKJIAIHOIO TPOrPAMMU-
CTa.

ZcHo, uTo yupapJieHre yCTpOiRCTBAMU He MOXKET OI'PDaHMIMBATHLCA TOJIHKO Olle-
panusiMy dreHust ¥ 3anucu. [osroMy HajI IOUTH KarKIbIM YCTPORCTBOM OIIpe ieie-
HbI TAK2Ke JIONOJHUTE/IbHbIE Ollepallii, clienuduiecKue JJisd JJaHHOI'O YCTPOICTBA.
K makum oneparusiM MOXXKHO OTHECTH, HAIIPUMED, OTKPBITHE U 3aKPbITHE JIOTKA,
npupojia CD-ROM; ycranoBKy ckopocTi 0OMeHa 0CJIeI0BaTeILHOIO IIOpTa; HI3-
KOYPOBHEBYIO PasMerTKy I'MOKNX JINCKOB; YIIPaBJIeHNE TPOMKOCTHIO BOCITPON3BE/Ie-
HUS 3BYKa 3BYKOBOW KapTOil, U T.II.

Bce oneparuy 9Toil KATEropyuy BBIIOJHAIOTCA C IIOMOIIbIO CUCTEMHOI'O BbI30Ba,

int ioctl(int fd, int request, ...);

[Tapamerp fd 3ajaeT JeCKpUITOP OTKPBLITOrO aiijia ycTpoiicTBa, IapaMerp
request — KoJ HeoOXo Mot onepaiuu. [Ipn HeoOXOAMMOCTH BHIZOB MOXKET TOJTY-
JaTh JOIOJHUTEILHBIE TTapaMeTphl, HeOOXOUMbIE JIJIsI BLIMOJHEHUs JaHHON oIe-
parun. Tak, HATIpUMED, CJIEIYIOIINl KO
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int fd = open("/dev/cdrom", O_RDONLY|O_NONBLQOCK) ;
ioctl(fd, CDROMEJECT);
ioctl(fd, CDROMCLOSETRAY);

OTKPOeT, a 3areM 3akpoeT JJoToK npuBoga CD-ROM. Mapamertp 0_NONBLOCK 3agaeTcs,
4TODBI M3bexaTh Moncka AMUCKa B YCTPOWCTBE M OWMOKM B CAydae, €C/IN ANCK B YCTPOWCTBO He
BCTABJIEH.

Ecin ke BCTaBuUTh B TO Ke yCTPOHCTBO MYy3bIKAJIbHbINH JIUCK (TO €CTh JINCK B
dbopumare audio CD), ko

struct cdrom_ti cti;
cti.cdti_trk0O = 2;
cti.cdti_indO = O;
cti.cdti_trkl =
cti.cdti_indl = O;

ioctl(fd, CDROMPLAYTRAKIND, &cti);

|
N

3aCTaBUT Ballle yCTPOUCTBO BOCIPOU3BECTH BTOPYIO JIOPOKKY JIUCKA.
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Jleknimsa 7

13 IlIpomeccol: obIiye cBedeHUs

13.1 CsoiicTBa mporiecca

Kaxk y:ke ToBOpMJIOCh, 1101 IIpoIieccoM HedopMaJIbHO MOXKHO IIOHUMATh <IIPO-
rpaMMy, KOTOPasi BBITIOJHSIETCs IO/ YIIPABICHUEM OMEPaInOHHON CHCTEMbIs.
[Iponecc obiiajiaer, 1o MeHbIEH Mepe, CJIeAYIONNMU CBORCTBAMM:
CerMeHT Koja';
CEerMeHT JIAHHBIX;
CTEK;
CIETUNK KOMAHI;
IpaBa U MOJTHOMOYMSI;
PECypChI, BLIAHHBIE B MOJH30BAHKE TIPOTIECCA OTIEPAITMOHHON CUCTEeMOi (Ha-
npuMep, OTKpbIThie (hailiibi);
e yieHTH(hDUKATOD IIPOIecca.

Ecnu Tpedyercs boJiee hopMasibHOE OlpeJiesIeHHe IIPOTiecca, MOXKHO B OIIpe/ie-
JIEHUW MEPEUNCJIUTh €ro CBOHCTBA.

DusnuecKuit IpoIeccop B CUCTEMe MOXKeT ObITh 1 OjiH. B 0b1ieM ciydae, npo-
IIECCOB B CUCTEME MOXKET ObITh DOJIbIIIe, YeM IpoIieccopoB. [1oaToMy B KOHKpeTHbI

1CnoBo <cerMenTs 371ech yIoTpebISeTcs YCIOBHO; eClIH B CHCTeMe HCIONb3YeTCs CTPAHIIHAS MOJeTh TaMs-
TH, <CEerMEHT KOJ[a> MPEJ/ICTABJISIET CODON MHOXKECTBO CTPAHUI], COIEPIKAIINX KO, W T.II.
) ) )

BBIIIOJIHCEHHUE

I'OTOBHOCTD

Puc. 18: Yuporiennas guarpaMma COCTOSHUM ITpotiecca
86



MOMEHT BPEMEHH MPOIECC MOXKET KaK MCIOJIHATHCS, TaK ¥ HE UCTIOJHATHCA, PH-
YeM IIPOIECC, KOTOPLI B HACTOMAINEE BPEMsI HE UCIOJHSIETCS, MOXKET ObITh Kak
rOTOB K BO30OHOBJICHUIO HCIIOJHEHWsI, TAK ¥ HE TOTOB (HAIpHUMEp, MPOIECC MO-
KET OXKUJIATh Pe3yJIbTaTOB OlePallii BBOJA-BbIBOja). Takum 0Opa3oM, Hporece
MOKET HAXOJIUTHCS B OJJHOM U3 TPEX COCTOSTHUIL: 6binoanenue, 6A0Kuposka (B 0K~
JaHuu coObITHs) U 20moshocms (eM. puc. 18). Mexjty cocTOsHUSIMEI BBITOJIHEH W st
¥ TOTOBHOCTH IIPOIECC TEPEXOUT MPU BMELIATEILCTBE [IIAHKUPOBIIIKA CHCTEMHO-
ro BpeMeHu (HalpuMep, OJIMH TPOIECC MOXKeT ObITh CHSAT ¢ BBIOJIHEHUsI, TO €CTh
IIePEBEJIeH U3 COCTOSIHUSI BBIOJHEHUS B COCTOSIHUE IOTOBHOCTH, a JPYroii mpu
9TOM, HAODOPOT, TTOCTABJICH HA BBIIOJHEHHUE).

B cocrosinne GJOKMPOBKHM TIPOLECC MOXKET MONACTh TOJLKO B CJIydae, eCju
STOT MPOIECC MPOU3BE TAKONH CHCTEMHBIH BLI30B, IOCIE KOTOPOIO HEMEJICHHOE
IPOJIOJIXKEHNE BBIIOJHEHUs HeBO3MOXKHO. Hampumep, mporecc Mor sarpeboBaTh
YTEHME JIAHHBIX C JIMCKA; B 9TOM CJIyuae MPOJIOJKATH BbIIOJHEHUE MMEET CMbIC/I
He paHblile, YeM JIaHHble Oy1yT IPpOUUTaHbl, 4TO TpedyeT BpeMenn. Takxke mporece
MOT B sIBHOM BUJIE TIOTPEOOBATH IIPUOCTAHOBUTE €0 BBITIOJIHEHUE Ha HECKOJIBKO Ce-
KyH/T (BbI30B sleep () ) wiIu 0 OCTYTIICHNsT BHEITHETO curHaa (Bb30B pause () ).

13.2 JlerkoBecHbl€e IIPOIECCHI

B HEKOTOPLIX CHCTEMaX IIOJJCP2KUBACTCA ITOHATHUE A€2KOGECHO20 npoueccaQ.

JlerkoBecHbIil IpoIece LpejcTaBsieT COOON JIONOJHUTENLHYIO €UHKILY ILIaHu-
POBKHM B PaMKax OJIHOI'O 00bIUHOIO IIPOLECCa; MHAYE TOBOPs, OObIYHbBII POLECC B
TAKUX CUCTEMaX MOXKHO IIPEJCTaBUTL KAaK IPYIILY JErKOBECHDLIX IIPOLECCOB, pabo-
TAIOIMX OJIHOBPEMEHHO HAJ| OJIHUMHU U TEMU K€ KOJOM, JIAHHBIMU U PECYPCaMHu.

Ya4HbIM IIPUMEPOM UCIIOJIH30BAHUS JIETKOBECHDBIX IIPOLECCOB MOXKET CJIY2KUTh
MHTEPAKTUBHAS IPOrpaMMa, paboTaoIast Co CKAThIME JAHHBIME (HATIPUMED, My-
3bIKAJIbHbBIH PEJAKTOD, ClIocoOHbIH paboTarh ¢ mp3-daiisavu). C 0HOI CTOPOHDI,
Omepalny YIaKOBKH /PDACTAKOBKH JIAHHBIX TPEOYIOT GOJIBITHX 00bEMOB BBIUUCIIE-
HUI ¥ MOTYT JUIMTHCS 110 HECKOJIBKO MUHYT M jaxe jecaTkoB munyT. C jpy-
roif CTOPOHBI, MHTEPAKTUBHAS IIPOTpaMMa He MOXKET cebe MO3BOJUTL B TEUEHUEe
HECKOJIbKMX MUHYT HE PEArdpoBaTh Ha, ACHCTBUS II0IL30BATE/Isl: HAIIPUMED, OJIb-
30BaTEsIb MOXKET 11EPEMECTHTh OKHO IPOrpaMMbl Ha 9KpaHe (4ro mnorpebyer ero
OTPUCOBKH) WJIH JIaXKe MPUHATD perierne 06 OTMeHe Tekyineit oneparun. B Taxoit
CUTYalMU JIOPMYHO UCIIOJIB30BATH OJUH JIETKOBECHDBIH MPOIECC JiJIsl BBIOJHEHMUs]
BBIUHCIICHNT (YIIAKOBKY /DACTAKOBKHU) U JIPyToil — Jjisi 0bpaboTku uHTepdeiic-
HBIX COOBITHI, TO €CTh JJIsd PEAKIUU Ha JCHCTBUSI 10JIb30BATEJI.

2B aHITIOA3BIMHBIX MCTOYHMKAX OOLIYHO MCIOJb3yercd TepMuH thread, pexe — lightweight process. Ha pyc-
CKWiT sI3bIK TEPMUH TAKKe MOXKeT ObITh [EPEBE/IEH KAK YNPOuLeHHbLl NPoUecc, nomox, Hums WA Jlaxe mpeod;
TTOCJIETHUI BAPUAHT YACTO MCIOJB3YETCS B MPOTPAMMUCTCKOM YKAPTOHE.
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JlerkomecHbie Tporiecchl, paboTarmle B paMKaxX 0JHOI0 OOBIYHOTO TpoIiecca,
UCTIOJIb3YIOT €r0 CeIMEHTBI KOJIa M JAHHBIX, HO MPHU STOM Y KayKJOTO JIETKOBEC-
HOT'O TIPOIECCa UMEETCs CBON COOCTBEHHBIH CTEK (JIJis XpaHEeHHsl JIOKAJbHBIX I1e-
PEMEHHbBIX M aJ[PECOB BO3BpaTa M3 MOJAIpPOrpamMm) u cderduk komau. Korua B
paMKax MPOIECCa BBIMOJHSIOTC JIETKOBECHbBIE MTPOTIECCH, O COCTOSHUN (BBIOJIHE-
HUE, TOTOBHOCTD, OJIOKMPOBKA) MMEET CMbICJ TOBOPUTH B OTHOIIEHUH KaXKJIOT0 13
JIETKOBECHBIX MPOIECCOB.

Cuestyer yanThiBaTh, 9TO MTPOTPAMMUPOBAHNE C NCTIOJIH30BAHUEM JIETKOBECHBIX
IPOIECCOB TPedyeT OMpeIeIeHHOTO MAaCTEPCTBA U KpaliHe BHICOKOM aKKYPaTHOCTH,
KaK 1 JIi00oe mapaJjieibHoe IPOrPaMMUPOBAHIE C UCIIOJTH30BAHUEM Pa3JiesIsieMbIX
JIAHHBIX.

K paccMOTpeHnIo JIerKOBECHBIX ITPOIECCOB MbI BEpHEMCS Ha OJTHOM U3 MOCJIE/I-
HUAX JICKIIW.

14 IlIpomeccer B8 OC Unix

14.1 CsoiicTBa nmporiecca

B onepammonnbix cuctemax cemeiictBa Unix MpoIecchl MMEIOT, O MeHbIIed
Mepe, CJeayIole CBOMCTBA:

1. CermeHT KOAa (BO3MOXKHO, pasjesseMblii). COOCTBEHHO MpOrpaMMa, Bbl-
OJIHAIONIASCS B JIAHHOM npornecce. VI3MeHsaTh JlaHHble B 3Toi 0bsacTy na-
MSTH IPOIECC He MOXKET, YTO IMO3BOJISIeT MPHU 3allyCKe HECKOJILKUX KOIMii
OJIHOI M TOIl »Ke IPOrpaMMbl JAepKaTh B MAMATH OJMH 3K3EMILIAD KOJA.

2. CerMeHT JaHHBIX, BKJIIOYas CTEK.

3. CocTosiHUE PErucTPOB, BKJIOYas CUYETUYMK KOMAHJ|, CJIOBO COCTOSHWSI
(PSW), ykazaresb cTeka u Bce perucTpbl 00Iero HasHadenus. Koryia mpo-
[ecC M0 TeM WJIM WHBIM TTPUINHAM HAXOMUTCS BHE COCTOSHWS BBITIOJIHEHUS
(To ecThb OH JIMOO 3a0JI0KMPOBAH, JIMOO 'OTOB K BBIIOJIHEHUIO, HO HE BbIIOJI-
HSIETCsI U3-32 3aHATOCTH IIPOTECCOPA), COAEPKUMOE €T0 DETHCTPOB XPAHUTCS
B CIIENMAJbHON CTPYKTYPE JAHHBIX B SIJIPE.

4. Tabauia JecKpUNTOPOB (HailloBOTO BBOJIa-BbIBOJIA, COJIEPXKAITasl CBejIe-
HUsi 00 OTKPBITHIX (aifjiax u JIpyrux MmoToKax BBOJA-BbIBOJIA, JOCTYITHBIX
JIAHHOMY TIPOIIECCY.

5. Komananas crpoka. CrpyKrypa JIAHHBIX, COJIEPIKallast apryMeHThl KO-
MaHJIHON CTPOKHM, BKJIIOUYAs MMs, TI0 KOTOPOMY TporpamMMa Oblia BbI3BAHA
(puc. 19, cuena).
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6

10.

11.

12.

— 1 — [PATH=/in:/us/bin\0 |
] | HOME=/home/john\0 |

|1
i

] -a\0

—
NULL /ust/local\0 NULL TERM=xterm\0

Puc. 19: CTpyKTypbl JJaHHBIX KOMAHHO! CTPOKKM U OKPYKEHUS

. Okpyxkenmne. CTpyKTypa JAaHHBIX, cOjJepxKallias UMeHa U 3HAUCHUS nepe-

MENHDIT OKPYINCEHUA B BUJIE TEKCTOBBIX CTPOK (puc. 19, cnpana).

Texymmit kaTajgor. Kaxx bl mporecc HaXoauTCsi B OJIHOM U3 KaTaJIOrOB
daitsIoBoit cUCTEMBI; 9TOT MapaMeTp ONpPeJe/IsdeT, B KAKOM KaTaJIore UCKATh
baitsibl, eciu He 3aJiaH HOJIHBIA IIyTh.

KopnaeBoii kKarajgor. B OC Unix MOXHO OrpaHMYUTH (DailjiOBYIO CHCTeE-
My, BUJUMYIO IIPOIECCY ¥ BCEM €ro IMOTOMKaM, 9acThIO JepeBa KaTaJoros,
uMeroleit oomuit Koperb. Hampumep, eciin ycTaHOBUTD IIPOIECCY KOPHEBOI
karaJior /foo, To oy umenem / nporuecc Oyjer Bujersh Karajor /foo, a 1o
nmeneM /bar — karaJior /foo/bar. Karajsoru 3a npenenamu /foo mnporec-
Cy ¥ BCEM €ro MOTOMKaM BOOOIIE He OyIyT BUIHBI HU 1O/, KAKUMHU UMEHaMU.
DTO UCIOJB3YETCsI JIJIsT 3aIIYCKa OTJAEJIbHBIX IPOTPaMM B O€30IIaCHOM BapH-
aHTe — TakK, 4T0O OHM HE MOIVIM IIOJIYUHUTb JIOCTYI HM K KakKuM daiigam
KPOME TeX, KOTOPbIE MPEJIHAZHAYCHDI CIEIUAIBHO JIJIs HIX.

Juncno3uiuga obpadorku curHajioB. Curaajbl OyjayT mOJIpoOHO pac-
CMOTPEHBI Ha CJICJIYIOIEH JeKITUH.

ITapameTrp umask. IIpu co3jannu HOBBIX (paiiioB, KaTaJOIOB U T.II. 3HAUE-
HUE 9TOr0 ImapaMeTpa oOUTOBO BHIUUTACTCS U3 3HAUECHUS <IIPaBa, JJOCTYIIa>,
3aJIAaHHOTO B CHUCTeMHOM BbI3oBe. Hampumep, eciu mapamerp umask papen
0077, Bce co3maBaembie (paitabl OygyT TTOJHOCTHIO HEIOCTYIHbBI JIJIS BCEX
0JIb30BaTe e, KpOMe BJaJle/iblia (aiiia.

CuerynKu MOTPEOIIEHHBIX PECYPCOB (IIPOIECCOPHOIO BPEMEHH, [IAMSITH
W T.IIL).

Nudopmanmma o Bajesblie MmpoIriecca. JTa HHEOpMaIus BKJIOYAET
uid (ugenrudukarop nosb3oBaress), gid (uaeHTuduUKaTOpP IPYIIIbL 10Jb-
3oBaresieii), euid u egid (acbdexTuBHbIE HICHTH(DUKATOPHI TTOJH30BATEIS U
rpytibl). B 6osbimicTse ciydaes 3¢ dekTuBHbie 1IeHTH)UKATOPbI COBIA-
JIAIOT ¢ OOBITHBIME; TTPUMEPOM CJIydasd, KOTJa 3TO HE TaK, sABJISIOTCS TaK Ha-
3bIBaeMble Suid-mporpaMmbl (TO €CTh TPOTPAMMBbI, BBITOJIHIEMbIE ¢ TPABAMK
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MOJIHL30BATEJIs, BJIAJCIONIETO UCTIOJHIEMbIM (DailjioM JIaHHOM TPOrpaMMbl, a
HE TOTO TOJIb30BATENISI, KOTOPBI MporpaMmy 3amycTui). K dmeny rakux
IPOrpaMM OTHOCHTCs passwd (IporpamMMa CMEHbI MapoJis).

13. UnenTudukaropsl npoiiecca, poAUTEIbCKOTO IIPOIlecca, CeaHCca
rpytmbl mmponeccoB. [lapaverp pid mpejcrasisier coboit uncjio — yHu-
KaJbHBIN WICHTU(PUKATOD Tporiecca B cucteme. [lapamerp ppid paBen ujieH-
TGUKATOPY POJUTETBCKONO Mpolecca (porecca, MOPOANBIIEro JIAHHBII),
€CJIM 3TOT TPOIIECC elle CYIIEeCTBYET; eCJN POJUTEJbCKUI TIPOIece 3aBeplia-
eTcst paHbllie jodepHero, ppid movepuero cranoButTcs pasen 1. [HomsTus
CeaHca U I'PYIIIbL IPOLECCOB Oy/1yT PACCMOTPEHbI B HAILIEM KypPCe 1HO32Ke.

14.2 YupaBJjeHue mporeccamu
14.2.1 IlopoxkaeHue mmpoiiecca

EuncrBennbpiit criocod mopoxkgenusi nporecca B OC Unix — 310 co3jpanue
KOIMY CYIIECTBYIONEro 1poiecca’. JIjisd 5T0ro UCIoJIb3yeTcs: CUCTEMHBbIH BbI30B

int fork(void);

B pesynbTaTe BhI30Ba CO3/Ia€TCs JJOUEPHUI IPOIECE, sABSIONHMICT TOUHON Komuei
POJUTEJILCKOrO, 38 UCKJIIYEHUEM CJIE/YIONINX Pas3/Iniunii:

1. Hdouephuii nporecc nMeer cBoit njenTudukarop (pid), ecrecTBEHHO, OT/IH-
JAIONUICT OT WICHTU(MUKATOPA POJIUTEIIST;

2. [Tapamerp ppid jiouepuero iponecca paetn pid’y poJuTesibCKOro Mpoecca;

3. Cueryuku 1OTPEOJECHHBIX PECYPCOB JIOYEPHErO IPOIEecca  cpasdy IoC/e
fork() paBHBI HYJIIO;

4. Boimosinenue 060uX MpOIECcoB (POJUTETHCKOTO U JOUEPHETo) TPOIOJIKALT-
Cs1 € MepBOii MHCTPYKIMHK, ciejyroieii cpasy 3a dyukuuneil fork() (obbrano
9TO TMPHUCBAMBAHUE BO3BPAIIAEMOTO €10 3HAUECHUS KaKOi-ub0 mepeMenHoil ),
mpuveM B pojinTesihckoM mporiecce fork () Bozsparaer pid jovyeprero mpo-
necca, a B JouepaeM — duciio 0.

Ormernm, uro nocsie BbizoBa fork() oba mnporecca (PogUTesbCKU 1 j10uep-
HUIl) UCIOJB3YIOT OJIMH U TOT K€ CETMEHT KOja (3TO BO3MOXKHO, T.K. CEIMEHT

3Hexoropble cmcreMbl cemeifcTsa UniX HIMeOT ajbTepHATHBHLIC BO3MOXKHOCTH, Takme Kak clone() B OC
Linux, HO 3TH BO3MOXXHOCTH CHEIM(PUIHBI 1151 KAYKI0M CUCTEMBI M WX WCIOJIL30BAHNE HE DEKOMEHIYEeTCs
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Kojla He MOXKeT ObITh Mojuduipoan). UTo Kacaercsi OCTajibHOW MaMsITH PO
1ecca, TO OHA, 33 UCKJIIOYeHIEeM HECKOJIbKHX CIEINAaIbHBIX CIYYaeB, KOMNPYeTcs .
OTO O3HaYaeT, B YaCTHOCTH, YTO B JOUEPHEM IIpPOIecce IPUCYTCTBYIOT BCE Iepe-
MEHHbIE, CYIIECTBOBABIINE B POJUTEHCKOM IIPOIECCe, HPpUIeM HM3HAYAJIbHO OHU
UMEIOT Te XKe 3HAaUYeHUs, HO M3MEHEHUs MePEMEHHBIX B POIUTEILCKOM IIPOIECCe
HUKaK HE OTParkaloTcsi HA JI0OUepHEM, U Ha0OOPOT.

KonnpoBaHuio 110JBeprajoTcs OTKPbIThIE JIECKPUIITODPBI (pailjioB, yCTaHOBJICH-

Hble 00PADOTUYMKU CUI'HAJIOB U T.II.

14.2.2 3amMeHa BBIIOJIHAEMOI IIPOrPaMMbI

SamyctuTh Ha BhIogHEeHKE JpyTyio nporpaMmy B OC Unix MOXKHO myTeM 3a-
MEHDBL BHINONHACMOT NPOZPAMMD, B PAMKAX OJTHOTO MPOIecca. ITO JeHCTBAE OCy-
IIECTBJIAETCS ¢ MTOMOIIBIO CUCTEMHOTO BbI30Ba,

int execve(const char *path, char* const argvl[],
char* const envirl[]);

[Tapamerp path 3ajiaeT UCHoMHAEMBIN (Dailyi TPOrpaMMbl, KOTOPYIO HEOOXOIUMO
3allyCTUTh Ha BBIIIOJHEHUE BMECTO Tekylieh (daila MOXKHO 3aJlaTh KaK MOJIHBIM
yTeM, TaK U OTHOCHTEJIBHO TeKyIero Karajora). [lapamerper argv u envir 3a-
JIAIOT, COOTBETCTBEHHO, KOMaH/IHYIO CTPOKY M OKPY2KEHHUE JIJIsl 3aIyCcKaeMoil 1po-
rpaMMbl B BUJIE aJIDECOB CTPYKTYD JIAHHBIX, MOKA3aHHBIX Ha puc. 19 (cm. cTp. 89).

st ynobcTBa mporpaMMUPOBaHUs CYINECTBYIOT €Ille HECKOJIbKO (PYHKIUI ce-
MelicTBa exXecC, peajin30BaHHbIX B Oub/moreke depes Bbi30B execve (). Haunewm ¢

pyHKIIHI
int execv(const char *path, char* const argvl[]);

Ot BbI3OBA execve (), KaK MOXKHO 3aMETUTh, 9Ta (PYHKIINsT OTJINIAETCs OTCYTCTBHU-
eM napamerpa envir. OKpyxKeHue JJisd 3aIyCKaeMoii IPOrpaMMBbl B 3TOM CJIydae
bepercst B TOYHOCTHU TO K€, KOTOPOE UMEJIO MECTO y TeKYIIEil porpaMMbl, TO €CTh
OKpY2KeHue, MOMPOCTy TOBOPS, HACIEYeTCs.

Cnenyroras moJie3nas (ByHKIMs UMeeT TOUYHO TaKo#l »Ke IPOTOTHUIl, KaK U

IPEeJIbLIY Ias:

int execvp(const char *path, char* const argvl[l);

4B coBpeMeHHBIX cucTeMax OOLIMHO HPOIECCHI HPOIOJXKAIOT PA3IeIATh CTPAHUIBI HAMSATH JI0 TeX IOp, II0-
K& OJIUH U3 HHUX HE IOIBITAETCH TY WU HUHYIO CTPAHUIy MOAM(UIMPOBATH: B 3TOM CIIydae CO3/aeTcCs KOIus
CTPAHUTIIH
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Oranaune execvp() or execv() cocTouT B TOM, UTO UMs, 38/ JaHHOE B IapamMeTpe
path, MOXKeT OBITH UMEHEM MPOTPAMMBI, UCIOJTHAEMBIN (hailsl KOTOPOit HAXOIUTCS
B OJIHOI M3 JIMPEKTOPUIi, IIEPEUYUCJCHHBbIX B IepeMeHHoi okpyxkenunda PATH; rTak,
ecsiu 1iepemerHast PATH BkJjitouaeT JiupekTopuio /bin, To BbI3BaTh 1poOrpaMmy 1s
MOXKHO IIPOCTO 110 UMEHU, HEe YKa3blBag IMOJHBIA Iy Th.

Haxkownerr, ObiBatoT ciiyuau, KOIJia y2Ke Ha dTalle HallMcaHusi UCXOJIHO Tporpam-
MBI HAM U3BECTHO TOYHOE KOJIMYECTBO MTapaMeTPOB KOMaHIHOW CTPOKU JIJ1d 3allyC-
KaeMoil mporpaMmMbl. B aTom ciiyuae HeT HeoOXoauMOocTH (pOPMUPOBATH CTPYKTY-
Py JaHHBIX, TPEOYIONIYIOCs JJIsI PACCMOTPEHHBIX (pyHKIMI. BMecTo 3T0T0 MOXKHO
UCIIOJIb30BATh OJIHY U3 JBYX (DYHKIIM

int execl(const char *path, const char *argv0O, ...);
int execlp(const char *path, const char *argv0, ...);

O1u QYHKIME OJIYIal0T TPOU3BOJBHOE YUC/I0 aPTIYMEHTOB, HEPBbI 13 KOTOPbIX
3aJ1aeT UCIIOJHIEMbIi (ail/i, ocTajbHble — apryMEeHThl KOMaHHOM CTPOKK. ITOObLI
byHKIMST <3HAJAa>, TJIe OCTAHOBUTHCS, TIOCJIE MOCJIEHETO CJI0BA, KOMAaHIHOW CTOKH
caejyer J00ABUTDL ele ojuH napamerp co 3uadenuem NULL. Cirejyer oOpaTuTh
BHUMAaHWE, UTO KOMAHJIHAs CTPOKA BKJIIOYAET HYJIEBOW 3JIEMEHT, MOJ KOTOPHIM
MOIPA3yMeBaeTCs UM CaMOil MpOTpaMMbl; TAKUM 00pa30M, aprymeHnT argv0 —
9TO HE TEPBBI apTyMEHT KOMAaHIHOW CTPOKHW, & HEYTO WMEIOINee OTHONEHNEe K
MMEHH 11pOrpaMMbl, B O0JIbIITMHCTBE cilydaeB 3Hadenne argv0 1101pocTy coBliaiaeT
¢ path.

Paznuune mexy execl() u execlp() B TOM, 4TO nIepBas TpeOyeT yKa3aHus
SIBHOI'O IIYTH K KCIIOJIHsAEMOMY ailly, Torja Kak BTOpPAasi BBIIOJHSIET ITOUCK IIO
nepemennoit PATH, mojobno ToMy, Kak 310 jJenaer execvp ().

Homyctum, TpedyeTcs BBIOJTHUTH KOMaHay 1s -1 -a /var. 9To MOXKHO ¢Jie-
JIATh, HATPUMED, TaK:

char *argv[] = { "1s", "-1", "-a", "/var", NULL },
execvp("ls", argv);

Jmbo Tak:
execlp("ls”, ":LS", "—1", u_an’ "/Var“, NULL),

[Tosropum, 4ro Bee PyHKIMU ceMelicTBa eXxeC 3aMEHSIOT B [1aMsTH 11POIEecca,
BBIIOJTHSBIITYFOCs (¥ BBI3BABIIYIO €X€C) MpOrpaMMy Ha JPYTYIO, YKA3aHHYIO B Ta-
pamerpax Bbi3oBa. [loaromy B ciydae ycnexa (pyHKIMN €XeC ylipaBJeHUe yKe He
BO3BPAIIAIOT (B CAMOM JieJie, IPOTPAMMBI, B KOTOPYIO MOXKHO OBLIO ObI BEPHYTH
yIPaBJIeHUE, B 9TOM CJIydae yKe HeT; BMecTo Hee paboraer HOBast nporpamma). B
cydae OIMMOKYM BO3BpAINaeTCsA 3HaUYeHME -1, HO TPOBEPATH €ro He 00A3aTeTbHO:
caMm (paKT BO3BpaATa yIPaBJIEHUs CBUJECTEILCTBYET O MPOUCIIEIIIei orudKe.
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Ormerum, 910 OTKPBHITHIE (DaARIOBBIE JECKPUIITOPHI MPU BHITIOJHEHNN €XeC
OCTAIOTCS OTKPBITBIMI®, UTO TIO3BOJIAET Tepe] 3alyCKOM Ha BBITIOIHEHWE BHEIT-
Hell MporpaMMbl IPOM3BECTU MAHUMYJIANAN C JECKPUIITOPAMU. DTO CBOMCTBO exec

HCIIOJIb3YETCA JIJIdA IEPpEHalIPpaBJICHN s BBOa-BbIBO/LA.

14.2.3 3aBepIiieHue Nporecca

1s1 3aBepimeHnst Iporecca UCIOJIb3YeTCsl BLI30B
void exit(int code);

[Tapamerp code 3ajiaer xod 3asepuenus npouecca. Cuauraercsd, 4ro 3nadeHue ()
O3Ha4vaeT ycClelHoe 3aBepiiienne, 3nadenus 1, 2, 3 u T.J1. — 4TO IPOU3OIILJIA Ta UK
nHas omunoKa min Heyada. OObITHO UCIIOJIb3YIOTCSI 3HAUCHN, HEe IPEBBIIAIOINe
10, xoTst 3TO HE 00s13aTEILHO.

[Tporece Tak»ke 3aBepIraeTcs, ecjivi 3aKaHIMBACT UCHOJHATHCS ero (DyHKIUS
main(). B sToMm ciyuae B KadecTBe KOja 3aBeplleHUsl OepeTcss 3HaUeHHe, BO3-
pparientoe u3 Gynkipun main() (910 sBasiercss npudauHOR TOro, uro B Unix’e
dbyukimst main() 06sI3aTeNILHO UMEET THIT BO3BPAIIAEMOTO 3HAYECHHS int).

3aberas BIepes, OTMETHM, YTO IPOIECC TaK¥Ke MOXKET ObITh YHUITOXKEH CHUTI-
HAJIOM W3BHE; B 9TOM CJIydae KOJIa 3aBepINeHnsi y Hero e Oyer.

14.2.4 IlIpomeccobl-30M0u 1 UX 0O6padboTKAa

IToce 3aBepiiieHus MPOIECCa B CUCTEME OCTAeTCA MHMOPMAIUS O TOM, IIPH
KaKHUX 0DCTOSTEILCTBAX 3aBEPIIUIICS TTPOTIECC (CaM JIM OH 3aBEPITHIICS, €CJIN Jla —
TO ¢ KAKUM KOJIOM 3aBEpIIeHUsI, €CJIU HET — TO KAKUM CUTHAJIOM OH YHUUTOXKEH )
1 3HAYCHUS CUCTUMKOB IOTPEOJIEHHBIX PECYPCOB. DTy MHMOPMAIUIO JIOJIXKEH 3a-
TpeboBaTh pojuTesbekuit mporecc®. JIo Tex nop, noka coorsercrByomas nHgop-
Malst He OyJeT 3aTpedoBaHa, POJUTELCKUM IIPOIECCOM, 3aBEPIIEHHBIN IPOIece
IPOJIOJIXKAET CYIECTBOBATH B CHCTEME B BHJIE MTPOIECCA-<30MOM>, TO €CTh 3aHNMa-
eT MecTO B TabJIMIIE IPOIECCOB, IIPU 3TOM He UMesl KOJa, JJAHHBIX U T.II., & TOJbKO
UJIeHTHUKATOP, CIETINKA PECYPCOB U CTATYC 3aBEPIEHNSI.

BarpeboBarh uHbOpMaIKo (1 yOpaTh <30MOM>-IIPOIECC U3 CUCTEMBbI) TO3BO-
JISTIOT CUCTEMHBIE BBI3OBBI cemeiicTBa wait (). IlpocTeiimmii u3 HUX UMeeT CJemy-
IO TIPOTOTHII:

int wait(int *status);

5B mpmHIHUIE, MOXKHO 33CTaBUThL CHCTEMY 33KPBITh HEKOTOPLIE JeCKPHIITOPLI IIPH BHIIOJIHEHHUN €Xec, YCTa-
HOBUB Ha dTH JECKPUOTOPHI ditar close-on-exec ¢ momMombio Bb30Ba fentl (), HO Tak AEIAI0T PEIKO

SEcnn ponurenbCKuil MpoLece 3aBepliaeTcs paHblie JlodepHero, (pyHKIMUA POJUTEIbCKOrO 6eper Ha cebsd
mporece init (mporecc Homep 1)
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B ciiyuae, ecjiv H1 OJIHOTO JIOUEPHETO MPOIECCa HET, BHI30B BO3BPAIIAET KOJI OO~
ki (3Hauenue -1). B ciyuae, ecau jouepHue mpomecchl €CTh, HO HU OJUH U3 HUX
elre He 3aBepIIwics (TO eCTh HET HU OJJHOTO <30MOU>, KOTOPOTO MOXKHO CHSTH),
BBI30B 2KJIET 3aBEPIIIeHNs JIIOO0Tr0 M3 JOYEPHUX IIPOLECCOB (OTCIO/a Ha-
3BaHUE BbI30BAa — Wait, aHII. orcdams).

B cinydae ycrexa BbI30B Bo3BpalliaeT pid 3aBepriuBIiierocs nporecca. Kemu
napaMerp HpeJcraniisiji co00i HeHyJIeBON yKazaresb, B I1EeJOYUCJIEHHYIO liepe-
MEHHYI0, Ha KOTOPYIO OH yKa3bIBaJl, 3alliCbiBaeTCsd MH(MOpMAaIKA O KOJie 3aBep-
IIeHUs [1POIECca UM O HOMEPE CUI'HAJIA, 110 KOTOPOMY Iiporecc Obui cHstT. Jljs
aHaJn3a uH(MOpPMAIUK B 5TOI IepeMeHHO# ucrnosb3yoTcs Makpochl WIFEXITED,
WIFSIGNALED (6buI Jiit TIPOIIECC 3aBepIieH 0ObIYHBIM CIIOCOOOM HMJIH 110 CUIHAJLY ),
WEXITSTATUS (ecu 3aBepiiieH OOBIYTHBIM OOPa30M, TO KAKOB KOJI 3aBEPINEHNsI),
WTERMSIG (ec/m 10 CUTHAJY, TO KAKOB HOMEP CHTHAJIA).

BoJjiee rubkuM siBJIsieTcst BbI30B

int wait4(int pid, int *status, int options,
struct rusage *rusage);

B kauecrBe 1mepBoro mapamerpa MOXKHO yKas3aTh HJIEHTU(MUKATOP KOHKPETHOT'O
porecca, Jando -1, eciin TpedyeTcst JOXKJIAThCs JI000I0 JJOYEPHEro POLecca; nMe-
eTcd TaK2Ke BO3MOXKHOCTD JIOK/JIAThCA ITPOIECCa U3 ONPEJICJICHHON TPYIILI TPOIeCc-
coB. [Tapamerp status ucnoab3yercs Tak ke, KakK JJjisi IPeIbIIYyIIero Bbi3oBa. B
KadecTBe 3HaUEeHUs options MOKHO ykazarh yucyo 0, mubo koncranty WNOHANG
B sToM cilyuae BbI30B HE ¥KJIeT 3aBEPIIEHUs MPOIECCOB; €CJAU HU OJIHOIO TOJ[XO-
JISIIIEro <30MOM> HeT, BBI30B HeMejIeHHO Bo3Bpailaer 3uadenue (. Ecim ykaza-
TeJh Tusage HEHyJIeBOi, B yKazyeMylo 00JacTh MaMsATH 3alMUChIBAIOTCS 3HATEHN S
CUYETUUKOB PECYPCOB 3aBEPIIUBIIErOCs lpoliecca. BbizoB Bo3Bpalaer -1 B ciydae
omnbku, 0 B ciydae, ecyiim HCIoJib3oBaJiach omius WNOHANG u 3aBepIInBIIIXCS
POIECCOB He ObLIO, ¥ pid 3aBEPIIUBIIETOCS MPOIECCa, €CJIN BbI30B YCIENIHO 0~
JIy4unJ1 nH(POPMALIIO U3 <30MO.

14.2.5 IIpumep

IlpuBeem mnpumep 3alycka BHEIIHEH OPOrpaMMbl ¢ IIOMOINBIO CBSI3KH
fork()+exec().

int pid;

pid = fork();

if(pid == -1) { /* ommbra */
perror ("fork") ;
exit(1);
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}

if(pid == 0) { /* mouepmuii mpomecc */
execlp("1ls", "1ls", "-1", "-a", "/var", NULL);
perror("ls"); /* exec BepHyJN yupaBieHue -> omubra */
exit(1l); /* 3aBepmaeM NpoIeCcC C HEYCIEWHHM KOZOM */

}

/* pomuTenbCKUil mpouecc */

wait (NULL) ; /* moxmaeMcs OKOHYAHHS [OYEpHEro Ipolecca,

3200HO ybupaeMm 30M6u */

14.3 2Ku3HeHHBbII HUKJI IIpoliecca

OJIOKMPOBKaA
(oTKayaH)

TOTOBHOCTb

(oTKauaH)
OJIOKMpPOBKaA

TOTOBHOCTb

7

BBIITIOJIHEHHUE
B PEXHME SIfIpa zombie
"

T0JIb3. PEXKHM

BbITTIOJTHCHHUC

Puc. 20: 2Ku3HeHHBII UKJI IPOIEcca

C y4eToM BOBMOXKHOCTH OTKAYKM HEOOXOJIMMBIX MPOIECCY JaHHBIX U3 TTaMsITH
Ha BHEIHUE yCTPOCTBA, KU3HEHHbI MK/ IPOIecca IPUHUMACT BUJL, HOKA3aH-
nelit Ha puc. 20. Ha cxeme Bujno, 9T0 1porece MoxKeT OBITh CO3JIaH KaK IOTOBLIM
K MCHOJIHEHUIO (ec/m B cucreMe ObLIo JIOCTATOYHO JIJIsi 9TOr0 CBODOJHON Onepa-
TUBHOI MAMSTH), TAK U Cpa3y OTKAYAHHBIM, €CJIU HaMaTh He xBaruio. Cucrema
10 CBOEMY YCMOTPEHUIO MOXKET OTKa49MBaTh U MOJAKAYUBATHL OOPATHO MaMATh TO-
TOBBIX K BBITOJHEHUIO MPOIECCOB (KAK OTIEIbHbIE CTPAHUIIBI, TAK U MTPOIECCHI
TIEJTUKOM ).
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[Tpu 3amycke mporecca Ha BBITOJHEHNE SIAPO CHAYAJIA BBIMOJHIET HEKOTOPYIO
I0JICOTOBUTEILHYIO paboTy; BMecTe ¢ 00pabOTKOH CHCTEMHBIX BBI3OBOB U IIPO-
I'PAMMHBIX [PEPBIBAHUI 9TO COCTABJISET GuinoAHeHue 6 pesicume Adpa. BazkHO
[OHMUMATD, 9TO B PEXKUME s1JIPa, BBIITOJIHSIIOTCS TOJbKO HHCTPYKIUH SIPa, HIKAKNE
YaCcTU KOJIa IIPOIecca B peXKUMe sijipa HUKOTJIa He ucnoJHgoTcsd. Ha camoMm jere,
B PEXKUME sijIpa PaboTaeT, KaK Mbl BUJIUM, caMO s/1p0. O BBIIOJHEHUU NPOUECCad B
peXKuMe sJipa FOBOPUTCS JIUIIb IIOCTOJIbKY, IIOCKOJILKY BpPeMsi, 3aTPadnBaeMoe /-
poM Ha paboTy B MHTEpecax JAHHOI'O MPOIECCa, YINTHIBACTCS KaK MOTPEOICHHBIH
IIPOIIECCOM PECyPC.

[Iporiecc MOXKeT 0Ka3aThCsi CHAT C MCIOJHEHUs ([ePEHTH B COCTOSTHUE TOTOB-
HOCTH ), MUHY$I CTAJIMIO BbIIOJHEHWsI B PEXKUME s1/Ipa. DTO MOKET POU30HTH, €CJIn
SIIPO MIPUMET PellleHne O CMeHe aKTHBHOTO IIPOIECca BO BpeMsi 00pabOTKH allla-
PaTHOTO NpepbiBatust (HalpUMep, mpepbiBatus Tajimepa). BosobHOBIIeHIE BBITIOJI-
HEHUsI IIpoTiecca B JII0OOM ciiyuae TpedyeT MOJAT0TOBUTEIbHBIX JIEHCTBUN B PEXKIME
siIpa.

Crout oOpaTUTh BHUMAHKE HA TO, UTO MPOIECC, MOMABIINI B PeXKuUM OJIOKHU-
POBKH (HATpUMEpD, OXKUIAIOIINI PE3yJThTATOB BBOJA-BBIBOJA), MOXKET Kak ObIThH
OTKAUYaH, TaK U OCTABATLCS B HMAMSITH, €CJIM OTKAYKa, CUCTEME He HOTPeDOBAJIACD.
Oj1HaKO, ecJiu IpoIiece Bee »Ke ObLI OTKavaH, 0OpaTHas IOoJKauKa OyIeT OCyIecTB-
JIEHa He PAHbBIIE, YeM MPOIECC OKAXKETCsl TOTOB K BBIIOJHEHUIO (TO eCTh UCUe3HeT
MpUINHA OJIOKUPOBKH).

15 Curyanusa rorok (race condition)

PaccmoTpuM mporpaMmy, TOPOXKIAIONIYIO JTOUYEPHUN TPOIECC U BBIIAIONIYIO
JIB& COOOIIEHNS, OJHO U3 IMOPOXKJIEHHOI'O ITPOIIECCa, BTOPOE U3 POIUTEIHCKOIO:

int main()

{
if (fork() == 0) { /* pouepHuii mpomecc */
printf("I’m the child\n");
t else { /* pomuTenbCKUil mpouecc */
printf("I’m the parent\n");
+
return O;
}

Bosmoxkno npe curyaruu. B mepBoii curyanun J0UepHUil Iponece He yCIeBaeT
10 TeM WJIM WHBIM MPAYUHAM Ha9aTh UCIOJHEHHE JI0 TOr0, KaK POJIUTEILCKUI 10ii-
JeT j1o BbizoBa pyuknuu printf (). Hanpumep, cucreme MOIJIO He XBATUTH TaMs-
TH ¥ JIOYEPHUI TTPOTIece ObLT CO3/1aH B OTKAYAHHOM COCTOSTHUY (B CBOTI-MaMsiTi ). B
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9TOM CjIydae cHadaJja Oyjer Hanedarana ¢gppasa <I'm the parent>, sarem — dpasa
<I'm the childs.

MoxkeT nosyunThed U wHade. K mpuMepy, y poJIuTeLCKOIO MPOIecca MOXKeT
cpasy 110 BbiojiHennu BbizoBa fork () ucreunb kBanT Bpemenu. [Ipu srom jouep-
HUil TpoIecc, KOTOPOMY Ha ceil pa3 XBAaTUJIO MaMATH, MOXKET MOJYUUTh YIIpaBJie-
HUE ¥ YCIIeTh 3a CBOM KBaHT BPEMEHW IMPOU3BECTH MedaTh. 1oraa hpas3bl MOSIBITCS
Ha 9KpaHe B 0OPATHOM TOPSIJIKeE.

Curyaliuu, B KOTOPBIX PE3yJIbTaT 3aBUCUT OT KOHKPETHOIi 1ocJIe 0-
BATEJbHOCTH HE3aBUCUMBIX COOBITHII (OOBIYHO coObITHII U3 paboraio-
MUX [apaJjijiebHO MPOIECCOB) HA3BIBAIOTCH CUMYAUUAMU 20HOK ',

CuTyanuu rOHOK 9acTO BOBHUKAIOT B MAPAJJICbHOM TPOIPAMMHUPOBAHNN, TO
eCTb MPU HAJUIUU OoJiee YeM OJTHOTO MOTOKa yrpaBjeHusd. OTHOCUTHCA K BO3HUK-
HOBEHWIO TAKUX CUTYaIWii CIejlyeT KpaiiHe BHUMATEIhHO, MOCKOJIBKY B HEKOTOPBIX
CIydasgxX HeyITEeHHbIE CUTYAIMH COCTSI3aHUI MOTYT MPUBOUTD K OIMHOKAM U JTasKe
npobsiemMamM B OE3011aCHOCTH.

K paccMOTpeHnio cuTyaruii TOHOK MBI €Ille BepHeMCs B OJIHOM W3 TO3THUX
JICKITUTA.

TCoorpeTcTByonuil aHrIOA3BIYHbIH TepMuH — race condition. B pycckux mepeBoax BCTpedaercs TaKze
<CHUTyaInAsA COCTA3AHUI>.
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Jlekniusa 8

16 YupaBjieHne CBOCTBaAMU MPOIECCA

16.1 Tekyuuii 1 KOPpHEBOII KATaJI0TU

Texymmii KaTaJ0r MOYKHO CMEHUTH € IIOMOIIBIO BBI30BA
int chdir(const char* path);

MOJIaB B KadecTBe MapaMeTpa MOJHBIH MyTh HOBOI'O KaraJjora Jubo MyTh OTHOCHU-
TeJIbHO TekyIero karajora. Crpoka ".." o3HavaeT KaTajgor YPOBHEM BBIIIE OT-
HOCHUTEJIBHO 3ajaHHoro (Hampumep, /usr/local/share/.. — 3T0 TO XKe camoe,
aro /usr/local).

Cwmena KOPHEBOTO KaTaJIora OCYIIECTBIISIETCS BhI30BOM

int chroot(const char* path);

[Tocsie BbITIOJIHEHMST 9TOINO BHI30BA KATAJIOI'U 34 MPEJIEIOM HOBOI'O KOPHEBOI'O Iie-
pPecTaioT OBITH BUJIHBI MM KAKAM-JIIOO 00pa30M JOCTYIIHBI IIPOIECCY U BCEM ero
noroMkKaM. Omepalius cMeHbl KOPHEBOI'O KaTaJiora HeoOpaTuMa.

Bbi3oB chroot () MOryT BBIIOJIHSITH TOJBKO IPOIECCHI, MMEIOIIUE PaBa, I0JIb-
30BaTeJIsl root.

16.2 Okpy2keHne

Oxkpy»xenne jgocTynHo B nporpammax na C depes riodajbHyio mepeMeHHyo
extern char **environ;
Jlist MaHUIIYJISIIAK TIePEMEHHBIMIA OKPYKEHUSI CJIy2KaT (PYHKIUN

char *getenv(const char *name);
int setenv(const char *name, const char *value, int overwrite);
void unsetenv(const char *name);

Oynkius getenv() BoO3BpalllaeT CTPOKY, SABJSIONIYIOCT 3HAYEHWEM MepeMeHHO,
UM KOTOPO# 33/ aeTca apTyMeHTOM name. Ecin Takoii mepeMeHHO#i B OKPYKEeHUN
Her, Bo3Bpaliaerca 3nadenue NULL.

OueHb BaXKHO Npon3eecTn NpoBepky Ha NULL nepef aHanu3oM BO3BpaLLEHHOMR cTpoku. Hukto

HE MOXET rapaHTUPOBaTh HANMYNE KAKOii Dbl TO HI DbINO NepeMeHHOI B OKPY>XEHNMN NPOLECCa, JaXe
eCIN peyb NAET O CTAHAAPTHLIX NepeMeHHbIX, BKAoYasa PATH.
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Oynknust setenv() ycraHaBjMBaeT HOBOE 3HAUECHHUE ITEPEMEHHOM, IPUIEM eC-
JIX TaKOil IepeMeHHo# He ObLI0, 3HAUeHNEe YCTAaHABINBACTCA B JIIOOOM ClIydae, ec-
JIA K€ COOTBETCTBYIOIIAs IepeMeHHasd B OKPYKEHHH y2Ke €CTh, HOBOe 3HavueHue
yCTaHABJIMBAETCSI TOJIBKO IIPYA HEHYJIEBOM 3HAYEHUHU lIapaMeTpa overwrite; rakum
obpa3oM, IapaMeTp overwrite paspelraeT WX 3allpeliaeT U3MEHsITh 3HaUeHUe
IIEPEMEHHON OKPYKEHUsI, eC/IM TaKOBasl YXKe eCTh.

Oyukims unsetenv () ynajser nepeMeHHYO ¢ 33/ JaHHbIM UMEHEM U3 OKPYKe-
HUSI.

16.3 Ilapamerp umask
[Tapamerp umask MOXKHO U3BMEHUTH C IIOMOIILIO CUCTEMHOIO BbI30Ba,
int umask(int mask);

DTOT CUCTEMHBII BBI3OB BCEI/Ia 3aBEPIIAETCsI YCIIEITHO U BO3BPAIIAET MPEJIbIIyIIee
3HaUYeHNe napamerpa umask.

16.4 Masnnyagamnga Tabdauiieii JecKpunTopoB

Hosble daiinoBble JeCKPUITOPBI CO3AIOTCA IPU YCHENTHOM BBIIIOTHEHUH BbI-
30Ba open(), a TakKe BO MHOI'MX JIDYIMX C/Iydasix (Kak Mbl yBUJUM Ha CJIEJYIO-
IUX JIEKIIUSX, JTECKPUITOPDI UCIOJB3YOTCA TAKXKe JIJTsT KAHAJIOB, COKETOB U T.II.)
ITpu cozpmanum HOBOrO (hailIOBOTO JIECKPUIITOPA CHCTEMA BCeTJla BhIOWpaeT Hau-
MEHBIITI# CBOOOJHBIN HOMEp; TaK, €CJN 3aKPBITh HYJIEBOH JECKPHUIITOP, CIEIYIO-
MW yCHenHubiil Bhi30oB open () BEpHET HOJb.

Juist 3aKpbITUSL JIECKPUIITOPA UCHOJIB3YETCsl Y2KEe PACCMATPUBABIIUIICSH BbI30OB
close().

Kpowme 31010, 0O4eHb BakHBI ellle JiBa CUCTEMHbBIX BbI30Ba, CO3JAIOIINE CHHO-
HUMBI CYITIECTBYIONUX JECKPUIITOPOB:

int dup(int fd);
int dup2(int fd, int new_fd);

Brizor dup () cozmaer HOBBIN (pailIoBBIi JECKPUTITOP, CBI3aHHbIN C TEM 2Ke ca-
MBIM [I0TOKOM BBOJla-BbiBOJIa, 4T0 1 £d. HoBblii 1 cTapblil JIeCKpUIITOPbI pas3jiesisi-
10T, B UMCJIe IIPOYEro, U yKasarejb TeKyIei nmo3uiuu B aiijie: ecjau Ha OJIHOM U3
HUX CMEHUTH IO3UIMIO C ITOMOIIbIO 1seek (), no3unust Ha BTOPOM M3 HUX TaKXKe
U3MEHUTCH.

Boizos dup2 () otimmdaeTrcs TeM, 9YTO HOBBIN JIECKPUTITOP CO3/IAETCs MO/ 3a,/1aH-
HbIM HOMepoM (mapamerp new_fd). Ecau 510T HOMEp ObUT CBSI3aH ¢ OTKPBITHIM
JIECKPUIITOPOM, TOT JIECKPHUIITODP 3aKPbIBAETCSI.
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PaccMorpum st mpuMepa CUTYaIrio, KOrjga HEeKoTopasi OMOJnoTeKa, KOTO-
PYIO MBI HCIIOJIB3YeM, IIPOU3BOIUT BBIBOJ HYKHOH HaM MH(MOPMAIMHK BCeraa Ha,
CTAaH/APTHBII IIOTOK BBIBOJA, & HAM >KEJIATeJbHO COOTBETCTBYIONLYIO HH(MOpPMA-
I[UIO BBIBECTU B (pailil. DTO MOXKHO CesIaTh ¢ IOMOIIbLIO TAKOro (pparmMenTa KoJa:

int savel, fd;

fflush(stdout); /* Ha Bcaruil cny4ail oummaeMm 6ydep
CTAHIApPTHOTO BHBOZA */
savel = dup(1); /* CcOoXpaHsfeM Hall CTAHIAPTHEHI BHBOL */

int fd = open("file.dat", O_CREAT|O_WRONLY|O_TRUNC, 0666) ;
/* OoTKpsmu daitm */

if(fd == -1) { /* ... obpaborka omwmbru ... */ }
dup2(fd, 1); /* coenanmu OTKPHTHE daiin
CTAHIAPTHHM [IOTOKOM BEBOZA */
close(fd); /* BakpHnu 'nMumHUR" NEeCKPUITOp */
/* ... IpOM3BOZUM HeHCTBUS C Hamey 6GubimoTero# . ..

BCE 3TO BpeMd BH30BH QyHKIUI, paboTawmux CO CTaHIAPTHHM
BeBOZOM (Takmx kak printf, puts m T.m.), 6yZyT BHBOZUTH
uHpopManupw B Ham Qani

*/
dup2(savel, 1); /* BOCCTAHOBWJIN CTaphlil CTAaHIAPTHHIH
IIOTOK BHBOZA */
/* Gafim mpu STOM 3aKpHUICE aBTOMATUYECKU */
close(savel); /* NUIHAA KONWA HaM He HyXHa */

Paccmorpum ere onnn rnpumep. ornyctum, y HaC BO3HUKJIA MTOTPEOHOCTH B
nporpamme na C cmojienmpoBarh pyHKIMOHUpoBaHue kKoMan bl Shell

ls -1 -a -R / > filelist

(notpocry rosopsi, cresepupoBarh (daityi filelist, cojepxKaluil CIIMCOK BCEX
daiisioB B cucreme). DTO MOKHO CJICJIATEH ¢ MOMOIIBIO CICYIONEro (pparMeHTa;

int pid, status;

pid = fork();

if(pid == -1) { /* ... obpaborka ommbrm ... */ }

if(pid == 0) { /* LmodepHuit mpouecc */
int fd = open("filelist", O_CREAT|O_WRONLY|O_TRUNC, 0666) ;
if(fd == -1) exit(1);
dup2(fd, 1);
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close(fd);

execlp("1ls", "1s", "-1", "-a", "-R", "/", NULL);
perror("ls");
exit(1);

}

/* pomuTenbCkuil mpouecc */

wait (&status) ;

if ('WIFEXITED(status) || WEXITSTATUS(status)!=0) {
/* ... obpaboTka ommbru ... */

kL

16.5 YnpasJieHue IIPOYNMU CBOHCTBAMHU MIPOIECCA,

Y3uarh 3naveHus napaMerpon uid, gid, euid, egid, pid, ppid, sid u pgid
MOXKHO, COOTBETCTBEHHO, CUCTEeMHbIMU Bbl3oBamu getuid (), getgid() u ..

[Tapamerpsr pid, ppid (umerTudukaTOp MpONECCa U €ro MpejiKa) U3MEeHEeHUTh
HeJIb3sI.

Manunysisanus napamerpamu sid u pgid OyJieT paccMOTpeHa B HallleM Kypce
M032Ke, Ha, JICKIIUU, [MOCBAIEHHOI ceaHcaM U IPYINaM IIPOIECCOB.

[Tapamerpnr uid, gid, euid, egid, mjenTudunupyonme MOTHOMOYNS TTPO-
1[ecca, B HEKOTOPBIX CIydasix MOTYT ObITh n3MeHeHbl. OO 3TOM pedb MOiIeT mpu
PacCMOTPEHUN TTOJITHOMOYNH TTPOIECCOB.

Hakoner, obpaborka curxajon Oyjaer paccMOTPeHa [IPU U3YyUEHUH CUI'HAJIOB
KaK CpeJICTBa MEXKITPOIECCHOT'O B3aNMOJIeCTBUI.

17 Obmasg Kjaaccudukalig cpesicTB B3anlMOJeli-
ctBus mmporeccoB B OC Unix

B pamkax ognoii Unix-cumcTeMbl Ipolecchl MOTYT TaK WM WHAUe B3au-
MOJIeiiCcTBOBAaTh MeXKJly coboil. Boobiie roBopst, OJUH IIPOIECC MOXKET IIOBJIUSTD
Ha paboTy Jpyroro, He npuberas K ClENUAJU3MPOBAHHBIM CPEJCTBAM; HalPH-
Mep, IPOIECC MOXKET MOAUMUITUPOBATDH (Daiijl, YuTaeMbIil JPyruM IporeccoM. Tem
He MeHee, JIJIsi OPraHu3allii B3auMOJIEHCTBUsI MPOIECCOB YI00HEH MOIb30BATHCS
CpeJICTBaM#, KOTOPBIE JIJIsI TOrO CIIeNUaIbHO IpeIHa3HAUCHDI.

HaubGosee TpEMHUTHBHBIM U3 TAKUX CPEJCTB ABJIAIOTCA cuznaas . CUrHas He
HeceT B cebe HUKaKOW nHMOPMaIUU, KPOME HOMEPA CUHAAA — LEJIOI0 YUCIIa, U3

!HecMoTps Ha IPOCTOTY CaMOTO CPeACTBa, KOPPEKTHOE HCIOMb30BAHHE CHTHATIOB HHOTIA OKA3LIBAETCH Tpes-
BBIYAHO CJIOXKHOU 3ajadveil; TOBOPsA O NMPUMUTUBHOCTH CHI'HAJIOB, MBI HE MOAPa3yMeBaeM, YTO OHU IIPOCTHL B
WCMOIH30BAHNH.
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cpelcTBa
B3aUMOICHCTBHSI

MPOLECCOB
JIOKAJIbHBIE

BUPT. TEPMHHAI

TPACCHPOBKa
mmap

CETCBLIC

CHUI'HAJIbI

HOBAHHbIC
HEHUMCHOBAHHBIC

[ COKCTHhI }

ouepe COOOIECHHI

[pasﬂenﬂeMaﬂ HaMHTL] [ CeMaq)Opr ]

Puc. 21: Knaccudukaius cpejcTs B3anMOI€CTBUSI TTPOIECCOB

IPEeJIOIPE I HHOTO MHOXKECTBA.,
st nepejadu JIaHHBIX MEXKJLY IPOIECCAME MOXKHO HMCIOJIb30BATH OJHOHA~
IIpaBJIEHHBIE KAHAAbL, PASIUIAIONINCCT HA UMEHOBAHHDIE T HEUMEHOEBAHHDLE.

Cucremubiit Bbi3oB mmap () 103BOJIET CO3/1aTh 00JIACTH HAMATH, JIOCTYIIHYIO
HECKOJILKUM IIporieccaM?. Takasg o61acTb maMATH Ha3blBaeTca pazdessemoti, a
IIPOIIECCHI, PADOTAIOIINE C HE, CANTAIOTCS 83aUMOJETUCMBYIOUWUMU Yepe3 pasde-
AAEMYIO NAMAMD.

[Tpu ornajike mporpaMM HCHOJIB3YETCS PEXKUM MPAcCuposry, Mpu KOTOPOIf
OJUH Tporiece (0OBIYHO OTJIAIINK) KOHTPOJUPYET BBIIOJHEHHE Jpyroro (oria-
YKUBAEMOU MTPOIPAMMBI).

Kak y»ke roBopuJioch Ha JieKinu, mocesinernoi Beejenuto B OC Unix, Bax-
HYIO PoJib B cucteMmax cemeiicrsa Unix urpaer nonsitue mepmunana. [Ipn Heodxo-
JIUMOCTH, (PYHKIMOHAJIBHOCTh TEPMHUHAJA KaK YCTPOHNCTBA MOXKET UMUTHPOBATH
OJIb30BATEIBCK I TTporiece (Tak paboraer, HapUMep, porpaMMa Xterm, a Tak-
’Ke CepBephl, OTBEUAIONINe 38, VAAJeHHbI JOCTYI K MallliHe, Takue Kak sshd uin
telnetd). BaanmogmeiicTBre Takoro MpoIecca ¢ Mpomeccami, Jijis KOTOPBIX WMW-
TUPYEMbIii (TO €CTh POIPAMMHO PEAJIM30BAHHBIN) TEPMUHAI SBJIACTCH YIIPABJIsi-
IOIIUM, Ha3bIBACTCS B3aUMOJICHCTBUEM UEPE3 BUPMYANLHOLT TEPMUHAN.

Heckosibko ocoboe mecTo B Kjiaccu@uKalum 3aHUMAIOT CPEJICTBa, 00be IMHeH-
Hple 0bmuM HazBanueM System V IPC3. Drtu cpejicrBa BKIIOUYAIOT MEXaHU3MBbI
CO3JlaHus pas3JiesisieMOil aMsTh, MacCUBOB ceMadOpoB u ouepejieil COOOIICHUI.
Curenyer oTMETUTh, UTO B IpakKTHdIecKoM mporpaMmmupoBanuu System V IPC uc-

2310 He ocHOBHAA (DPYHKIHOHAILHOCTL mmap (). M3HaUaIbHO BEI30B IPeIHA3HANEH /IS OTOOPAsKEHH COIep-
KuUMOro (ailjioB B BUPTYaabHOE aJPECHOE IIPOCTPAHCTBO IIPOLECCOB.
3CuMBOT < V> B TAHHOM CJIyUae 03HAYAET PUMCKOE <IATh>; TEPMUH UNTAETCST KaK <CHCTIM (hafiB aii-mi-cu>
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110JIb3YETCsl CPABHUTEJILHO PEJIKO. IpuK Peitmony B kaure [3] Hasbisaer atu cpeji-
CTBa YCTAPEBIINMU.

OCHOBHbBIM CPEJICTBOM B3aMMOAEUCTBHUS Yepe3 KOMIBIOTEPHYIO CETh (T0
eCTh B3AMMOJICHCTBHUS MPOIECCOB, HAXOMSIIMXCA B PA3HBIX CUCTEMAX), SIBJISIFOT-
cst cokemul (sockets). Cokerbl mpescTaBisiiorT coboil YHUBEPCATBHBIN MEXaHU3M,
PUTOMHBIA JiJIsT PAOOTHI ¢ MHUPOKUM CIHEKTPOM ITPOTOKOJIOB; 3TO O3HAYAET, UTO
obsiacTh MPUMEHEHUs] COKETOB He orpanmdena cersivu Ha ocHope TCP/IP wim
KaKoro-jinbo JIpyroro crasjapra; 0Oosiee TOro, npu Job6aBjIeHUM B CUCTEMY 10JI-
JIEP2KKN HOBBIX ITPOTOKOJIOB HET HEOOXOMMOCTH U3MEHATH UHTEPMEHCh CHCTeM-
HBIX BbI30BOB. Peasnmzanust cokeroB B OC Unix mojjiepKuBaeT Tak>Ke CHerasb-
HBII BUJ IPOTOKOJIA, KOTOPBI MOXKHO HCIOJB30BATH BHYTPHU OJIHON CHCTEMBI, JIa-
JKe ecJI TOJJIepyKKa KOMITBIOTEPHBIX CeTell B CHCTEME OTCYTCTBYET.

CyImecTByOT U APYTIUe CPeiCTBA B3AUMOJICHCTBUS 110 CETH, HO UCTIOJIb3YIOTCS
OHM B HACTOsIIIee BpeMsl KpaiiHe PEIKO W B HallleM KypCe PacCMaTpUBATHLCS He

Oyy.

18 CurnaJjinl

18.1 IIpeana3zHadyeHMe HEKOTOPBHIX CUTHAJIOB

O iMH U3 HPOCTERIINX CIIOCODOB MOBJIMATL Ha PabOTY HPOIECca — 3TO OTIPa-
BUTb €MY CU2HG/A U3 HEKOTOPOTO IPEJIONPEICJCHHOIO MHOXKECTBA.

MzHauyaabHO CUIHAJBI ObLIN HPEJHA3HAYEHDI JIJIsi CHSITHSI IIPOLECCOB ¢ BBINOJI-
HEHUsI, HO C Pa3BUTHEM CHCTEMbI Iprobpesu apyrue pyukiuu. [lepeducanm Heko-
TOpble HauboJiee yroTpeduTe/IbHbIE CUIHAJIbL:

e SIGTERM mpenmuchiBaeT TpOIEcCy 3aBepmInThed. IIporece Moxker mepexsa-

TUTH WJIA UTHOPUPOBATH 3TOT CUTHAJI.

e SIGKILL ymmurtoxkaeT mporiecc. B ormmune or SIGTERM, 3TOT curuaj HH
[IEPEXBATUTh, HU UTHOPUPOBATH HEJIb34. HenuwHum byget 3anomMHuUTE, YTO CUrHa
SIGKILL umeeT HOMmep 9.

Pazjiejienne <yHUYTOXKAIONINX> CUTHAJIOB Ha MepexXBaThIBA€Mblil 1 Herepe-
XBaTBIBAEMbI# BBEICHO C IEIbI0 CO3/1aHusI O0JIee THOKO ITPOIeyphl CHATHS
nporeccoB. Tak, mpu nepe3arpyske CUCTEMbI BCEM TTPOTECCaM PaCChLIaeTCs
caauasia SIGTERM, a 3arem, depes 5 cekyH) — SIGKILL. 9T0 1103BOJISIET IIPO-
[eccaM <IPUBECTU CBOMU JieJia B OPAJIOK>: HAIIPUMED, PEJIaKTOP TEKCTOB MO-
YKET COXPaHUTh HECOXPAHEHHBIN peJIaKTUPYEMbIIl TEKCT BO BpeMeHHOM daii-
Je ¢ TeM, ITOOBI MOTOM (B HAYAJE CJIEYIOIIEro CeaHca PeIaKTHPOBAHIS )
[IPEJJIOXKUTH 110JIB30BATEJII0 BOCCTAHOBUTH HECOXPaHCHHbIE N3MEHECHUS.

e SIGILL, SIGSEGV, SIGFPE u SIGBUS cucrema oTmpaBjdeT mpoleccam, dbu
JEfCTRIST TPUBEIN K BO3HUKHOBEHHMIO MPONPAMMHOIO MpepbiBanust (cooT-
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BETCTBEHHO, MOIBITKA BBIMOJHUTH HECYIIECTBYIONLYIO WA HEJONYCTUMYIO
KOMaH/Iy IIpoIleccopa, HapyHIIeHne 3allUThl IaMsITH, JIeJIeH’e Ha HOJIb U 00-
pallieHne K maMsTH 110 HeKoppekTHoMy ajpecy). [lo ymosaanuio jiroboit u3
STUX CUI'HAJIOB YHUUTOXKAET 1IPOLECC ¢ cozjanueM core-daiinat st nocie-
JIYIOIIEro aHaJju3a MIpUYuH npouciiectsus. OHaKO JO0O0N U3 3TUX CUT'HA-
JIOB MOXKHO TEpPEeXBaTUTh (HAIPUMED, YTOObI MOMbITATHCS Tepej] 3aBepiiie-
HIEeM 3amucarh B Qail pe3yibraTbl paboThi).

e SIGSTOP m SIGCONT mo3BOJIAIOT, COOTBETCTBEHHO, NMPUOCTAHOBUTH W ITPO-
JIOJIPKUTH BhITOJIHeHHE 1poriecca. Ormerum, uro SIGSTOP, kak u SIGKILL,
HeJIb3sl HU [epexBaTUThb, HU urnopuponaThb. SIGCONT nepexBaTuTb MOXKHO,
HO CBOIO OCHOBHYTO (DYHKIMIO (IIPOJIOJIKUTH BBIIOJHEHUE [TPOIECCa) OH Bbl-
MOJIHSIET B JIIOOOM CJIydae.

e SIGINT m SIGQUIT ormnpaBidiOTCA OCHOBHOW TrpymIie MPOIECCOB JIAHHOTO
TepMuHAJIA® PN HaXKATHU HA, KJjaaBuaType kombunaruit Ctrl+C u Ctrl-\,
coorBeTcTBeHHO. [To ymMosgannio 00a curHaJia mpuBOISAT K 3aBEPIIEHUIO MTPO-
necca, npuueMm SIGQUIT errie u co3maer core-paii.

e SIGCHLD cucrema mnpucChlIaeT POJUTEILCKOMY IPOILECCy TIPU 3aBepIleHnn
JIOYEepHero.

e SIGALRM nmpuchLIaeTCsd MO UCTEYCHUU 3a/IAaHHOTO MHTEPBaJa BPEMEHU IMOCTe
BbIzoBa alarm(). Takum 0Opa3oM HPOIECC MOXKET B3BECTHU JIJist cebst <HAIlO-
MUHAHUE>, HAIPUMeED, Ha CJIy4dail 9pe3MepHO JOJTOTO BBINOJHEHUA TEX WU
WHBIX eficTBuit. OTrnpaBuTesieM 3TOr0 CUTHAJIA OOBITHO sIBJISIETCsT OIepalli-
OHHAS CHUCTEMA.

e SIGUSR1 n SIGUSR2 npepnHazHaveHbl JIJId WCIOJIB30BAHUA TTPOTPAMMUCTOM
JUIsi ¢cBOMX nesieit. OTMeTnm, 9To 10 yMOJYAHUIO 9T CUT'HAJIbI TAKXKe 3aBep-
IAIOT TIPOIECC.

18.2 OrnpaBka curtaJia

OrnpaBuTesieM CUrHAJIA MOYKET ObITh KaK IPOIecc, TaK U OIepalloHHasl CHU-
cTeMa, moJjiydaTesaeM — BCEerJia Mporece.
st oTpaBKU CUTHAJA CJIYKHUT CUCTEMHBIN BBI3OB

int kill(int target_pid, int sig_no);

4Core—d)a1‘/‘m — 310 dailyl C UMEHEM core WJId Prog.core, CO3ABAEMbIl ONEPAIMOHHON CHCTEMOI B TEKYIIEeM
KaTaJore Ipu aBapUiHOM 3aBEPIIEHUHU IPOrpaMMbl. B 31oT (aiis moTHOCTHIO 3aIUCHIBAETCS COAEPXKUMOE Cer-
MEHTOB JIAHHBIX U CTeKa Ha MOMeHT aBapuu. Core-(ailiibl MO3BOIAIOT € MOMOIIBIO OTJIAJIMKA TPOAHAIU3UPOBATD
MPUYIUHBI aBAPUHU, B TOM YHCJIE — Y3HATh TOYKY KOJA, B KOTOPOII MPOMW30IIJIa aBapUsd, MPOCMOTPETh 3HAUECHU
TepEeMEHHBIX HA MOMEHT aBapuu M T.JI.

®CeaHChI B TPYIIILI IPONECCOB OyIyT PACCMOTPEHLI B HAIIeM Kypce mozzKe. IIoka MOMKHO CUUTATh, 9TO CHT-
"ajibl SIGINT u SIGQUIT npu HaKaTuu COOTBETCTBYIOLIMX KJABUIL II0JIy4aeT TOT IIPOLECC, KOTOPbIA Bbl CaMu
3amycTuin, HabpaB KOMaHIY, a TaK¥Ke ero MOTOMKHU (€C/IU OHU He TMPEINPUHSAIA CIENUaTbHBIX Mep ).
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[TapameTp sig_no 3ajiaeT HOMED NOJJIEXKAIIEro OTIpaBke curnadia. s sydimeit
SICHOCTH TIPOI'PAMMBbI PEKOMEH/IYeTCsl UCIIO0JIb30BaTh BMECTO YHCE] MAKPOKOHCTAH-
ToI ¢ npecdurcom SIG, Takue kak SIGINT, SIGUSR1 u T.1I.

[Tapamerp target_pid 3ajaer mnporecc(bl) KOTOPOMY (KOTOPBIM) CJIE/LyeT OT-
IpaBuUTh curHaj. Eciu B KadecTBe 5TOro napamerpa IepejaTh MOJOKUTEIbHOe
YUCJI0, ITO YUCIO0 OYJIET MCIOIB30BATHCS KaK HOMED ITPOIECca, KOTOPOMY CJIelyeT
nocyarh curnaj. Ecin nepegars dnciio -1, curaag OyJeT mocaaH BCeM IIPOIeccaM,
Kpome camoro BbizBapirero kill (). OrpunaresnbHoe 9uciao, OOJIbIIEe eTUHUIbI
110 MOJIYJII0, O3HAUAET Iepeady CUrHaAJa T'PYIIIIe IIPOIEeCCOB ¢ COOTBETCTBY IOIIIM
Homepom. Housib o3Ha"aer nepejiady curHaJja BCeM MPOIECCaM CBOEH I'PYIIIIHL.

[Iporecenl, uMeronre MoJHOMOYMs cylieprob3oBarets (uid —= 0), moryr
OTIPABJIATH CUI'HAJIBI JIIOOBIM IIPOIECCaM; BCE IIPOUME IIPOIECChl UMEIOT IPaBO
OTTIPABKKM CHUTHAJIA TOJBKO IMPOIECCaM, TPUHAIEKAIIUM TOMY YK€ MO0JIb30BaTe-
mo. Takum obpasom, JJjisi HENPUBUJIEIMPOBAHHOTO Ipolecca Bbi3oB kill(-1,
SIGTERM) osnauaer ornpasBky curnaja SIGTERM Bcem mpoiieccam TOro »e 1moJib-
30BaTeNIsI, KPOME caMoro ceosl.

18.3 OO6paboTka curHaJjioB

Ec/iu He npeinpuHATh CIeUaJbHbIX Mep, OOJIBIIMHCTBO CUIHAJIOB 3aBEPIIAOT
1POIIecC, IMPUYEM HEKOTOPhIE U3 HUX €Ille U CO3JIat0T core-daiii, cojep:Kaliuii cer-
MEHT JIAHHBIX ¥ CTEKa 3aBEPIIEHHOrO Tporecca. Hekoropeie curHabl (Hampumep,
SIGCHLD) 10 yMOJYaHUIO UIHOPHPYIOTCS.

[Iporiecc moxket st troboro curnaga, Kpome SIGKILL u SIGSTOP, ycTaHOBUTD
CBOIl pexkuM 00pabOTKH: BbI30B (PYHKIUU-00PAOOTINKa, UTHOPUPOBAHUE WUJIA 00-
paboTKa 110 yMOJIYaHKIO.

QyHKIUA-00padOTINK JIOJXKHA IPUHUMATD OJIUH 11eJIOUNCICHHbBIN ITapaMeTp u
MMeTh THUII BO3BPAIIAEMOT0 3HAUYCHNS VOid, T.€. 9TO JIOJKHA OBITH (DYHKIIMST BHJIA

void handler(int s) {
/* ... %/
+

st ycraHoBku 00pabOTYuMKa CUI'HAJIA MOXKHO HMCIIOJIb30BaTh CUCTEMHbBIH BbI30B
signal():

typedef void (*sighandler_t) (int);
sighandler_t signal(int signo, sighandler_t hdl);

[Tapamerp signo 3ajaer HoMep curuaga, napamerp hdl — agpec GpyHKIH, KOTO-
pasi JIOJI>KHA ObITh BbI3BAHA IIPU TOJIYIEHUN COOTBETCTBYIOIIErO curHaJja. B kade-
cTBe 3HadYeHud hdl TakzKe MOXKHO MCIIOJIL30BaTh clenuaJjbable 3HadeHnd SIG_IGN
(nrropuposarh curias) u SIG_DFL (ycraHOBUTH 06pabOTKY MO yMOJTYAHMUIO).
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Bri3os signal () Bo3Bpalaer 3HadeHne, COOTBETCTRYIOIIEE MPEblIyIIeMy pe-
JKUMY 00pabOTKHM JIJid JaHHOTO curHaJia, nbo SIG_ERR B ciaydae omuOKH.

[Tocsie ycranoBku pyHKIUK-00PAOOTUNKA B CJIydae, €CJIM KTO-JIU00 OTIIPABUT
HAIIEMY TIPOIECCy CUTHAJ, OyjeT Bbi3BaHa (DYHKIHA-00pAbOTINK (C mapaMeTpoMm,
PaBHBIM HOMEPY CHIHAJA).

JlasbHeililiee moBeJieHNE IIPOIECCa IT0CJie MOJIyYeHNs MEPBOrO CUT-
HAJIa 3aBUCHAT OT BEPCHUM OIMEPAIMIOHHON CUCTEMBI (a MHOIJIA, KaK B CIIydae
Linux, u or Bepcuu cucreMHbix 6ubimorek). B imaccuueckux Bepcnsix Unix, B
ToM uncie B System V| pexxum 0OpabOTKH CUTHAJA TIPH TTOJYY€HHH TaKOBOTO (H
nepest nepejiadeii ynpapienust GyHKIUH-06pabOTINKY ) COPACBIBAJICS B DEXKUM IO
yMosdanuio. B Bepcusix BSD, HAIIpOTUB, PE2KUM 00PaDOTKU OCTABAJICS IIPEXKHUM,
HO Ha BpeMs paboThl 0OPAdOTUMKA CUI'HAJIBI C TEM K€ HOMEPOM OJIOKMPOBAJIUCH.

Yrobwl HanMcaHHas nporpamMmma BeJjia cedsi boJiee-MeHee OJIMHAKOBO MPHU JIIOOOM
13 JIByX BapUaHTOB IOBEJIEHU, CJEJyeT MepeyCTaHABIMNBATL PEXKUM 00PADOTKH
KaXKJIplil pa3 B Havdasie GyHKInH-00paboranka (Jnbo, Haob0poT, cOpachBaTh pe-
Kum 00paborkn B SIG_DFL, eciiu Tpebyercsi epexBaTuTh TOJBKO OJ[MH CUIHAJ).

Harnurmewm jijist npuMepa nporpammy, Koropast npu Haxkatuu Ctrl-C cuadaJsia
BBIJIAET COODINEeHNe, U JIUIIL Ha 25/ pa3 3aBepIIaeTcs.

#include <signal.h>
#include <stdlib.h>

volatile static int 1 = 0;
const char message[] = "Press it again, I like it\n";

void handler(int) {
signal (SIGINT, handler);
1++;

write(l, message, sizeof (message)-1);

+

int main() {
signal (SIGINT, handler);
while(i<25) pause(); /* He BHXOOUM U3 IPOTPAMMEH,
XIeM CUTHAaJoOB */
return O;

[Tosicaum, uto dynkIiusg pause() TPUOCTAHABIWBAET BHIOJHEHUE ITPOTPAMMBI
JIO TIOJIYUYEeHUsT HEMTHOPUPYEeMOro curuaJjia. Mbl Morjn ObI OCTaBUTH TEJIO IHUKJIA
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while mycThIM, HO 3TO TPUBEIO OBl K BOZHUKHOBEHWIO aKTHBHOI'O OXKHUIAHW, a
9TOTO CJIEYeT TI0 BO3MOXKHOCTH U30eraTh, T.K. IPU aKTUBHOM OYKUJIAHWH MPOTIEC-
COp OKa3bIBAaeTCs 3aHAT OECCMbBICJICHHON PabOTOil.

CisioBo volatile B onucaHuM NEPEeMEHHON 1 yKa3bIBAET KOMITMJISATOPY, UTO
3HAUYEHUE TIePEMEHHON 1 MOXKeT HeOXKUJaHHO U3MEHUTLCs; pu 0OpaboTke mepe-
MEHHBIX, OIMCAHHBLIX KaK volatile, KOMIIMJIATOD HE NpuberaeT K MeTo/iaM OINTHU-
MU3AIMN, OCHOBAHHBIM Ha MPEJINOJOXKEHUIX O 3HAYEHUN TaKO# MepeMeHHOM.

Cnemyer obparuTh BHEMaHKME Ha TO, 9TO pexxuM o0paboTkm curnaja SIGINT
BBICTABJIICTCSA KaK B HadaJIe TPOrPaMMbI, TaK U TIPU KaXKJIOM MOy IeHUH CUTHAJIA,;
9TO CJIEJIAHO JIJIs TOTO, YTOOLI TporpamMMa padoTasia KOppeKTHO B CIydae, eCJid Ch-
creMa, B KOTOPOW Mbl €€ 3allyCTUJIM, OJJIePKUBAET <KJIACCUYECKYI0> CEMaHTUKY
BbI3oBa signal().

Hakoner, unraresib, BOBMOXKHO, 00paTuj BHUMaHKUE, 9TO BbIBOJ, COODIIEHMSI
<Press it again, I like it> npousBoguTcs BbI30BOM write() BMECTO IPUBBITHOIO
printf (). Jleqo B ToM, 9TO U3 00pabOTUYMKA CUTHAJIOB OMACHO BHIZBIBATH <CJIOXK-
HbIe> (DYHKITUU: CUTHAJ MOYXKET TPUHTH TTPOIECCY B TO BpeMs, KOTJIa OH HAXOIUTCS
BHYTPW KaKOW-TO (PYHKIINN, U BHYTPEHHUE CTPYKTYPBI JJAHHBIX 9TOH DYHKIINN TIPH
9TOM BPEMEHHO OKaXKyTcsi B HeleJIocTHOM cocrosHuu. [Tockosibky u3 obpadborduka
HUKAK HeJIb3s OIpPeIe/INTh, B KaKoii MOMEHT Obljia NpepBaHa OCHOBHAs MPOTpaM-
Ma, JlaJibHelliee BMEIaTebCTBO B HEIEJOCTHbIE CTPYKTYPbhl JIAHHBIX ITPUBEJIET
K HeIpeJICKa3yeMbIM TOCIeCTBUAM. [Ipexkie Bcero 3To KacaeTcs JTUHAMUYIECKOI
naMsATH, HO 1 OubJjinoTednbie (pyHKIMKM THTTA TOH ke printf () moryT okazarbcs
B 9TOM CMBICJIE HEOE30MACHBI.

Boobimie, coryacHo crangapry, n3 00paboTuanKa CUTrHAJI, MOXKHO U3MEHSATh TJI0-
OaJibHbIE [IepEMEHHbIe THIIa Sig_atomic_t (Ha caMoM jiejie 510 0ObIYHO CHHOHUM
THIA 1nt) ¥ BI3BIBATH (DYHKINM U3 sIBHO TEPEUYUCICHHBIX B CIUCKE <Oe30mac-
HbIx>. B ux uncio Bxojur u pyukius write (). [HosHblil clincoK MOXKHO y3HATH

13 JJOKyMEHTAIUH 10 BbI30oBY signal ().

B 3aksitoueHne oTMeTUM, 4TO B COBPEMEHHbIX MPOrpaMmax Asst yCTaHOBKU obpaboTku curha-
NoB 0ObIYHO MCMOAb3YeTCs BbI30B sigaction(), a He signal (). JTOT BbI3OB MMEET CTAHAAPTHYIO
ceMaHTKKy BO BCeX Unix-nmopobHbIX crcTemMax u CyLyecTBeHHO bonee rnbok. K coxaneHnuto, ero mnc-
nosib3oBaHmne TpebyeT hOPMUPOBAHUS JOCTATOYHO CIOXKHBIX CTPYKTYP AQHHLIX, @ MOAPObHOe onu-
CaHne (PYHKLMNOHANIBHOCTN OKa3blBAETCS MPOMO3AKNUM U NEPErpYXEHHbIM TEXHUHECKUMMN AETaNsIMU.
MosTomy BbI30OB sigaction() Mbl OCTaBASIEM HUTATENO AS1 CAMOCTOSITENBHOIO U3YYeHNs.

18.4 CucreMusnlii BbI30B alarm()

C nomoripio Bbi30Ba alarm() MOXKHO 3aTpeOOBATDH OT SIAPa OTIIPABKU HAIIEMY
nponeccy curnajia SIGALRM uepe3 onpeesieHHOe KOJIMYECTBO CEKYHJ| PeaJibHOrO
BpeMmenu. IIpoToTuir BeI30Ba, TaKOB:

int alarm(unsigned int seconds);
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[TapameTp 3aj1aeT KOJMUECTBO CEKYHJI, Yepe3 KOTOPOE CJIeJIyeT TPUCIATh CUTHAJ.
KazkoMmy mporeccy B cUCTeMe MOYKET COOTBETCTBOBATHL OJMH AKTHBHBIN 3aKas
Ha otnpaBKy SIGALRM; korja 3akKa3aHHBIA MEPUOJI BPEMEHU HUCTEKAET, CUCTEMa
IIPUCHLJIACT NIPOIECCY CUTHAJ, & CaM aKTUBHBIN 3aKa3 YHUYTOXKACTCHA.

Bosspaiiaemoe Bbi30BoM alarm() 3HaUeHHE 3aBUCUT OT TOI'O, IMEETCS JIU yIKe
JUIST JIAHHOT'O ITTPOIecca aKTUBHBIN 3aka3 Ha oTnpaBKy SIGALRM. Ecau Takoro ne
OBLIIO, BLI30OB BO3BpAIaeT HOJIb. ECin »Ke aKTUBHBINM 3aKa3 y2Ke ObLI, BO3BPAIIEHO
Oy/leT KOJIMIeCTBO CEKYH/I, OCTaBIIeecs JO0 MOMEHTa ero MCIIOJIHEeHHUH.

Cucrema MOXKeET MMOMHHUTH TOJIBKO 00 ojHOM curuajie SIGALRM, Tak 9To, ecju
[0 pe3yJjbTaTaM IIPEeJbIAYIIEer0 BbI30Ba CUTHAJ IIPUCJIATL IIPOIECCY HE YCIeH,
HOBBIIl BBI30B OTMEHUT CTapbIil 3aKa3 U yCTAHOBUT HOBBIL.

OrmeTum, 910 HyJIEBOE 3HAUEHUE MapaMerpa seconds OTMEHUT aKTUBHbBIH 3a-
Ka3, He YCTAaHOBUB HOBDIl.

18.5 3BakJrouyeHue

HecMoTpsi Ha KaxKyIylocsi IPpOCTOTY, aKTUBHAs paboTa ¢ cUI'HaJiaMu Tpedyer
BBICOKOI KBasnduKaruu. [Ipn ucnoabp30BaHuy CUTHAJIOB YaCTO BOSHUKAIOT CUTYya-
I[MY TOHOK, CAMMW CUTHAJIBI HEHAJIEXKHBI, TIPU OTIPABKE JIBYX OJMHAKOBBIX CUTHAJIOR
NPUATH MOXKET TOJBKO OJINH, U T.]I.

Ecnu mporece, 6JIOKUPpOBAHHBIA B CHCTEMHOM BBI3OBE, IIOJIyYaeT CUIHAJ, pe-
KUM 00pabOTKH KOTOPOIO OTJIMYAeTCsi OT UIHOPUPOBaHUs (HAIIPUMED, YCTAHOB-
JeH 0OpabOTIMK), TO CUCTEMHBINA BBI30B, B KOTOPOM ObLIT OJIOKHPOBAH MPOTIECE
(marpumep, read (), sleep() u Jjp.), BO3BpAIAeT yIPABICHUAE, CUIHAIUZUPYsT 00
OIINOKe; OT <HACTOSIIEH> OMMUOKU 3Ty CUTYAIUIO MOXKHO OTJIMIUTDH 110 3HATCHHUIO
nepeMeHHoil errno, Koropast Oyjer papua EINTR.

Takum oOpa3oM, HallMCaHUE KOPPEKTHOM MPOrpaMMbl, aKTUBHO HCIIOJIb3YIO-
el CUTrHAJbI, MOXKET OKa3aThCH JIeJIOM BECbMa CJOXKHDBIM.

19 KanaJjbl

Kanaa — 370 00beKT sapa, IPeacTaBIdoNuii coboil CpecTBO OJHOHAIIPAB-
JIGHHOI Tepejiadn AaHHbIX. KaHaj Bceryja mmeer JiBa KOHIIA, OJWH JJIsI 3allUCH,
npyroit st arennsi. C KaxKIbIM KOHIIOM KaHaJja MOTYT OBITh CBA3aHBI (hailioBbIe
JIECKPUTITOPHI, TPUHAJIEXKAIINE, BO3SMOXKHO, PA3HBIM ITPOIIECCAM.
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Puc. 22: Csa3biBanue ABYX JIOUEPHUX MPOIECCOB Uepe3 HeMMEHOBAHHBIN KaHaT

19.1 HeunmMmenoBanHble KaHAJIBI
19.1.1 Co3aaHue KaHaJa

HenmenoBanublii KaHa I CO3/1A€TCA CUCTEMHBIM BBI30BOM
int pipe(int £d[2]);

Ha Bxoj eMy mojiaeTcst ajpec MacCuBa, U3 JIBYX 9JEMEHTOB THUIIA int; B 3TOT Mac-
CHB BbI30B pipe () 3aluChIBAET JIECKPUIITOPDI, CBI3aHHBIE ¢ CO3/[AHHBIM KAQHAJIOM:
£d[0] — nmsa garenus, £d[1] — s 3anucn.

Kak sicno m3 HasBaHMs, TAKOH KaHaJ HE MMeeT WMEHU W, COOTBETCTBEHHO,
HE CYILIECTBYeT CIOCO0a HMOJKIIUYATBCI K TAKOMY KAHAJLY U3 JPYroro HIporecca.
EuncTBeHHbIH c11ocod JOOUTHCS TOTO, YTOOBI K OJTHOMY W TOMY Ke KaHaJy OKa-
3aJIMCh TOJIKJIFOUYEHBI PA3HbIE MTPOIECCHl — ITO CO3/4aTh KOO ITPOIECcca, CO3/1aB-
IIero KaHaJi, ¢ momoiibio BbizoBa fork (). Takum obpa3oM, UCIOIH30BATH HEUME-
HOBAHHBIA KaHAJ JIJIST B3AaUMOJIEHCTBIS MEXK, 1y COOOM MOI'YT TOJIBLKO POJCTBEHHDBIE
IIPOTIECChI, Ueil ODITHUil IPeoK co3/1aJ COOTBETCTBYIONINI KaHaJl.

Ha puc. 22 nokasano CBSI3bIBAHKME C TOMOIIHI0 HEMMEHOBAHHOIO KaHAJIa JIBYX
JIOUepHUX TporeccoB. Ha mepsom mrare (/10 TOPOXKIEHWsT HOBBIX TPOIECCOB) PO-
JINTEJIbCKUI IIPOIECC COo3/aeT KaHaJl. 3aTeM POJUTEHLCKUN IIPOIeCcC MOPOXK1aeT
JIBa, JIOYEPHUX IIPOIECca, B pe3yjbTare 4ero BO BCEX TPEX MPOIECccax OKaA3bIBa-
I0TCsl JICCKPUIITOPBI KaK OJIHOIO, TaK M BTOPOI'O KOHIIOB KaHaJja. [lociie 3Toro
POJIMTEILCKII TIPOIECC 3aKPBHIBAET CBOM SK3EMILISIPbI JIECKPUIITOPOB, ITOOLI HE
MeIIaTh JOUYEePHUM IpOIeccaM HCIOJb30BaTh KaHat. B ¢Boio odepejb, B mepBoOM
JIOYEPHEM TTPOIECCE 3aKPhIBACTCSI JECKPUIITOD, NPETHAZHATEHHBIA 11 IT€HNsT, BO
BTOPOM — JIJIsl 3amucu. B pesyiabrare mouepHEe IpOoIecchl OKA3bIBAIOTCS CBA3AHI
TaKuM 0Opa30M, YTO IEPBBI BTOPOMY MOXKET IiepejiaBaTh JIaHHbIE Yepe3 KaHall.
CootrBercrByiomuit Koj, Ha si3bike C OyieT BbIIVISAETb NPUOJIN3ATEIbHO TAK:

int fd[2];

pipe(fd);

if(fork()==0) { /* child #1 */
close(£fd[0]);
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/x ... x/

write(£fd[1], /* ..., */);
/* ... x/
exit (0);

+

if (fork()==0) { /* child #2 %/
close(£fd[1]);
/* ... %/
rc = read(fd[0], /* ..., *x/);
/* ... x/
exit (0);

+

/* parent */

close(£fd[0]);

close(fd[1]);

/* ... *x/

19.1.2 IloBeaenue KaHaJia B OCOOBIX CJIydasX

PaccMorpuM Jij1si Havaja CUTyalldio, KOIJla B CUCTEMe IPUCYTCTBYIOT OTKPbI-
Thi€ JIECKPHUIITOPHI 000MX KOHIIOB KaHaJja. IIpw mombITKe uTeHust M3 KaHaJa, B
KOTOPBI [TOKA HUKTO HUYUEro He 3aIUCaJl, TUTAMIINA Ipoiece OyaeT 3a0J10KIHpo-
Baf (10 ecth read () He BepHET yNpaBJIeHHE) JIO TEX T0p, MOKa JIMOO KTO-HUOY/IH
HEe OCYIIECTBUT 3allMCh JAHHBIX B KaHaJI, JTMOO BCE JIECCKPUIITOPHI, OTKPbHITHIE Ha,
3aIIMCh B 9TOT KaHaJl, HE OKaXKyTCs 3aKPBITHI.

OrMeTuM, 9T0, €CIM B KaHaJe JOCTYIHDI JIJIsT YTeHUsI JTaHHbIe (He3aBUCUMO OT
WX KOJIMIECTBA, XOTs Obl o/iuH OaiiT), dyukiusa read () mpu mOMbITKE ITCHUS U3
KaHaJla, BEPHET yIPaBJIeHUEe HeMeJIeHHO; ecyin Tperuii napamerp read () (kosm-
9eCTBO DAMT, KOTOPOE TPEJIIUCHIBACTCSA TPOIUTATE) ObLT GOJIBINE, YeM HA MOMEHT
BBIZ0BA OKA3aJI0Ch JIOCTYITHO JAHHBIX, MPOYUTAHBI Oy/IyT BCE JIOCTYITHBIE JaHHbIE,
u read () BepHET UX KOJUUECTBO, KOTOPOE IPHU ITOM OyJieT MeHbIIe <3aKa3aHHO-
ros.

[TonbITKK 3amucu B KaHaJ, U3 KOTOPOTO HUKTO HE UHTAET, HEKOTOPOe Bpe-
Mst OyjyT yenemubiMu. [lesio B TOM, 9TO KaHaJ MMeeT BHyTpeHHHil Oydep, pas-
Mep KOTOPOTO 3aBUCHT OT peajusaiuu (Tak, B Linux or 00brano cocrapisier 4096
oaiir). TTocsie Toro, kak Gydep okaxkercsi 3al0JHEH, 0YepeiHoi Bbi3oB write ()
3a0JIOKUPYET HPOLECC [0 TeX 0P, IHOKa KTO-HIOY/Ib HE HAYHET U3 KaHAJIA YATATD,
0CcBO0OJIUB, TaKUM 0Opa30M, MecTo B Oydepe.

PaccMoTpuM Temeph ciiydad, KOIJIa BCE JECKPUITOPHI, CBSI3aHHBIE C OJHUM
13 KOHIIOB KaHAJIa, OKA3aJIMCh 3aKPBITHI. SICHO, 9TO JAaHHBIH KOHKPETHBIA KaHa
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boJiee HUKOT/A HE YIACTCS WCIOIh30BATh, TTOCKOJIBKY CIOC00a BHOBH CBSI3aTh Jle-
CKPHUIITOP C OJHUM M3 KOHIIOB HEMMEHOBAHHOI'O KaHAaJa B CUCTEMe HeT.

Ecian okazaanck 3aKphITHI BCe JECKPUNTOPHI, Yepe3 KOTOPhIe MOXK-
HO OBLIO 3amuCHIBATHh JaHHbIE B KaHAJ, ONepanuy 4YTeHus (BHI3OBBI
read()) cuagaJia omycromar BHyTpeHHuii 0ydep kanasa, a 3areM OyayT
Bo3Bpamarh 0 (curyanusa <koHer cdaiiaas).

Ecan, HaobopoT, oka3ajmch 3aKPBIThl BCE JECKPUINTOPLI, YePe3 KO-
TOPbI€ MOX>KHO ObLJIO M3 KaHAJa YUTATh, TO MEePBad YKe IMOMNbITKA 3aMUCU
B KaHaJI NMPUBEJAET K TOMY, YTO IOIBITABIINUICA OCYIIECTBUTH 3aIINCh
mporiecc moayduT curaa SIGPIPE. Ilo ymomgaHuio 3TOT curHaJ 3aBep-
miaeT mporiecc. Bosos write() mpm 3TOM BO3Bpalmaer -1, 9TO MOXKeT ObITh
00HAPYKEHO TOJHKO B CJIydae, eCju TMPOIECC MepexBaThIBAeT WM HUTHOPHUPYET
curnaJi SIGPIPE.

19.2 Ilcnooap3oBaHne HEMMEHOBAHHBIX KaHAJIOB JJid IIO-
CTPOEHNd KOHBENEPOB

Konseiiepom Ha3biBaeTCsi CIIOCOO 3allyCKa HECKOJILKUX IIPOIPAMM, IPU KOTO-
poM nH(pOpMaIs, BblJjaBaeMas IIepBoii TPOrpaMMOil Ha, CTaHIaPTHBIN BBIBOJ, TTO-
CTyIaeT BTOPOU IIporpaMMe Ha CTaHJaPTHLINA BBOJ, BLIBO/I BTOPO#l IIPOrpaMMbl —
Ha BBOJ| TpeTheil mporpaMme W T.JI. MbI y:Ke BCTpedasnch ¢ KOHBelepaMu TpH
obCy>KIeHnn BO3MOXKHOCTEH KoMarHoro nareprperaropa OC Unix.

OOBITHO KOHBEHEPHI PEAIN3yIOTCsI ¢ TIOMOIIHI0 HEMMEHOBAHHBIX KaHaoB. s
9TOTO HEOOXOJMMO COOTBETCTBYIONIUM 00Pa30M CBS3aTh ITOTOKU CTaHIAPTHOTO
BBOJIA U BBIBOJIA (TO eCTh JecKpuinTopbl 0 u 1) B mporeccax, COCTaBMISIONNX KOH-
Be#iep, ¢ KOHIIaMU KaHaJia.

OueHb BaykKHO 1PU 9TOM 3aKPBITh BCE <JIMIHUE> JIECKPUIITOPHI, CBI3aHHBIE ¢
JAHHBIM KaHAaJIOM, BO BCEX TTPOIeccaX, BOBJIEUEHHBIX B pelienne 3a1aun. [Iporpam-
mbl B OC Unix, KaK npaBujio, MANIYyTC TaK, 9T00bI paboTaTh JI0 BO3HUKHOBEHMST
CUTYyalluu <KOHell (paiijia> Ha ITOTOKE CTaHJAPTHOIO BBOJA; TaKasd CUTYAIMS MO-
JKeT BO3HMKHYTH Ha KaHaJie TOJIbKO B CJydae, €cjii BCEe JICCKPUIITOPhI 3allucu
OKaXKyTCsl 3aKPBITHL. TakuM 0O6pa3oM, HAJMIHE JIMIITHETO OTKPBITOTO JECKPUTITO-
pa 3aIncu HAPYIIUT HOpMaJIbHYIO pabory Koupeitepa. C Japyroit ¢TOpoHbI, 1mocie
MCUYE3HOBEHUSI 11POIIECCa, JIJIsi KOTOPOI'O IIPeJlHa3HauYeHbl 'eHepUPYEMbIe ITPOIPaM-
MOIi JTaHHBIE, TTPOJIOJIKEHUE BBITIOJTHEHUS TPOrPaMMbl 0OBIUHO GeccMbIcienHo. Ec-
JIM C UCYE3HOBEHUEM CJIEJIYIOIIEr0 3JIEMEeHTa KOHBeiiepa 3aKpoercs MOCJaeTHUI
JIECKPUTITOP, OTKPBITHIN Ha YTeHUE W3 KaHaJa, TO MUIIYINNANA Tporece OYJIeT CHSAT
curnajom SIGPIPE. Ecim ke 1/e-T0 ocTaHeTcst emle XOTsi Obl OJMH OTKPBITHI
JIECKPUTITOP JIJIsT UTEHUSI, TpOoTece OyJIeT MPOoCcTo 3abJOKMPOBAaH; BO3MOXKHO, 9TO
OJIOKHMPYET BBITIOJTHEHUE eIlle KaKUX-TO 3aJ1a9, KOTOPbIE JIOXKUJIAI0TCS 3aBePIICHUS
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9TOTrO Tpoliecca.
PaccmoTpum 15T mpuMepa, KoHBeiiep

ls -1R | grep ’~d’
[Iporpamma na C, BbITOJTHSAIONIAS Te XKe JIeficTBYA, OyeT BhIMJIsIIeTh TaK:

int main() {

int fd[2];

pipe(fd); /* co3maeM KaHaJ s CBA3U */

if (fork()==0) { /* mpouecc pna BumomHenus ls -1R */
close(fd[0]); /* umTaTe W3 KaHANa HE HYXHO */

dup2(fd[1], 1); /* cTaur. BHBOZ - B KaHanm */
close(fd[1]); /% fd[1] 6ombme He HyxeH */
/* BanyckaeMm ls -1R */
execlp("ls", "1s", "-1R", NULL);
/* He momydmnochb, coobmaeMm 06 ommbre */
perror("ls");

exit (1) ;
+
if (fork()==0) { /* mpouecc mmia BHIOJHEHUS grep */
close(fd[1]); /* mumcaTb B KaHam He HYXHO */
dup2(£fd[0], 0); /* cTamr. BBOL - U3 KaHana */
close(fd[0]); /* fd[0] 6ombme He HyXeH */
/* 3amyckaeM grep */
execlp("grep", "grep", "~d", NULL);
/* He moxyd4miochb, coobmaem 06 ommbre */
perror("grep");
exit(1);
+

/* B POOUTENBCKOM IpOIecCe 3akpiBaeM oba
KOHIIa KaHaua */
close(fd[0]); close(fd[1]);
/* moXumaeMcCs 3aBepueHus 060UX IOTOMKOB */
wait (NULL); wait(NULL);
return O;

19.3 HmenoBanubie Kanaubl (FIFO)

IMeHoBaHHBIE KaHAJbBI 110 CYTH TOJOOHBI HEMMEHOBAHHBIM, C TOW Pa3HUIIEH,
4TO UMEHOBAHHOMY KaHaJy coorBeTcTByer daitn crenmanbioro tuna (FIFO), pas-
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Meraemblii B ¢aitiooit cucreme. Takum oOpa3oM, K UMEHOBAHHOMY KaHAJIy MO-

I'YT IPUCOEINHATHCS MIPOIECChl, He UMEIOINe POJICTBEHHBIX CBsI3eit; OoJiee TOro,

3aKPBITHE BCEX JECKPUIITOPOB, OTBEYAMONIMX 3a YTEHHE U3 TAKOIO KaHaJa HJIu

3a 3allMCh B TAKOM KaHaJl €lle He O3Havaer, 4To KaHaJl OoJjiee He HPUTOJIEeH JIJist

paboThl, T.K. B JIFOOOII MOMEHT TaKue JICCKPHUIITOPHI MOT'YT MOSBUTHCS BHOBbD.
Hust cozpanns daitina FIFO ucnonbsyercs gynkimst

int mkfifo(const char *pathname, int permissions);

[lepsblii napamerp 3ajaer ums daiijga, BTOpoil — npasa JlocTylia K Hemy (aHa-
goruano BerzoBaMm open() m mkdir()). Ilpasa, ecrectBento, MomuQUIUPYOTCH
napamerpom umask. Qyukiust Bo3Bpaiaer -1 B ciaydae ommbku, 0 — B ciydae
yclexa.

[Tpn cosmanum daiisa FIFO cucrema mwe cozjgaer cam oObeKT KaHaJa; 9TO
IPOUCXOJUT TOJBLKO TOTJIa, KOIJa KaKoi-aubo mnpoiecc orkpbiBaeT daiin FIFO ¢
MOMOIIHIO BHI30Ba open() Ha YTeHWe WJIN 3aluCh, MpUIeM O0beKT KaHaJja po-
JIOJIPKAET CYIIEeCTBOBATD JIO TeX TOp, IOKa CYIIECTBYeT XOTs Obl OJUH CBI3aHHDIN
C HUM JICCKPUIITOP, IIOCJIE Yero YHHUYTOXKAeTC . Y HIUTOXKeHIe 00'beKTa KaHaJjia He
osHadaer yHuaroxenus ¢aitna FIFO: nocie 3akpbiTust Bcex jeCKpunTopon gaii
OCTaEeTCs Ha MeCTe M MOXKeT ObITh CHOBa OTKPBIT KaKUM-JIKOO IIPOIECCOM, IIOCJIe
9ero 00beKT KaHaJia CHOBA MOsIBUTCS.

IIpexxie ueM HaUaTh Mepeady JTaHHbIX, KaHAJ HeOOXOIUMO OTKPBITH ¢ 000MX
KOHIIOB. OOBIYHO TOMNBITKA OTKPBITH KaHAJ ¢ OJHOW M3 CTOPOH OJIOKUPYETCS JI0
TeX TO0p, MOKa KTO-JIUO0 He OTKPOET BTOPOi KOHEIl KaHaJa.

IToBejileHre MMEHOBAHHOI'O KaHaJia IPU 3aKPBITUH IIOCJEIHEr0 U3 JECKPUIITO-
POB, OTBEYAIOIINX 34 OJIMH U3 KOHIIOB, IIOJHOCTHIO AHAJOTUYHO TTOBEIEHNUIO HENMe-
HOBAHHOI'O KaHaJja B TAKUX 2Ke CJydasx, TO €CTb IOINbITKA YUTaTh U3 KaHaJa,
y KOTOPOT'O 3aKPhLICI TMOCACIHUN MUITYIINANR JTeCKPUIITOP, TPUBOJNT K CUTYyaIUH
<KoHeIl (aiijias, a MOILITKA IHCATH B KAHAJ, y KOTOPOT'O 3aKPbLICS TOCASTHUN T1-
TAIOIIUI JICCKPUIITOP, TPUBOJIUT K NojydeHuto curnaJia SIGPIPE. Paznuna 3jech
TOJILKO B TOM, UTO 00a cjydas He ABJSOTCA (DATaJbHBIMU; TaK, IOCE MOy YeHUSI
CUTYyallM <KoHell (paiijias, BoODIIE IoBOpsi, BOBMOXKHO, UTO OJIMH U3 CJIEIYIONINX
BbI30BOB read () mpovuTaer ¢ TOro ¥Ke JIECKPUIITOPa KAaKUe-TO JaHHbIE. DTO TPO-
M30iJIeT, €CJIN KaKOW-TO JIPYTOil IIPOIeCC CHOBA OTKPOET TOT Ke KaHaJl Ha 3aIUCh.
[Tpu sTOM BCe Bpemsi, MOKa HU OJHOTO IHUIIMYINEro JECKPUIITOPA B CHCTEME HET,
read () Gyzer mpojosKaTh Bo3Bpamarh () (CHrHAJIN3UPOBATH O KOHIE (ailia).

113



Jlekniusa 9

20 OTobpaxKenue ¢aiijioB B BUpTyaJibHOE ajpec-
HOe IPOCTPAaHCTBO; pa3gejdgeMasl IIaMATh

B OC Unix npejiycMOTpeHa BO3MOXKHOCTH OTOOPAXKEHHUsI COAEPKUMOI0 HEKO-
Toporo (aiija B BUPTyaJbHOE aJ[pecHOE MPOCTPAHCTBO Iporecca. B pesyabrare
TAKOI'0 0TOOpaYKEHUs TOsIBJISIETCS BO3MOYKHOCTD PADOTHI € JJaHHBbIMU B (paiijie, Kak
¢ OOBIYHBIMU TIEPEMEHHBIMU B ONEPATUBHON TTaMsITH, TO €CTh, HAPUMED, ¢ TOMO-
L0 TTPUCBANBAHUIA.

Orobparkenne OCyIIeCTBISIET S CHCTEMHBIM BBI3OBOM

void *mmap(void *start, int length, int protection,
int flags, int fd, int offset);

[Tepes Bb3oBOM mmap () HEOOXOJAMMO OTKPBHITH (haiisl ¢ TOMOIIHI0 open(); BHI3OB
mmap () mpuHUMaeT JeCKPUITOP haiisia, MoJJIeyKAIero 0TOOpayKeHnIo, B KauecTBe
napametrpa fd. [lapamerpnr offset u length 3amai0T, COOTBETCTBEHHO, TO3UIIIO
HavasIa 0TOOParkaeMoro ydactka B daiijie n ero JUmHy. 3J1eCh HEOOXOINMO 3a-
METHUTD, YTO U JUINHA, U HO3UIKS JIOJXKHBI ObITh KPATHBI HEKOTOPOMY I1PEJIOIPe-
JICJICHHOMY UHCITy, Ha3bIBAEMOMY pasmepom cmpanuys'. Ero MOXKHO y3HATH ¢
HOMOIIBIO (DYyHKIIUK

int getpagesize(Q);

[Tapamerp protection BbizoBa mmap() 3ajiaeT pexKUM JOCTYIA K MOJIydaeMO-
My yYacTKy BUPTyaJbHOU mamaATu. s storo cayxar xouctanTbl PROT_READ,
PROT_WRITE u PROT_EXEC, KOTOpbI€ MOXXHO OO'bEJIMHATH Olepaliueil modbuToBoro
<unm>. Kak SCHO W3 Ha3BaHW#d, MEPBbIE JBE KOHCTAHTHI COOTBETCTBYIOT JOCTY-
My Ha 3aluich W dTeHne. TpeThsi TO3BOJSET TepeaBaTh yipaBjieHne B 00JIacTh
OTOOPaYKEHUsI, TO €CTh HCIOJHATH TaM KOJ, 3TO UCIOJb3YeTCs, HAIpUMEp, TPH
HoJIrpy3Ke JuHaMmudeckux ouoamorek. CyiecTByer Takxke KonctanTa PROT_NONE,
COOTBETCTBYIONIAs 3a1PeTy JOCTYIa JI00Oro BU/a.

3ajaBaeMblit TapaMeTpoM protection JOCTYI JIOJXKEH OBITH COBMECTUM C pe-
YKIMOM, B KOTOPOM ObLJI OTKPBIT (hailji: TaK, ecyii (pailyi OTKPLIT B PEXKUME <TOJIb-
KO 4YTeHue>, TO eCTh B Bbi30oBe open() Obl1 ucnosb3zoBan diaxkok O_RDONLY, To
MOMBITKA OTOOPa3uTh (ailjl B MaMATh ¢ PEXKUMOM, JIOMYCKAIONNAM 3aITHCh, BBI30-
BeT ONIUOKY.

13amernm, pasmep crpamunn s mmap () He uMeer, BOOOIIE TOBOPSI, IIPIMOTO OTHOILIEHUS K PAa3Mepy CTpa-
) ) )
HUIBI BUPTYAJIBHONU TAMSATH
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B kauectBe napamerpa flags Heobxomnmo ykazaTh b0 MAP_SHARED, 6o
MAP_PRIVATE (B 9TOM cJiyuae W3MEHEHUsI, TTPOU3BOJUMbIE B BUPTYATHHOM aJ[PeC-
HOM IPOCTPAHCTBE, HUKaK Ha aiijie He oTpassarcs). Kpome Toro, K ogHoMy u3
TUX JIBYX (PJIArOB MOXKHO JI00ABUTH YEPE3 OLEPAIUIO TOOUTOBOIO <UJIN> (DJIAXKKU
JIOIOJTHUATENBbHBIX oniuii. Cpean 3tux oniuii ectb MAP_ANONYMQOUS, 1103BOJISAIOIIAS
CO3JIATh TIPOCTO 0bsIacTh pasjessiemoii naMsitu (6e3 daiiia); B 9T0M cirydae ma-
pamerpsl £d u offset urnopupyrorc.

[TamsTh, BbIeennas ¢ moMoribio mmap () ¢ ykazanuem MAP_ANONYMOUS, ot-
JInYaeTcs 0T OOBIYHOI TeM, UTO IpK KOIUPOBaHUU Ipolecca BbizoBoM fork () ona
He KOTIMPYETCsT, 8 CTAHOBUTCS JIOCTYITHON 13 000WX MPOIECCOB, TO €CTh N3MEHEHH S,
¢JleJIaHHbBIE B TAKOU MaMSITH JIOUEPHUM IIPOIECCOM, OYAYT JOCTYIIHBI POIUTEIHCKO-
My ¥ Ha0DOPOT.

[TapameTp start mo3BoJisieT yKa3aTh CHCTEME, B KAKOM MEeCTe HaIlero aJipec-
HOT'O IIPOCTPAHCTBA HaM XOTEJOCH Obl BHJETh HOBYIO 00JacTh mnamsiti. OObIYHO
0JIb30BATEILCKIE TIPOTPAMMBI HE UCIIOJIB3YIOT 5TY BO3MOXKHOCTD; B KAUECTBE I1a-
pamerpa start moxkHo nepejiath NULL, Torjia cucrema, cama BbibepeT ¢BOOOIHYIO
00J1aCTh BUPHYAJbHOIO a[PECHOIO IIPOCTPAHCTBA.

Boizo mmap () Bo3BpaIiaeT ykazaTeab Ha CO3JIAaHHYIO 00JacTh BUPTYaJbHOM
namsaT. OOBIYHO 3TOT yKas3aTejb HpeoOpasyioT K JAPYrOMYy THUIY, HaIpUMep K
charx.

B cinygae omunOku mmap () BozBparmaet 3nadenue MAP_FAILED, paBHoe -1, nipe-
o0Opa30oBaHHOM K THUIy vOid*.

IIpuBeem npumep:

int fd;

char *ptr;

fd = open("file.dat", O_RDWR);

if(fd == -1) { /* ... obpaborka ommbru ... */ }

ptr = (char*) mmap(NULL, 4096, PROT_READ|PROT_WRITE,
MAP_SHARED, fd, 0);
if (ptr == MAP_FAILED) { /% ... obpaborka ommbru ... */ }

[Tocsie BwIMONIHEHUS STUX JeiicTBUil Bblpaxkenue ptr[25] Oymer paBHO 3HA-
yeHuio 26ro Oaiita B daityie "file.dat", npuuem orepalius [pUCBABAHUS
ptr[25] = ’a’ 3amecer B 9TOT OallT cuMBOJ *a’.

Paccmorpum jipyroit npumep:

int *ptr;

ptr = (char*) mmap(NULL, 4096, PROT_READ|PROT_WRITE,
MAP_SHARED | MAP_ANONYMQUS, 0O, 0);

if (ptr == MAP_FAILED) { /* ... obpaborka omubru ... */ }
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if (fork() == 0) {

/* ... modepHUi mpouecc ... */
+ else {
/* ... pomuWTembCKuii mpomecc ... */

¥

B sToMm mpumepe poguTeNbCKUI U JJOUEPHUil MPOIEcChl UMEIOT JOCTYII K OJHOMY
¥ TOMY K€ MACCHUBY Tiesibix ancest (faymuoit 1024 sjeMenTa, ecii cauTarh, 9T0 int
sanuMmaer 4 Gaiita). Maccus jlocryiien depes ykasaresb ptr, Tak 4To €CJid OJuH
U3 TPOTECCOB ClesaeT mpucBauBanue ptr[77] = 120, To B obomx mporeccax
Bbipaxkenue ptr [77] Oymer umers 3navenue 120.

OTMeHUTH 0TOOpaXkeHue, co3laHHOe BBI30BOM mmap (), MOYKHO C TIOMOITIHIO BbI-
30Ba

int munmap(void *start, int lenght);

Pusnyeckyto 3anuck B daiin nsmeHeHni, caenanHbix B obnactn otobpakeHusi, cuctema MoxeT
npoussecTu He cpasy. Ecanm HeobxoanMo rapaHTMpoBaTh, YTO U3MEHEHUA PU3NYECKN 3aNNCaHbl HA
JUCK, MOXHO BOCMOJIb30BaTLCS BbI30BOM msync (). V3yyeHne 3TOro Bbi30Ba OCTABASIEM YNTATENIO
AN CAMOCTOSITENBHOW paboTel.

21 BzaumogeiicTBue mpolieccoB depes IIceBa0TeP-
MU HAJI

Kak y»xke ropopusioch, B OC Unix BaxKHOE 3HAUCHUE UMEET MOHATHE TepMUHA-
Ja. B HeKOTOphIX ciydasix TepMHUHAJ MPUXOJUTCH IMYJIUPOBATH MPOIPAMMHO —
HAIIPUMED, B CJIy9ae, €CIU MBI TTOJIYIaeM JIOCTYT K MAIluHe YIAJeHHO (10 KOMITBIO-
TEpHO# ceTr ), mbO MPH 3aIycKe MporpaMMbl xterm. B obonx ciywasx mporeccsr,
3allycKaeMble HaMu (Ha yJlaJieHHON MaliiHe Jinbo B OKOIIKe xterm), paboTaior
II0J] YIIPABJICHUEM BHPTYAJIbHOTO TepMuHasa (ncesdomepmunana). fnpo obeiy-
JKUBAET 9TU MIPOIECChl TOYHO TAKUM Ke 00pa30M, KaK U 3allyIleHHbie Ha, KOHCOJIH,
C TOI TOJILKO pasHuiieil, 4ro PyHKIMOHUPOBAHKE (DU3NIECKOTO TEPMUHAJIA IMY-
JINPYETCs HEKUM TIPOIleccoM. B ciiydae yJiaJieHHOro JIOCTYIa TaKUM 3MYJIsITOPOM
SIBJISIETCST CEpBep YAAJeHHOTO JocTyna (MporpaMma, TPUHUMAIONIAS COETMHEHsT
Ha yjpajsenHoi marie). [Tporpamva xterm sMyupyer TepMuHaJ cama.

Y100bI IOHSTH, B 4eM 3aKJ/109aeTcst (DYHKIIMOHMPOBAHUE TEPMUHAJIA, PACCMOT-
pUM IpoCTeiIuil mpumMep — HaxKarue KoMmOunaruu Kjapuin Ctrl-C. M3BectHo,
4TO MPU 3TOM aKTUBHadA nporpamma nosaydaer curunaj SIGINT; Bonmpoc TOJIBKO B
TOM, OTKY/Ia 9TOT CUTHAJ Oepercs. FIcHO, 9TO OOBIUHbBINA TepMHUHAJ — YCTPOUCTBO,
nepeJiatolIiee W MpUHUMAaoIee Janibie, — Hudero He 3uaer o curiaiax OC Unix (un
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BOOOIIE MOXKET paboTaTh ¢ PasHBIMU OMEPAIMOHHBIMU cucTeMaMu). [losaromy Jjio-
TUYHO MPEANOJIOXKUTDH, UYTO CUTHAJI TEHEPUPYET caMa CUCTEMA, TTOJYINB OT TepMHU-
HaJia HeKUil CIeNraJbHbIA CHMBOJI. DTO JEHCTBUTEIbHO TaK: 0 HaxkaTnio Ctrl-C
B JICHCTBUTEILHOCTH PEHEPUPYETCsl CUMBOJI ¢ KOJIoM 3 (BoobIie, Ctrl-A reHepupy-
er 1, Ctrl-B — 2, u r.j1.). [losyuus sToT cuMBoII, ipaiiBep TepMUHAA PACCHLIACT
BCEM IIPOIECCaM OCHOBHOM I'PYIIIbI B TEKYIEM CeaHce 10/, YIIpaBJIeHueM JJaHHOTO
repMmuHaJia curtaj SIGINT. Kceratu, ¢ nmomoripio GyHKIHN tcsetattr() apaii-
BEep TEePMUHAJIAa MOYXKHO TepernporpaMMupoBaTh, 4To0Obl oH oTnpasssg SIGINT o
KaKo#i-J1n00 Jpyroit KOMOMHAIIMN KJIABHII, TOL/A CEMBOJI ¢ KOJAOM 3 OyIeT IpocTo
OTIIpaBJieH paboTaloleil IporpaMme Ha CTaHapTHBIA BBOJI.

Paccmorpum curyaliuio ¢ nporpaMmoit xterm. dcuo, uro npu Haxkaruu Ctrl-C
noayuuThb SIGINT joskna #He cama mnporpaMMa xterm, a Te MpOoIecChbl, KOTOPbIe
3anyIerbl B ee okorike. CoOCTBEHHO TOBOPs, cama 1o cebe mporpamMma xterm,
Oy/Iyur OKOHHBIM IPUJIOXKEHHEeM, U He IojydaeT Hukakoro SIGINT, mo kpaitHeit
Mepe, Korjia akTUBHO MMEHHO ee OKHO M Mbl HaxkaJju Ctrl-C. Bmecto sToro ona
HOJIYIaeT kaasuamyproe cobvimue ot cucteMbl X Window, cBHIeTeILCTBYOIIEE O
HaXKaTun KoMOmHanmu Kjaasuiin. Ho renepupoBaTh CUrHAJ JJIS 3aIyIIEHHBIX 01
ee ylpaBJeHUeM 11POIECCOB el He HyKHO, JIOCTATOYHO IepejaTh CUMBOJI C KOJIOM
3 JipaiiBepy ICeBJIOTepMUHAJA, U JAPaiiBep IHOCTYIIMT TOYHO TaK Ke, KaK eCJIi Obl
Ha MecTe HPOrpaMMbl OblLJI HACTOAINIMNA TEPMUHAJ — TO €CTh IIePEXBATUT CUMBOJI
1 BMeCTO Hero BblaacT curaaj SIGINT.

[TpumepHo Tak ke obcrosT jiesia u pu Haxkatuu Ctrl-D. IIporpamme xterm
HET HEeOOXOIMMOCTH 3aKPhIBATh KaHAJ CBI3U C aKTUBHON IPOTPAMMOIA, BIIOJIHSIIO-
Ieiicst B ee OKOIIKe, TeM DoJiee UTO 3TO U HeJIb3sl Jie1aTh, Bejib ceanc oganm EOF oM
HE 3aKAHUYMBAETCH, B HEM MOI'YT ObITb U JPYI'UE 3alylleHHble HporpaMMbl’. Bme-
CTO 3TOrO IporpaMMa xterm MpocTo IepejiaeT JApaiBepy TepMUHAJJIA CUMBOJ, CO-
orBercrByonui kKomOuHanuu Ctrl-D (1o ectb cuMBoI ¢ KojoMm 4). Tlosyuus ero,
JipaiiBep TepMuHAJa 00ECIIeTUT, YTOOBI OJIMKainnii Bbi30B read (), BHIIOJTHEHHbIi
Ha TOJIJICPXKMBAEMOM UM JIOMMIECKOM TepMuHase, BepHy 0 (To ecTh CUrHAIU31-
pOBaJI O CUTyaIuu <KoHeIl daiinas ).

Taknm oOpa3oM, TIceBIOTepMUHAJ KaK 00HEKT sI[pa UMEEeT JBa, JIBYyCTOPOHHUX
KaHaJ1a CBS3U, OJIUH JIJIs ITPOIPAMMbl, SMYJIUPYIOLIEH (PyHKIIMOHUPOBAHUE TEPMU-
HaJia (B HAIEM MpHMepe 3TO Xterm), BTOPOil JiJis MPOrPaMM, BBITOJIHSIOIIAXCS
110/ ylpaBJIEHMEM Halllero repMuHaJia. [Iporpamma, sMyupyiomias TepMuHall, B
JTAHHOM BUJIE B3aUMOJICHCTBUST HA3bIBACTCs 24a6H0T (master), a paboTatorue mojy
yIpaBJIeHueM TepMuHaia — nodwunennvmu (slaves).

Y1o0BI cO3MaTh MCEBIOTEPMUHAJ, IJIABHAS IIPOrPaMMa, BbI3bIBACT (PYHKITHIO

int getpt();

TIpencraBbre, 9TO BHI B OKOIIKE Xterm’a 3allyCTHIM KOMAHIY cat, IOTOM HazKaam Ctrl-D, a BMeCTO TOro,
9TOOBI BEPHYTHCST B KOMAH/IHBIM WHTEPIPETATOD, Xterm 3aKphIICs
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BO3BPAIIAIOILYIO JIECKPUIITOP KAHAJA CBSI3M C TCEBIOTEPMUHAIOM (JIJIsi TJIABHOI
HporpaMmHﬂ) IIpu sToM B daiisoBoil cucreMe mosiBsieTcst (paiii yeTpoiicTBa, OT-
KPBITHE KOTOPOI'O IO3BOJIUT IIPUCOEIMHUTLCA K TOMY K€ IICEBJIOTEPMUHAJY Y2Ke
CO CTOPOHBI MOJYUHEHHBIX IPOrPAMM. IDTO JIOTHIECKOE YCTPORCTBO HA3BIBACTCSI
noduunennol ncesdomepmunan (auri. pseudoterminal slave, cokpamienno pts).

3areM HEOOXOIMMO MPUMEHUTD K TOJIYIeHHOMY JIECKPUTITOPY MOCJIEI0BATE Th-
HO (DPYHKITUN

int grantpt(int fd);
int unlockpt(int fd);

[lepBasi M3 HUX M3MEHSIET MPUHAJJIECYKHOCTL (aiijia yCTPONCTBA MOIUNHEHHOIO
ncepJoTepMruHaJia TaK, 9YTO OH CTaHOBUTCA JOCTYIIEH BJIaAEJIbIY TEKYIIEr'o IIPO-
ecca. [Nlepepn BbI30BOM grantpt () nporpamma, amMyaupyroLiasl TEpMUHaN, MOXET, HanpuMmep,
CMEHNTb CBOW uid ¢ Cynepnosb30BAaTENbCKOrO Ha uid KOHKPETHOro NOsb30BaTENS.

Bropast ¢pyHKIMS paspeniaeT OTKpbiTHe (baiiia mceBoTepMrHaIa ¢ IOMOIIBIO
BbI3OBa open () (Ao 9TOTO OH HEJIOCTYIEH K OTKPBITHUIO, C T€M YTOObI TIJIaBHASs
nporpaMma uMeJia BO3SMOXKHOCTH YCTAHOBUTD IIpaBa JOCTYyIa K HEMY 0 TOrO, Kak
KTO-JIN00 €ro OTKpoer).

[Tocsie aroro ncesjlorepMuHa roToB K padorTe, U ero MOXKHO OTKPBITH C 110~
morpio open (). Hampumep, MOXKHO CO3/aTh JIOUEPHUI IPOIECC, TaM 3aKPBLIThH
IOTOKM CTaH/I@aPTHOI'O BBOJIA, BBIBO/A U OIIUOOK, 110CJIE Yero OTKPHITH ICEBJI0TEP-
MUHAJ U CBA3aTh €ro JIECKPUIITOP CO BCEMU TPeMs ITOTOKaMU, & IIOTOM BLITOJIHUTD
exec JIJIsI BbI30Ba MOIYMHEHHON IPOrpaMMbl. Y 3HaTh nMs (paitjia, yecrpoiticTsa 1mo/i-
YUHEHHOI'O MCEBIOTEPMHUHAJA MOXKHO C IIOMOIIBLIO (DYHKITUN

char *ptsname(int master_fd);

ryie master_fd — jgeckpunTop, mosydennnlit ot getpt ().
Bcto paboTy, cBA3aHHYIO C CO3AaHMEM OMUCAHHONR CBA3KMW MNABHbIA-NOAYNHEHHBIN, MOXHO Bbl-
MOJIHUTL 1 MPOLLE, C NMOMOLLBIO OAHON (DYHKLMN:

int openpty(int *master, int *slave, char *name,
struct termios *termp, struct winsize *winp);

[NapameTpbl master n slave 3a4at0T agpeca NepeMeHHbIX, B KOTOpbIe ClefyeT 3anncaTb AeCKpun-
TOpbl, CBA3aHHbIE, COOTBETCTBEHHO, C <TNIAaBHbIM> U <MOAYMHEHHbIM> KaHanaMWn CBSA3W C MCEBAO-
TepmuHanom. [MapameTp name ykasbiBaeT Ha Oydpep, Kyga criegyeT 3anucaTb UMsi NOAYNHEHHOrO
nceBAOTEPMIUHANA, NAapaMeTpbl termp U winp 3aAatoT pexum paboTbl ncesgoTepMuHana. B kave-
cTBe Nt0bOro M3 NoCNeAHMX TPeX NapameTpPoB MOXHO NepefaTh HYNEBON yKazaTesb.

22 Kparkume cBejieHUsI O TPACCUPOBKE

TpaccupoBKa IpuUMeHSETCS B OCHOBHOM IpH OTJIaJKe TporpaMM. B pexxknme
TPACCHPOBKHU OJIMH MPOIECC (0TI UMK ) KOHTPOJUPYET BBITOJHEHHE JIPYTOro MPo-
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necca (OTJIAKUBAEMON TTPOTPAMMBI), MOYKET OCTAHOBHUTEL €r0, IIPOCMOTPETh U U3~
MEHUTDH COJIEPXKUMOE €r0 TTaMsTH, BBIITOJHUATH B MTOIIATOBOM pEXKUMe, YCTAHOBUTH
TOYKHU OCTAHOBA, IIPOJIOJI2KUTH BbIIIOJIHEHUE JIO TOUYKM OCTaHOBA UJIU JIO CUCTEMHO-
IO BbI30Ba, W T.II.

B OC Unix jurs mojiiep:KK1 TpacCUPOBKHU BBEJIEH CUCTEMHbBIA BLI30OB

int ptrace(int request, int pid, void *addr, void *data);

B kadecTBe mapameTrpa request BBI3OB MOJIYYaAET OJHY M3 BO3MOXKHBIX KOMAH/
(kakue KOHKPETHO JIeHCTBUS, CBSI3AHHbBIE ¢ TPACCUPOBKOM, Tpedytorcs). Vnrep-
npeTanus OCTAJbHBIX MapaMEeTPOB 3aBUCUT OT KOMAaHJIbI.

Hagarb TpaccupoBKYy MOXKHO JIByMsl CIIOCODAMM: 3allyCTHUTh TPACCUPYEMYIO
MpOrpaMMy ¢ Hadaja WM MPUCOCTUHUTHCS K CyIecTByroemMy (paboratorie-
My) nporeccy. B nepsom ciydae omiaguauk jesnaer fork(), mopoxKeHHbIH PO
IeCC CHAYAJIa YCTAaHABJIUBACT PEXUM OTIQJKU (BbI3biBaeT ptrace() ¢ KoMaHOil
PTRACE_TRACEME), 3aTeM JiejlaeT exec IporpaMMbl, MOJJIeXKallleil TpacCupOoBKe.
Cpazy mocjie exec cucTeMa OCTaHABINBAET TPACCUPYEMBIN MPOIECC U OTIPABJIsI-
€T POJIUTEJHLCKOMY IIPOIECCY (OTJIa,Z[‘{I/IKy) curnaJy SIGCHLD. Otyia/lauK JI0JI2KeH
JIOZKJIAThCA 9TOIO MOMEHTA € IIOMOIIBIO BI30BOB ceMeiicTBa wailt, KOTopble B JaH-
HOM CJIydae OyJyT OXKHUJATh HE OKOHUYAHU JIOUEPHEro IIPOIECCa, a ero OCTAHOBA,
JUlsl TpaccupoBKu. Jlajiee oryiaJ[uMK MOYXKET 3aCTaBUTh OTJIAXKUBAEMbIH ITPOIIECC
BBIIIOJTHUTH OJMH mIar ¢ nomomibio koMaHabl PTRACE_SINGLESTEP, npomo/iKuTh
ero BoeinoJiHeHne ¢ moMonibio PTRACE_CONT, y3HaTh COpepKUMOE PETUCTPOB € MO-
Motbio PTRACE_GETREGS, n T.11.

Hns mpucoequnenus K CYIIECTBYIONMIEMY IIPOIECCY HCIOJB3yeTCs BBI30B
ptrace() ¢ komanoit PTRACE_ATTACH. Ciiejilyer OTMETHUTD, Y4TO HPU STOM OTJIa/I-
YUK BO MHOTHUX CMBICJIAX HAYMHAET BBINOJHATH POJIb POJUTEJHCKOrO IIPOIECCa
110 OTHOIIEHUIO K OTJIAXKUBAEMOMY; B 4acTHOCTH, curnajbl SIGCHLD nochliator-
cd Telepb OTJIAIUNKY, a He UCXOJHOMY POJUTEHLCKOMY IPOIECCy, XOTsd (OYHKITUS
getppid () B omytaxkmBaeMoOM Ipoliecce MPOJIOJIZKAET BO3BPAIIATH WJIEHTH(MUKATOD
HACTOAIIErO POJAUTENHCKOTO MPOIECCa.
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Jlekiiusa 10

23 BzsaumopeiicrBue mo cetu. CokeTnl

23.1 Ilomgarme nmporokoJia. Moaeap ISO OSI

[Tos npomokosom obmena (Wi Jjist KPATKOCTH [POCTO <ITPOTOKOJIOM:> ) 0ObI-
HO MOHUMAETCsT HabOp COIJIAIeHU, KOTOPBIM JIOJI2KHBI CJIEIOBAThH YIACTHUKHU 00-
Mena nradopMareit!, 9TobBl TOHATE JAPYT JIPYTa.

[Tpu Jiro6OM OCMBICJIEHHOM B3aUMOJIEHCTBUM 110 KOMIIBIOTEPHON ceTu 3a/1eii-
CTBYeTCsl Cpa3y HECKOJILKO IPOTOKOJIOB, OTHOCSIIUXCS K PA3HbIM YposHAM. Tax,
MOJIEM, C TTOMOIIBIO KOTOPOTO MBI BOIIM B CETh, CJIEyeT MPOTOKOJY, (DUKCUPY-
IOII[eMy IIpaBHJa IepeBojia MUu(POBLIX JAHHBIX B AHAJOTOBBIA CUIHAJ, Iepesa-
foruiicst o rtesedonnoi auHun, u obparHo. OJHOBPEMEHHO 3alynIeHHbI HAMU
Opaysep CBsI3BIBaETCA ¢ caiiTtoM B ceTu Internet, ncmosb3yst TpaHCIOPTHBIM TPOTO-
ko1 TCP. Cepsep u 6paysep oOMeHuBaOTCA NHMOPMAaIHeil, UCIOJIb3Ys IPOTOKOJ
HTTP (hypertext transfer protocol).

CymecrByer crammapraas mojesab (ISO/OSI), mpennonaratormast passeste-
HUE BCEX CETEBBIX MMPOTOKOJIOB Ha cemb yposueil. [SO pacmmdpoBbiBaeTcs Kak
International Standard Organization (opranuszarusi, yTBepIUBIIAS COOTBETCTBY-
rormuit crangapr), OSI oznagaer Open Systems Interconnection (6ykBaJsibHO mepe-
BOJIUTCsI KaK <B3aMMOCOEIMHEHUE OTKPBITHIX CUCTEM>, HO OOBIYHO IIPU IIEPEBOJIE
HCIIOJIB3YETCST CJIOBO <B3aMMOJIEHCTBIES ).

Mogenb BKJIIOUAET CeMb yPOBHETH:

o Pusuuecknii. Coryalenusi 00 UCIOAb30BAHUN (PUBNTECKOTO COCTMHEHUSI
MEXKJy MalllMHAMW, BKJIOYas KOJWIECTBO MPOBOJOB B Kabeje, 9acToTy u
JIpyI'e XapaKTePUCTUKN CUTHAJA, U T.II.

e KanaspHbI. Coryaiienns 0 TOM, KakK OyJIeT HCII0JIb30BaThCs (pU3rMIecKas
cpejia JJIst Tepeiadn JIaHHBIX; 9TO BKJIIOYAET, HAIIPUMEDP, KOPPEKIUIO OIIH-
00K

e Cerenoii. KommbiorepHast cerb 00OIYHO COCTOUT M3 MHOYKECTBA KaHAJIOB,
COEJINHAONINX KOMIIbIOTEPhl. HeKoTOphle KOMIIBLIOTEPHI, HA3bIBAEMbIE ULA10-
3a.MU, TTIOIKJIFOTAIOTCS K HECKOJbKUM KaHaJaM OJHOBPEMEHHO W TMepeIaoT
maKeTbl U3 OJIHOrO KaHaJsia B apyroit. CereBoit ypoBeHb MPOTOKOJIOB Olpe-
JleJisieT COIJIallleHusl O TOM, KaK JlaHHbIe Oy/yT IepejgaBarbCs 110 CeTH, Tak,
qT00BI U3 JII000M TOUKK CeTH MOYKHO ObLIO IepeIaTh JaHHbIe B JIIOOYIO JIPY-

19710 He 0b6g3aTETLHO MOMKHEL OBITH KoMIbioTephl. CKazkeM, aszbyka Mopse TakKe sBISETCS CBOETO POJIA
MIPOTOKOJIOM; 00JIee CIIOKHBIN IPUMED HEKOMITBIOTEPHOIO IIPOTOKOJIA, — MPABKIIA PAIMOOOMEHA MEZK /Ty MUJIOTAME
CaAMOJIETOB ¥ HA3EMHBIMU JUCIETIECPAMHU.
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I'YIO TOUKY CETH, BHE 3aBUCHMOCTH OT TOTO, MO CKOJILKAM KaHAJIaM IPUJIETCS
nepejaBaTh NH(MOPMAIINIO, U CKOJIBKO IILII030B IPU 3TOM OyJIeT 3a,1eiiCTBO-
BaHo. CeTeBoil ypOBEHb OTBEYACT 32 aJIPEcalliio, MapIIpyTU3aIUIO II1aKeTOB
v T.IL

e TpancmopTHbIii. [TakeTsl, IepejaBaeMble 10 CETU ¢ IIOMOIIBIO IIPOTOKOJIOB
CEeTeBOI'0 YPOBHSI, OOBITHO OIPpAHUYEHbI B padMepax h, KpOMe TOrO, MOI'YT
JIOCTaBJISITHCSA HE B TOM IIOPsiJIKE, B KOTOPOM OBLJIM OTIPABJIEHbI, TEPAThHCS,
a B HEKOTODPBIX CJIydasix MCcKaxkKarhcs. OOBIYHO MPUKJIAIHBIM TPOrPaMMaM
TpebyeTcs Oojiee BLICOKHUI yPOBEHb CepBUca, 00eCIIeInBAIONINN HaIe?KHOCTD
JIOCTAaBKH JIAHHBIX U IIPOCTOTY PAOOTHI. 32 3TO OTBEYAIOT IIPOTOKOJIbI TPAHC-
LOPTHOI'O YPOBHSI; PEAJIM3YIOIIME X IPOIPAMMBI CAMK CJIEISIT 38 JIOCTABKOM
IAKeTOB, OTIPAaBJIsisd U aHAJU3UPYS COOTBETCTBYIOIIUE MIOITBEPKICHNS, HY-
MEPYIOT HMAKEThl ¥ PACCATBIISIOT MX B HY?KHOM IOPSJIKE MOCJE TOJIYICHUS,
1 T.II.

e Ceancosbrii. Omnpeensier MOPsiIOK MPOBEJIEHNWsST CeaHca CBsI3U, OYepe/l-
HOCTH 3aIIPOCOB U T.II.

e IIpenacraBurenbHbIii. Ha 3T0M ypOoBHE ONpenesisiioTest TpaBujia mpecTas-
JIEHUs! JIAHHDBIX, B YaCTHOCTH, KOJIUPOBKA, IIPABUJIA IPEJICTABJICHUS JBOU Y-
HBIX JAHHBIX TEKCTOM, U T.II.

e IIpukaamuoii. [IpoTOKOJIBI 9TOrO yPOBHS OIPEEISIOT, KaK KOHEIHbIE TIPHU-
JIOXKeHUs1 Oy/IyT MCIIOJb30BaTh COCJMHEHUsI JIJIs pelleHus] KOHKPETHBIX 3a-

Jlav, JIJisd KOTOPbIX OHU TIpeJIHa3HavYeHbl.

Nns ynpowenus 3anomuHanus Hassanuii yposHeii mogenu 1SO/OSI cywecteyer mHeMoHMYe-
ckasi ppasa <All People Seem To Need Data Processings (<Bcem ntogsim, noxoxe, Hy>xHa obpaboTka
AaHHbIx>). [NepBble OykBbl CNOB 3TON bpasbl COOTBETCTBYIOT NEPBbIM OYyKBaM aHMINACKNX Ha3Ba-
Huii yposreii mogenn (Application, Presentation, Session, Transport, Network, Datalink n Physical).
AHanornyHoii pycckoii ppasbl aBTOpy Nocobus, K COXANEHUIO, HE BCTPEYaNocCh.

23.2 Cokerbl. CemeiicTBa agpecanuyd M THUIIBI B3anMOOEl-
cTBUSLA

Harb crporoe orpejiesieHue CoOKeTa JIOCTaTOIHO CJI0XKHO. OrpaHndnMest 3ame-
qaHueM, 9To cokeT (aHril. socket) — 9TO OOBEKT sijipa OMEPAIMOHHON CHCTEMBI,
"epes KOTOPhIH MponcxonT ceresoe Baumojeiictsue?. B OC Unix ¢ cokeToM cBsi-
3bIBAETCs (aMIOBBII JECKPUTITOD, TO €CTh, HAPUMep, padoTa ¢ COKETOM MOYKET
OBITH 3aBepIieHa 0ObIYHBIM BbI30BOM close().

Hust wienTudukanmm cokeroB (uam, TodHee, aDOHEHTOB CBSI3M) B CETSIX HC-
MOJIB3YIOTCA adpeca. B 3aBUCUMOCTH OT MCIOB3YEMbBIX MTPOTOKOJIOB aIPeca MOTYT

23910 HETL3A CIUTATH OMpee/eHIeM COKeTa XOTd OBl IO TOiH IpHYHHe, UYTO B3AHMOIEHCTBHE IO CeTH OBIBAET
OCHOBAHO HE TOJIbKO HA COKETaX, a OCHOBAHHOE HA COKETAaX B3aMMOJEiCTBHE He 0043aTesIbHO IPOUCXOIUT II0
ceTu.
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BBITJISIJIETH COBEPITIEHHO To-pa3dHoMy. Tak, B HbIHE HCIOJIB3yeMoM B cetn Internet
Habope mpoTokosioB noj obmM wazsauuem TCP/IP anpec cokera cocrout us
JBYX dacreii: ip-adpeca (4 Gajita, 3alMCHIBACTCS B BUJIE U€THIPEX JICCATUIHBIX TH-
ces yepes TouKy, Hanpumep 192.168.10.12) u nopma (aBybaiitoBoe neoe Yucio).

B nepcriektuBe Boamoxen nepexof Internet va nporokost IPv6 (HbiHe ucmoss-
3yemblii HazbiBaercs 1Pv4), B koTopoum ip-ajgpec Gyser 3anumars 16 GaiiT u 3amu-
CHIBATHCS B BUJIE BOCHMW TPYIII IO 9eThIPE TEeCTHAIIATAPUIHBIE IUQPHI, HATPHU-
mep 12f£:2001:0055:2eab:0767:1212:f1b1:a00a. AcHo, 40 jiJist LpejcTaBIe-
HUsI TAKKX aJPECOB HEOOXO UMbl COBEPIIEHHO MHbIE CTPYKTYPhI JIAHHDIX.

B cergx, nmocrpoeHHbIX 110 TexHojorun Komnanuu Novell, ucmosb3yercs: crex
nporokosios [PX/SPX. B pamkax 9Tux mpoTOKOJIOB aJipec COKeTa COCTOUT U3
Tpex dacreii: 4x-O6aiiTHOrO HOMepa ceTHu, 6-0aifiTHOrO0 HOMepa MAaIlUHbI (XOCTa) "
2-0aiiTHOIO HOMEpa, COKETa.

CylecTByIoT 1 JIpyrue ceMeiicTBa IpoTOKOJI0B. KpoMe Toro, oTiaebHbli clie-
[MAJIBHBI BUJ COKETOB TPEJIHA3HAYEH [IJIsi CBSI3W IMPOIECCOB B paMKax OJIHOI
MAIIMHBI, B KaUecTBe aJ[PeCOB TaKUe COKEThbI UCIOJbL3YIOT MMEHA CIeIHaJbHbIX
daiisioB B QaiisioBoii crucreme.

HecMoTpsi Ha Takue pasjiumdusi, MEXK/Iy Pas/IMIHbIMU BUJIAMU B3aUMOCHCTBUS
oueHb MHOrO 061ero. B jitobom ciiyudae, OblI0 Obl KaTeropuiecku HerpuemjieMo
MOUUIUPOBATH HHTEPGENC s/Ipa OMEePAIMOHHON CHCTEMBbI (M, COOTBETCTBEHHO,
nepeJiesIbiBAThH BCe PUKJIAHOE IPOrpaMMHOe obecriedenune) mpu Jo0aBIeHIN MO/
JIEPYKKU 0UePeIHOTO CeMeiicTBa MPOTOKOJIOB. VIMEHHO TOTOMY BBejieHa IOJICH-
CcTeMa, COKETOR, TpEJICTaBJISIONIasi coO0it CBOEro poJia OOIMi 3HAMEHATEh MEYK Ly
BCEMHU BHJIAMHU CETEBOTO B3auMojeiicTBus nporeccos. [lpu co3jannm cokera yka-
3BIBACTCH, K KAKOMY cemeticmey adpecayuu (anri. address family) manmbrit coker
Oyier npuHajyiexxarh. Habop 1mojyiep:KuBaeMbiX CeMEHCTB MOXKET ObITh PACIIIK-
peH J100aBIeHIeM COOTBETCTBYOIIMX MOJIyJIei B SIAPO U HAIIMCAHUEM HMPUKJIAIHBIX
mporpamMm, paboTaoIINX ¢ HOBBIMI aPecaMu; IIPU 3TOM CHCTEMHBIE BHI3OBBI OCTAa~
HYTCSI IIPEXKHUMHU, & 3HAUUT, HE IIPUJETCS IIePeiesIbIBATh CUCTEeMHbIE ONOJIHOTeKN
1 TTPOTPAMMbI, HE WCITOJIL3YIOIIE HOBBIE TPOTOKOJIHI.

Kpome wncrosib3yeMoro cemeiicTa ajipecaliuu, Ipu CO3JaHUKM COKeTa HeoOXO-
JIIMO 3aJIaTh mun e3aumodeticmeus. Mbl OyneMm paccMarpuBaTh TOJLKO JBa U3
HUX: detimazpammmvil I nomokosvii.

[Tpu jefirarpaMMHOM COEJIMHEHWN Ha COKETE JIOCTYIIHBI JIBE OCHOBHBIE Olepa-
IUU: Iepejiada [MakeTa U IpueM IaKeTa JIAHHBIX, IIpUUeM pasMep IIakeTa, BoobIle
roBOpst, orpanudeH (HO a priori pasmep 3Toro orpanuvenust Hemssecren). [lepe-
JAHHBII TAKET MOYXKET ObITh MOTEPsH WM, HA0OOPOT, CIIydaitHO CayOupoBaH (TO
ecThb TOJIyYeHO Oy et jiBa 1 OoJiee OJIMHAKOBbIX Makera). [IBa mepejlaHHbix maKe-
Ta MOTYT IPUNATH MOJIyIaTe 0 B 00paTHOM Hopsijike. COOTBETCTBEHHO, IPUA TaKOM
pexxume paboTh obecrieuenne HaIeyKHOCTH JIOXKUTCS Ha TTOJh30BATEIHCKYIO TTPO-
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rpaMmy (ITPUIIOKEHE).

[ToTOKOBBIN THIT B3AMMOIEHCTBUS MIPEIOCTABIIAET MPUKJIAIHOMY TPOrPaAMMU-
CTY MJIIFO3UIO HAJIC?KHOT'O JIBYHAIIpaBJIEHHOIO KaHaJla [epejiadn JaHHbiX. /JanHbie
MOTYT ObITh 3allMCAHbl B KaHAJ MOPIUSMU JIIOOOr0 pasMepa; rapaHTUPYeTCs, ITO
Ha JPYTIOM KOHIIE JIaHHbIe JIUOO OY/IyT II0JIyUeHbl 0e3 IoTeph 1 B TOM 2Ke IIOpsiJIKe,
aubo He Gy/IyT MmosydeHbl BooOIe (CoejlMHeHre B 9TOM ciydae Oyjer pasopBaHo
¢ ¢dukcarmeii omubkn). B sroM ciyuae 3a00Ty 0 mepejade MoaTBEPKICHUIA, O
paccTaHOBKE MAKETOB B MCXOJHOM TOPSIAKE, O MOBTOPHON Mepejate moTepsiHHbIX
MaKeToB U T.II. OepeT Ha cebsI omepalonias CUCTeMa.

Coxker B OC Unix cozjiaercs ¢ IOMOIIBIO BBI30Ba,

int socket(int address_family, int type, int protocol);

[Tapamerp address_family 3ajaer ucnosibzyemoe ceMeiicTBo ajpecanuu. Mbr Oy-
JeM pacemarpuBaTh JiBa U3 Hux: AF_INET jnna B3anMoaeicTBus 110 CETH TTOCPE]I-
creom 1iporokosiop TCP/IP (agpec cokera B sroMm citydae npejcrasisier coboit
mapy ip-ajgpec/mopt) u AF_UNIX jisi B3auMOJIEiCTBIs B paMKaX OJTHON MAIIHHBI
(B 9TOM Catyuae ajipec cokeTa mpejcraBisier coboit nMst daiiia).

[Tapamerp type 3ajjaeT TUI B3aWMOJENUCTBUA. 3JI€Ch MOYKHO WCIIOJIH30BATH
koHcTaHTy SOCK_STREAM g norokoBoro B3ammogeiictBua n SOCK_DGRAM s
neiirarpammuoro. CyIecTByOT W Jpyrue THUIBI, HO MX Mbl PacCMaTpUBaTh He
oyeMm.

Hakoser, nociepnuit mapaMmerp 3ajlaeT KOHKPETHBIA MCIIOJIb3YyeMblii 1IPOTO-
KoJI. [lj1g paccMaTpuBaeMbIX HAMHU JIBYX CEMEHCTB aJipecallii U JIByX THIIOB B3au-
MOJIEUCTBUA MTPOTOKOJ OJIHO3HAYHO OIPEACIACTCHd 3HAUCHUAMU TIePBbIX JIBYX Ia-
paMeTpoB, TaK YTO B Ka4eCTBE ITOTO IMapaMeTpa BCErjia MOXKHO YKA3aTb YUCJIO
0.

B30 BozBpalaer -1 B ciydae OIIUMOKK; B CIydae ycliexa BO3BPaIIAeTCs HO-
Mep daitJIoBOTO JEeCKPHUIITOPA, CBI3aHHOIO C CO3JaHHBIM COKETOM.

23.3 Pabora c agpecamu cokeToB. Brr3oB bind ()
Casi3bIBaHNE COKETa ¢ KOHKPETHBIM aJIPECOM MPOU3BOAUTCS Bhi30BOM bind () :
int bind(int sockfd, struct sockaddr *addr, int addrlen);

rje sockfd — jgeckpunTop cokera, MOJIYYCHHDLIH B pe3yJibTaTe BbLIIIOJHEHUA Bbl-
30Ba socket (); addr — ykaszareJib Ha CTPYKTYPY, COJIEPIKAIILYIO aJIPeC; HAKOHEII,
addrlen — pasmep CTPYKTYpbl ajipeca B baiiTax.

Peasibno B kauectBe mnapamerpa addr UCIOJIB3YeTCs He CTPYKTypa THUIla
sockaddr, a cTpykTypa JIpyroro Tuma, KOTOPbIil 3aBUCUT OT UCIOJIB3yeMOro Cce-
MeiCcTBa ajipecariim.
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B cemeiicrBe AF_INET ucnosb3yercst cTpykTypa struct sockaddr_in, yme-
1011as1 XpaHuTh napy <IP-agpec + moprs. 9Ta cTpyKTypa uMeeT CJeayomniue Io-
JId:

e sin_family — oboznaudaer ceMeiicTBO ajpecaruu (B JIAHHOM CJiy4dae 3Hade-

HUE 9TOTO MOJIs JOJKHO OBbIThH ycraHoBaeno B AF_INET).

e sin_port — 3ajlaerT HOMEp HOPTa B ceMesoM nopadre 6atim, KOTOPHIN, BO-
0011Ie TOBOPSI, MOXKET OTJIMYATHCA OT MOPsjIKa OAHNT, NCIIOTB3YyeMOro Ha JIaH-
roit marmuae. CoOTBETCTBEHHO, 3HAUEHUE JIJIsT 3aHECEHUST B 3TO TI0JIE JOJIPKHO
OBITH MOJMYUEHO U3 BLIOPAHHOTO HOMEPa OPTa BbI30BoM dbyHKINn htons () 3.

e sin_addr — zajmaer [P-anpec. [losie sin_addr camo gBisgeTcs cTpyKTypoii,
uMerolei JIMIb OJHO 1oJie ¢ uMeHeM s_addr, KoTopoe XpaHUT 1p-ajpec B
Br/Ie 0€33HAKOBOT'O YETHIPEXOARTHOTO I1EJIOrO0.

B cemeiictBe AF_UNIX wucroJib3yercs crpykTypa struct sockaddr_un, B Ko-

TOPO MOXKHO XPaHUTh MMsI (paifjaa. dTa CTPYKTypa COCTOUT U3 JABYX IIOJICH:

e sun_family — obo3navgaer ceMeiicTBO ajpecaluu (B JaHHOM Cjlydae 3Hade-
HUE 9TOTO MOJIST JOJIKHO OBITH yeTaHoBaeHo B AF_UNIX).

e sun_path — maccuB Ha 108 cuMBOJIOB, B KOTOPbIii HEIOCPEJICTBEHHO 3allu-
ChIBAETCsI CTPOKA uMeHu paitia.

BoezoB bind () BozBpamaer (0 B ciaydae ycrexa, -1 B ciiydae OMIUMOKU. YdTH-
T€, YTO CYIIECTBYET MHOXECTBO CUTYaIMil, B KOTOPbIX BbI30B bind () moxer He
MPOUTH; HATTPUMED, ONINOKA MPOU30HIET B CayUae MOMBITKH NCIOJIB30BaAHUS MTPHU-
BUJIETMPOBAHHOrO HOMepa mopta (or 1 1o 1023) wim nopra, KOTOpbIi HA JAHHOI
MallluHEe y2Ke KEeM-TO 3aHsIT (BO3M0>KH0, JPpyroil Balei HporpaMMof/’I). [Toaromy
obpaborka omubok 1pu Bu3oBe bind () ocobeHHO BarkHA.

Kpome BbizoBa bind () crpykrypbi Tuinos sockaddr_XXX wucrojib3yloTcst BO
MHOTHX JIPYTUX CJIydasdx: Be3je, IVie HeoOXOMMO 3aJIaTh ajipec COKETa.

23.4 Ilpuem u nepegada ageiitarpamMm

Paccmorpum paboty ¢ cokeramu JieiiTarpaMMHOTO THIIA.

Coket cozmaercsd BbI3oBoM socket () ¢ ykazanmem koHctanThl SOCK_DGRAM B
KadecTBe BTOPOTO MapaMmeTpa. 2KeaTebHo CBA3aTh COKET ¢ KOHKPETHBIM aJipe-
coM ¢ nomoipio bind (), B IPOTUBHOM Cilydae ¢ COKeTa MOYKHO OyJIeT OTIPaBJISITh
JTaHHble (cHCTeMa cama BBIOEPET OJMH W3 CBOMX aJ[PECOB U MOPTOB B KAUeCTBE
aJipeca OTIpaBUTEIs), HO He OyjIeT BO3MOXKHOCTH ITOJIYYUTh OTBET.

[Tocsie Toro, Kak COKET CO3JIaH W CBS3aH C aJpecoM, JJId Tepeladr U MpueMa,
JIAHHBIX MOYKHO MCITOJIL30BATHL CUCTEMHbIe BhI30BhI sendto () u recvfrom():

3Haspanue ¢ynkmun htons() momyueno kak cokpamenune or Host to Network Short, T.e. npeobpazoBanue u3
XOCTOBOT'O B CETEBOil MOPSIOK OAfT 171si KOPOTKOro mesoro. bosee moapobHO MOHATHE CETEBOrO MOPsiaKa OGaiiT
OyZeT PacCMOTPEHO HUKE.
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int sendto(int s, const void *buf, int len, int flags,
const struct sockaddr *to, socklen_t tolen);

int recvfrom(int s, void *buf, int len, int flags,
struct sockaddr *from, socklen_t *fromlen);

B oboux BbI3OBax napaMerp s 3ajlaerT JIeCKpUITop cokera, buf ykasbiBaer Ha,
oydep, comepKaliuil JaHHbIe JIJId [epeladn JH00 IIpeHa3HadeHHbIN 11 pa3Me-
IeHKst TPUHSATHIX JaHHbIX, len ycraHapjaubaeT pasmep roro bydepa (coorser-
CTBEHHO, KOJMUIECTBO JAHHBIX, MOJJIEKAINNX MpUeMy Wiu nepeade). [lapamerp
flags wucroJsib3yercs Jijisi yKazaHus JOMOJHUTEJbHBIX Ol JiJisi HOPMAaJbHOM
paboOThl OOBITHO JOCTATOYHO yKa3aTh 3HadeHue (.

B Bb13oBe sendto() mapaMerp to yKasblBaeT Ha CTPYKTYPY, COMEPKAILYIO
aJIpec COKeTa, Ha KOTOPBIH HEOOXOJNMO OTIIPABUTH JAaHHBIE (TO €CTh AJPEC MOJIY-
qaresist coodIeHust). ZICHO, YTO UCHOJIB3YeTCs IPU 9TOM CTPYKTYpa THIIA, COOT-
BennByHnuen)H36paHH0My(EMeﬁCTByzunxmauﬂﬂ(sockaddr_in;mnlAF_INETI{
sockaddr_un jyist AF_UNIX). [Tapamerp tolen jiosiken ObITh paBeH pa3mepy 9Tof
cTpyKTyphl. Tun socklen_t oOBIYHO SABJISIETCS CHHOHUMOM THUIA int.

B Bw3oBe recvfrom() mapamerp from ykaswIBaeT Ha CTPYKTYPY, B KOTOPYIO
BBI3OBY CJIEJlyeT 3alMCaTh aJPec OTTIPABUTEJs MOJIyUYeHHOrO TakeTa (T.e. TaKuM
00pa3oM MOXKHO y3HATh, OTKyja maker mpurren). [lapamerp fromlen mpejcras-
JisieT coboil yKazaresb Ha MepeMeHHyo THIla socklen_t, mpudeM mnepej; BBI30BOM
recvfrom() B 3Ty HEepeMEHHYIO CJIeJlyeT 3aHECTH pa3Mep a/[PeCHO CTPYKTYPhI,
Ha KOTOPYIO yKa3bIBaeT MPEJIbIYINNN TapaMeTp; mocje Bo3BpaTa u3 recvirom()
nepeMerHasi OyJIeT Cojep:KaTh KOJUIECTBO DallT, KOTOPHIE BHI30OB B UTOTE B 3TY

CTPYKTYPY 3alncaJl.

CnepyeT oTMeTuTb, 4TO Npn paboTe no cetn VIHTepHeT Ans nepegadn geiTarpaMmm MCNoNb3yeT-
csa npotokon UDP. Ocobentoctn ceasku IP/UDP TakoBbl, 4To nepesan MOXeT ObITb TONBLKO NakeT
OTrPaHNYEHHOrO pa3mMepa, NpuyeM KOHKPETHbIA pasmep, BOODLLE roOBOPs, MOXET OKa3aTbCsl Pasiny-
HbIM A1t Pa3NMYHbIX agpecoB nonyyateneii. itorom atoro obcrosTenscTBa ABAAIOTCA JOCTAaTOHHO
CNOXHblE NpoLefypbl AVHAMNYECKOTO ONpefesieHnst JOMyCTUMOro pa3Mepa NakeTa; OnncaHme 3Tux
npoLeAyp BbIXOAUT 33 pamku Hallero Kypca. [1pu xenaHum 4utaTesib MOXET CaMOCTOSITENIBHO U3Y-
4UTb MX, OOPATUBLLNCH, HAaNpUMeEp, K KHure [6].

23.5 IlorokoBble cokeThbl. KiimeHT-cepBepHas MOAeJb

[Ipu B3auMOIeiiCTBUH C IIOMOIILIO IIOTOKOBBIX COKETOB HEOOXO/IMMO IIepe;] Ha-
9aJIOM B3aMMOJIEHCTBHUST YCTAHOBUTHL coedunenue. FICHO, 9TO ec/ii pedb HJET O
B3aMMOJICCTBIH HEPOJICTBEHHBIX IIPOIECCOB, B TeM 0oJiee O B3aUMOJICHCTBUH IIPO-
1IeCCOB, HAXOIATINXCS Ha, PA3HBIX MAIlTMHAX, OJINH N3 YIaCTHUKOB B3aUMOAEHCTBUS
JIOJIKEH ObITH WHUIUATOPOM COEJIMHEHWUsI, & BTOPO#i — MPUHSITH COoenHeHne (co-
IJIACUTHCST Ha €r0 YCTaHOBJIEHHUE).
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Puc. 23: Ycranosienne coeInHEHNsST MEXKTY TTOTOKOBBIMU COKETAMU

3JieCcb MBI CTAJKUBAEMCsI C IOHATUIMU kauewma u cepeepa. 1lom cepee-
POM TIOHUMAETCH ITPOTrPaMMa, OXKHUJAI0IIAdA 3aITPOCOB U MTPOU3BOAATIAST
KaKne-JIn00 AeiicTBUS NCKJIOYNTEJIHBHO B OTBET HA 3alPOCHI, a IMIPU OT-
CyTCTBUUM 3aITPOCOB He Jejiafornas Boobmie Huvero. CoOTBETCTBEHHO,
oJ1 KAUEHMOM TIOHUMAETCHA IMPOrpamMMa, OobOpamiaiIinascsa ¢ 3arpocoM
K cepBepy”.

[Ipu ycranoB/ieHUN COEMHEHNST MEXK/Iy ITOTOKOBBIMKM COKETaAMU OJUH IPOIECC
OXKMJIAET 3aIIpOca Ha, YCTAHOBJICHUE COCIMHEHMSI, & JPYToil HHUIMUPYET TaKOoi 3a-
IPOC. DTH TPOIECCHl ¥ HA3BIBAIOTCS ¢ TOUYKHM 3PEHUsT YCTAHOBJIEHUS COETMHEHUSI
cepBepoM U KJIMEHTOM; B YaCTHOCTH, IpHU paboTe 1o cetu VIHTepHET s opra-
HUBAIMY B3aUMOJICCTBHS IIOTOKOBBIX COKETOB HcIOJib3yercs mnporokos TCP, a
cooTBeTcrByionue nporpaMmbl HazbiBaioTcst TCP-cepsepom u TCP-kimenToM.

23.5.1 Opraau3amnuga cepBepa

Hrobbl HAYATH OXKKJIAHUE 3AIPOCOB Ha COEJIMHEHKE, CEPBEP CO3/1aeT COKET CO-
OTBETCTBYIOIErO THUIIA, CBSI3BIBAET €0 C aJ[peCOM M IIEPEBOJUT B CIENHAIbHOE
cocTostHue, HazbiBaeMoe caywaloujum (anri. listening). Ha cokere, naxopsiemest
B CJIYIIAIOIIEM COCTOSTHUH, MOXKET OBITH OCYIIEeCTBJICHA TOJIHLKO OJHA ONEpAIs —
npunamue coedunenus. IIpn ycraHoBIeHUN COIMHEHUsT SIIPO ONMEPANOHHON CH-
CTeMBI, KOTOpas 0OCIyKUBAET MPOrPAMMY-CEPBED, CO3AeT eIe OJUH COKET, KO-
TOPBIH 1 OyIeT MCIOIBL30BATHLCS JJIs TTepeladn JaHHBIX 110 TOJBKO 9TO YCTAaHOB-
JIEHHOMY coejiuHenuio (puc. 23).

HTak, Ha CTOpOHE cepBepa COKET HeoOXOJIMMO CO3/1aTh BLI30BOM socket () ¢
COOTBETCTBYIOIIMMU TTApaMeTpaMy U CBSI3aTh €r0 ¢ KOHKPETHBIM aJIPeCOM, Ha KO-
TOPOM OyJIyT IPUHUMATHCA COSIMHEHUSI, C TIOMOIIBIO BbI3oBa bind (). 3aTeMm coker
CJIeJIyeT TIePeBeCTH B cAywarowull pescum (Ha puc. 23 caymaroimii coker 060-
3HaUeH OyKBOii L) ¢ MOMOIIBIO BHI30BA

4Boobmie roBopsi, OHA M Ta JKe IPOrpaMMa MOXKET BBIIOJHATL (PYHKIHH CePBEPa 110 OTHOMICHUIO K OJIHUM
nporpamMMaM X KJIWEeHTa — 10 OTHOIIEHUIO K JPYI'HM, €C/Iu Jijid YJOBJIETBOPEHUHA 3alpoca KJ/IUEHTa CepBepy
HEOOXOIMMO BOCIOJIB30BATHCS YCAyTaMu IPYroro cepBepa
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int listen(int sd, int qlen);

[Tapamerp sd — cBsazannblit ¢ cokerom aitiosbiit jleckpuntop. I[Hapamerp qlen
3aJlaeT pa3Mep ouepein HEMPUHATHIX 3apocoB Ha coeunenue. [Tosgcaum sto. lo-
IyCTHM, MBI TIEPEBEJIM COKET B CJIYIIAIOIMNNA PEYKUM, U HECKOJIbKO KJIMEHTOB yIKe
OTTIPABUJIM HAM 3aIllpOChl Ha COEJIUHEHWE, HO B CHJIY T€X WU WHBIX NMPUYUH MBI
HEKOTOPOE BpeMsi He MPUHUMAEM 9TH 3alPOChl (TO eCTh He BBIMOJHIEM COOTBET-
CTBYIOIILYO OMEPAIINIO CO CIAYIIAIONINM COKETOM ). BOBMOXKXHOCTH CHCTEMBI TIO Xpa-
HEHUIO HeoOPabOTAHHBIX 3alpocoB orpanuyennl. [lepsbie qlen 3ampocoB OyIyT
OYKUJIATh HMPUHSTHST COCIUHEHUS, €CJIU K€ CUCTEeMa, MOJIyIUT eIlle 3alpPOoChl, OHU
oynyT orkjaonenbl. CrenyeT ocobO MOTIEPKHYTDH, UTO MMapaMeTp dlen He MMeeT
HUKAKOT'O OTHOIIEHUsT K ODIIEMYy KOJMIECTBY coejuHeru# ¢ kaneHtamu. OObrd-
HO B KadecTBe MapaMeTpa qlen mepejaloT JHuc/Io O, MOCKOJIbKY HEKOTOPBIE SA/Ipa
OTEePAIMOHHBIX CUCTEM HE TTO3BOJISTIOT CO3/1aBaTh Oodepeib OOJBINEro pa3mepa, a
MEHBITAsA OUepeIb MOXKET OKAa3aThCs HEJIOCTATOTHOI.
[Tpunsitre coeuHeHUsT TPOU3BOINTCST BHI3OBOM

int accept(int sd, struct sockaddr *addr, socklen_t *addrlen);

[Tapamerp sd 3aj1aeT 1eCKPUNITOD CJAYIIaloNero cokera. [lapamerp addr yka3biBa-
€T Ha CTPYKTYPY, B KOTOPYIO CJEJIYeT 3alncaTh aJpec COKeTa, C KOTOPHIM yCTaHOB-
JIEHO COeJIMHeHne (MHAue TOBOPsi, aJIpec JIPYroro KoHia coenunenus). [lapamerp
addrlen npejcrapiser coboil ykasaresb Ha repeMeHHyto Tuta socklen_t, npu-
4yeM 1epeji BbI30BOM accept () B 9Ty HEepeMeHHYIO CJieJlyeT 3aHECTU Pa3Mep aJipec-
HOU CTPYKTYPBI, HA KOTOPYIO YKA3bIBACT MPEAbIAYINUIA ITapaMeTp; IOCJIe BO3BpaTa
u3 accept () nepemennasi OyjeT cojep:KaThb KOJIMIECTBO 0ailT, KOTOPbIE BHI30B B
UTOTE B 3TY CTPYKTYPY 3alucaj. ITo aHaJorndno mapamerpaMm from n fromlen
B BbI3oBe recvirom().

BrizoB accept () BozBparmaeT (dpailJIoBbIil JECKPUIITOP HOBOT'O COKETA, CO3/IaH-
HOTO CIeNUAJbHO JJisi 00CIIYy KMBaHWs BHOBb YCTAHOBJIEHHOTO COeJIMHEHUsT (JIM00
-1 B cayuae omubku). Ecim #a MOMeHT BbITOTHEHUs accept () 3ampocoB Ha Co-
eJIMHEHNE eIle He TTOCTYITUJIO, BhI30B OJIOKUPYET BBI3BABIIUI MTPOIECC U OXKUJACT
HOCTYIJICHU 3a11PpOCa Ha COCJIMHEHUE, BO3BPalllas ylIPaBJCHUe TOJIbKO 110CJIe TOTO,
KaK TaKOil 3allpoC IIOCTYIIUT, U COeJIMHEeHKE OY/IeT yCTaHOBJICHO.

Cuiejlyer OTMETUTH, 9TO C MOMEHTa HPHUHSITHsI II€PBOIO COEJIMHEHUS B
IIporpaMMe-cepBepe NMEEeTCsI JIBa JICCKPHUIITOPa, TPeOyoNux 00pabOTKU: JIeCKPHUII-
TOP CJIYHIAIONIEr0 COKeTa, Ha KOTOPOM MOXKHO IIPUHMMATH HOBbBIE 3alPOCHI HA CO-
€JIMHCHUSA, U COKET, COOTBETCTBYIONIUI TTPUHATOMY COCJUHEHUIO, C KOTOPOrO Tpe-
Oyercst YUTATH IPUIIEIINe OT KIHEeHTa JaHHble (HapUMep, TEeKCT 3a1poca). ITo
co3siaeT IpobIeMy OUYepeTHOCTH JajbHelmunX JeiicTBuii. Mbl BepHeMcst K 00Cy K-
JIEHUIO 9TOMN MPO0JIeMbl Ha, CJIC/IYIOIIEH JIEKIINHN.
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23.5.2 Oprasm3anuga KJINEHTA

KimenTckasi mporpamma, JIOJXKHA, KaK U CEPBEP, CO3JaTh COKET BbI30BOM
socket (). CBs3bIBaTh COKET ¢ KOHKPETHLIM aJIpecOM He 00s13aTeIbHO; €CJIU 9TOr0
He CJesIaTh, CUCTeMa BbIDEpeT aJIipec aBTOMATHIECKN.

3anpoc Ha coejinHerne (popMUPYETCsi BHI3OBOM

int connect(int sd, struct sockaddr *addr, int addrlen);

[Tapamerp sd — cBsizaHHbIE ¢ cokeToM daiiyoBbiit jeckpuntop. [lapamerp addr
YKa3bIBACT HA CTPYKTYDY, COIEPKAIIYIO aJipec cepBepa (T.e. aJpec CIIYIIAIIIEro
COKeTa, ¢ KOTOPBIM MbI XOTHM YCTAHOBUTH coejrHene). EcrecrBenHo, uemnosb3y-
eTCs IPU 3TOM CTPYKTYpa THUIA, COOTBETCTBYIONIEr0 M30paHHOMY CeMeHCTBY a/l-
pecaiuu (sockaddr_in jyist AF_INET u sockaddr_un g AF_UNIX). [lapamerp
addrlen jio/ixkeH ObITh PaBeH pa3Mepy 3TOH CTPYKTYPHbl.

Boeizos Bossparaer (0 B ciaydae yciexa, -1 B ciiydae OmmOKM.

23.5.3 OOMeH gaHHBIMU

[Tocne ycmemnoro ycranoBienust CoOeIMHEHUS JIJIs TePeIavn 110 HeMY JTaHHbIX
MO>KHO HCIOJIL30BATh YK€ U3BeCTHbIe HaM Bbi30BbI read() m write(), cuuras
JIECKPUTITOPDI COSJTMHEHHBIX COKETOB OOBITHBIMHU (haRTOBBIMY JECKPUITOPAMH (Ha,
CTOPOHE CepBepa TO JIECKPUIITOP, BO3BPAIIEHHbBIN BBI30BOM accept (), Ha cTopoHe

KJIMEHTa — JICCKPUIITOP COKeTa, K KOTOPOMY HPUMEHSIJICA BbI30B connect ()).

[ns 6onee rubkoro ynpaeneHnsi oOOMEHOM [aHHBIMU CYLIECTBYIOT TakXe Bbi30Bbl recv() u
send (), otnnyatowmecs ot read() m write() TOALKO HANMYMEM AOMNOJHUTENBLHOrO NapameTpa
flags. [pn xxenaHum 4nTaTesNlb MOXET O3HAKOMUTLCA C 3TUMU BbI30BAMU CAMOCTOATENBHO, BOC-
nonb3osaswmnch komangoi man 8 OC Unix nnu kauramn [2] v [6].

BaBepmuTh pabOTy ¢ COKETOM MOYKHO C ITOMOIIBIO BHI30Ba,
int shutdown(int sd, int how);

[Tapamerp sd 3ajaeT JJeCKPUIITOP COKETa, hOw — 4TO KMEHHO CJIe/yeT IIPEKPATUTh.
IIpu how == 0 cokeT 3aKpbIBaeTCs Ha YTeHHWE, NpU how == 1 — Ha 3alHCh, IPH
how == 2 — noJHOCTHIO (B 062 HAlDABJICHHS ).

MoxHo Tak>ke TPOCTO 3aKPhITh JIECCKPUIITOP COKETa € TIOMOIIbIO BHI30BA
close(). Caenarb 910 ciepyer B J00O0M ciaydae, T.K. shutdown() TOJIBKO 1pe-
KparrnaeT 0OMeH JJAHHBIMHU Ha COKETe, HO caM COKeT (1 ero (ailyioBbIil IECKPUIITOD )
[P HTOM HE MCUE3AI0T, & KOJIMYECTBO OJ[HOBPEMEHHO OTKPBITHIX (DailjioBbIX Jie-
CKPUIITOPOB B CUCTEME OTPAHUYCHO.

B ciyuae, eciin 1ajbHII KOHEI[ COEJIMHEHNS 3aKPBIT, 0uepeHoi Bb3oB read ()
i recv() Bepuer (), curHaJU3UpPysi 0 <KOHIIE paiiias.
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23.5.4 Iloaxpobuee 06 agpecax B AF_INET

IIpu ommcanuu crpyKTypbl sockaddr_in ynmoMmuHaJach HEOOXOJIMMOCTD IIpe-
obpazoBanus HopsijiKa OailT 1npu 3amojHeHun 110Jst sin_port. Paccmorpum stoT
BOIIPOC TI0/IpOOHEE.

[Topsiiok DaiiT B IPeACTaBACHNN [EJIbIX YUCEJ B MaMSITH MOXKET BaPbUPOBATH-
Cs1 OT OJIHOM ApXUTEKTYPHI K JPyroi. ApXUTEKTypbl, B KOTOPBLIX CTapIINil OaiiT
quCIa MMeeT HAaMMEHbBINWI ajipec (MHade ToBopsi, DAl Thl PACTIOIOKEHDBI B NPAMOM
MOPSIJIKE), B AHIVIOS3BITHON JIUTepaType 0603HATAIOTCS TepMUHOM big-endian, a
apXUTEKTYPhI, B KOTOPbIX HAUMEHBIIUI aJipec uMeeT MJIaJInii OaiT, TO ecTh 1o~
psiJI0K GaiitoB obpammwiti, — little-endian’®.

Yrobbl cjie/laTh BO3MOXKHBIM B3aMMOJIECTBHE II0 CETH MEXKJly MallliHaMHU,
MMEIOIIUMEI Pa3HbIe APXUTEKTYPbI, IIPUHSITO COTJIAIIEHHE, UTO MepeIada [eJ0drc-
JIeHHON MHGOPMAIUY 1O ceTH Beerja uaetr B npsamoM (big-endian) nopsiike GaiT,
T.e. cTapiiuii 6aiiT nepejaercs nepBbiM. IT0ObI 00ECIIEYUTH TEPEHOCUMOCTh TTPO-
rpaMM Ha yPOBHE MCXOJHOI'O KOJa, B ONEPAIIMOHHBIX cucTeMax cemeiictBa Unix
BBEJICHBI CTaH/IAPTHBIE OUOIMOTEUHbIX (DYHKIUU JIjIs IpeoOpa30BaHus EJIbIX Uh-
cest u3 gopmara jJannoit Mamunbl (host byte order) B cerepoit dopmar (network
byte order). Ha mammmnax, mopsyiok GafiT B apXUTEKType KOTOPBIX COBIAJAET C
CeTeBbIM, 3TU (DYHKIMK IIPOCTO BO3BPAIIAIOT CBOM apr'yMeHT, B MHOM CJIydae OHU
IIPOM3BOJIAT HEOOXOIMMbIe IIpeobpaszoBanust. Bor atu dpyHKINN:

unsigned long int htonl(unsigned long int hostlong) ;
unsigned short int htons(unsigned short int hostshort);
unsigned long int ntohl(unsigned long int netlong);
unsigned short int ntohs(unsigned short int netshort);

Kak moxHO jtorajiaThest, OyKBa n B HazBaHUsAX (dyHKIHU o3Hadaer network (r.e.
ceTeBoil TOpsioK GaiiT), 6yksa h — host (mopsmok GaiiT ganHoit Mamunb). Hako-
Hell, S 0003HAaYaeT KOPOTKUE Iejible, a 1 — JUIMHHbBIE [IeJible Yncia. TakuM obpa-
30M, HanpuMep, pyHKIms ntohl () ucmoab3yercs i Mpeodpas3oBaHus JJIUHHOTO
I[EJIOTO U3 CeTEBOrO TOPsijiKa O6aiiT B MOPsijIoK OaliT, NCIOJb3yeMblil Ha, JJAHHOW Ma-
LU HE.

Yro kacaercs [P-anpeca, 1o, mMest ero TeKCTOBOE TIpeJicTaBaeHue (HampuMep,
crpoky "192.168.10.12"), MOXKHO BOCIOJIb30BaThCsd QyHKIMed inet_aton()
7uist (bOPMUPOBaHUsT CTPYKTYpbI THIa struct in_addr (mosie sin_addr cTpyk-
Typbl sockaddr_in mmeer HM@HHO:JHH?TMH)

<Tepuunbrs big-endians u little-endians sBemenst Ixxonatanom Ceudrom B kuure <Ilytemectsus [ym-
JuBepa> 7 0D03HAUEHWsT HEMPUMUPUMBIX CTOPOHHWKOB Pa30WBAHMUS SIWIl, COOTBETCTBEHHO, C TYIIOTO KOHIIA
u ¢ ocrporo. Ha pycckuil g3bIK 9TH Ha3BaHUs OOBIYHO MEPEBOAMIKMCH KAK MYNOKOHEWHUKU U OCTPOKOHEUHU-
Ku. ADIyMEHTBI B 1I0J1b3Yy TOH UJIM MHON apXUTEKTYDPbl JAEHCTBUTEIIBHO YaCTO HAIIOMUHAIOT CBSLIEHHYIO BONHY
OCTPOKOHETHWKOB C TYTIOKOHEUHUKAMH.
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int inet_aton(const char *cp, struct in_addr *inp);

3/1ech Cp — CTPOKa, cojiepxKaliias TeKCTOBoe MpejictaBienue [P-aipeca, a inp yka-
3bIBAET Ha CTPYKTYPY, HOJIEeXKaIYyI0 3anojHennio. QyHKIMs BO3BpalllaeT HeHyJie-
BOE 3HAUYEHNE, eCTU 3aJlaHHas CTPOKa ABJISETC JOMYCTUMOM TEKCTOBOH 3aMNCHIO
[P-ayipeca, 1 0 B IpoTUBHOM CJlyuae.

Honycrum, nyxubiit nam [P-anpec cojepxkurcs B cTpoke char *serv_ip, a
OPT — B MEPEMEHHON port B BU/IE TEJIOT0 Yncia. 1ora 3anoHeHne CTPYKTYPhI
sockaddr_in MOXKeT BBINJISAJETHh TaK:

struct sockaddr_in addr;

addr.sin_family = AF_INET;

addr.sin_port = htons(port);

if (!inet_aton(serv_ip, &(addr.sin_addr))) {
/* Oumbra - HeBanunmuwii IP-azmpec */

+

IIpm cozpmanum ciaymaionero cokeTa Ha cepBepe 3aJlaBaTh KOHKPETHBIN ip-
aJipec He 00si3aTeJIbHO, TOPa3/I0 IPOIe MPOUMHCTPYKTUPOBATH CUCTEMY IIPUHU-
MAaTh COEJUHEHUs Ha 3aJIaHHLIA MOPT Ha JIFOOOM U3 MMEMOIINXCS B CHCTEME ip-
asipecoB. [Ipu aTom mosie sin_addr cienyer 3am0JHUTE CleIUaIbHBIM 3HAUEHIEM
INADDR_ANY:

struct sockaddr_in addr;
addr.sin_family = AF_INET;
addr.sin_port = htons(port);
addr.sin_addr.s_addr = INADDR_ANY;

23.5.5 O <zajunanunm> TCP-nopra

YacTo npu paboTe ¢ cepBepoM MOXKHO 3aMETUTb, YTO MOC/E 3aBEPLUEHNS NMPOrPaMMbI-CEPBEPA
€e HEKOTOPOE BPEMSI HEBO3MOXHO 3aNyCTUTL C TEM XKE 3HAYEHWEM HOMEPa NopTa. ITO NPOMCXOANT
ODBIYHO NPU HEKOPPEKTHOM 3aBEPLLEHUN MPOrpaMMbl-CEpPBEPA, NMDO ecam nporpamma-cepeep 3a-
BEPLUIAETCA NPN aKTUBHBLIX KNNEHTCKNX COEANHEHNAX. B 3TUX Cny4daax aapo OI'IepaLU/IOHHOI7I CNCTEMBLI
HEKOTOpPOE BPEMSA MPOAO/IKAET CHUTATL aAPEC 3AHATHIM.

N36exxaTh 3TUX cuTyaumnii npu oTAafKe NPOrpaMMbl-CEPBEPA OYEHb CJIOKHO, OHAKO CUCTEMA
COKETOB NO3BONACT U3MECHUTbL NOBEACHUNEC AQpa B OTHOWEHUN agpeCoB, <3annnwnx> I'IOAO6HI:>IM
obpazom. [Insa 3Toro Heobxogumo nepeg BbizoBoM bind() BbICTaBMTHL Ha Oygylwem caywatouem
cokeTe onuunto SO_REUSEADDR. 370 fenaeTcs C NOMOLLbK CUCTEMHOrO Bbi30Ba setsockopt ():

int setsockopt(int sd, int level, int optname,
const void *optval, int optlen);
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Mapametp sd 3apaeT geckpuntop coketa, level obosHauaeT ypoBeHb (C/IOM) CTeKa NPOTOKOJIOB,
K KOTOPOMY MMEET OTHOLLEHWE yCTaHaBAuBaeMasi onunsi (B JAHHOM Cly4ae 3TO YpOBEHb COKETOB,
obosHauaemsbli koHcTaHTol SOL_SOCKET) [lapametp optname 3agaer <umsi> (Ha camom fgene,
KOHEYHO, 3TO HOMEP, WJIN YNCIIOBON MAEHTNDNKATOP) YCTaHABAMBAEMON ONUUN; B AAHHOM Cllydae
Ham Hy>Ha onuusa SO_REUSEADDR.

MockonbKy nHopMaLns, CBA3aHHAA C HYXKHOI ONUUEA, MOXET MMETb NPON3BOJBHYIO CIIOX-
HOCTb, BbI3OB MPUHMMAET HETUNN3NPOBAHHbIN yKa3aTeslb HA 3HA4eHUe onuyun n Ajauny onuum (na-
pameTpbl optval n optlen COOTBETCTBEHHO). 3HAYEHMEM ONUMM B [aHHOM Ciydae byger yenoe
yucno 1, Tak 4TO CneayeT 3aBECTW MEPEMEHHYIO TWna int, NpUCBOUTL el 3Ha4veHne 1 n nepepaThb
B KayecTBe optval agpec 3TOli NepeMeHHOl, a B kadecTBe optlen — BbipakeHne sizeof (int).
Takum 0bpazom, Haw BbI30B DyAeT BbIMAAETL TaK:

int opt = 1;
setsockopt(ls, SOL_SOCKET, SO_REUSEADDR, &opt, sizeof(opt));

23.6 IllcnoJjib30BaHHE COKETOB /IJid CBS3H POJICTBEHHbBIX
IIPOIECCOB

B oT/inyne ot HeMMEHOBaHHbIX KaHa0B, COKETbI NPEACTaBASAIOT CobOli fAByHaNpaB/IeHHbI KaHan
CBSI3U, YTO [IE/1a€T X B HEKOTOPLIX CAy4dasx bonee yaobHbIM CpeicCTBOM fa)e Npu B3aUMOLENCTBIN
poacTBeHHbIX npoueccoB. OgHako npouefypa YCTaHOBIEHUS COEAMHEHWS, PAaCCMOTPEHHAS Bbille,
NpefaCcTaBAAETCA A5 TaKOW CMTyauun camwkom crioxHoii. B cesasn ¢ atum B OC Unix npegycmoTtper
BbI30B

int socketpair(int af, int type, int protocol, int sv[2]);

NapameTpbl af, type m protocol 3apatoT, COOTBETCTBEHHO, CEMEACTBO agpecauuun, Tun U npo-
TOKON A5 co3aaBaembix cokeToB. CrieqyeT OTMETUTH, YTO MHOMME peann3auum AOoMycKaloT Nnlb
OAHY KOMbuHauwmto 3Tux napametpos: AF_UNIX, SOCK_STREAM n 0. NapameTp sv A0/XeH yKasbl-
BaTb Ha MaCCUB M3 ABYX 3JIEMEHTOB TUNa int, B KOTOPbIE BbI3OB 3aHeCeT halisioBbIE 4ECKPUNTOPI
ABYX CO3faHHbIX cOKeTOB. COKeTbI CO3AAOTCS yXKe CBA3aHHBLIMU ApYyr C APYroMm, npuyem oba KoHua
OTKPbIThI KaK Ha YTEHMe, TaK 1 Ha 3anuchb.

Buizos Bo3epawaer 0 B ciyyae ycnexa, -1 B cnydae owmnbku.
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Jleknima 11

24 IIpobiema odyepemHoCTH JeiicTBUll 1 ee pelle-
HU A

24.1 CyTtb npobyieMbl

Ha mpomuioit jekium ynoMuHAJIOCh, 9TO NPH paboOTe ¢ COKeTaMU ITOTOKOBO-
ro THUIA MOCJe MPUHSATHUS IEPBOT0O COCIMHEHNUsS B MPOrPaMMe-CepBepe BOZHUKAET
1pobsiema ouepejHocTu Jeiicrsuil. [loscHumM, B 4eM OHa 3aKJIFOYAETCS.

Y HAC UMEIOTCs JIBa JIECKPUIITOPA (& MOCIe yCTAHOBJICHUS COCJIMHEHNUST C HOBBI-
MU KJIMEHTAMK UX 9UCI0 Bo3pacrer). Ha ojHOM U3 JIeCKpUIITOPOB MOXKET 0XKUIaTh
3aIllpoc Ha COeJIMHEHNEe HOBOI'O KJMEHTa, KOTOPBIH moTpedyer BbI3oBa accept ().
Ho ecam mbr cienaem accept (), a HUKAKOro 3alpoca Ha COeJMHEHUe He ObLIO,
HaIlla TPOrpaMMa TaK U OCTaHeTCs BHYTPH BbI3oBa accept (), mpudueM MpoObIThH
TaM MOYKET CKOJIb YTOJHO JIOJT0: HUKTO BEJb HE MOXKET rapaHTUPOBAThH, YTO KTO-
00 3aX0YeT yCTAHOBUTL ¢ HAMHU HOBOE coejuHeHue. B 5To Bpems Ha J1000it 13
KJINEHTCKUX COKETOB (TO €CTh COKETOB, OTBEUAIOIINX 38, COCJIMHCHUE C KAXKBIM U3
KJIMEHTOB) MOI'YT NPUATH JlaHHble, TpeOyoiue 06paboTKK; siCHO, YTO, MOKa Mbl
BUCUM BHYTPH BBbI30Ba accept (), HUKaKoOil 0OpabOTKM JaHHBIX HE ITPOU30MJIET,
T.K. MBI UX JIaKe HE TPOIUTAEM.

C Jpyroii CTOPOHBI, €CJIM MOIBITATHLCS MPOU3BECTH UTEHHUE ¢ TOIO UM MHOI'O
KJMEHTCKOI'O COKeTa, eCTh PUCK, UTO KJIMEHT 110 KaKUM-JIU00 MpUIrHaM He MpU-
IIJIeT HaM HUKAKAX JIAaHHBIX B TeUeHUe JIIMTEJLHOrO mepuoja Bpemenu. Bee sTo
BpeMsI Hallla IIporpaMma OyJieT HaxOoduThCsA BHYTpHU Bbi3oBa read () wmiu recv(),
HE BBIIOJIHsIsI HUKAKOH PabOThI, B TOM YKCJI€ HE HPUHUMAS HOBBIX COCJIMHEHUI U
He 0OpabaTbiBasi JaHHBIE, TOCTYIHUBIINAE OT JPYTuX (yKe MPUCOCTHHEHHBIX) KJTH-
€HTOB.

[IpounsmocTpupoBaTh IPOOIEMY MOXKHO Ha IIPUMEPE U3 COBCEM HEKOMIILIOTEP-
Hoit obstacTu. [IpejicraBum cebe 0OBIKHOBEHHBI PecTOPaH, TOJILKO OYeHb JIOPOTOil,
B KOTOPOM KaXKJbIfl CTOJIMK pa3MelleH B OTJeJbHON KaOWHKe, TaK 9TO, B KAKOM
OBl MecTe MBI HU CTOSIIIN, HEJIb3sT OJHOBPEMEHHO YBUJIETH BCE CTOJUKHA U BXOJHDLIE
JIBEPH.

IIpesicraBum cebe Tenepb, 9TO HA BECh PECTOPAH €CTh TOJLKO OJUH O(DUITMAHT,
MCIIOJIHAIONIMI ele ¥ 00sI3aHHOCTU MeTpojoTe si. B Haleil anajgorun opuipasT
OyeT urpaThb poJb IIpoiiecca.

Cpagy 1mocJie OTKPBITHsT pecTOpaHa OPUITUAHT, ECTECTBEHHO, MOI0MIeT K BXO/I-
HBIM JIBEpsIM U OYJIeT MOJKHUIATH HOBBIX KJIHEHTOB (BbI30B accept()), 4robdsr,
BCTPETHUB WX, MPOBOJNTL UX K CTOJUKY. OJHAKO Cpa3y MOCJe TOTrO, Kak TepBbhie
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KJIMEHTHI 3aiMyT CTOJINK U IIPUMYTCS U3ydaTh MEHIO, ODUIIMAHT OKaXKeTCs Tepe/l
POOJIEMOIi: CJIEYeT JIM MYy CTOSTH OKOJIO CTOJIMKA B OXKUJAHWUU, MMOKA KJIUCHTHI
OTIPENIENIATCS C 3aKa30M, WJIH Ke CJIeJyeT MONTH K JIBEPsAM IPOBEPUTH, HE TTPHUIIIET
JIM elie KTo-HUOY/Ib.

Kora »e KJIMEeHTOB 3a CTOJUKAMHU CTAHET MHOTO, O(DUIIMAHTY U BOBCE MTPHIET-
cst TsixKeJ10. Bejib KaxKJ oMy KJIMEHTY 3, JIFOObIM U3 CTOJIMKOB B J1I0OOH MOMEHT MO-
JKeT YTO-TO MOHAJO0OUThCS — OH MOXKET PEIINTh 3aKa3aTh elle Kakoe-jrbo 0J1r010,
MOXKET CJIyJailHO YPOHUTDL Ha MOJI BUJIKY W IIOHPOCUTH HPUHECTH HOBYIO, MOXKET,
HAKOHEIl, PEIIUTh, YTO eMy Iopa UJTH, 1 morpeboBaTh cueT. C Jpyroii CTOpOHBI,
B JII0O0OV MOMEHT MOTYT NPHUATH U HOBBIE KJIMEHTDHI, U €CJIM HUKTO HE BCTPETUT
UX y JIBepeil, OHU MOT'YT OOUJIEThCA U YHTH, a pecTopaH HeJONoayunuT jaeHer. Ha-
MOMHHUM, UTO TI0 YCJOBHUSM HaIlleil aHajgornn opuiranT He MOXKeT HaiTh Takoe
MECTO B PECTOPaHe, OTKY/1a ObLIO Obl BUHO ¥ CTOJUKU, ¥ BXOJIHBIE JBEPU; TOUHEE
rOBODs, U3 JIFDOOTO MecTa BHJHO OO OiuH CTOJMHUK (HO He GoJbiie), Jubo JBepH,
JinbO BOOOIIE HU TO, HU JIPYTOE.

CaMoe 1pocToe pelleHue, MpUXoJidiilee B IOJOBYy — 9TO Oerarb 110 BCEMY pe-
CcTOpaHy, nojderas 1Mo OYepe/in K KarxkJIOMy M3 CTOJUKOB, a TaKXKe U K JIBEPSIM,
y3HaBaTh, YTO BHUMaHKUE OQUIIMAaHTa TaM He TpebyeTcs U UJTH, BepHee, OexKaTh
Ha CJEAYIOmMA KPyr. AHAJOIMYHOE <pelleHnes> BO3MOMKHO M JIJIsl HAIIEro IIPo-
mecca. MoxkHO ¢ moMoIbio Bbi3oBa fentl() mepeBecTu Bee COKETHI (M CIIyTIaro-
Wi, ¥ KIKEHTCKUE) B HEOAOKUPYIOUUL pestcum, TP KOTOPOM BbI30oBbI read () u
accept () Beerga BO3BpAINAIOT yIpABICHUE HEMEJJIEHHO, HIUErO He OXKUIast (ec-
Ju He ObLIO JAHHBIX UJIHA BXOJSAIIETO COeMHEHUsI, BO3Bpalaercs ommmbdka). [loce
9TOI0 MOYKHO HadaTh MX OIPAIIMBATL 110 OYepe/id B OECKOHEUHOM IHKJE. DTO
HA3LIBACTCSA AKMUCHBIM 0HCUIGHUECM,.

Cutejtlyer OTMETUTH, 9TO TAKOW BapUAHT CUUTACTCS COBEPIIEHHO HElpPUEMJIe-
MBIM B MHOI'033JIa9HBIX CHCTEMaX. AHAJOTMIHO TOMY, Kak ohHUIUaHT Oy/1eT MOoIry-
CTy ycraBaTh, BXOJOCTYIO Hape3as KPyru [0 pecropaHy (BIIOJHE BO3MOXKHO, YTO
38 HECKOJIbKO TaKUX KPYTrOB OT HEr0 HUYEro HUKOMY TaK M HE MOHATOOWTCS) U
B UTOT'e, CKOpee BCETO, TOMPOCTY yHajeT OT MepeyTOMJEHWs, Mporece, beckoned-
HO OIpAIMBAIONINN HADOP COKETOB C MOMOIIBIO CUCTEMHBIX BBI3OBOB, TOXKE OyIeT
BXOJIOCTYIO TPaTUTh pecypchbl. KoHeuHo, B oT/im4ne OT OQUIMaHTa MPOIECC He
yCTaHeT, HO OH IIPU 3TOM OyJieT IPOHAIIPACHY PACXO/0BATH MPOIECCOPHOE BPEMsI,
KOTOPO€e MOIJIO Obl MPUTOAUTHCA JAPYTUM 3ajadaM. B HEKOTOPBIX cHcTeMax Ipo-
IIECC MOXKET KcueplarTh CBOM JIMMUT HPOIECCOPHOIO BPpEeMeHU U OyjieT MOIpoCTy
YHUYITOXKEH A/1poM. [Ipobiema JeificTBUTETbHO cepbe3Ha: HEKOTOPhIE cepBepa Mo-
I'yT CyTKaMU HaXOJUThCs B Oe3jieiicTBum, u ObLIO Obl OYEHb CTPAHHO, €CJIU Obl
BCE TO BpeMs MMPOrpaMMa, KOTOpas COBEPIIEHHO HUUEro He JIeJIaeT, 3aHNMAasIa Obl
TPOIIECCOP.
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Jpyroe perierne (Jjist pecTopaHa) COCTOMT B TOM, 4TOOBI HAHSTH B PECTOPaH
aJIEKBATHOE KOJIMYIECTBO MepcoHasa. Bo-TepBbIX, pazyMeeTcs, Y JBepeil JTOoJKeH
CTOSITH METPOJIOTENb, HEMEJJIEHHO BCTpedasl KarXKJbIX MPUXOJAININX KJIUECHTOB U
1IPOBOJIsE UX K CBODOJIHOMY CTOJIMKY. BO-BTODPBIX, JIOPOIroil pecTopaH BIIOJIHE MO-
KeT cebe MO3BOJIMTD MPUKPENNUTh K KaXKJI0MY CTOJUKY CBOEro OpUIHaHTa. AHa-
JIOTUYHBIM 00pa30M TIPU HAIMCAHWK CEPBEPHO MPOrpaMMbl Mbl MOXKEM €030amb
omaeavrill npoyecc I O0CTYKUBaHU KayKJIOTO MPUTIEITIEro KJIUEHTa.

Eciu e 9T0T BapuaHT HenpuemsieM (HampuMep, eciu OGJIBIIYI0 9acTh BpeMe-
HU BECh [IEPCOHAJ BCE PABHO MPOCTAMBAET), MOXKHO cietarh 1 uHade. Odurmant
MOYKET, Hape3aB MapouKy KPyroB, COOOPa3nuTh, UTO Tak JIEJI0 He MOHJIeT W, Hallpu-
Mep, TOJIBECUTH KOJOKOJBINK K BXOJIHBIM JIBEPSIM, & KarXKJbIil CTOJUK CHAOIUTH
KHOITKO# 3BOHKa. [locjie 3Toro MoKHO OyJIeT CHOKOWHO yCeCchThCsi B YKPOMHBII
yroJi u crnarh (Wid, HAIpEMED, Pa3rajblBaTh KPOCCBOD/), TOKA OJUH U3 KOJIO-
KOJIBYMKOB MJIM 3BOHKOB He 3a3BOHUT. 1I0CKOJIbKY pecTopaH mMeeT CBOWCTBO B
HEKWil MOMEHT 3aKPBIBATHCSA, B JIONOJHEHHE K 3TUM 3BOHKAM CJIEJIyeT, BUJINMO,
3aBeCTH elle W OyJnJIbHUK Ha OlNpejesieHHoe BpeMs. AHAJOTWIHBIA BapuaHT B
POrPAMMHUPOBAHUN HA3BIBACTCS MYALMUNAEKCUPOSAHUEM 6600a-6b16004.

PaccMoTpuM jBa MOC/IEIHUX BapuaHTa MojipobHee.

24.2 Pemenne Ha OCHOBe 00CJIY2KMBAIOIINX IPOIECCOB

B sToM BapumaHTe HaIll IJIABHBIM MPOIECC BBIMOTHAET OOI3aHHOCTH METPOIO-
TeJisl, HaXoJsiCh OOJIBITYI0 YacTh BpeMenn B Bbi3ose accept (). [Ipunsas ouepe/-
HOE COEJIMHEHNE, <MEeTPOJIOTENb> MOPOXKIAeT oUYepHuii mporece (<odunuantas )
JIUIsT 00CJTy )KUBaHMs JTaHHOTO coeinnenust. [Tocsie mopox ienust pojinrebCKuit mpo-
IIeCC 3aKPBIBACT COKET KJIUEHTCKOIO COSTUHEHUS, a JIOUEPHUIT TTPOIECC 3aKPhIBAET
caymaromuii cokeT. CoOTBETCTBEHHO, BCe O00A3aHHOCTU MO OOCTYKUBAHUIO MPU-
IIE/IIIer0 KJIMEHTa BO3JIAral0TCs Ha JIOYEPHUI IPOIIECC; 1OCJIE 3aBEPIIEHUs CEaHCa,
CBSI3W C KJIMEHTOM JIOUEpHUil mporiecc 3aBeplinaercs. Bce 9To BpeMs pOJUTEhb-
CKUii TIPOIECC OECHPENITCTBEHHO MPOJI0JKAET UCIOJIHATH 0053aHHOCTH <METPO/I-
oTeJisT>, BhI3bIBast accept ().

CooTrBeTcTBYIOMHH KOJT Oy/1eT BBITISAAETHh TPUMEPHO TaK:

int 1s;
struct sockaddr_in addr;
1ls = socket(AF_INET, SOCK_STREAM, 0);
if(ls == -1)

{ /% ... ommbra ... */ }
addr.sin_family = AF_INET;
addr.sin_port = htons(port);
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addr.sin_addr.s_addr INADDR_ANY;
if (-1 == bind(1s, &addr, sizeof(addr))
{ /* ... ommbra ... */ }
for(;;) {
socklen_t slen = sizeof(addr);
int cls = accept(ls, &addr, &slen);
if (fork() == 0) { /* pmouepuuit mpouecc */
close(ls);
/%
paboTaeM C KIMEHTOM 4epe3 COKeT cls
KnueHT mpumen C azpeca, XpaHAIErocsd
Telnepb B CTIPYKType addr

*/

exit (0);
}
/* pomuTenbCKuUil mpouecc */
close(cls);
/* TNpOBEpUTb, HE 3aBEpUMIUCH JIU Kakue-yu6o

nmodepHue mporecch (ybpaTe 30Mbu) */

while(wait4(-1, NULL, WNOHANG, NULL)>O0);

/* Teno nuKiIa mycToe */

24.3 MyabpTunjaeKcupoBanue BBO/Ia-BbiBOga. (CoObITHITHO-
yIIpaBJjsgeMoe IIporpaMMupPOBaHNIE

Paccmorpum rerepb ciiydail, Korja MopoxKjeHue OTJIeJIbHOIO IPOIEcca Ha
KayKJIoe KJIUEHTCKOE COeJIMHEHUEe HEeIIPUEMJIEMO. DTO MOXKET IMOJYUUTHCS B CIIy-
yae, €CJIM CepBep JIOCTATOYHO CEPbE3HO 3arpyzkKeH: olepanus MOPOXKJIEeHUs MPOo-
1ecca CpaBHUTEJILHO JIOPOra, TaK 9TO MPU 3arpy3Kax MOPsJiKa ThICAY COeJIMHEHN
B CEKYH/JIy 3aTpaThl Ha MOPOXKJEHUE MTPOIECCOB MOTYT OKa3aThCsd HEIPUEMJIEMbI-
MH.

Kpome T0oro, MOXkeT oKazaTbCs, YTO MeX/ly ceaHcaMu OOCJIy>KUBaHUs pas-
HBIX KJIMEHTOB IIPOMCXOJIUT aKTUBHOE B3auMoieiicTsue. Hampumep, cepBep MoxkeT
1OJIJIEP2KUBATH KOMITBIOTEPHYIO UT'PY 110 CETHU, TaK YTO JIeNCTBUS KaxKJIOI'0 UTPOKA,
BJIUSIOT HA CUTYAIMIO B OJIHOM HUI'POBOM IIPOCTPAHCTBE M CKA3bIBAIOTCS Ha JIPY-
rux urpokax. B srom ciiydae pasjesieHue cepBepHOi MporpaMMbl Ha OTJIE/IbHbIE
IPOTIECChl MOTPEeOyeT BHICOKUX HAKJIAJHBIX PACXOJIOB Ha, B3aUMOJIECHCTBHE MEXK Ly
STUMU MPOIECCAMU; K TOMY Ke MMpobjieMa ouepeIHOCTH JIeCTBII BCTaHeT CHOBA,

135



TOJILKO YK€ B KayKJIOM W3 MPOIIECCOB: JIEHCTBUTENIHHO, CJIEIYET JIU TTPOIECCY B KOH-
KPETHBI MOMEHT BpeMeH! aHaJU3UPOBAThL U3MEHEHUs B UT'PEe UK Ke IPUHUMATD
JIAHHBIE C KJINEHTCKOI'O COKeTa,”

Hrak, HEOOXOMMO OCTaBUTh OOC/IyKUBAHUE BCEX KJIMEHTOB B PAMKaX OJIHOIO
1poriecca, IpuieM aKTHUBHOE OXKMJIaHKe, eCTECTBEHHO, IIPUEMJIEMbIM HE CUNTACTCS.

Ha npobsiemy MOXKHO B3IJIsiHYyTh 1 mupe. ECTh HEKOTOPOE KOJMIECTBO THUIIOB
cobvmuti, KaXkJ10e 13 KOTOPbIX TpebyeT cBoeit obpaborku. HekoTophie cucreMubie
BBI30BBI, IIPEJIHA3HAYEHHbIE JIJIsi 00PaDOTKU COOBITHI, UMEIOT TAKOE CBOWCTBO, YTO,
OyIy4H BBI3BAHHBIMU JIO HACTYILIEHUSI COOBITHsI, OHH 3TOTO COOBITUSI OXKUJIAIOT,
OJIOKHpYsI BbI3BABIIUI IIPOIIECC 1 JieJiast, TAKUM 00pa3oM, HEBO3MOXKHOIT 06paboT-
Ky Jpyrux coobituit. C Jpyroii ¢TOPOHBI, BO3MOXKHO M TAKOE€, UYTO HHU OJHO U3
COOBITHII B T€UEHHUE JI0JINOT'O IIePHOJia BpeMeHH He mmpousoiijer. [Ipu sToMm HEOOXO-
JIMMO MCKJIIOYNUTH XOJOCTOH Pacxo/ MPOIECCOPHOTO0 BPEMEHH.

[Tonydaercs: Tak, 4ToO HaM HEOOXOAUMa BO3MOXKHOCTh OTJATh YIIpaBJIEHHE Olle-
PaIMOHHON CHUCTEME, OTKA3aBIINCH OT MPOIECCOPHOTO BPEMEHH JIO TeX MOop, MOKa,
He TIPOM30iiIeT OJIHO 13 MHTEpeCcyoux Hac cobbiTuii. Hacrymienne coObITHs orre-
pannoHHasi CUCTEMa, JIOJIPKHA OTCJIEINTh caMa M BEPHYTH YIpaBIEHHE MPOIECCY,
[IPU ITOM, YKeJIATEJIbHO, COODIIMB €My O TOM, KaKOe NMEHHO COObITHE HACTYIINJIO.

B OC Unix Takoit MexaHu3M IIPEJIOCTaBJIAIOT CUCTeMHbIE BbI30Bbl select ()
1 poll ()L Mui Gyem pacemarpusath BhI30B select () Kak 6ojee mpocToit; u3y-
YUTH BBI30B poll () dmTaTes b NMpPU YKEeJaHUU MOYKET CaMOCTOATENbHO, TPUOETHYB
K TEXHUYIECKOW JIOKYMEHTAINH.

BozoB select () mosBoJisier 00pabaThIBATL COOBITHSI TPEX THUIIOB:

e u3MeHeHHe coCTOstHUs (hailioBoro Jeckpunropa (MOsiBJI€HNE JAaHHbBIX, JO-
CTYITHBIX Ha YTEHUE, UJIM BXOJISAIIET0 3aIIPOCa Ha COEIMHEHNE; OCBODOXK JICHHUE
mecrta B Oydepe uexofgimeit nHOOpMAIT; UCKIIOUATEbHAST CHTYAIHS );

® UCTEUYCHHE 3a/IAHHOTO KOJIMYECTBA BPEMEHN C MOMEHTa BXOJIa B BBI3OB;

® I[I0JIyUEeHHEe [IPOIECCOM HEUTHOPUPYEMOTO CHI'HAJIA.

[Tpoduiib BbIZOBA BBHITJISUT CJCAYIONIUM 00Pa30M:

int select(int n, fd_set *readfds,
fd_set *writefds,
fd_set *exceptfds,
struct timeval *timeout) ;

[Tapamerpsl readfds, writefds u exceptfds oboznHauaroT MHOXKeCTBa (haitio-

' Boobmie rosops, select () u poll() mpemHA3HAMEHE! I8 OJHUX U TeX JKe JeHcTBHil. select () HECKOIBKO
mpoire B pabore, poll() HECKOJBKO 0Oojiee yHUBEpCAJIeH. B HEKOTOPBIX CHCTEMAX AP0 PEATU3YET TOJTHKO OIUH
BapuaHT mHTepdeiica, Tpu ITOM BTOPOH IMYJIUPYETCHd Yepe3 Hero B Bume Oubauoreunoit dynknuu. Tak, B cu-
creme Solaris npucyrcrByer cucteMHbIi Bbi30B poll (), a select () siBisiercs 6ubmauorednoit dpynkmumeit. Kpome
TOrO, B HEKOTOPBIX COBPEMEHHbBIX CUCTEMAX IIPUCYTCTBYET TaKKe BbI30B kqueue (), peasusyomiuii aIbTepHATHB-
HBIH TTOAXOM, K BHIOOPKE COOBITHSI.
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BBIX JICCKPUTITOPOB, JIJIA KOTOPBIX HAC UHTEPECYET, COOTBETCTBEHHO, BO3MOXKHOCTh
HEMEJIJICHHOTO YTEeHWs, BO3MOXKHOCTh HEMEJJIEHHON 3aMCU U HAJIMYUE UCKJIIOYN-
TenbHOR cuTyaruu. I[lapamerp n ykKa3piBaeT, Kakoe KOJMIECTBO JIEMEHTOB B 9THX
MHOXKECTBAX sIBJISIETCS 3HAYAIIMM. DTOT HapaMerp HEOOXOIUMO YCTaHOBUTH PaB-
HbIM max_d+1, rje max_d — MaKCUMaJIbHBI HOMEp JICCKPUIITOPa CPeJiu IMOoJJie-
»utux obpaborke. Hakowrer, napamerp timeout 3ajiaeT IpoMe>KyTOK BPEMEHH,
CIIyCTs KOTOPBIN CJIelyeT BEpHYTHb YIIpaBJIeHHUE, JlaXKe eCJIu HUKAKUX COOLITHIA,
CBA3aHHBIX C JICCKPUIITOPAMHU, HE MPOUBOIILIO.

OOBEKT <MHOXKECTBO JIECKPUIITOPOB> 3aJlaeTcsd mepeMennoit tumna fd_set.
BHyTpeHHsisi peaJin3aliis IepeMEeHHbIX 9TOI'0 THIIa, BOOODIIE MOBOPS, JIJId pa3/ind-
HbIX CUCTEM MOXKET OKa3aThCsl Pa3HO, HO IIPOIIE BCEI'O ee IPEJICTaB/IAThL cede Kak
OUTOBYIO CTPOKY, I'Jie KarKJIOMY JIECKPHUIITOPY COOTBETCTBYeT ojuH OuT. [l pa-
OOTHI ¢ IEPEMEHHBIMU 3TOI'O THIIA CHCTEMA, IIPEJIOCTABIISET B HAIIIE PACIIOPSIXKEHNE
CJICJIYIONIEe MaKPOCHI:

FD_ZERO(fd_set *set); /* OYUCTUTH MHOXECTBO */
FD_CLR(int fd, fd_set *set);/* ybpaTb meckpunTop um3 MH-Ba */
FD_SET(int fd, fd_set *set);/* mo6aBuUTb NECKPUNTOpP K MH-BY */
FD_ISSET(int fd, fd_set *set);

/* BXOZWUT NN LECKp-p B MH-BO? */

CrpykTypa timeval, ciyKalas Jjis 3aJlaHus TOCAeHETO MapaMeTrpa, IMeeT
JiBa nosist Turia long. Tlosie tv_sec 3ajiaer KoJnM4eCcTBO CEKYH/I, 110Jie tv_usec —
KOJMIECTBO MUKPOCEKYH/T (MUJIJIHOHHBIX J0JIeil cekyHbI). Takum obpasom, Ha-
npumMep, 3ajaTh TafiM-ayT B 5.3 CEKYHJIbI MOXKHO CJICJYIOIUM 00pa3oM:

struct timeval t;
t.tv_sec = b;
t.tv_usec = 300000;

B kauecrse 1106010 U3 napaMerpoB, KpoMe HepBoro (KoJmIecTBa JECKpPHUIITO-
POB), MOXKHO yKa3bIBATh HYJIEBOIl yKa3aTesb, €CIU 3aJlaHNe JTAHHOTO MapaMeTpa
HaM He Tpedyercs. Tak, ecu Hy»KHO TPOCTO HEKOTOPOE BPEMsT TIO0XK JIAThH, MOYKHO
ykazarb NULL BMecCcTO BCex TpexX MHOXKECTB JICCKPUIITOPOB.

Boisos select () Bo3Bpalmaer yrnpaBJjeHHe B CJAEIYIONINX CJIYIasix:

e B ciyuae, eciu npousoniia omubKa (B 4aCTHOCTH, B OJJHOM U3 MHOXKECTB
JIECKPUIITOPOB OKAa3aJI0Ch UUCJIO, HE COOTBETCTBYIOIIEE HU OJHOMY U3 OT-
KPBITBIX JICCKDUIITOPOB); B 9TOM CJlydae BbI30B BO3Bpaliaer -1.

e B cayuae, ecsin mporpaMma IMOJIy4nIa HEUTHOPUPYEMbIil curtaJ. B aTom
cilydae TakrKe BO3BPAIIAeTCs -1; OTJIMYIUTH 3Ty CHTYAIMIO OT OIMMOOYHOI
MOXKHO TI0 3HAUEHUIO IJI00aJIbHOM IepeMEeHHOI errno, KOTopast B 9TOM CJIy-
yae Oyzer paBHa KoncranTe EINTR.
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e llcrek TaiiM-ayT, TO €CTh ¢ MOMEHTa BXOJa B BBI30B MPOILIO OOJIBITIE BpeMe-
HI, 9eM yKa3aHO B Tlapamerpe timeout (eciu, KOHETHO, STOT MapaMeTp He
ObLIT HyJIeBbIM yKazaTeseM). B arom cirydae Bei3oB Bozsparaet .

e Ha kaxkoii-siubo u3 jiecKpunTopoB, BXoJsiux B MHOKecTBO readfds, npu-
T JTAHHBIE, KOTOPbIE MOXKHO TPOYUTATh Bbi30BOM read () (To ecTh BBI3OB
read () He 3abJOKUPYETCsi); B cilydae CIIyIIaonero CoKeTa B POJIn JaHHbIX
BBLICTYIIAIOT 3alIPOCHI HA COEJIMHEHHE, TO €CTh, COOTBETCTBEHHO, MOXKHO T'a-
PaHTHPOBATH, YTO BHI30B accept () He 3a0JIOKUPYETCsT; B CiIydae HEMOTOKO-
BBIX COKETOB FapaHTHPYeTCs, UTO He OyJeT 3a0JJIOKUPOBAH COOTBETCTBYIO-
it Ber3oB recvirom() u .11, Chejyer oOpaTuTh BHUMAaHKE, YTO CUTYaIMs
<koHel| (paiiias> Tak»Ke MCTOJKOBBIBAETCS KAaK I'OTOBHOCTH COKETa Ha 4Te-
HUE, TOCKOJIbKY B 9TON CUTyaIuu BbI30B read () Tak»Ke He OJOKHPYETCs.

e Kaxkoit-inbo n3 JecKpunTopoB, BXosux B writefds, roroB Kk Heme jieH-
HOIi 3aIICH, TO €CTh, €CJIU IPUMEHUTH K HeMy BbI30B write (), send () min
ere Kakoi-To 1momobHbIiH, TO OH He 3abJsiokupyer nporecc. Cienyer orme-
TUTb, UTO OOJBIIMHCTBO JIECKPUIITOPOB, OTKPBITHIX Ha 3alMCh, K 3aIUCH
TOTOBBI B JIFOO0# MOMEHT, TaK UTO, €CJIM BHECTH KaKOW-TO W3 HUX B MHOXKE-
cTBO writefds, BbI30B BepHeT yipapJenne Heme ieHHo. OObITHO mapaMeTp
writefds ucnosb3yercs Ipu Iepejade B CeTh OOJIBIINX 00bEMOB JAHHBIX,
Koryia Oydep nexosnieit nHGOPMAITE MOYKET MEPENOJHUTHCS U CTATh MPHU-
YUHOM OJIOKMPOBAHMS IIPOIEcca Ha BbI3oBe write().

e Ha xakom-inb0 W3 JIECKPUIITOPOB, BXOJSAIINX BO MHOXKeCTBO exceptfds,
BO3HUKJIA UCKJIIOUUTEIbHAsS cuTyalus. Ha camom jiesie, 370 BO3MOXKHO TOJIb-
KO Ha CeTEBBIX COKETaxX M TOJHKO B CJIyvae ncnosh3opanns mexarusma OOB
(out-of-band), a on ucnosb3yercs cpaBuuTesibHO pejiko. [Tosromy u cam na-
paMerp exceptfds ucnosb3yercs pejko, oObuHO yKa3biBaeTcss NULL.

B nocrenanx Tpex ciydasix Bhi3oB select () Bo3BpalmaeT KOJWYECTBO JIECKPHUTI-
TOPOB, U3MEHUBIIIMX CTATYC.

Bce MHOXKecTBa IeCKPHUIITOPOB, EepeJIaHHbLIX BLI30BY select (), B 3TOM ciyuae
U3MEHSTIOTCS: B HIX OCTAIOTCS TOJIHKO T€ JECKPUTITOPHI, CTATYC KOTOPHIX N3MEHMNI-
csi. Takum 0Opazom, 1ipoepus ¢ omolbio Mmakpoca FD_ISSET unrepecyroliue Hac
JIECKPUIITOPBI, MOXKHO y3HATh, HA KAKOM U3 HUX TPEOYeTCsl BBIIOJHUTD OllepPaIUio
areHus (MJIM IPUHATHS COCJIMHEHMsT, UJI 3allUCH, U T.I1.)

Takum obpazom, padboTy ¢ BbI30BOM select () MOXKHO HOCTPOUTD 110 HUXKEIIPHU-
BeJICHHOI cxeme. B mpuBeieHHOM KoJIe IIpeJIIIoJiaraeTcs, 9To HOMEP CJIYILIAIOIIEeTro
COKEeTa XPaHUTCs B IIEPEMEHHON 18; OpraHu30BaTh XPaHEHUE JECKPUIITOPOB KJIN-
EeHTCKHUX COKETOB MOYKHO CAMbIMHU PA3HBIMH CIIOCOOAMU, B 3aBUCUMOCTH OT 3a/1a4H.
Kpowme toro, npegnosaraercs, aro out-of-band data ne ncrnonnsyercs:, u aro mne-
peJlaBaeMble B CeTh OOBbEMbl JIAHHBIX HEBEJHMKH, TaK UTO KCIOJb3YeTCsS TOJBHKO
MHOXKeCTBO readfds.
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for(;;) { /* rnasumii nukm */
int fd;
fd_set readfds;
int max_d = 1s;
/* W3HAYaJBHO IIOJIaTaeM, YTO MaKCHMaJIbHHM SBJISETCH
HOMEp CIyllanmero CokeTa */
FD_ZERO(&readfds); /* ouumaeM MHOXECTBO */
FD_SET(1ls, &readfds);
/* BBOIUM B MHOXECTBO
DECKPUITOP CJyLalmero CokeTa */

/* OpraHu3yeM IUKJ II0 COKeTaM KJIMEHTOB */
for (fd=/*geckpuntop mepBOro KIueHTa*/ ;
/*KJIVEHTH elle He UCYEepIaHH?*/ ;
fd=/*geckpuntop crezywmero KiueHTax*/)

{
/* 3mecy fd - ouepemHO! KIMEHTCKUN ZeCKpUITOp */
/* BHOCHUM €ro B MHOXECTBO */
FD_SET(fd, &readfds);
/* mpoBepsieM, He 6osiblie JU OH,
HeXeNU TeKymui MarcumyM */
if (fd > max_d) max_d = fd;
+
timeout.tv_sec = /% 3aloJIHIEM x/;
timeout.tv_usec = /* TaliM-ayT */;

int res = select(max_d+1, &readfds, NULL, NULL, NULL);
if(res < 1) {
if (errno != EINTR) {
/* obpaboTka ommbxru, mpoucmenmeir B select()’e */
+ else {
/* obpaboTka cobwTusa 'mpumemmmii curzam */

+

continue; /* LeCKpUITOpH IpPOBepATb bHecmosnesHo */

+
if(res == 0) {
/* obpaboTka cobuTusa '"TaiM-ayT" */
continue; /* ZeCKpUITOpH IpOBepATb HecmosesHo */

}
if (FD_ISSET(1ls, &readfds)) {
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/* mpumes HOBHN 3ampoC Ha COeZuUHEHue */
/* 3mech ero HeobXOIUMO IPUHATH
BE30BOM accept() m 3amoMHUTH
LEeCKPUITOP HOBOTO KIWEHTA */
+
/* Temeppb mepebupaeM BCe KIUEHTCKUE LECKPUITOPH */
for (fd=/*meckpunTop mepBOrO KIUEHTa*/ ;
/*KJIIMEHTH elle He UCYEPIAHH?*/ ;
fd=/*pmeckpuntop cremyomero KIueHTa*/)

{
if (FD_ISSET(fd, &readfds)) {
/* TpHWIM NaHHHE OT KJIWEHTa C cokeToM fd */
/* untaeM ux BH30BOM read() wuim
recv() u obpabaTiBaeMm */
+
+

/* KOHel] TJIaBHOTO IUKIa */

Crioco6 mocTpoeHusi IIPOrpPaMM, IIPU KOTOPOM IIPOTPaMMa HMEET
IJIaBHBINA IUKJI, OJ{HA WTepalus KOTOPOr'0 COOTBETCTBYET HACTYILJIe-
HUI0O HEKOTOPOTO COOBITHSI M3 OMpEIeIEHHOTO MHOXKECTBA, a BCe eii-
CTBHs TPOrpaMMbl MOCTPOEHBI KaK peakiins Ha COObITHE, Ha3bIBAETCS
cobvmutino-ynpasasemvim npozpammuposanuem (auria. event-driven
programming)

25 I'pynmsl mporieccoB u ceancbl B OC Unix

25.1 OO0miue cBegeHnda

ITporieccer B OC Unix 0ObeIUHSAIOTCS B 2pYynnot Npouecco8 U B CeaHCbL.

CeaHchbl M3HAYAJBLHO 33 yMBIBAJNCH JIJIsT O0bEUHEHNUS BCEX IPOIECCOB, 3a-
IYIIEHHBIX [I0Jb30BaTe/IeM C OJHOI0 KOHKPETHOr'o TepMuHaJja. Takum obpaszoM,
CEaHC MOXKET UMETh He 00Jiee OJHOI'O YIIPABJISIONIEr0 TEPMUHAJA, U TePMUHAJL HE
MOZKeT OBITH YIIPABJISIONIUM JIJIsi D0JIee YeM OJIHOIo ceaHnca. Kak MOXKHO J10raiaTh-
cs1, ceaHc OOBITHO CO3JIAeTCs KaK Pa3 B TOT MOMEHT, KOI'JIa 110JIb30BATE/Ib BOIIE B
CHACTEMY I10 TePMUHAJBHON JIMHUM WJIM, HATPUMeED, 3allyCTUJ IIporpaMMy xterm.

B pamkax oJgHOro ceaHca, IIpoIecchbl MOIyT ObITh Pa30UThI HA 2pynnol. I'pymma
MPOTIECCOB BXOJNT B CeaHC HMEJINKOM, TO €CTh B OJIHY TPYIITy He MOTYT BXOIUTDH
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Puc. 24: CeaHcbl u I'pyIITbl IPOIECCOB

IIPOIECChl M3 Pa3HbIX ceaHcoB. MUHMMYM OJiHA I'PYIIIa B CEaHCEe BCErja IPUCYT-
CTBYET, OHA CO3/IAETCS MPU CO3JAHUN CEaHCA.

B kark10M ceaHce, UMEOIEeM YIPaBIAONIA TepMUHAJ, OJHA TPYIIIa, IIPOIEC-
COB HA3BIBACTCA 0cHOG6HOU 2pynnotiZ, a Bce OCTaJbHBIC IPYIIIBI TOTO XKe CeaHca,
€CJIM TAKOBBIE €CTh, — (HOHOBHLLMU 2PYNNAMU.

['pymibl mponeccoB n3HAYAIBHO 3aJlyMaHbl JIJIsi OObeJMHEHUs] TPOIECCOB, Pa-
boraromux HaJ o0Ieil 3a1adeil. Komananblii nHTEepIpeTaTop OOBITHO CO3/1aeT HO-
BYIO T'PYIIILY IPOIECCOB JIJIsT BBIMOJHEHNST KayKJIOM IMOJaHHOR KOMAaH/Ibl, TaK ITO
BCE IIPOIIECCHI, MOPOXKJIEHHBIE B OTBET Ha KaXKJIYI0 KOHKPETHYIO KOMAHJIY IOJIb-
30BaTeist, OKA3bIBAIOTC O0bEJNHEHbBI B OJIHY TPYTIY (B 4aCTHOCTH, MPH 3aITyCKe
KOHBeiepa BCe ero 3JeMeHTbl O0bEeJIMHSIIOTCs B IPYIIILY ).

IIporiecc HacienyeT IPUHAJIIEXKHOCTD K CEAHCY U I'PYIIIE OT CBOEI'O HEIIOCPE/I-
CTBEHHOIO MpeJjiKa (Kak y»Ke roBopuJioch, npu BbizoBe fork() mapamerpbl sid
v pgid He maMensitorcs). OJHAKO MPOTIECC MOYKET MPU YKEJAHWU YHTH B HOBYIO
IPYIIIY WIK JlaykKe B HOBBIA ceanc. [OBOpst KOHKpeTHee, MPOIECC MOYKET:

® CO0371aTh CeaHC (IIPU STOM B STOM CEAHCE CO3/IAeTCsI U TPYIIa, TPUUIEM MPO-

IIeCC, CO3JIABIINI ceaHc, aBTOMATUUIECKH CTAaHOBUTCS JILJIEPOM U CeaHca, U
I'PYIIIbLI; OTMETHM, YTO UJICHTU(DUKATOP CeaHca ¥ MACHTH(DUKATOD IPYIIIILI
PaBHBI UJICHTHMUKATOPY MPOIECCa, UX CO3JIABIIETO);

® CO3JIaTh I'PYIIY B PAMKaX TOIO »Ke ceaHca (P 9TOM MPOIECC CTAHOBUTCS

JIMJIEPOM TPYIIIIbI );

2 Anrnmitckuit opuruHAT 9TOro TepMuHa — <foreground groups, 94T0 MOKHO 6YKBAIBHO HEPEBECTH KAK <TIPYII-
TTa TTePeTHETO TIJIAHA>; B PYCCKOA3BITHON JTNTEPATyPe BCTPEUIAETCA TaKyKe TEPMUH MeKyu,aa epynna
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® 1epeiiTH B APYTYIO TPYIITY TOTO YK€ CaHCa.

OrmeTuMm erie OJIMH MOMEHT: MPOIECC HE MOYKET CO3/1aTh HOBBIH CeaHC, eCu OH
yIKe sIBJISIETCS JIUJEPOM ceanca (To ecTh ero sid coBmajaer ¢ pid’oM) U He MOKET
CO3JIATh HOBYIO TDYIIILY, €CJIM Y¥Ke SBJSETCsS JIMJEPOM TPYIIbl (TO ecTh ero pgid
coBmajaer ¢ pidom).

Bee atu mexanmsmbl BBejieHbl B OC Unix juuisg objierdenust yupaBJieHus Ipo-
neccaMu. Tak, €cjiu TOJIb30BaTEJIbCKasl CECCUsi PabOThl C TEPMUHAJOM IO TOi
WM WHOI TPUYNHE 3aBEPIIIACh (HAITPUMED, TOJb30BATEb BBIKIIOYUI TEPMU-
HaJl, Pa30pBaJl COeJMHEHNE YIAJEHHOrO JOCTYIa MM 3aKPbLI OKHO MPOTrPaMMBI
xterm), TO BCEM IPOIECCAM CEAHCa, CBSI3aHHOIO C JAHHBIM TEPMUHAJIOM, PACChI-
Jgaerca curnaja SIGHUP.

Hro Kacaercs rpymi, To OHM, HAIIPUMep, UCIOJb3YIOTCs IIPU PACCBLIKE CUT'HA-
Jgta SIGINT no naxkaruio Ctrl-C: curnaJg 1oJsy4aior TOJAbKO IPOIECChl OCHOBHOM
I'PYIIIBI, a (POHOBBIE IIPOJIOJIKAIOT PADOTY.

Bosee Toro, cam 1o cebe BBOJ, ¢ TepMHUHAJA Pa3peIieH TOJBKO IIPOIeccaM OcC-
HOBHOM rpyTiribl. DOHOBBIN TPOIECC PU MOMBITKE YTEHUsI ¢ TEPMUHAJIA TPUOCTA-
HaBjauBaerca curnajgom SIGTTIN.

Boobrrie, MexaHu3M ceaHcoB U TPYIII CO3/IaH B OCHOBHOM JIJIsI TOTO, YTOOBI MOK-
HO OBIJIO YCTAHOBUTH, KAKMX ITPOIECCOB HEIMOCPEJCTBEHHO KaCaloTCs JIeHCTBUSI,
BBITIOJTHSIEMbBIE TIOJIb30BATEIEM C TEPMUHAJIOM.

B paMKax 0J{HOTO ¥ TOI'O K€ CeaHca IIPOIecC MOXKeT IepeiTu B APYIYIO IPyIl-
ny. JIrobast u3 rpyinn Moxer ObITh B JiFOOOH MOMEHT HaszHauYeHa OCHOBHOM, TOIJIA
ObIBIIIAsI OCHOBHAs CTAHOBUTCSI (POHOBOIA.

25.2 YmnpaBJjeHUe ceaHCaMu U IpyIIiaMu

PaccMoTpnM KpaTKo crCTeMHBIE BBI30BBI M (DYHKIINU, MMEOIe OTHOIIeHNe
K YIIPABJIEHUIO ceaHcaMU M I'DyIIIaMU. Y3HATh JUld poliecca napamerpbl sid u
pgid MOXKHO C IIOMOIIBIO BLI30BOB

int getsid(int pid);
int getpgid(int pid);

rje pid — wiaeHTUdUKATOP HHTEpecyloNero Hac nporecca. CrnenuaabHoe 3HaYe-
e () o3HavUaeT BbI3bIBaOMMi mporecc. OTMeTuM, 9T0 WAEHTH(UKATOD CeaHca
cOBIAIAET ¢ uaeHTHGUKATOPOM (pid) mporecca, CO3MABINErO ITOT CEAHC; 0OBITHO
UJIEHTH(DUKATOP I'PYIITHI TaKKe COBMaaeT ¢ pid’oM co3maBIero rpymiy mporec-
ca. CoOTBETCTBYIOINIME MTPOIECCHI HABBIBAIOTCS AUJEPAMU, COOTBETCTBEHHO, CEAHCa,
U TPYIIIIHI.

Cosmanne HOBOTO CeaHca TTPON3BOINTCS BHIZOBOM
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int setsid();

BbI30B He MpPOXOJIUT B CJiydae, €CJU JIAHHBIH MPOTecC yKe SBJISIeTCS JIUJIEPOM
ceaHca Wik XOoTs Obl IPYyIIbl. 1TOObI TapaHTUPOBATH YCIEIIHOE CO3/laHKe CeaHca,
caenyer caenath fork() M 3aBepIUTb POJUTETHCKHUN MPOIECC, CMEHUB, TAKUM
obpaszom, cBoit pid:

if (fork()>0) exit(0);
setsid();

[Tpwu ycriemmuom Boinosinennn setsid () OyyT co3jiaHbl OJJHOBPEMEHHO HOBBIH ce-
AHC ¥ HOBasl I'Py1a, WIEHTUPUKATOPbI KOTOPbLIX Oy/lyT coBliajiaTh ¢ pid’om 1po-
1ecca, BbIOJHUBIIEr0 setsid (), nmpuyueM BBI3BABIIMN IIPOIECC OKAXKETCS €JIMH-
CTBEHHBIM YJIEGHOM W TOT'O, U JIPYT'OI'O.

Kak y»e roBopujoCh, KaKJiblii TEPMUHAJ MOXKET ObITh YIPABJISIOMINUM sl
He GoJiee YeM OJIHOIO ceaHca, M KaXKJIblil ceaHC MOXKeT MMeTh He 6oJjiee OJ[HOTO
yIpaBJdionmero repMuHaJa. Ilpu ycnermsom Beimoanennun setsid () mpormece Te-
psAeT YIPaBJIAIONUi TepMUHAJ, JaxKe eCJTU [IPU 9TOM y Hero OCTAIOTCs CBA3aHHbIE
C TEPMUHAJIOM OTKPbIThIE JECKPUIITOPbI. 1TOObI CHOBA 1OJIYUUTh YIPABJISAIONIU
TEPMUHAJ, TPOIECCY CIeJyeT OTKPHITh BbI30BOM open() dail TepMUHAIHLHOTO
YCTPOMCTBA, HE SBJISIIONIErOCs YITPABJSIONUM HU JIJIsi KAKOTO CEaHCa.

JIs1 ¢cMeHBI IPYIIIBI CYIIECTBYET BHI3OB

int setpgid(int pid, int pgid);

[TapameTrp pid 3amaeT HOMep mporecca, KOTOPBI HYXKHO MEPEBECTU B JAPYTYIO
rpyuity; pgid — Homep 3roit rpyiibl. CMeHUTH IPYIILYy HPOIECC MOXKeT Ji10o
caMoMy cebe, JInbO CBOEMY IIPSMOMY IIOTOMKY, €CJIM TOJILKO 3TOT ITIOTOMOK €Il He
BBINOJIHUJI BBI30OB exec. ['pyIiiy MOXKHO MEHsTh JInDO Ha yKe CYIIEeCTBYIONLYIO B
paMKax JaHHOTO ceaHca, JUO0 MOXKHO 33J1aTh pgid paBHLIM pid, B 9TOM ciydae
CO3/1aeTCsA HOBagd T'PYIIA, & NPOIECC CTAHOBUTCA €€ JINJEPOM.

Eciin y ceanca ectb ylpapJ/sioniuii TepMuHall, MOXKHO yKa3aTh JipaiiBepy Tep-
MHUHaJIa, KaKyl0 I'PYIIILY [IPOIECCOB CUUTATh OCHOBHOR. DTO JIeJIaeTCs ¢ IOMOIIBIO
O6ubImoTeuHoOi PyHKIUK

int tcsetpgrp(int fd, int pgrp);

3nech £d — daityoBbIil TeCKPUITOP, KOTOPbIH JH0JI2KEH ObITH CBA3aH C YIIPABJIs-
POIIMM TepMUHAJIOM (00bIUHO Hcnodb3yercs 0 wiu 1). leckpunrop HeobXoum,
IOTOMY YTO CMEHA OCHOBHOI T'PYIIbLI peajusyercs depe3 BbI3oB ioctl() s
TEPMUHAJA KaK JJOTHIECKOTO YCTPOHCTRA.
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25.3 IIpomnecchbi-IeMOHBI

[Tox demonamu MOHUMAIOTCsT TPOIECCHI, HE TPEHA3HAUEHHDIE JIJIsT HEMTOCPE/I-
CTBEHHOT'O B3aUMOJIEHCTBHS C IMOJIH30BATEIsIMKU CHUCTEeMbI. lIpuMmepaMu JeMOHOB
MOTYT CJIY»KUTh IporpamMmMbi-cepBepa, obciykupatorire WWW niin s1ekTpoH-
Hyto noury. CyIecTBYIOT JeMOHbBI 1 JJIsl BBIIOJHEHNS BHYTPUCUCTEMHBIX 3a/a4:
TaK, JIeMOH crond II03BOJISIET aBTOMATUICCKHU 3allyCKaTh Pa3/IMuHbIe [IPOI'PAMMbI
B 3a/laHHbIE MOMEHTbI BDEMEHU, a JIEMOH CUCTEMbI [le4aTh COOMpaeT OT 10JIb30Ba-
TeJieil 3a/laHns Ha [ledaTh ¥ OTIPABJSIET UX Ha IPUHTEPDI.

JleMOHbI OObIYMHO pacuuTaHbl HA JJIATE]bHOE (DYHKIMOHUPOBAHUE; B HEKOTO-
PBIX CHUCTEeMaXx JIEeMOHbI MOI'YT paboTaTh rojamu 0e3 mepesaiycka. [losromy mpu
crapre JIeMOHa NMPUHUMAIOTCsT OIPEJICJIEHHbIE MEPBI K TOMY, 9TOObI ero (hyHKIH-
OHMPOBaHKE He MelIaJjo paboTe U aJIMHHUCTPUPOBAHUIO cucTeMbl. Tak, TeKyIuii
KaTaJI0r OOBITHO MEHSeTCsI Ha KOPHEBO#, YTOObI HE MeNaTh CHCTEMHOMY aIMUHHU-
CTpPaTOPY IIPHU HEOOXOUMOCTH yIaJIsITh KATAJ0, MOHTUPOBATh U OTMOHTHPOBATD
JINCKA U T.II.

flcHo, UTO IEMOHY He Hy»KeH ympaBJIsioliuii TepMuHaJ (1 BOOOITE JECKPUIITO-
PbI CTaHJAPTHOTO BBOJIA, BBIBOJIA W Bbljaun coobienuii 06 ommnbkax). [Ipu srom,
OJIHAKO, >KeJIaTeJIbHO, YTO0BI JecKpunTopsl 0, 1 u 2 ocraBajanuch OTKPBITHI, IOTOMY
YTO JIEMOHBI, €CTECTBEHHO, paboTaloT ¢ daijaMu, u ecin Kakoi-mmnbo daiiia 0y-
JieT OTKPbIT ¢ HoMepoMm jieckpuiropa 0, 1 uiu 2 (a 910 00s13aTesIbHO IPOUB0IIET:,
eCJIn JIeCKPUIITOPBI OY/IyT 3aKPBITHI), KaKasg-HUOYIb MPOTEypa MOXKET CJIyIaiiHO
UCIOPTUTH (haill, HONBITABIIUCH OCYIIECTBUTH BBOJI/BbIBOJL HA CTAHJAPTHBIX Jle-
ckpunropax. [loaromy Bce Tpu cTaHJaPTHBIX JECKPHUITOPA OOBIUHO CBS3BLIBAIOT C
ycrpoiicrBoM /dev/null. 1o cuMBoOJIbHOE (TO ecTh 6AlT-OTPHEHTHPOBAHHOE, UK
IOTOKOBOE) YCTPOUCTBO SIBJISIETCS YUCTO JIOTUIECKUM. Bee, 4TO B HEro 3ammchiBa-
eTcst, TIONPOCTY UCUYE3aeT, a TOINbITKA YTEHWS U3 HEro Cpasy CO3JIaeT CUTYAIUIO
<KOHell (ajiias,

Yrobw! jieficTBUs, TPOU3BOAUMBIE C KAKUM-JMO0 TEPMUHAJIOM, HE CKa3aJiiCh
Ha (bYHKIMOHUPOBAHUH JIEMOHA (HATPUMED, ObLIO Obl HEXKEJIATELHO TTOJYIUTh B
Heknit MmoMmedT SIGHUP u3-3a TOro, 4To 1mojib30BaTesb MpeKpaTul PaboTy ¢ Tep-
MUHAJIOM ), OH OOBIYHO paboTaeT B OTJEJBLHOM CeaHce.

Taxum obpasowm, mporeaypa crapTa MpoIecca-JIeMOHa MOXKET BbITJISIIeTh TPHU-
OJIMBUTETHHO TaK:

close(0);
close(1);
close(2);
open("/dev/null", O_RDONLY); /* stdin */
open("/dev/null", O_WRONLY); /* stdout */
open("/dev/null", O_WRONLY); /* stderr */
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if (fork()>0) exit(0); /* change pid */
setsid();
chdir("/");

MocKoMbKY C TepMUHANaMK NPOLLECC-AEMOH HE CBSi3aH, BCEBO3MOXHbIE COoblieHns ob owmnb-
Kax, npefaynpexaeHnsi, nHopMaLMoHHble COODLIEHNSA 1 T.N., apecoBaHHbleé CUCTEMHOMY aAMUHM-
CTpaTopy, NPUXOANTCS NEPeaaBaTh HEKOTOPLIM anbTepHaTUBHbIM cnocobom. ObeluHO 3TO aenaeTcs
yepe3 NHAPACTPYKTYPY CUCTEMHON XKYPHANU3ALNN.

[lns s3Toro ucnonb3aytotca cnegytoline bubnuotednslie byHkumn®:

void openlog(const char *ident, int option, int facility);
void syslog(int priority, const char *format, ...);
void closelog(void);

Y1obbl HawaTb paboTy C cucTemoii XypHasusauumm, nporpamMma Bbi3biBaeT openlog(), nepega-
Basl MepBbIM MapamMeTpOM CBOE Ha3BaHue (MM WHYIO MAEHTUPULMPYIOWYIO CTPOKY), yKa3biBasi
HEKOTOpbIE JOMOJHUTENbHLIE ONuMKM B napametpe options (B GoNbLIMHCTBE ClydYaeB [OCTaTOY-
HO mepepatb 4ncio 0) M ykasbiBasi, K KakKoii MOACMCTEME OTHOCUTCS AaHHAsi NPOrpaMma, 4epes
napametp facility. Hanbonee nonynsipHbie nogcncrembl (Hanpumep, NOYTOBLIA CepBep) MMEOT
cneumanbHble 3HAYEHNA 3TOrO NapameTpa, NpPoYMM NPOrpaMMaM cregyet UCnoib30BaTh KOHCTAHTY
LOG_USER.

®yukuusa syslog() noxoxa Ha cyHkyuo printf (). [lepBbIM NapaMeTpom ykasbiBaeTCs CTe-
neHb BaxHocTy coobuwenns (Hanpumep, LOG_ERR ucnonb3yetcs npu BO3HUKHOBEHWM HeyCTpaHW-
Moii owmnbku, LOG_WARN — ans npeaynpexaenuii, LOG_INFO — ans npocTbix MHOPMaLMOHHBIX
coobutenuii). CUCTEMHBIV aMUHNCTPATOP MOXET HAaCTPONUTL CUCTEMY XYPHaNn3aLumu Tak, 4Tobbl B
chalinbl XypHaNoB nNonagany TONbLKO COODLLEHNS C OnpefeseHHbIM YPOBHEM BaxkHOCTW. BTopoli na-
paMeTp — 3TO pOopMaTHasi CTPOKa, aHaNOrM4YHast Ucnonb3yemoii B pyHkummn printf (). Hanpumep,
BbI30B MOXET BbIMAAETh TaK:

syslog(LOG_INFO, "Daemon started with pid == %d", getpid());

®DyHkuns closelog() 3aBepluaeT paboTy C CMCTEMOIA XYpHaNM3aLMW, 3aKpbiBasi OTKPbITbIE
daiinel n T.N.

VnpaBneHue npoueccaMmu-geMOHAMMN MOXKET OCYLLECTBAATLCA YEPE3 CUTHANbI; TaK, MHOTUe ae-
MOHbI B OTBET Ha curHan SIGHUP nepeumnTbiBatOT KOHUIypaLnoHHble aiifibl n npu HeobXoaMMOCTH
MEHSIIOT peXxxuMbl paboTel. B bonee CAOXHBIX Cydasix BO3MOXHbI U APYriie CXeMbl YIpaBJIeHNS.

26 3arpyska m xku3uHeHHbIii muka OC UNIX

[Tocsie BKTIOUEHMST KOMITBIOTEPA, yIIPaBJICHHE TTOTydaeT HeOObINasd MporpaM-
ma, Haxozsmasicst B [I13Y. [locse BoIosHEHWST HEKOTOPHIX JAEHCTBUI 110 TTPOBEPKE
00OPYJIOBAHUSL ITA IPOIPAMMA OlPEJEJISIeT 3arpy304HOe yCTPOHCTBO (3arpy30u-
HbI{i JIUCK ), CAUTBIBACT B MAMSTh IIE€PBbIH CEKTOP ITOTO JINCKA (HA3BIBACMBIN TaK-
KE 3a2PY30UHbLM CEKMOPOM) W TIepeJlaeT yIIPaBJICHUE Ha CUUTAHHBIN KO/

311x peasinzanys 3aBUCUT OT KOHKPETHOII cucreMbl. Hampumep, 1eMOH, OTBeYaoIuii 38 CUCTEMHYIO 2Ky PHAJII-
3aIWI0, MOYKET JIEPYKATH OTKPBITHIN ODIEIOCTYTHBIM COKET, B KOTOPBI U OYIyT MUCATH (DYHKITHH KYPHAJIM3AITN
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[TockosibKy pasMep ceKTopa CpaBHUTEIbHO HeBeauK (00braHo 512 Gaiit, mpu-
YeM HadaJbHBIH CeKTOpP MOXKET COJEepKaTh eIle JaHHbIe MOMUMO 3aIrPy30UHOTO
KOJIa), IPOrpaMMa, 3aliCaHHas B 3arPy309THBINA CEKTOD, JIOCTATOYHO IPOCTa U HE
MOXKET BBIIOJHUTD CJA0XKHBIX JieiicTBuil. [loaTomy ee poJib 3aK/109aeTcst B 3arpys-
Ke B IaMsTh 00Jiee CJI0XKHOI IMpOrpaMMbl, 3alIMCAHHON Ha JUCKE B CIEIUAJIbHBIX
obstacTstx (911 06JACTH PA3IMIHBI B PA3HBIX ONEPAIMOHHBIX CHUCTEMAX U JIJIst Pas3-
HBIX BEPCUil 3arPy30THBIX POTPAMM ). DTa MPOTPAMMA HASBIBACTCS 342PY34UKOM
ONEPAUUONHOT CUCTEMb, T MOXKET OBITH YK€ CPaBHUTEJIHHO CJI0XKHOW. Tak, 3a-
rpy3unk OC FreeBSD mmeer coOCTBeHHYIO KOMaHJHYIO CTPOKY, MO3BOJISIIONIYIO
BBIOpPaTh, KaKOil pa3jiesl CIuTaTh KOPHEBBIM, U3 KaKOro (aiija 3arpyxarb siJipo,
W T.II., IPA 9TOM BO3MOYKEH JiaKe MPOCMOTP KaTaJIOrOB Ha JIMCKaX. 3arpy3duK
OC Linux (LILO) me cronb rubok B BOBMOXKHOCTSX: OH 00JIaIa€T CIIOCOOHOCTHIO
3arpyKarh aJbTePHATUBHBIE ONEPAIMOHHBIE CHCTEMbI, BHIOMPATH OJHO U3 TIPE/I-
OIIpeJIeJICHHBIX SIJIep I 3arpy3Ku U IepejlaBaTh sIApYy HMapaMeTpbl, HO popMmaT
daitoBoit cucTeMbl HE TOHWMAET W MPOCMATPUBATH JUCKKW HE MO3BOJIsieT. 1po
OH 3arpyxaer u3 (PpUKCHPOBAHHOIO Habopa (PU3UIECKUX CEKTOPOB nucka. [Ipu
9TOM 3arpy3unK MOXKeT OBITh YCTAHOBJIEH C TTOAAEP>KKO JIOCTATOTHO KPACHBOTO
rpaduueckoro unrepdeiicat.

3arpy3umkK 3arpy:kaeT B IaMsTh BRIOpaHHOE SJIPO U IIepejlaeT yIpaBJeHHe ero
MHUIUIAJIU3AIMOHHOMY KOJLY. S1/p0o MHUITMAIN3UPYET CBOU MOJICUCTEMbI, BKIIIOTAS
JipaiiBepbl yCTPOMCTB, UTO BKJIIOUAET, €CTECTBEHHO, U IIPOBEPKY JOCTYIIHOTO 000-
pPyJIOBaHMsI. 3aTeM siipO MOHTUPYeT (DaiIoBYyIO0 CHCTEMY C KOPHEBOTO JIMCKOBOTO
YCTPOMCTBA B KaUecTBEe KOPHEBOI'O KaTaJiora cucteMbl. OOBITHO KOPHEBO# KaTajor
MOHTHUPYETCS B PEKUME <TOJBKO UTEHHE>.

[Tocsie Toro Kak siJipo roTOBO K paboTe ¥ CMOHTHPOBAJIO KOPHEBOE YCTPOHCTBO,
OHO €O3JIaeT mporece ¢ HoMepoM (. DTOT MpoIece CyIecTByeT TOJbLKO Ha JTale
3arpy3Ku, 1 OCHOBHAs €10 POJIb — CO3/1aTh ¢ TToMOIbio fork () mporecc ¢ HoMepom
1. Ilocyie sTOrO HYJIEBOI TIpPOIECC IPEKpallaeT CyIlecTBOBAHUE, T.e. B CUCTEME C
9TOTO MOMEHTa €CTh TOJIHLKO MPOIECCHI, CO3aHubIe ¢ moMoIpio fork().

[Tporiecc Homep 1 BbinoJiHsieT BbI30oB execve (), 4Tobbl 3arpy3uTh B HaMSITh
nporpaMmy init (06braHO 910 aitn /sbin/init; SCHO, 9TO OH JOZKEH HAXOUTh-
Cs1 Ha KODHEBOM JIMCKOBOM YCTPOHCTBE). DTO y2Ke COBEPIEHHO 0ObIUHAS TPOTDAM-
Ma, HanucanHasa Ha C° mim (TeopeTmueckn) Ha JIHOOGOM JIPYTOM KOMIIMIEPYEMOM
si3bIKe mporpammupoBanus. [Ipomecc init paboraer Bce Bpemsi paborsr OC; ero
3aBepIleHne BjiedeT OCTaHOB CUCTeMbl. VIMEHHO mpolecc init BBIIOJHSAET IPO-
BEDKY JIMCKOB, NMEPEMOHTHPYET KODHEBOIl pasfiesl B PEXKUM <ITEHUE/3alMUCh> U

4He Tak maBHO MOABHIICA HOBLI 3arpys«mk, GRUB, obmamatommuit Goee pa3BUTOH (yHKIHOHATBHOCTHIO,
gem LILO. Hekoropsrie auctpubyrusbr OC Linux npemmaraor ucnonas3osanne LILO nin GRUB na BBIOOD.

5B HEKOTOPBIX CHCTEeMaX MOXKHO JIayKe 3arPy3HTh BMECTO init Kakyio-imbo APYryio HpOrpaMMy, HampuMep
WHTEPIPETaTOpP KOMAHIHOW CTPOKU JIJIsT BBIMOJHEHUS AEHCTBUI MO 0OCTYKUBAHUIO CUCTEMBI
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MOHTHUPYET OCTaJIbHbIe (DAJIOBbIE CUCTEMBI.

3areMm mporecce init JoKeH HHUIUAIN3UPOBATE noacucteMbl OC, Hanpumep,
CKOH(pUTYypUpOBaTh HHTEp(EHchl pabOThI ¢ JJOKAJIHHON CeTHIO; 3allyCTUTH CUCTEM-
HbIE MPOIECCHI-JEMOHDBI; U, HAKOHEIl, 3allyCTUTh Ha MMEIOIINXCS TePMUHAJIbHBIX
JUHUSAX TPOrpaMMbl getty, OTBedalonue 3a 3alpoC BXOJHONO UMEHW U TapoJis
noJsib3oBaresieil. IIporpamma getty cozjaer ceanc, CBA3aHHbBIN € €€ TEPMUHAJIOM,
U, TIOCJIe YCIEIHON ayTeHTHMUKAINN TTOJIb30BATES, 3aIyCKAeT ¢ MOMOIBIO eXec
MHTEPIPETaTOp KOMaHJIHON cTpoKu. Korja nporecc nureprperaropa 3aBepiiaeT-
cd, IporpaMMa init cHoBa 3alryckaeT getty Ha 0CBOOOJIMBITIEHCST TePMUHAILHOIA
JINHUN.

Takum oOpazoMm, PyHKIIMOHAJIBHOCTH HPOIPAMMbl init okasbiBaeTcs JIOCTa-
TOYHO CJIOXKHOH. B ¢BsA3M ¢ 3TUM OOBIYHO BBIIIOJIHEHKE OOJIbIIMHCTBA, JEHCTBHIA,
CBABAHHBIX C MHUIMAJM3AIMENH CUCTEMbI, BO3JIAraeTCs Ha CKPUNMDBL CUCTEMHOT
UHUYUaAU3aGUY (B 3aBUCUMOCTH OT CHCTEMBI 9TO MOXKeT ObiTh (ailn /etc/rc,
/etc/rc.d/rc u 1.a1.) Ilporpamme init Torya joctarodHo ykasarh (4epes KOH-
dburypannonnbiit (haiisa win B KauecTBe mapaMerpa KOMITHJISIIIIT ), TJe HAXOIUTCST
COOTBETCTBYIONMH CKpUTIT. CKPUTITHI CUCTEMHOW WHUIMAJIN3AINT OOBITHO Mpe/I-
CTaBJISIIOT CODOM 1TPOrpaMMbl, HAllMCAHHbIE Ha S3bIKE CTAHIAPTHOI'O KOMaH/[HOI'O
unTepperaropa (Bourne Shell).

OrmeTnM, 9TO U NPOIe/ypa KOPPEKTHOTO OCTAHOBA, CUCTEMBI JIJIsI TIepe3arpys-
KU WU BBIKJTIOUEHUST KOMIIbIOTEPa TaKKe BO3JIaraeTcsd Ha init, KOTOpHI, B CBOTO
ouepejib, 3aIyCKaeT JiJIsi 9TOr0 CleNUaJbHO MpejHa3HauYeHHbIH cKpunT. B aTom
CKPUIITE COJIEPIKATCS KOMAHJIBI TT0 YHUUTOXKEHUIO PabOTAIOINIUX MPOIECCOB (CHA-
qajia ¢ momornbio curiasa SIGTERM, 3arem, nocse nay3nl, — curiajom SIGKILL),
PasMOHTHPOBaHUs Beex GailloBbIX cUCTEM, KDOME KOPHEBOI (€e pa3MOHTHPOBATD
HEBO3MOXKHO), MEPEBOJ] KOPHEBOI CHCTEMBI B DEXKUM <TOJIbKO UTEHUE>, CHHXPO-
HU3AIMsT KOPHEBOI CHCTEMbI (3alMCh HEJI03alMCaHHbIX JIAHHBIX U3 Oydepos, eciiu
TakoBbIe ecTh). [lociie 3Toro BeIMoHSIETCsT COOCTBEHHO OCTAHOB CHCTEMBI.
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Jleknimsa 12

27 BsammonckJjrouyeHmd

27.1 Curyanus ronok (race condition)

IIpu ojHOBpPEMEHHOM JIOCTYIIE HECKOJIbKUX IIPOIECCOB K pa3/esisieMbIM JiaH-
HBIM MOTI'YT BO3HUKATBH OIPEJIEJICHHBIE MPOOJIEMbI, CBSI3aHHBIE ¢ OYEPEIHOCTHIO
JICACTBUMA.

Paccmorpum ciejytoruit npumep. JIBa pasindHbIX MPONEcca WMEOT JIOCTYI
K pasjiesigdeMoil MaMsiTH, B KOTOPOH COJEPXKUTCs IeJ0UKNCIeHHasl epeMeHHasl.
[Tycts ee nauaspHOe 3HadeHne papro 5. Oba mporecca B HEKUit MOMEHT ITBITAIOT-
Cs1 YBEJIMYUTH 3HAUEHHUE MepeMenHoil Ha 1 (TO ecTh B UTOTe MepeMeHHast JTOJKHa
MOJIyIuTh 3Hadenue 7). s 9roro HEOOXOMMMO 3arpy3uTh 3HAYCHUE B PETUCTD,
YBEJIUYIUThH 3HAYEHNE PErMCTpPa Ha 1 ¥ BBIIPY3UTHh €r0 3HaUYeHHe ODPaTHO B Ia-
MATB'

[TpejcraBum, 910 MEPBBI MPOIECC BHITIOJHNA KOMAH/LY MOV JIJIs 3arPy3KN 3Ha-
GeHUsT TIEPEMEHHON B PErucTp (TO €CTh B PETUCTPE TEIEePh COJIECPKUTCSA THCIO D),
M B 3TOT MOMEHT MPOW3OILJIO TTPEPhIBAHNE TI0 TaiiMepy, B Pe3ysbTare KOTOPOTO
IIPOIIECC OKA3AJICS CHSIT ¢ UCIOJHEHUsI ¥ IMOMEITeH B ouepe b IIPOIeCCOB, TOTOBBIX
K BBITTIOJHEHWIO. B 9T0 Bpemst BTOPO# Mpomece Tak»Ke BHITOJHSIEeT KOMAHIy MoV,
[OTOM KOMAH/ly 1nC Jiisl yBEJMYEHUsI 3HAYCHUSI B PEIUCTPE U KOMaH/Ly MOV JIJIsi
BBIIPY3KHU COJIEPXKUMOI'0 PErucTpa B namsTh. Ilepemennast Tenepb paBha 6.

Mexk 1y TeM, nepBbIii MPOIECC JI0XK 1AJICsd CBOEH 0Uepei 1 CHOBA MMOCTABJICH Ha,
BbINTOJIHEeHKe. [lepByio KOMaH Iy MmOV OH YK€ BBIIOJIHUJI, TaK UTO B €r0 PErucTpe
ceitvac uuncsio 5. On BbITOMHSIET KOMaHLy inc (B perucrpe Tenepb 6) U KOMaHLy
mov (3HaueHue 6 BBHITPYXKACTCS B AMSTD).

Takum obpaszom, MoJIydaeTcs, 9TO B UTOTE 3HAUYEHUE MePEeMEHHONH OKa3aJI0Ch
paBHO 6, a He 7. 3aMeTuM, 4TO 3HaUeHMEM ObLIO Obl MMEHHO 7, ecjii Obl Hep-
BbIii IIPOIIECC HE OKA3aJICs IIPEpPBaH IOC/Ie [IepBOii KOMaH/ Ibl. TakKe 3aMeTUM, UTO
y3HaTh, ObLI MPOIECC MPEPBaH WJIM HET, BOOOIIE MOBOPsi, HEBO3MOXKHO, KaK M 3a-
IPETUTDH [IPEPHIBATH MPOIECC.

[Tosryuaercst Tak, 9T0 KOHEUHBINH PE3YJIbTAT 3aBUCHT OT TOIO, B KaKOH KOH-
KPETHO IOCIEI0BATEIbHOCTH MPOU30MIYT COOBITHSI B HE3aBUCHUMBIX IIPOIECCAX.
D10 HazbiBaeTCs cumyauuel 2010k (aHTI. Tace condition); BCTpeYaeTCs TaKkKe
MIEPEBOJI, <CUTYAIINs COCTSI3AHUS >,

! Ha HEKOTODPBIX COBPEMEHHBLIX IPOIECCOPaX BO3MOMKHO IpHpAIleHre 3HAYeHNsS HeOCPeICTBeHHO B MaMATH,
TOTIa 9TOT OpUMep He cpaboraer, T.K. KaxK/1asg WHCTPYKIUS TPOIECCOPA BLIOIHIETCS ATOMAPHO. DTO, OJHAKO,
HE O3HAYAET HEIPABUJIBHOCTU [PUMEPA: IPEICTaBbTe cede, 9TO YHMCJIO XPAHUTCH B [IAMATU B BUJIE CTPOKOBOIO
MPEICTABJIEHNST — B 9TOM CJIy4Yae OMepallis €ro MPUPAIIEeHNsS HUKAK HE CMOYKET OBbIThH ATOMapHON
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Paccmorpum GoJiee cepbe3nblii mpumep. Mmeercst 6a3a JJaHHBIX, COJleprKalias
OCTaTKM JieHer Ha DaHKOBCKUX cuertax. [lomycTum, Ha cuerax moj Homepamu 301,
515 u 768 comepxkurcs, coorsercrserno, $1000, $1500 u $2000. Oxun oneparop
IPOBOJAUT TpaH3akiuio 1o 1epesoay cymmbl B $100 co cuera 301 ma cuer 768,
a npyroii — rpansaxkuuio 10 nepesoay $200 co cuera 768 na cuer 515. Eciu sTu
JIeWCTBUS TIPOBECTU B PA3HOE BPEMsI, OCTATKHM HA CUETAX COCTABAT, MOHITHOE JIEJIO0,
$900, $1700 u $1900.

Teneps 1pejicraBuM cebe, UTO MPOIECC, 3alYIIEHHbI BTOPHIM OIEPaTOPOM,
ObLJI IIpepBaH IOCJe OIepally YTeHHs OCTATKOB Ha cueTax 515 m 768. IIpoun-
TanHble ocTaTku (coorBercrBento, $1500 n $2000) mpomece coxpannsit B CBOWX
CTPYKTYypax JIaHHbIX, © UMEHHO B 3TOT MOMEHT IPOIILJIO [IPepbiBaHue Taiimepa, B
pe3yJbTaTe KOTOPOTO yIIpaBJIeHre MOJYUU MPOTECC, 3alyIEeHHbIA TePBbIM Olle-
paTopoM. DTOT MPOIECC TPOU3BeN dreHre ocraTkoB caeroB 301 u 768 (npouuras,
coorsercTBerno, $1000 u $2000), Beraucamn HOBbIe 3HAUeHUs ocTaTkoB ($900 u
$2100) w 3amucas ux B 6a3y JAHHBIX, TIOCJE YETr0 3aBEPIIUIICH. 3aTeM B CHCTEME
CHOBa, OBLTT 3aIyITeH Ha BBITTIOJHEHUE TIEPBBIi MPOIECe, y¥Ke CINTABIIUN OCTATKY;
OH BBIYUCJISIET HOBBIE OCTATKY JIJIsi cueToB 515 m 768 Ha OCHOBE yKe TPOINTaAHHBIX
($1500 1 $2000), nosyqas $1700 u $1800. Vimenno 911 0cTaTK OH U 3alUCHIBACT
B 0a3y JIaHHBIX.

B urore Bnageser cuera 768 obHapyKUT Ha cYeTy HEJOCTATOK cyMMbl B $100
(ocraTok okaxkercs paser $1800 Bmecto $1900). Kak HerpynHo yoemuThest, obimast
cyMmMa, octaTkoB Ha, cuerax 301, 515 u 768 ymenbmmiaace na $100, To ecth genbru
KJIMEHTa TONPOCTY OECC/IeIHO UCUe3IIH.

Moriio 6bITh, KCTaTH, 1 HA00OPOT: €CJIU ObI TTIOC/IE YTEeHUs TTPePBaH ObLII TIEPBbIii
MPOIIECC, a BTOPOH B 3TO BpeMs BBIIOJHUJ CBOIO ONEPAINIO, KJIWEHT, Ha00OPOT,
obnapyxkus Obr Ha csoeM cuery smmune $200 ($2100 Bmecro $1900). Kinemnr,
BO3MOXKHO, OKa3aJiCsi Obl 9TUM JIOBOJIEH, Yero He CKarkelllb 00 akimoHepax OaHKa.

[IpencraBum cebe Temepb TPETHH TPOIECC, BBIYUCIAIONUN OOIIYI0 CyMMY
OCTATKOB Ha CYeTaxX BCeX KJAMEHTOB OaHka. OdeBuHOE perleHne — MPOIuTaTh B
IIUKJIe OCTATKN Ha, KayKJIOM CcUYeTe U MPOCyMMUpoBaTh ux. O HAKO, eC/I BO BpeMs
pabOThI TOrO MPOIEcca Kako#-nbo JIpyroit mpoIece mpous3BeJieT MepeBosy JieHer
C OJIHOTO W3 CYETOB B KOHIE TabJHIBI (TO €CTh U3 TeX, OCTATKN KOTOPBIX eIle He
VITEHBI) HA OJMH W3 CYETOB B Hadaje (TO €CTh W3 TeX, OCTATKH KOTOPBIX YIKe
YUTEHbI), MOJyYeHHas B pe3yJbrare UToropas obias cymMa OyJeT OTInYaThest
OT peaJibHON (KaK pa3 Ha CyMMYy TPAH3aKIUH 110 TEPEBOJLY, TTOCKOJIbKY TepeBe-
JIEHHBIE JIEHbI'M OKAXKyTCsl HE MOMaBIMUMHU B TOJCYET HU HA HOBOM, HU Ha CTAPOM
MecTe — BeJIb Ha HOBBII CUeT OHM TPUIILIH yKe TTOCe TOro, KaK OH ObLJI YUTeH, a
CO CTApOro CHSATHI JIO TOTO, Kak OH OblI yureH). Takum 06pasom, HeXKeraTe b=
HbIe 3(pPeKThI BO3BMOXKHBI JIaXKe TOT/Ia, KOT/a OAWH M3 yYACTHUKOB HeE
MTPON3BOIUT HUKAKUX U3MEHEHMI, a TOJbKO YUTAET JaHHbBIE.
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27.2 BzammMmouckjamoodeHnuda. Kputnieckme cekimu

OueBUIHBIM CIIOCODOM M30EXKAHUST CUTYAIMU TOHOK SIBJISIETCSI TAKOE IIOCTPOE-
Hue pabOThI, IPU KOTOPOM IIPOIECCHI, PAabOTAIOIIUe C Pa3Jie/igseMbIMU JaHHBIMH,
HE MOr'yT paboTaTb OJHOBPEMEHHO: HAIIPUMEDP, MOKa paboTaeT OJUH IIPOIEcC, 00-
palnaromuiics K 0ase JJaHHBIX, JIPYToil IpoIecc, KOTOPOMY TaK:Ke Hy»KHa 3Ta 6a3a
JIAHHBIX, OJIOKUPYETCsT TIPU 3aITYCKe JI0 TeX TOP, MOKa MePBbIi He 3aBEePIIUTCS.

Takoe pelleHne IPeJCTaB/IsIeTCs HeyladHbIM, IOCKOJIbKY BHECEHNE U3MEHEHMI
B 0a3y JlaHHBIX MOXKET ObITh HE €JMHCTBEHHO# 3ajiadeil npouecca. BrosHe BO3-
MOXKHO, 9TO IpOIEecC OOJIBIIYI0 YacTh BPEMEHU 3aHUMaeTCs paboTOi, HUKAK C
pasiesIIeMbIMU JIAHHBIMU HE CBA3aHHOM, IIPUUIEM BPEMsl KU3HU MIPOIECCA MOXKET
OKa3aThCsI CJUIIKOM OOJIBIINM, YTOOBI Ha BCE 3TO BpeMs 3allpeniaTh JOCTYI K
JIAHHBIM KOMY ObI TO HU ObLIO ere. Hampumep, BIojHe MOXKHO NPEJICTaBUTH Ce-
Oe MOCTOSIHHO pabOTAIONIUil cepBep, ¢ IMOMOIILI0O KOTOPOr0 KJIMEHTHI OaHKa MOTYT
y3HaBaTh OCTATKU Ha CBOMX cueraX. HemocpescTBEHHO OH JIOCTATOYHO PEJIKO 00-
paiaercs K 0a3e JJAHHBIX, HO IIPU 9TOM pabOTaTh MOXKET MecsiiaMu 0e3 epepbiBa.
fcHo, 4uTo GJIOKMpPOBATH Ha BCE TO BpeMs JOCTYII K 0ase JAHHBLIX JIPYTUX MIPO-
IIECCOB HEJIb3sd, BeJIb 9TO Napain30BaJjo Obl pabory HaHka.

B cBs13u ¢ 9TMM BBOUTCS TOHSATHE Kpumuyeckot cexyuu. Ilog KpuTudaecKoim
CeKIrel IIOHNMAeTCd TaKas YacTh IPOrPaMMbl, B KOTOPOI IIPON3BOIAT-
cd JIOTUYECKHN CBA3aHHBbIE MAHUMNYJIAINN C Pa3aeJddeMbIMA JaHHBIMMU.

Tak, B mpuMepax HIpeblayiiero naparpada KpUTHICCKUMUA CEKIUSIMEA B IIPO-
1eccax, OCYIIECTBIISIONNX MEePEBOJL JIEHET CO CUeTa, Ha CUET, sIBJISTIOTCS JIeHCTBUS
C MOMEHTa UTEeHHsI [EePBOr0 OCTaTKa JIO MOMEHTa 3alliCH IOCJEeJTHEr0 OCTaTKa; B
1poriecce, IMOJICUNTHIBABIIEM CYMMY BCEX OCTATKOB, KPUTHIECKAsl CEKI[UsI HATHMHA-
eTCsi B MOMEHT Hada/ia CyMMUPOBAHMS U 3aKAHIMBAETCsI ¢ €10 OKOHYaHUEM.

fcHo, 9TO 0 KPUTHUUECKON CEeKIMM MOXKHO TNOBOPUTH TOJBHKO B HMPUMEHEHUH
K KOHKPETHBIM pa3zJieisieMbIM JAaHHBIM. Tak, ecyy JiBa IIpoiiecca oOpalmaloTcs K
PA3HVIM JTAHHBIM, TTYCTh U Pa3JeIsieMbIM ¢ KEM-TO €Ile, 9TO He MOXKET MPUBECTH
K omunOkam. [ToaTomMy 4acTo MOXKHO BCTPETUTH BbIPAXKEHUE KPUMULECKAA CEKUUSA
no nepementots r WIN Kpumuveckas cexuyud no datsy f, u T.11.

Takast opranusanusi pabOThI IPOIECCOB, IPU KOTOPOii /1Ba (1 Gostee) mporecca
HE MOT'YT OJIHOBPEMEHHO HAXOJNTHCS B KPUTUIECKUX CEKIUSAX 110 OJTHUM U TEM K€
JTAHHBIM, HA3BIBAETCS 63AUMHLM UCKAOYeHuem (aHTI. mutual exception).

Cremyer OrMeTuTb, 9TO B3aMMHBIE MCKJIIOYEHUsI MOI'YT TOPOJUTDL JIOMOJIHU-
TeJIbHbIE TPODJIEMbBI, TAK UTO IIPK BHIOOPE METO/Ia UX PeaU3alnH CJIeyeT CODJIIO-
JIaTh OCTOPOYKHOCTD.

CdopmynupyeMm TpeboBaHus, HAajJaraeMble Ha MEXaHU3M B3aMMHOI'O HCKJIIOUe-
HUSI:

1. JIpa m OoJiee mnporecca He JIOJPKHBI HU TIPU KAKUX YCIOBUSX HAXOJUThCs
150



OJJHOBPEMEHHO B KPUTUYECKUX CEKIUAX, CBA3aHHBIX C OJHUMHW WU TEMU 2KE
JaHHBIMU.

2. B nmporpaMmme He JIOJIXKHO OBITh HUKAKHMX IIPEJIIOJIOXKEHUI O CKOPOCTU BbI-

IMOJIHEHH S TTPOIECCOB U O KOJIMYECTBE IMPOLECCOPOB B CI/ICTGMGQ.

3. Ilponecc, naxousiuiicss BHe KPUTUYECKUX CEKIIUI, HE JIOJXKEH IIPU ITOM
OBITH TPUIWHON OJIOKUPOBKY JIDYTUX MPOTIECCOB.

4. HenomyctuMa cUTyanusi «BEIHOIO OXKUJAaHUA> (TO €CTh TaKas CUTyallus,
[IPU KOTOPOI HEKOTOPbIN MPOIECC HUKOrJIa HE MOJYYUT JOCTYI B HY2KHYIO
eMy KPUTUIECKYIO CEKIHIO).

5. IIporecc, 3a6/I0KMpOBaHHBIN B OXKMJIAHUK Pa3peIleHns HA BXOJi B KpUTHUUE-
CKYIO CEKIIMIO, He JIOJZKEH PACX0/0BaTh MPOIECCOPHOE BpeMsi (TO ecTh He
JIOJZKHO OBbITH aKTHBHOIO OXKHIaHUA )>.

27.3 YcrapeBinue NoJaX0JAbl K OPraHM3annil B3aNMHOIO UC-
KJIIOYEeHU s

Bce 110/1x0/1b1, TIepevYuceHHbIE B 3TOM Taparpade, UCIOJIb3YI0T aKTUBHOE 0XK -
nanne. CrienuaabHO aKIIEHTUPOBAThH Ha 9TOM BHUMAHWE MBI HE OYIeM, T.K. ¥ 9TUX
IIO/IXO/I0B €CTb U JIDYI'Ue HEJOCTATKU.

27.3.1 DBuaokupoBouHasa nepeMeHHad

Ilycth uMMeEOTCsST HEKOTOpPBIE JAHHBIE, JOCTYI K KOTOPBIM OCYHIECTBIISIIOT
HECKOJIBKO IIPOIIECCOB. 3aBejieM B Pa3/ie/igeMOil IaMsITH 1eJIOUUCIEHHY IO IepeMeH-
Hyto (OyjileM Ha3bIBATH €e ) M MPUMEM COIJIallleHne, YTO 3HaYeHue TepeMeHHON 1
O3HaYaeT, 4TO C pasjieasieMbIMH JaHHBIMU HUKTO He paboTaer, a 3Hauenne 0 — 4To
OJINH U3 IMPOIECCOB B HACTOsIIEE BpeMsi PabOTaeT ¢ pasessieMbIMI JJAHHBIMUA |
HEOOXOIUMO TOJIOXKIATh, ITOKa OH He 3aKOHUYNT. IIpn 3amycke cucTeMbl TPUCBOUM
nepeMeHHoil s 3nadenue 1. JlocTyi K JJaHHBIM OyeM OCYIIECTBJISATD CJIE/LYOIIIM
obpa3zom:

’Ecau Takue OpemoNoKeHHs eCTh, B YCIOBUAX MYIbTH3aJadHON CHCTEeMBI BCETIa MOYKET IIOTYIUTLCH CHTY-
alnusd, KOTOpad B 9TU 1IPEJIIIOI0KEeHUs He BIUIIETCA: HallpUMeD, OJIMH U3 IIPOLECCOB MOXKEeT OKa3aTbCdA IIPUOCTa-
HOBJIEH CPA3y TMOCJIe HAYAI OYEPETHOrO KBAHTA BPEMEHU M3-33 HAJUYHUS B CHCTEME MPOIECCa ¢ 00JIee BHICOKIM
[IPUOPUTETOM, & IPYIOMY IPOIECCY MPU STOM <IIOBE3eT 0OJIbIIE, B UTOre OH OyJeT BBIIOJHATHCA B Pa3bl (1/iu
Jla’ke Ha HECKOJIbKO MOPSJIKOB) ObIcTpee

3B pealbHOCTH 9TO IIPABMIIO HHOTIA HAPYIIAETCS, €CIH €CTh YBEePeHHOCTh B HeDOILIIOM BPEMEHH OXKHIAHNS;
IO BO3MOYKHOCTH, OTHAKO, AKTUBHOTO OXKUIAHUS CJIeIyeT n3berarh
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while(s == 0) {} /* mycTo#l muxiy, nokKa HEIb3d BXOLUTH
B KPUTHYECKYH CeRumio */

s = 0; /* 3BamnpeTunu OOCTYI IOPyTHM IpoleccaMm */
section(); /* ... paboTa C pasmensgeMbMy LAHHEMU ... */
s = 1; /* paspemmnu ZocTym */

Eciu Bce mporiecchl, KOTOPBIM HYKEH JOCTYI K 9TUM JAHHBIM, OYJyT CJieJI0BaTh
TaKOI cXxeMe, BO3HUKAET OILYIIEHUEe, YTO 0KA3aThCA OJJHOBPEMEHHO B KPUTUYECCKOM
CeKIMU (B MpUMepe OHa MOKa3aHa BbI30BOM (byHKIMU section()) aBa mporecca
HE MOI'YT — B€JIb €CJIM OJIMH U3 MPOIECCOB coOpaJics BOUTH B CEKIMIO, OH IPE/I-
BapUTEJIHLHO 3aHOCUT O B IepeMeHHYIO S, UTO 3aCTaBUT JI0OO# Ipyroit mporecc,
MMEINNI HaMepeHne 3aiiTh B KPUTUIECKYIO CEeKIUIO, MOM0XK/ATh, MOKa MePBLIN
LIPOIIECC HE 3aKOHYUT pabOTy B CEKIMU U HE 3aHeceT B § CHOBa 3HauHeue 1.

K coxaJjienuio, He Bce Tak MPOCTO. BhIllosiHEHUE HpOoIecca MOXKeT ObITh IIpe-
PBAHO TOYHO B TOT MOMEHT, KOI'JIa OH YyXKe <yBHJICJI> YUCJO 1 B NEepeMeHHON S
1 BBIIIEJ] M3 NUKJIa while, HO IPHUCBOUTH MepeMeHHo# 3HadeHnne 0 He ycrmena. B
9TOM CJydae JIPYroi MpoIecc MOXKeT TaKXKe <yBUJIETh> 3Ha4YeHUe 1, mpucBOUTH
0 m BOUTH B CEKIMIO; 3aTE€M YIPABJCHUE BEPHETCA MEPBOMY TPOIECCY, HO BEJb
MMPOBEPKY 3HAYEHUS OH y»Ke MPOU3BEJ, TAK YTO OH TAKKe IMPOU3BEJIET MPUCBAU-
BaHue HyJisl U Boiijier B cekiuio. B pesysbrare 06a 1porecca OKaxKyTest B CEKIUU
OJIHOBPEMEHHO, TO €CTb IIPOU30MIET TO, Yer0 MbI IIbITaJICh N30€XKaTh.

DTOT PUMEP HJLIIOCTPUPYET TOTPEOHOCTH B AMOMAPHOCMU HEKOTOPBIX J1eii-
CTBUI IIpU OpTaHU3aIMH B3aNMOKUCKII0UeHUs. B camoM Jiesie, ecin Obl K while
u npucBauBatre s = 0 B IPUBEJIECHHOM IIPUMEPE BBINOJIHSINCH ObI KAK OJIHA HEJIe-
JINMasl oIepalys, TO eCTh ObLIa Obl TeM MJIK HHBIM CIIOCOOOM MCKJII0UEHA BO3MOXK-
HOCTBH TTPEPHIBAHUST TOI ONepalnun Ha cepeune, npodaeMbl ObI He ObLIO.

27.3.2 3anper BHeEINTHUX NMPEePbIBAHUI

JIorudaHO MPUXOIUT B TOJIOBY HJlesi O 3allpeTe BHEITHUX (annapaTHbiX) pepbl-
BaHMI HA BpeMsl BBIITOJHEHNS KPUTHIECKON ceKIuu. K coXKaJIeHrIo, 3TOT BapuaHT
HerpreMJieM IO MeJIOMY psijly TpuIuH. PaccMOTpuM 3T TPUIUHBL.

Bo-11epBbIx, 3alpeT HpepbiBaHuil IOJAUTC JIUIb JIJis KPATKOBPEMEHHbIX KPU-
TUYECKUX CEKIUii: JUINTEJbHOE 3allpellieHue IpepblBaHuil HAPYIIUT PabOTy alllla-
parypbl (HAIpUMED, [EPEeCTaHyT IPUHUMATHCSA U MepelaBaThCs JaHHbIE [0 CeTH ).

Bo-BTOpBIX, 3alpeT IpepbiBaHUil IPUTOJIEH TOJBKO JIJid PabOThI C JaHHBIMH,
HAXOJIANIMMUCH B ONIEPATUBHON MAaMSTH, TOCKOJILKY JIJIst JIFOOOTO 0OOMEHa ¢ BHEIII-
HUMY YCTPO#CTBAMY (B TOM THCJIE JIJIsl ITEHUsT U 3amuch (GailioB) anmapar mpephbi-
BaHWl JTOJKEH PaboOTaTh. 3aMETHM, TTPU ITOM HEOOXOIMMO TE€M WJIW WHBIM CITOCO-
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O60M rapaHTHPOBaTh, YTO JAHHBIC JIEHCTBUTEIHLHO HAXOJATCI B MAMSITH, T.K, €CJIU
MPOIIECC 3aIPETUT MPEPhIBAHUS, a 3aTeM 00PATUTCS B 0OJIACTH MAMSITH, B HACTO-
s1ee BpeMs OTKa9aHHYIO Ha JIMCK, ONeparys MOJIKAIKN JUOO MOIPOCTy He Oyer
BBIIIOJIHEHA (UTO IPUBEJIET K aBapUK ), JIMOO OlEPAIMOHHAsT CUCTEMa BCE-TaKU Pas3-
PEINT MPEPLIBAHUS, YTO MOYXKET, B CBOIO OUepe/ b, IPUBECTHU K MOJIYUEHUIO YIIPaB-
JIEHUs1 JIDYTUM TPOIECCOM U HAPYIIEHUIO B3aUMHOIO UCKJIIOUEHHUS.

B-rperbux, 3anper npepbiBaHiit 00bITHO KacaeTCst TOJHKO OJIHOTO MPOIECCOPA.
B cucreme ¢ HeckoJibKUMU TIpolieccopamu 310 3ddexkra He J1acT.

Hasiee, B KOMOMHAIIMM C AKTUBHBIM OXKHJIAHUEM 3alIPET TpepbiBaHuii (B 0J{HO-
IPOIECCOPHOI CHCTEME) TIPUBEJIET K 3ABUCAHUIO CHCTEMbI, BEJIb IIPU 3aIPEIEeHHbIX
NpephIBAHUSAX HU OJIMH JPYTOii Tpotiece (B TOM YHCJIe U <BUHOBHUK> OJIOKMPOBKH )
HE MOXKET 10JIyYUTh YIIPaBJIEHUE U CHATH OJIOKUPOBKY, UCUE3HOBEHUSI KOTOPOH Mbl
AKTUBHO OYKHUJIAEM.

Hakowner (1 9710, moXKaJyil, caMoe BaskKHOE COOOPayKEHUE) JIOMYCKATH 3alpeT
NpepbIBaHMIi 110JIb30BATEILCKUME TIPOIlECCaMU CJMIIKOM oracHo. Jlaxke eciin mc-
KJIIOUUTH 3JI0# YMBICEJT CO CTOPOHBI MOJIb30BaTe el (IT0 yKe camo 1o cebe cTpaH-
HO JIJIi MHOTOIOJIb30BATEIBCKON CHCTEMBI), OCTACTCS BO3MOXKHOCTD OMIHOOTHBIX
curyanuit. Eciin, K npumepy, 1poiece, 3alpeTuBIimnil IpepbiBaHus, CJ1ydaiiHo 3a-
IUKJIUTCSI, CUCTEMa B PE3yJIbTaTe 9TOr0 <IIOBHUCHET> U ee MPUJETCs IIepe3arpy-
)aTh. [loaToMy 3amper mpepbiBaHnil CIUTACTCS TPUBUJICTUPOBAHHBIM JIEHCTBUEM
U JIJIS TIOJTB30BATE/ILCKUX TTPOIECCOB HEJIOCTYIICH.

Ormerum, aro sijipo OC 1pu 3TOM CaMO JIOCTATOYHO YaCTO MCIOJb3yeT KpaT-
KOBPEMEHHBIE 3aIPEeThl MPEPhIBAHM JJId o0ecIiedeHnsl aTOMapHOCTH HEKOTOPbBIX
orepalnii; MO3TOMY, KaK Mbl YBUJIMM T103K€, B COBPEMEHHbIX cUcTeMax obecrieve-
HUE B3aUMOUMCKJIIOUEHUST BO3JIAraeTcs Ha dAJIpOo.

27.3.3 YepenoBaHue

Curenyroriuil criocod B3aMMOUCKJIIOUEHNS 3aKJII0UaeTCsd B TOM, UTO IPOIECCHI
10 OYEePeJIU MEPEJIAIOT JIPYT JAPYry HPaBo pabOThI ¢ pas/e/sseMbIMIA JIAHHBIMK Ha,
MaHep dcTaderHol NaJouKH.

for(;;) { for(;;) {
while(turn !'= 0) {} while(turn '= 1) {}
section(); section();
turn = 1; turn = 0;
noncritical_job(); noncritical_job();
+ +

Puc. 25: BzauMonckirouenne Ha OCHOBE depeIOBaHUA
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Ha puc.25 nmokazanbl gBa mporecca, OCYIIECTBISIIONIAE JIOCTYIT K pasjiesisie-
MbIM JaHHbIM (DyHKIHs section()) B COOTBETCTBUM ¢ MApKEPOM UepeIOBAHMS,
XPaHAIKUMCA B IIepeMeHHoi turn. SHadyenue 0 03Ha4YaeT, YTO IPABO Ha JIOCTYII K
pasJiesIeMbIM JIAHHBIM UMEET HEePBLIH NPOoIece, 3HaderHne 1 COOTBETCTBYET paBy
BTOPOI'O IIPOIECCa. 3aBEPIINB PAbOTY B KPUTHUUIECKON CEKIIMU, IIPOIECC IepejiaeT
<XOJ> JIDYIOMY IIPOIECCY U IPUCTYIIAET K BBIIOJHEHHUIO JeHCTBU, He TPEOYIOMIX
JIOCTYTIA K pa3jieseMbiM ganubiM (dbyHkims noncritical_job()).

Takoit crocod JeficTBUTEILHO HE JIAaeT MPOIeccaM OKa3aThCs B KPUTHIECKOI
CeKIMU OJIHOBPEMEHHO, HO MMEeT, K COXKaJICHUIO, APYTroi HejocTarok. Ecmn omgun
13 MIPOIECCOB, TEPEIaB X0 JIPYroMy, ObICTPO BBITOJIHUT BCE HEKPUTHIECKUE J1eii-
CTBHUSI ¥ CHOBA IOIBITACTCS BOUTH B KPUTUUECKYIO CEKIIMIO, MOXKET IIOJYUUThCS
TaK, YTO BTOPOIl MIPOIECC B 3TO BpeMd JIO CBOEH KPUTUICCKON CEKIMU TaK U He
Jotiest (M, COOTBETCTBEHHO, He repejiaj XoJ| IepBoMy mpoieccy). B pesysbrare
BTOPOIl IIPOIIECC, HEe HYXKJasCh B JIOCTYIIE K pa3/ie/sieMbIM JJAHHLIM, TeM HEe MeHee
OyieT MeaTh OCYIIEeCTBIATh TAKOM JIOCTYII IEPBOMY IIPOIECCY, TO €CTh HaPy IITUT-
cs BTOpoe u3 chOpMYJIUPOBAHHBIX BBIIIE YCIOBUIA.

27.3.4 Agaroputm Ilerepcona

OT HeIOCTaTKOB MHpEJbIIYIIUX IOJIX0J0B u3daBieH aszopumm Ilemepcona.
MBI pacCMOTPUM €ro JJist CIydasi JBYX MPOIECCOB:.

st ocyIecTBIeHNsI B3aMMOUCKJIIOUEHUsT HAM B STOT pa3 IMOTPeOyITCs
CO3JIaTh B pa3eseMOil MmaMsiTh MaCCUB M3 JIBYX JIOTHIECKUX TIePEMEHHBIX
interested[2], nokasbBAOIIMX, HYXKJACTCsL JIM COOTBETCTBYIONMI (HyJeBO
WJIM TIEPBBI) TPOIECC B BBIMOJHEHUN KPUTHYECKON CEKIMU; BO BPEMs BBIOJI-
HEHUST CEKIMK COOTBETCTBYIOIIEE JIOTMIECKOE 3HAUYEHNE TaKKe OyJIeT MCTHHHBIM.
Kpowme toro, BBesieM (Takxke B pasjiesisieMoil aMsTi) MepeMeHHyro who_waits,
KOTOpasi OyJIeT MOKa3bIBATh, KOTOPHIN W3 ITPOIECCOB B CJIydae CTOJKHOBEHUS T0JI-
JKeH TI0JI0XKIaTh 3aBepPIIeHNsT KPUTUIECKO! CeKIIMKA BTOPOIO.

[Tpunnun ajropuTMa B TOM, 9TO, MOKa3aB CBOIO 3aMHTEPECOBAHHOCTH BO BXO/I€
B KPUTUIECKYIO CEKIUIO (TO €CTh MPUCBOUB JIOTHUECKYIO UCTUHY COOTBETCTBYIO-
e gaeiike MaccuBa interested), MTPOIIECC 3aTeM 3asBJIAET O CBOE TOTOBHOCTHA
0/107KJ1aTh, €CJIM 9TO HEOOXOMMO, 3aHECs B IepeMeHHy 0 who_waits cBoii HOMED.
3areMm oH OyJieT XKJaThb JIO TEX II0pP, IIOKa JIMOO He M3MEHUTCS HOMep who_waits
(910 03HAYAET, YTO BTOPOIi MPOIECC MPOSIBUI TOTOBHOCTD T10JI02K/IaTh ), JIMOO BTO-
POii MPOIECC HE OKAYKETCS He3GUHMEPEcosaH BO BXOXKIEHUN B CEKIIUIO.

Ha puc. 26 ajropurm Ilerepcona 1nokazan B Bujie JIByX I[PO-
ey p: enter_section() (BxOST B KPUTHUECKYIO CEKITHIO ) u

4CymecTByoT aHATOrHYHBIC AJTOPUTMbI U JJIs IPOU3BOJILHOTO YHC/IA IIPOIECCOB; HAIPUMEDP, K TAKOBLIM
OTHOCUTCS anzopumm 6yrouwnot (bakery algorithm)
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void enter_section() { void enter_section() {
interested[0] = TRUE; interested[1] = TRUE;
who_waits = 0; who_waits = 1;
while(who_waits==0 && while(who_waits==1 &&

interested[1]) {} interested[0]) {}

+ +

void leave_section() A void leave_section() {
interested[0] = FALSE; interested[1] = FALSE;

+ +

Puc. 26: Anropurm Ilerepcona

leave_section() (BHXOZ M3 KPUTHYECKON CEKINM)

EuHCTBEeHHBIM HEJIOCTATKOM ajroputMma llerepcona m Oojiee CIOXKHBIX aJl-
POPUTMOB, TTOCTPOEHHBIX Ha ITOI Wjiee, TaKuX KakK a.420pumm 6y.a0unot (aHri.
bakery algorithm), siBasiercst akTuBHOE Oxkumanue. K cokasJeHno, 3Toro BIOJHE
JIOCTATOYHO, YTOOBI CIUTATH STU PENICHUST HEITPUEMJIEMbBIMHU.

27.4 MbpioTtekcbl 1 cemadopbl
27.4.1 llomnep>kKa B3amMouckJodYeHnd Ha ypoBHe OC

[To/1x0/1bI K MOCTPOEHUIO B3AMMHOI'O HCKJIIOUEHHUSI, IEPEUNCJICHHbIE B IIPEJIbILy-
meM naparpade, XapakKTepHbl HAJTUUUEM aKIMUEH020 0HCUIAHUA — TAKOTO COCTO-
STHUST TTPOIECCa, TPU KOTOPOM OH B OXKMJIAaHUM MOMEHTa, KOTJIa MOYKHO Oy/IeT BOWTH
B KPUTHYECKYIO CEKIINIO, BBIHYXKJIEH ITOCTOAHHO OIpAIIUBAThH OIPEJeJeHHbIE IIe-
peMeHHbIE B pas3jesieMOoil MaMsATH, MPW 9TOM HE BBITIOJIHAST HUKAKUX MOJE3HBIX
JIeCTBUiIl, HO 3aHUMAad BpeMd IEeHTPAJILHOTO MIPOIECCopa.

Yrobw! 1mporece, 0XKuUJIA0NINIA BX0J/Ia B KPUTHUECKYIO CEKIMI0, HE PacX0JI0BaJl
HOIIYCTY MPOIECCOPHOE BPeMsl, CJIeIyeT, OUeBUIHO, 3a0JJ0KHPOBATE €0 JI0 TeX 0P,
MOKa HY>KHBIE eMy pazjessieMble PeCypCchl HE OKaXKyTCsT CBOOOIHBI, TO €CTh He
BBIJIE/ISITH €My KBAHTOB BPEMEHH J10 0CBODOXK ieHust pecypcoB. C JIpyroit ¢cTOpOHbI,
B MOMEHT OCBOOOXKJIEHUsI PECYPCOB IIPOIECC HEOOXOJIMMO <Pa3dyIUuTh>, TO €CTh
[EPEBECTU U3 COCTOSTHUST OJIOKMPOBKU B COCTOSTHME MOTOBHOCTH; YKEJIATEJIHHO TPH
9TOM CHOBa IIOMETHUTH pa3jesseMble peCypchl KaK 3aHATHIE, YTOObI MPOIECCY He
MPHUITIOCH CHOBA BBIJEP>KNBATH KOHKYPEHTHBII MOEINHOK C JIPYTUMHU MTPOIIECCAMU
3a COOTBETCTBYIOIIUI pecypc.

BJioknpoBaTh MpoIecc MOXKeT TOJILKO ollepalluoHHas cucrema. FKcim Obl npo-
1eccy OBLJIO TOYHO M3BECTHO, Uepe3 KAKOH MPOMEXKYTOK BPEMEHHU HYKHBII eMy
pecype OKaykeTcst 0OCBODOXK JIEH, OH MOT Obl BBITTOJTHUTH CUCTEMHBIN BHI30B, MOI00-
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"B hyrkIr sleep (), 9TOOBI OTKA3ATHCA OT BHITIOJHEHWS Ha 33/ JaHHBII TIEPUOJ,
O 1HaKO MOMEHT OCBODOOXKIEHUsT HY>KHOTO pecypca MpoTeccy He U3BeCTeH, T.K. 3a-
BUCUT OT (DYHKITHOHUPOBAHUS JIPYTUX MPOTECCOB.

[Tostyuaercst, 410 ylupaBieHUe HOMETKAMU 3aHATOCTH/OCBODOXK JIeHUsI PECyP-
COB CJIeJIyeT BO3JIOXKWUTH Ha ONEPAIMOHHYIO CHCTEMY, CO3JIaB eIlle OJINH CII0CO0
B3aMMO/I€ICTBUST IPOIECCOB.

CrestlyeT OTMETUTH, UTO TaKOi MOJIX0/T, KpoMe M30aBJIeHUs OT aKTUBHOTO OYKH-
JIAHWST, IMEeT 1 JIPyroe BaxkHoe npeumyinecTBo. OnepannonHasi cucrema, B OTJIN-
Yue OT TPOIEecca, IMeeT BO3MOXKHOCTD MPU HEOOXOIMMOCTH 3allpeliaTh TpepbiBa-
HUS Ha BpeMs HCIOJHEHUS OIpeJieJIeHHbIX JIeHCTBUI BHYTPHU sdapa, obecreunBas,
TaKUM 00Pa30M, aTOMAPHOCTh CKOJIb YTOJHO CJIOXKHBIX onepanuii®. IIpu sToM nc-
ye3aeT HeoOXOIMMOCTD B CJIOXKHBIX YXUIIPEHUAX, MOJ0OHBIX ajroputMy Ilerepco-
HA.

27.4.2 MbroTekcsol

ITos mwvromercom® B obiem ciyuae HOHUMACTCS OOBEKT, UMEIOLIUIL JBA COCTO-

sHus (OTKPBIT/3amepT) U, COOTBETCTBEHHO, JBe omepanuu: lock() (3amepers) u
unlock() (OTKpBITH).

Omneparust unlock () MPOXOAUT YCIEIIHO (M HEMEJJIEHHO BO3BPAIIACT yIpaB-
JIeHne) B JII0OOM Ciiydae, MepeBojisi O0beKT B COCTOSTHUE <OTKPbIT.

s onepanuu lock() MoxKeT OBITH JIBa, BapUAHTA:

1. Omneparus moxkeT ObITH peajm3oBaHa Kak OyieBckas pyuknus. [Ipu npume-
HEHWW ee K OTKPBITOMY MBIOTEKCY OHa 3aKPHIBAET €r0 U BO3BpAIIaeT 3HAYe-
HIe <uCTHHA> (ycrex). [Ipu mpuMeHeHnn K 3aKpbITOMY MBIOTEKCY (DYHKITHST
BO3BpAIlaeT 3HAUEHHE <JI0XKb> (Heynada). Takoil BapuaHT peaju3alnu Ha-
3bIBACTCSL HEOAOKUDYIOULUM.

2. Onepanuio MOXKHO peajin30BaTh U KaK IIPOIEIYPY, He BO3BPAIIAIONLYIO HU-
KaKoro 3HavdeHusi. B 9ToM ciiydae 1pu NPpUMEHEHUU €€ K OTKPbhITOMY MbIO-
TEKCY OHa 3aKPbIBAET €0 U BO3BpAIIAET YIIpaBJIEHNE; IPU IPUMEHEHUN ee K
3aKPBHITOMY MBIOTEKCY OHa OJIOKMPYET BBI3BABIIUIL ITPOIECC JIO TEX 0P, M0~
Ka MBIOTEKC HE OKaXKeTCsl OTKPBIT, TIOCJIEe Yero 3aKPbIBaeT €ro U BO3BPAIAEeT
yIIpaBJICHUE.

Baxkueiitmum cBoiictBom omeparnmii lock() m unlock() saBsgeTrca mx
aMmoMapPHOCMB. DTO O3HAYAET, UTO 0Oe OTepaluu BBIMOJTHIIOTCS KaK €JINHOe

5KOHeYHO, CJIOKHOCTH ATOMApPHBIX OIEPAIHil JIOPKHA OCTABATHCH B Pa3yMHBIX IIpejeiax, T.K. JJIUTEJIbHBIN
3alper HpeprBaHI/Iﬁ MOZKET OTPHUIATEJIbHO CKa3aThbCAd Ha (byHKL[I/IOHI/IpOBa,HI/II/I BCEll BBIYUCJUTEIbHON CUCTEMBI:
HAIIPUMED, MOIYyT COMTHCS OIEPAIUMY YTEHWs /3AIUCH JIUCKOB, U T.II.

6 Anr. mutex — cokpamenue ot cao mutual exception
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11eJI0e M He MOT'YT ObITh IpepBaHbl’. B uacrnocrn, onepannsi lock() He MoKer
OBITH IpepBaHa MEXKJy IIPOBEPKOil TEKYIIEero 3HaUeHns MbIOTEKCa 1 U3MEHEHHEeM
9TOI'0 3HAUCHUs HA <3aKPbITO>,

BcernoMuanM Teneph HaIy TOMBITKY BBITOJHATH B3aMMOMCKIIOUEHNE C TTOMO-
1o 6s10KUpoBoUHOI nepementoii (§27.3.1). enosnbsyem BMecTo 00bIMHOM 1epe-
MEHHOIl MbIOTEKC (0D603HAYMM €ro, Kak 1 OJOKHPOBOUHYIO TEpEeMEHHY0, OYKBOIl
S), a BMECTO npucBauBatuii 8 = 0 u's = 1 — coorBercrBeHHO onepanuu lock ()
u unlock (). Paccmorpum i1 HadaJia HEOJOKUPYIONTy o peajn3aiuio lock():

while(!lock(s)) {} /* xmeM, mokxa He yZAacTCH 3aKpHTbL MBIOTEKC */
section(); /* ... paboTa C pasmenseMbMU INAHHHMU ... */
unlock(s); /* paspemaeM IpyruM IpoleccaM LOCTYIm */

B oryinure oT BapuaHTa C KCIIOJIb30BaHUEM OJIOKUPYIOIIEH IepeMeHHO, JaHHbIi
BapuaHT siBJisiercs KoppekTHbiM. [TockosibKy ornepaiust lock () aromapHa, BbIXO/L
n3 MuKiaa (1Mo uctuHHOMY 3Hadennio dbynknun lock()) o3navaer, ITO B HEKHil
MOMEHT MbIOTEKC OKa3aJiCsi OTKPBIT (TO €CTh HUKTO B 9TO BpeMsi He paboral ¢
pas3jiesieMbIMU JIAHHBIMHE ), U HAIIEMY TPOIECCY YAAJTOCh €r0 3aKpbITh, MPUIEM
HUKTO JIPYTO# BKJIMHUTHCS MEXKJIy TTPOBEPKOW M 3aKPHITHEM HE MOT.

Ecin npumennrs Bropoil Tun peasmsain onepaiiun Lock () (mpu KoTopowm
OHa OJIOKHPYETCs JI0 TeX TOp, MOKa He YIACTCS 3aKPBITh OTKPBITHIA MBIOTEKC),
HAIIl KOJI CTAHET eIlle MPOIIe, U U3 Hero UCUYE3HET IUKJI aKTUBHOIO OXKUJIQHWS:

lock(s); /* XpeM, TOKa He YZACTCH 3aKPHTb MBOTEKC */
section(); /* ... paboTa C pas3mendgeMbMU INAHHHMHU ... */
unlock(s); /* paspemaeM IpyruM IpoleccaM IOCTyIm */

fcHo, 9TO TAaKOW MBIOTEKC MOXKET OBITh PEaJIM30BaH TOJBKO MPU COJEHCTBUN si/I-
pa OIEpaIMOHHON CUCTEMBI: JIUOO IEJUKOM KaK O0BeKT sijapa, Jitbo Kak Habop
orepaluii, OCyIeCTBIAEeMbIX sJJPOM HaJl IEPEeMEHHOM, PACIOJIO?KEHHON B TOJIL30-
BaTeIbCKOM Tporecce’. OTMeTHM ¢ IpyToil CTOPOHBI, YTO BBEJCHHE TAKOTO CPAB-
HUTEJIbHO IIpocToro cepsuca B sjipe OC mozBoJisier m30aBUTHCS Pa30M OT BCEX
HEJI0CTATKOB PACCMOTPEHHBIX BBITIE TIOX0/I0B K B3AUMHOMY MCKJIIOYEHHUIO.

27.4.3 Cemadops! [leiikcTphbl

[Ipennoxkennnie Jacrepom eitkcTpoit cemagpopor npeicTaBasgioT coboit 0600~
IeHKEe MOHATHS MbIOTEKCA.

"Kpowme ciaydas, Korga omepamus lock() GIOKHpYeT BBI3BABIIHII MPOIECC — TOTAA Ha BpeMs OJIOKHPOBKH
MIPEPLIBAHUS PA3PENIAIOTCS

8Kak Mbl YBHJIUM U3 JaJbHeilero, MbIoTeKc, B KoTopoM lock() clesian HeOJIOKUPYIOMIUM, MOXKHO Peai30-
BaTh HA HEKOTOPBIX APXUTEKTypaxX W 03 ydacTus siapa
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Cemagpop Jetdixempv, B KIACCUMICCKOM BapWaHTE TMPEJICTABISIET CODOM Ieso-
YUCAECHHYIO TepeMeHHYI0, IIPO KOTOPYI0 M3BECTHO, UTO OHA MPUHUMAET TOJBHKO
HeOTpUIaTe/IbHbIe 3HAUEHUsI, U HaJl KOTOPOi OIpesesienbl JiBe omnepaluu: up() u
down (). Onepaiiusi up () Bcerjia nNpoOXoOJAUT yCIEITHO, YBEJIUIUBas 3HAUCHUE Iepe-
MeHHO#t Ha 1, u HeMe IJIeHHO Bo3BpaliaeT yupasienne. Onepaius down () J10/2KHa,
HA000POT, yMEHBIIATH 3HAYEHHUE Ha 1, HO CIe/1aTh 3TO OHA MOXKET TOJILKO B CJIyJae,
ecJIM TeKyIlee 3HaueHne CTPoro DOJIbIIe HyJs, Be/lb 3HaUeHne ceMadopa He MOXKeT
ObITH OTprIaTebHBIM. COOTBETCTBEHHO, TIPHU MOJIOKUTEIHLHOM 3HAUYEHIH ceMao-
pa omepaiust down () yMeHbIIaeT ero 3HaUeHKHe Ha 1 U HEeMeJJIEHHO BO3BPAIIAET
yiupasJjienue. B ciaydae ke HyJeBoro sHadeHus cemadopa oreparus OJIOKUpyeT
BBI3BABIIKI [IPOIIECC JI0 TEX MOP, HOKa 3HAYEHHE HE CTAHET IIOJIOXKHUTEJIbHBIM, I10-
cJie 9ero yMeHbIIaeT 3HaueHue U BO3BpAIlaeT yIpaBJieHue.

Kak 1 B ciiydae ¢ MbIOTEKCOM, Ollepaliiu Hal ceMadopoM 00s3aTe/IbHO J0JIK-
Hbl OBITH Peajin30BaHbl ATOMAPHO: HEOOXOIUMO IOJHOCTHIO MCKIIOUUTL CUTYa-
[[MU, KOI'JIa PE3YJIbTaT HECKOJbKUX HE3aBUCHUMBIX OIepalyii HaJ| ceMadOpOM MO-
JKET 3aBUCETh OT BPEMEHU BbI30BA OMEpPaIldii TPoreccaMu (Kak 9TO MPOUCKOIUIIO
B npuMepe, npusejeHroM B Hadase jekimn). Cemadop, Kak U MBIOTEKC, MOXKET
OBITH peaju30BaH MEJMKOM KaK O0BLeKT djpa, JuO0 Kak Habop omepanuii sdupa
HaJI [IePEMEHHOI U3 IaMATH I0JIb30BATEIbCKOI'O IIpoIiecca.

Acho, aro ¢ nomoibio cemadopa MOXKHO UMUTUPOBATH (PYHKIMOHUPOBAHUE
MBIOTEKCa, €CJIM CUNTATh 3Hadenne () COCTOsTHIEM <3aKPBIT>, 3Hadenne 1 — cocTo-
STHUEM <OTKPBIT>, & oreparnuu lock() m unlock() zamenutsb Ha down() u up().
HeobxoiuMo TOJLKO CIeTuTh, YTOObI onepalius up () HUKOIJIa He TPUMEHSIAch K
MOJIOYKUTEJTLHOMY ceMadOopy, & 3TOr0 MOXKHO JIOCTUYb, €CJIU IPUMEHSTH OIEPAIUIO
up () TOJIBKO B HaUaJe MporpaMMbl (OIMH pa3), a TaKXKe MOCJIe TOr0, KaK TMPOIILTa
orepanust down (), n mukKorga naade. Opnako cemadop MOXKHO WCIOJIH30BATH B
boJiee CJI0XKHOW POJIM, & UMEHHO, KaK CYUemYyur doCmynHus pecypcos.

HekoTopble peannsauun obobuwatot onepaunn Hag cemacbopamu, BBOAS AOMOJHNUTENbHbIN Lie-
noyucnerHblii napametp. Onepayus up (sem, n) yBenn4meaer 3HadeHme cemadopa Ha n, onepauus
down(sem, n) XAET, MOKa 3HAYEHNE HE OKAXKETCS DOMBLLIMM DO PaBHLIM 1, U NOC/E 3TOFO YMEHb-
LaeT 3HadeHme Ha n. Kpome Toro, peanunsauum obbl4HO UMEKT HEDMOKMPYIOLWNI BapnaHT onepauunn
down (), aHanornyHblii Haweli onepaunn lock() Ans MbIOTEKCOB, PeanM30BaHHOW B BUAE NOrnye-
CKOll dpyHKuumn. B oTamume ot knaccuyeckoro BapuaHTa, 3TOT BapuaHT BMECTO OXWAAHMS Cpasy
BO3BpALLIAET YrNpaBJeHNe, YKa3biBasi, YTO Onepauus npowuia HeyaadHo. bonblumHcTBO cywecTeyto-
WKUX peann3aunii NO3BOASIET y3HAThb TEKYLLEe 3Ha4YeHue cemadbopa WM AaXke YCTaHOBUTL ero bes
BCAKUX BIOKNPOBOK U NMPOBEPOK, Y4TO ObIBAaeT yA0OHO NpM MHULNAAW3ALMIA NPOrPaAMMBbI.

N3BecTHas peanusauus cemadpopos n3 System V IPC (cm. [5]) npegoctaBnsieT maccussi cema-
CbOpOB, Hag KOTOPbIMN MOXXHO NPON3BOANTDL C/NNIOXKHbBIE aTOMapHbIC onepaunn, HanpnMmep, yBean4dnTb
TpeTuii cemachop Ha ABa, @ YETBEPTHIN YMEHbLUUTL HA Tpu 3a ogHo (aTtomaphoe!) peiicTene. Kpo-
Me TOro, B 3TOI peann3aunm eCTb AONOJHUTENBHAA onepauuns <bnoknposaTbcs, noka cemadhop He
CTaHeT paBeH HyMo>.
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27.4.4 Komanmga TSL

Ha HeKOTOpBIX apXUTEKTypax MOXKHO Peain30BaTh MbIOTEKC 6e3 oOpalieHus
K siyipy. duist sroro Heobxouma nporeccoprasi komana TSL (test and set lock,
POBEPUTH ¥ 3aKPBITh). KoMaH/1a nMeer jiBa omepaHjia: PErucTp U aJpec B Ia-
MstTi. CyTh KOMaHJBI B TOM, 9TOObI 38 OJIHO HejesuMoe (aromMapHoe) jeficTBue
MOMECTHUTDh B PETHCTP COACPXKUMOE STUCHKHM TaMATH, PACIOJJIOXKEHHON 110 yKa3aH-
HOMY &JIPDECy, a B CaMy sideiiKy 3aHeCTH HEKOTOpoe (hUKCHPOBAHHOE 3HAUCHUE,
Hanpumep 1. Takum 0b6pazoM, MOKHO B OJHO JeiCTBHE YCTAHOBUTH TIEPEMEHHOM-
MBIOTEKCY 3HadeHHe (KOTOpoe Oy/IeT COOTBETCTBOBATH COCTOMHUIO <3alepTs) H
COXPAHUTH JiJisi IIPOBEPKKM TO 3HAUYEHUE, KOTOPOE ObLIO B IEPEMEHHOM-MbIOTEKCE
panbirre. Eciu panbiiie MbIOTEKC COJEpKaJl 3HAUEeHUEe <OTKPBIT> — 3HAYUT, HAIIIA,
orepaliust 1mpoiiia ycrenHo. Eciin ke 3nadenune yxKe ObLI0 <3aKPbIT>, HE0OX0 11~
MO TIOJIOXKIATh.

Peasinzanus dynknumii lock() u unlock() Ha accemOsiepe OyJeT BHITJISJIETh
PUMEPHO TaK:

mutex: DB O

lock: TSL RX, mutex
CMP RX, O
JE ok
JMP lock

ok: RET

unlock: MOV mutex, O
RET

Kak MOXKHO 3aMeTHTD, 3/1eCh MBI CHOBa BO3BPAIAEMCS K aKTUBHOMY OXKWAHUTO.
AcHo, uro ocyiecTBUTH OJIOKUPOBKY 0€3 yuacTust OleparmoHHOl CUCTEMbl HEBO3-
MoykHO. OJIHAKO MpU HEKOTOPBIX YCJIOBHUSAX B MPOrpaMMax, UCHOJIB3YIOMNUX JIer-
KOBECHBIE MPOIECChl (TPejibl), Takasi peanm3alis MbloTekca’ oKazbiBaeTcs HoJee
3 HeKTUBHOI 3a CUeT IKOHOMUHN HA MEPEKJIOUCHUN KOHTEKCTOB (C TpoIecca Ha

SJIPO U OOPATHO).

Mpn paboTe C NerkoBeCHBIMM MPOLECCAMU MOXHO Neped MEPEXOAOM HAa Hayano npoueaypb
lock() (T.e. cpa3y nocne KOMaHfpl YCIIOBHOIrO NepexoAa) BCTaBUTh obpalleHne K npoueaype nepe-
KNHOYEHNA NNETKOBECHbLIX NPOLECCOB, l-|TO6|:>| YMEHBLLWNTb NOTEPU OT AKTUBHOIO OXNAAHUA.

9B aHTI0A3BIYHON JIHMTEpaType ee MHOTIA HA3LIBAIOT spinlock.
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Jlekiiusa 13

Ha sToit jleKIiun MBI PacCMOTPHUM HECKOJIbKO KJIACCUIECKHX IPUMEPOB IPO-
rpaMMUPOBaHHUs C UCIOJIb30BAHIKEM MbIOTEKCOB U ceMadOpOB.

28 IIpumepbl B3aMMOMNCKJIIOYEHUI

28.1 3agada IIpomM3BOANTEJEH U MOTpedbuTe el

[Tycts mMErOTCsT HECKOIBKO TPOIECCOB, NPOU3EO0AUUT TAHHDBIE, TO/JIEXKAIINE
JlaJbHelien 0opaboTke. DT0 MOTYT ObITh, HAIIPUMED, IIPOIECCHI, OIIPAIITNBAIOIINAE
KaK#ne-Jnub0 JIaTIuKM; TaK»Ke 3TO MOT'YT OBbITh MPOIECCHI, MOJIyUalolie Olpejie-
JIEHHBIE JIAHHBIE 110 CEeTH C JIPYIUX MAIUH U Ipeodpasyioline X B HEKOTOPOEe
BHYTpPEHHEE TIPEJICTaBICHNE; BO3MOXKHO, 9TO JAHHBIE TOJYIAIOTCA B PE3YILTATE
MHTEPAKTUBHOI'O B3aUMOJEHCTBUSI C [I0JIb30BATEIEM WU, HA0OOPOT, BbIUUCIISIOT-
cd B XOJIe MaTeMaTHiecKux pacdeToB. HazoBeMm aTu mporeccol npouseodumenami.

C apyroit cTOPOHBI, UMEIOTCS HECKOJBKO MPOIECCcoB, 00pabaThiBAIONINX (7.0~
mpebaAIowuT ) JAHHBIE, TI0JNOTOBJIEHHbIE POIECCAMU-TIPOU3BOIUTENSIMU. DTH
IIPOTIECChl Mbl HA30BEM IIOTPEOUTEIISIMU.

3adaya npoussodumenet u nompebumened, NpeaHa3HATCHHAS JJIsI UIITIOCTPa-
[[UU IPUMEHEHUsT ceMadOpOB, PACCMATPUBAET CJIeAYIONIMI BapUaHT IIepeadn nH-
dopmarun or npousBoguTesieit morpeduresnsam. [lycrh Kaxkgast nopiust uHQOpP-
MalIii, MOJroTaB/JInBaeMasi ITPOU3BOANTEIEM 1 OOpabaTbiBaeMasi MOoTpeduTeIeM,
nMeeT (PUKCUPOBAHHBIN pasmep. B pazensgemoit mamMsatu opranuzyeM Oydep, cro-
coOHBIN XpaHuThb N TaKuxX HOPIUil HHMOPMAIIAHN.

fcno, uro pabora ¢ Takum Oydepom Tpedbyer BlauMoucKrodeHusd. s yiupo-
ieHust paboTbl OyjieM cuurarTh, uro 6ydep npejcrasiser coboil ejaunoe 1esnoe’, u
Ha BpeMs paboThI JII0OOro 1poriecca ¢ bydepom uck/odars obpalieHus K 0ydepy
JIPDYTUX TIPOIECCOB.

Opnako mpobsiemMa B3aMMOWMCKJIIOYEHWST B JIAHHOM CJIydae OKa3bIBAECTCsl HE
eJIMHCTBEHHO#. J[e/1o B TOM, UTO IpPU B3aUMOJEHCTBUHU HOTpeOUTEs el U ITPOU3BO-
JMTesIeil BOSMOXKHBI JIBE (CUMMETPUYHbIE) CHTYAIUH, TPeOytoIine OJOKHPOBKHM:

e OTpeOUTE/bL MOTOB K IIOJYUEHUIO MOPIUHU JTaHHLIX, HO B Oydepe HET HU

oJiHO# TToprmn JanubX (Oydep mycr);

® [IPOU3BOJMTE/Ib IOJNOTOBIII K 3aluc B Oydep mopuuio JaHHbIX, HO 3alld-

CBIBATD €e HeKy/a (Bce cyoThl Oydepa 3aHsThI).

1910 Tak u ecth, eciu B 6ydepe, HampuMep, IMEIOTCA IMIODATbHbIE JAHHBIE O TOM, KAKHe U3 CJIOTOB CBODOIHEI,
a KaKWe 3aHSThHI
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B oboux cirydasix mporeccy HeoOXOIMMO JTOXK IAThCs, KOra JAPYTroii mpoIece n3mMe-
HUT cocTosinme Oydepa (B mepBoM ciiyuae, MOTPEOUTETI0 — KOTIA TPOU3BOIUTEN
3alIMIIIeT HOBBIE JIAHHBIE, BO BTOPOM CJiydae, Hao0OPOT, IIPOU3BOJIUTEII0 — KOIJIa
norpeburesib 3abeper KaKue-To yxKe UMEIOIINecs JaHHble).

IIpocreiinass BO3MOXKHAasi CTPATErusi COCTOUT B TOM, UTOObLI OJIOKMPOBATH Olle-
pain Hajt 6ydepoM (BOWTH B KDUTHUECKYTO CEKIHIO), TIPOBEPUTH, HE U3MEHUIIOChH
JII COOTBETCTBYIONIUM 00pa3oM cocTosinne Oydepa U, ecii OHO He U3MEHUJIOCH,
BBIATH U3 KPUTHUIECKON CEKIMU, Hudero B Oydepe He MOMEHSB, a 3aTeM OIISITh
BOITH, U T.JI., TO €CTh, HOIPOCTY TOBOPSI, BBHIIOJHATL NUKJIUICCKU IPOBEPKY M3-
MeHeHuii. VHadye ropops, Takas CTpaTerus IpejcTaBjsgeT coOOil aKTUBHOE OXKU-
JIAaHUE, TOJIBKO HE Ha BXOJI€ B KPUTHUUYECKYIO CEKIMIO, & B IIPOIECce PAbOThHI.

Kak y»ke roBopujioch, akTUBHOE OXKHJaHWe — ujesd KpaitHe Heyjadnasd. [lo-
9TOMY CJIeyeT IMPUyMaTh TaKOH MEXaHU3M, DX KOTOPOM IIPOIECCHI, MOABIIIE B
OIMCAHHBIE CUTYAIMH, BOODIE He OYAYT 3aX0UTh B KPUTUUECKYIO CEKIUIO, ITOKa,
B Oydepe He nosiBsATCst JanHble (Jsi HoTpeduTesst) MO0 CBOOOHBIE CJAOTHI (J1JIst
TIPOU3BOTATES ).

void producer() { void consumer() {

/* ... IDOOTOTOBUTH down(full);
IaHHHE ... lock(m);
%/ get_data();

down (empty) ; unlock(m) ;
lock(m); up (empty) ;
put_data(); /* ... obpaboTaThb
unlock(m) ; IaHHHE
up (full); */

+ +

Puc. 27: IlpousBojurenn u norpeduTen

st aToro Mbl Bocmosibdyemcsi cemadopamu JleikeTpbl B KadecTBe CUeTIH-
KOB JIOCTYIIHBIX pecypcoB. B 3ajade OynyT HCIOIB30BATHCA JIBa ceMadopa: OIuH
Oymer cauTaTh CBODOMHBIE CJIOTHI (M Ha HeM OyJayT OJOKMPOBATHCS MPOIECCHI-
IPOMBBOJUTEIN, €CJIU CBODOJHBIX CJIOTOB HET), BTOPOil OyjerT CYuTaTh CJAOTHI, 3a-
OJIHGHHBIE JAHHBIME (M Ha HeM OyiyT OJOKHPOBATLC MPOIECCHI-TIOTPEOUTENH,
ecJiM HeT TOTOBBIX JlaHHbIX). HazoBem 911 cemadopbl, coorBeTcTBeHHO, empty u
full; B Havase paboThl (OJHOBPEMEHHO ¢ co3ManneM Oydepa) BBIIOJIHUM Ollepa-
o up (empty) CTOJHKO pa3, CKOJILKO B Oydepe nMeeTcss cBOOOHBIX CIOTOB.

MbioTexc, OJIOKUPYIONNii onepaiuu ¢ 0ydepoMm, HaA30BEM m, a IIPOIEIyPhl JIJIs
MOMEITeHUST JIAaHHBIX B Oydep u n3BjedeHus JaHHbIX U3 0ydepa — COOTBETCTBEHHO

161



Puc. 28: Obenatomue ¢puiocodbl

put_data() n get_data(). Pemenne nokazano na puc. 27.

Baxkno nonumarhs, 4To cemadopbl B JIAHHOM CJydae UCIOJIb3YIOTCA He JIJist
B3AaNMOUCKJIIOUEHNS KPUTUIECKIX CEKINH, a JJisd OJOKMPOBAHUS MPOIECCOB, KO-
TOpbIe BCE PABHO HE MOT'YT CJieJIaTh HUYEro MoJe3Horo.

28.2 3agada o nartu pumiaocodax m npobdgeMa TYIIUKOB

IIpu coBMecTHOI paboTe HECKOJILKHX IIPOIECCOB ¢ HECKOJBKHUMU PeCcypCaMu
BO3MOXKHA, CUTYAIMs, IIPA KOTOPOI JiBa WK OOJIbIlIe YIACTHUKOB B3auMO/ICHCTBUS
OKa3bIBAIOTCSI B COCTOSIHUKM OJIOKUPOBKU, M3 KOTOPOIO KarKJIblii MOI' Obl BBIATH,
ecyu ObI JIpyroit 0cBODOJINII HEKUil pecypc, HO 3TOT JIPYroit 0cBOOOIUTH pecypc He
MOXKET, T.K. CaM TOXKe HAXOJIUTCsI B OJIOKUPOBAHHOM COCTOSTHUMU.

28.2.1 Obenarwmniue puiaocodmbl

s nnmoctpanuy mpobaeMbl TYMUKOB Jicrep JefikeTpa mpeiyioxKuI myTod-
HYI0 3adauy o namu obedarowux dunocoda.

3a KpyIJVIbIM OOEJICHHBIM CTOJIOM CHJAT ISATh (PUIOCOMOB, Pa3MBIILISIONIX
0 BbICOKUX (pusiocopckux Marepusix. B cepejine croJia cToUT OOJIbIIAs TapesKa
cmareTTr. Mek 1y KaxXIbIMU JIByMs (buocoamMu Ha CTOJIE PACIOIaraeTcs BUJIKA,
T.€. BUJIOK TOXKE II5ITh, IPUYeM KaxK bl husiocod MoxKeT B3sITh BUJIKY CjieBa (eciun
€l0 B JIAHHBIA MOMEHT He MOJIb3YeTCsl JIEBBIl cOceli) W BUJIKY CIpaBa (ecyim e B
JIAHHbBI MOMEHT He TT0JIb3YeTCsi MPABbIi coce).

[TockosbKy crareTTn OTINYAIOTCS W3PSIHON JIJITWHOMN, 1T €JIbl KarXKaoMy (hu-
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nocody HeoOXOMMMO aBe BUAKHZ. IlosToMy Kaskblii dbuiocod, MOPa3MbICINB
HEKOTOPOE BPeMsi O HeIIPEeXOIsIINX KaTerOpusxX U PEIINB MOAKPEIUThCS, ThITaeT-
cd cHavaJga B3ATb B JIEBYIO PYKY BHUJIKY, HAXOJAILYIOCSA OT HETO CJIeBa; eCJIU BUJTKA,
3aHsiTa, puaocod ¢ noucrtuHe GuUIOCOPCKUM CIIOKONCTBUEM OXKMUJIAET, 110KA, BUJI-
Ka He 0CBODOJIMTCS. 3aBJjiajieB JIeBOi BUJIKOM, (PDUIOCOd TOUHO TaK K€ IbITaeTCs
B3sITh BUJIKY CIIPaBa, HE BBITYCKasl MW 9TOM MEPBYIO BUJIKY U3 JieBoit pyku. Ou-
J10cOdbI, KAK M3BECTHO, OTJIUYIAIOTCS (PUIOCOPCKUM OTHOIIEHUEM K YKUTEHCKUM
TPYAHOCTSIM, TaK 9TO KaXKAbli (riocod roToB XKIATh TMOSBIECHUS HYYKHOW emy
BIJIKM XOTh JIO CKOHUAHWsI BEKOB (TOUYHEe, JO HACTYIJIEHWs TOJOJIHONW CMepTH,
n60 OpeHHble Teja, B OTJIMYKME OT IMPOCBETJIEHHLIX YMOB, TPEOYIOT WHOT/IA MUK
OTHIO/[b HE JIyXOBHOI).

3anJjajieB obenMu BUIKaMu, (pruIocod HEKOTOPOE BPEMsi YTOJISIET I'OJIOJ, 3aTEM
KJIaJIeT BUJIKA OOPATHO Ha CTOJ U MPOJIOJIKAET PA3MBIILIATH O BEIHBIX BOITPOCAX,
MOKa CHOBA HE MPOTOJIOIAETCS.

[Ipobaema 3akiirouaercs B TOM, 9TO BCe IATHh (PUIOCODOB MOTYT ITPOTOJIO-
JATHCST OJJHOBPEMEHHO (€ TOYHOCTBIO JIO BPEMEHHU, 3aTPAINBAEMOT0 Ha TPOIETyPY
3aBJIaJIcHIsI BUJIKO# ). B aroM ciryvae Bee bumocodbl yeneT B3sTh BUJIKA B JIEBbIE
PYKH, JIa TaK U 3aMPYT C 3TUMHU BUJIKAMHU B OXKWMJIAHUHU, KOTJIA K€ MOSIBUTCsT BIJIKA,
cnpaBa. OJHAKO CIIpaBa BUJKA MOYKET MOsABUTLCS TOJHKO TOTVIA, KOTJa MpaBbIil
COCeJ YTOJTUT TOJIO/, & TOTO HEe MPOUCXO/NT, BEh Y HEIO TOXKE TOJHKO OJ[HA BUJI-
Ka. B pesysibrare HaIM JOCTORHEHIITHE My/Ipble MYXK1 O€3BPEMEHHO MTOKWHYT Ceit
MUP, TaK ¥ HE JOXKJABIIMCH BTOPHIX BUJIOK. JKasl HEMPUATHAS CUTyaInsi!

Nwmenno rakue CUTyallun M Ha3bIBaAIOTCA mynunamu?’.

28.2.2 /Ipyroii npuMep TYIIUKOBOI CUTYyallUU

JlJ1s1 BOSHUKHOBEHUs TYITHKA, BOODIIE TOBOPsi, JIOCTATOYHO JIBYX TTPOIECCOB U
JiByx pecypcoB. Ilycrb umerorcs jpa mblorekca ml u m2. Ecjiu 1iepsbliii 1poiiecc
BBITTOJIHSAET KOJI, COJIEPKAINNN BBI3OBBI

lock(ml);
lock(m2) ;

a BTOPOI1 B 9TO K€ BpeMsI BBIIIOJIHACT KOJI, COJIEPKAIINIL Te »Ke BbI30BBI B 00paTHOM
MOpsiJIKe:

’TIoCKOMBKY OTBET Ha BOMPOC, KAK JKe eIAT JBYMS BUITKAMHE, CTYIEHTHI 337a10T C 3aBHIHON PEryIapHOCTHIO,
Mo37Ke OBII TPEJIOZKEH JPYTOi BAPWAHT YCJIOBHI 3a/a4u: 33 CTOJIOM CHAAT BOCTOYHBIE (HDUIOCOMBI, mepe
HUME OJIFOI0 ¢ PUCOM, & Ha CTOJIE JIEXKAT HE BUJIKH, 4 JEPEBSHHbIE TTAJIOYKHU I €bl. BCeM M3BECTHO, 9TO STHX
[AJI0YeK HyKHO JBe (IpaBla, JepKarT X BCe XKe OIHON PYKOii).

3B anrI0a3BIYHON JIMTEpaType HCHOMB3yeTcs cIoBo deadlock.
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lock(m2) ;
lock(ml);

TO IpPU HEYJAUYHOM CTeYeHHH OOCTOSITE]bLCTB 00a IIPOIecca YCIeT CAeiarb II0
OJIHOMY BBI30BY M BOHJyT BO B3aMMHYIO OJIOKMPOBKY Ha BTOPBIX, MONAB, TAKUM
00pa3oM, B TYIIHK.

28.2.3 TymnukoBble cuTtyanum 6e3 B3aMMOUCKJIIOYUYEHUI

Curyanun B3aMOOJOKUPOBKN BO3MOXKHBI HE TOJILKO ¢ ydacTHeM ceMadopos
1 MBIOTEKCOB. PaccMOTpuM Jijisi IpUMepa, OJHY TaKylo CUTYAIHIO.

ITycTh HAM HEOOXOUMO 3allyCTUTh KOMAHILY 1S JUIs [OJIYy4YeHUs] B TEKCTOBOM
BHJIe clUcKa (pailioB B TeKylneM KaTaJiore. Hauumnarorue mporpaMMUCTbl 9acTO
JIeJIAI0T XapaKTEePHYIO OIUOKY, IPUMEHsISI IPUMEPHO TaKO#i KOJI:

char buf[100];

int rc;

int f£d[2];

pipe(fd);

if (fork()==0) {
dup2(£d[1], 1);
close(£fd[1]);
close(£fd[0]);
execlp("ls", "ls", NULL);
perror("ls");
exit(1);

+

close(fd[1]);

wait (NULL) ;

while((rc = read(fd[0], buf, sizeof(buf)))>0) {
/* .. */

+

JIT0OOIIBITHO, YTO TaKas IIPOrpaMMa, BOODIIE I'OBOPs, MOXKET U 3apadoTarh, OJ[HAKO
MOXKET U <3aBUCHYTb>. DKCIEPUMEHTUPYsI C HEil, MBI, CKOpee BCEro, OOHAPYKHUM,
9TO TPOrpaMMa KOPPEKTHO paboTaeT B KaTajorax co CPaBHUTEILHO HEOOJIBITIM
KOJINUIECTBOM (pailjioB, a Ha OOJILIINX KATAJIOrax <3aBUCACT.

[Ipexx e vem anuTaTh Jajblie, PEKOMEHYEeM YUTATENIO TMOMbITATHCA CaMOCTO-
SITEJIbHO JIOTaJIaThCst O MPUYUHAX ITOIO

Nrak, paccMOTpUM TPOrpaMMy TOApoOHee. 3alycKaeMas HaAMU B JIOUEpPHEM
mporecce mporpamMma 1s B KadecTBe JIECKPUTITOPa CTAaHIaPTHOTO BHIBOJA TTOJIY Ta-
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eT BXOJIHOW JIECKPUTITOP KaHaJa, TaK 9To, MPEXKJe YeM 3aBepIINThCs, OHa OyIer
3aIIMCBHIBATH B KaHaJ MMeHa (pailjioB U3 TEKyIero KaraJjora.

Mexay TeM poIMuTeIbCKHil IIPOIece, JBMXKUMBINA OJIarOPOJIHON TeIbi0 HeJl0-
MYIIEeHNsT 3aCOPEHNsT CUCTEMHON TaOJIUIIbI 30MOU-TTPOIECCAMU, BBITTOJHSIET BBHI3ORB
wait (), B pe3ysbTaTe Uero OJOKUPYETCs JI0 TeX MOp, MOKa JIOUEepPHUl MpOoIece He
3aBepIINTCs. JIUIIb OC/Ie 3TOr0 POJUTELCKUM IIPOIECC BBINOJIHAET YTEHHE U3
KaHaJIa.

B pesysnbrare mosydaercs, 9To BO BpeMst pabOThI JOUEpHero mporecca (mpo-
rpaMMbl 1s) HUKTO W3 KaHaja He duraer. Kak mam mssectHo u3 §19.1, pasmep
Oydepa kanasia orpanuder (06bdHO OH cocrapisier 4096 Gaijit), Tak uTO, KOrja
Oydep 3aloJHATCA, OUYepeIHON BbI30B write (), BBINOJHEHHBIN porpammoil 1s,
3a0JIOKNPYETCsT B O’KMIaHIH 0CBODOXK IeHusT MecTa, B Oydepe. Ognako 0ydep ocro-
O0XKJIaTh HEKOMY, TIOCKOJIbKY POJIUTEJILCKUI IPOIece, OJOKMPOBAaHHbBIM Ha BbHI30BE
wait (), 10 nepBoro Bbi3oBa read () He jioies U He JOIET, TOKa JOUYEePHUl PO~
IIECC He 3aBEePIITUTCS.

TakuMm obOpa3oM, UMeeM 3aMKHYTBI KPyT: POJUTEIHLCKUN MPOIECC OXKHUIAET,
YTO JOYEPHUil 3aBEPIATCsI, W HE BBHIMOJHAET UTEHHEe W3 KaHasa, a J0uepHeMmy,
YTOOBI 3aBEPIINTHCSI, HEOOXOIUMO, B CBOIO OU€pe/ib, YTOOBI POJUTENLCKUI HAYA
YUTATD.

Takne 3aMKHYTbIe KPYT'H B3aUMOOJIOKMUPOBOK U HA3BIBAIOTCS MYNUKOGSHIMU CU-
MYaUUAMU.

Kaxk y»ke, HECOMHEHHO, JIOraJIajicsl YUTATEb, B JJAHHOM CJy4ae B3auMODJIOKHU-
POBKa BO3HUKHET TOJIHKO TOT/Ia, KOT/A BhIJada 1§ JIJisl JaHHOTO KaTaJora CoCTaB-
nsier 4096 GaiiT u GosbIIIe,

¢lcHo, UTO NMpHUBEJIEHHOE pellleHre OYeHb MPOCTO MPEBPATUTH B NPABUILHOE:
JIOCTATOYHO MEePEeHeCTH BbI30B Wwait () Ha HECKOJILKO CTPOK HUXKe, 9TOObI OH Bbi-
TIOJTHSIJICS Y2Ke MOCA€e BBITOJHEHUsT BbI30BOB read ().

28.2.4 Bo3MoOXKHBIE penieHnsd 3aaa49u 0 naTu dpurocodax

st Havaa paccCMOTPUM PeaJIU3alliio 3a/1a49u O AT (puaocodax, J0MyCKalo-
VIO BBIIMIEONNCAHHYIO TYITUKOBYIO CUTYAIMIO. 3aBejIeM MaCCHUB U3 MATH MbIOTEK-
COB, KaXK/Iblii U3 KOTOPBIX CBA3aH C COOTBETCTBYIOIIE BUJIKON (0603Haq1/1M 9TOT
maccus uientudukaropom forks?). U dunocodos, n BuiKn 3aHyMepyem quciia-
mu ot 0 10 4. Onuiem jBe BerioMoraTeabHble (DYHKIUN, TTO3BOJIAIONIIE BhITHCIUTD
HOMeEp coceJla crpaBa U cjeBa:

int left(int n) { return (n - 1 + 5) % 5; %
int right(int n) { return (n + 1) % 5; }

4 Anromiickoe coBo fork GyKBATBHO MEPEBOIATCS KaK <BIIKAS .
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Bynem cunrarh, uTO HOMED BUWJIKHK, JiexKalleil ciaesa or dpusiocoda, COBIaLaeT ¢

HOMEpPOM caMoro (uyocoda.
2Kuznennprit ks dpumocoda Toraa MoXKHO Oy/IeT MpeICTaBUTh CJeIYOIIei

IPOIE/Iy POii:

void philosopher(int n) {
for(;;) {

think () ;
lock(forks[n]); /% 1 %/
lock(forks[right(n)]);
eat();
unlock(forks[n]);
unlock(forks[right(n)]);

+

ZcHo, 9TO TP OJIHOBPEMEHHOM BBITIOJIHEHNN TaKuX mpoteayp st n ot 0 110 4 Bo3-
MOXKHA, CUTYallisi, KOI'JIa, BCE OHHU YCIICIOT BBIIIOJHUTH OJJOKUPOBKY, IIOMEUYCHHYIO
B JINCTUHTE BOCKJIMIATENbHBIM 3HAKOM. [Ipn 9TOM BCE MsATh <BUJIOK> (MBIOTEK-
COB) OKayKyTCsi OJIOKMPOBAHBI, TAK UTO BCE TPOIECCHI TAKXKE 3a0JOKUPYIOTCS Ha
CJIeJIYIONIEil CTPOKE MPOIEAYPhl TIPHU TTOMBITKE MOJYIUTh BTOPYIO BUJIKY.

OHuM W3 TTPOCTERTITNX MEXaHM3MOB M30eXKaHusT B3aMMOOJIOKNPOBKHI B 33,1216
o AT usocodax ABJISETCs HPUMEHeHne cemadopa, He MO3BOJISIONero (huJo-
codpaM IPUCTYIATh K Tpalle3e BCeM OJIHOBPEMEHHO. 3aBejieM ceMadop 1 Ha30BeM
ero sem. Torjia »KU3HEHHbII 1UKJI pujocoda npumer Cjiejiyomnmi Bu/;:

void philosopher(int n) {

for(;;) {
think();
down (sem) ;
lock(forks[n]); lock(forks[right(n)]);
eat();
unlock(forks[n]); unlock(forks[right(n)]);
up (sem) ;

¥

OT/1eJIbHOTO PACCMOTPEHUS 3aCJIYKUBAET BOIIPOC O TOM, KaKOe 3HAUEHKE IIPUCBO-
uTh cemadopy repeji HavajoM paboThl. Tak, ecjiu NMPUCBOUTH €My 3HadeHue 1,
OJIHOBPEMEHHO YIOTPEeOJIATh CIAreTTH CMOXKeT JInIb ofuH dhustocod. C TeopeTn-
YECKOI TOTKWM 3PEHMST BCE XOPOIIIO, OJIHAKO MTPU STOM MBI UMEEM HepaIMOHATHHBII
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POCTON PECypCOB, BEIIb YCJIOBUST TO3BOJISIIOT €CTh ABYyM (uocodaM OJIHOBpE-
MEHHO, He Melnas npyr apyry. OgHako u HavdaJbHOE 3HAaUeHUe, paBHOE JBYM, He
CIIaCeT CUTYAIUIO, BEJIb <110 3aKOHY MOJJIOCTI> 33 ceMadOop 00s3aTeTbHO POy T
dustocodbl, cujisiime psijioM.

OueBuIHO, MAaKCUMaJbHOE BO3MOXKHOE 3HaUeHKnEe ceMadopa — 4deThIpe, B IIPOo-
TUBHOM CJIydae TepsieTcsi ero CMbICI. 1Ipn TakoMm 3HaUe€HNN BO3MOXKHA CUTYAIHs,
Korjia Tpu puocoda ycresn B3ITh 110 OJHON BUJIKE W JIUITH OJUH B3I JIBE, TaK
9TO, TTOKa OH HE MOECT, OCTAJbHBIE OyIyT YKIaTh.

B kuure [7] 9. Tannenbaym mpwBOIUT perieHue’, MO3BOJISTIONEEe H30EXKATH
TaKUX HeJOCTAaTKOB. B sTOM pelnennn KaxkjoMy ujiocody COOTBETCTBYET IIe-
peMeHHasd, XpaHdiasd ero cocmosnue: hungry, thinking uiau eating; maccus
9TUX IepEeMEeHHBbIX Ha3oBeM state. Kpome Toro, Kakjomy ¢uiaocody cooTBeT-
CTBYET MBIOTEKC, Ha KOTOPOM OH OJIOKMPYETCsI JIO TOIO MOMEHTa, KOTJia eMy Oyer
MOXKHO IIPUCTYIUTH K Tpalese, dTOObI IPH 9TOM HUKOMY HE MeIIaTh. 1aKOBBIM
CYMTAETCST MOMEHT, KOTJIa HU OJ[MH M3 ero cocejieil (Hu cyieBa, HU ClipaBa) He TpH-
CTYIWJI K eJie 1 He IIPUHSLI pellieHne IpUCTyIIaTh K eie. Kciu B ToT MOMEHT, KOrjia,
dunocod mporosogalicsi, 0ba cocea pasMbINLIsan, purocod cam cede B3BOIUT
CBOW MBIOTEKC, O3BOJIsIS caMOMy cebe HadaTh TPale3y, TO €CTh BBINOJHSIET Olle-
pamuio unlock () ; eciiu »Ke OJIMH U3 COCe/ieil B 9TOT MOMEHT eJ1, (puyiocod MbIOTEKC
He B3BOAUT. HeckosibKrMU 1iaraMu 1o3»ke puaocod mbITaeTcst <3axBaTuTh> cob-
CTBEHHBII MBIOTEKC, UTO yJIaeTCs eMy TOJBKO B CJIydae, eC/id Iepej STUM OH ero
B3Bes. B nporusHOM catydae duiocod Oyjer kaarh (B pexknume OJIOKUPOBKY Ha
MBIOTEKCE) JIO TeX TOp, TOKa COCEJl, YTOJIUB TOJIOJ, HE MPEJJIOKUT eMy MOJKPe-
nuthest. [Ipu arom duocod mpuctynuT K Tparnese TOJbKO B TOM CJydae, ec-
JIN BTOPO# €ro coceji Tak»Ke B HACTOSAIUMIA MOMEHT HE €CT, HHAYe OH IPOJIOJIKUT
’KJ1aTh, YIIOBas Ha TO, YTO Y2Ke BTOPOM COCE/l, HACHITUBIIKNCH, HAIIOMHUT HAIIEMY
MYJIPEILy, 9TO MPUIIIO BPEMsi YTOJUTH TOJIO/.

OTMeTHM, YTO B 9TOM pELIEHUN MbIOTEKCHI, CBSI3aHHbIE ¢ BUJIKAMU, OKA3bIBa-
IOTCSI HE HYXKHBI: aJTOPATM W TaK TapaHTUPyeT, 9To jiBa (uaocoda HUKOTIA He
HOTIBITAIOTCS CXBATUTD OJIHY BUJIKY OJHOBPEMEHHO.

Tak>ke norpedyeTcst oJjuH ODIIUiIT MBIOTEKC JIJIst 3alllUThl MacchBa state.

CoorsercrBytonuit Ko, npusejieH Huxke. [lenrpajibHOe MECTO B HEM 3aHUMAET
dyuknusg test (). C ee moMOIIbIO KaxK/Iblil (p1r10cod, IIPOroJIo/IaBIlIiCh, Olpe/ie-
JISIET, CJIEJIyeT JIM €My IPsSMO ceiidac MPUCTyHaTh K Tpare3e. Y TOJUB XKe TOJIO/,
dbusocod Be3bIBaeT dyHKIMO test () s coceneit (910 U ecTh Halle JOOE3HOE
PeJJIOXKEHIE MOJKPEIUTHCs ), B Pe3yJIbTaTe Yero, ecju COOTBETCTBYIOIHNI coce/
TOJIOJZIEH, & COCEJIM COCe/la B HACTOSINEE BpPeMsl He eJsIT, IPOUCXOJUT B3BEJCHUE
MbIoTeKca (1 bUIocod, HAXOJAUBIIINCA B COCTOSTHUM OJIOKUPOBKH, MPUCTYTIALT K
Tpatiese).

5

SHam TeKcT, TpUBeIeHHEIH HIIKe, OT permenus . Tannen6ayma HECKOILKO OTINIALTCS
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enum possible_states { hungry, eating, thinking };
int state[56] = { thinking, thinking, thinking, thinking, thinking };
mutex mut[5]; // B Havame OHUM 3amepThH
mutex state_mut; // B Hawame OTKPHT
void philosopher(int n) {
for(;;) {
think () ;
take_forks(n);
eat();
put_forks(n);
}
}
void take_forks(int i) {
lock(state_mut);
state[i] = hungry;
test(i);
unlock(state_mut) ;
lock(mut[i]);
/* ecmu ¢unocod He paspemmsn caMm cebe HavYaThb Tpamesy, 3I4eCh OH
6ymeT XmaTh, IIOKA €My O Tpame3e He HANOMHAT cocemu */
}
void put_forks(int i) {
lock(state_mut);
state[i] = thinking;
/* Temepb nOOE3HO IOMHTEPECYeMCs, He XOTHT JIM HAWX COCEeOu KymaTb */
test(left(1));
test(right (i));
unlock(state_mut) ;
}
void test(int i) {
if (state[i] == hungry &&
state[left(i)] != eating && state[right(i)] !'= eating)
{ /% HacTam uepen i-ro ¢usmocodpa moecTp */
state[i] = eating;
unlock (mut[i]);

28.2.5 Ilonsarue rpada oxkumgaHusd

CymiecTByIOT pasjndHble MOJIX0Jbl K aBTOMATHUIECKOMY OTCJICXKHBAHUIO Ha-
CTYILJICHUA TYHNHKOBBIX CUTYAIUil; OJHUM U3 HUX SABJISCTCS aHAJIHU3 2pada oocuda-
HUA.

I'pad oxujganus mpejcrapisier coboil ABYIOJbHBIN OpUEHTUPOBAHHBIN I'pad,
BEPIMHAMU KOTOPOI'O SIBJISIIOTCS TPOIecchl (mepBasi JIoJisi) U pecypebl (BTopast
nouist). CUTyaIust <Iporece MOHOMOIBHO BJIATEET PECYPCOMs H300pPaXKAETCsT OpH-
eHTUPOBAHHON JyTOil OT COOTBETCTBYIOIIETO PECypca K COOTBETCTBYIOIIEMY TTPO-
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npomecchsl

pecypch

Puc. 29: Ilpumeps! rpada oxkujtaHust

neccy. HanpoTtus, cutyarus <Iporece 3a0JJ0OKUPOBaH B OXKUTAHUNA OCBOOOK IEHUS
pecypcas nzobparkaercs JIyroil oT 11poiecca K pecypcy.

ITosgBaenue B rpade oxKujaHNs OPUEHTUPOBAHHBIX ITUKJIOB 03HAYAET
HaJIMYME B CUCTEME CUTYyaIluM TYTNUKA.

Ha puc. 29 nanbl npumepsl rpada oxuganus. Ciesa nmokasan rpad oxKuja-
HUsI ¢ 9eThIPbMS MPOTECCAMU W IMIECTHIO PeCypcaMy; B 9TOH cucTeMe TYNUKOBOM
CUTYyallM¥ I0Ka HeT. B cepejiHe npuBejieH puMep HpocTeiieil TynnKoBo#i cu-
Tyanuu (TOT MpUMEp HAME yKe paccMarpuBasics Ha crp. 163). Cropasa mokasan
rpad oxKUgaHUS JJIs 33291 0 AT pusiocodax B TOT MOMEHT, KOIJIa BCE TSITEPO
OJTHOBPEMEHHO B3$ITH 10 OJHO# (J1eBOIt) BIIKE.

28.3 IIpobGiema umTaTeseit u nmucareeii

Eme oqun mHTEpecHbIi IpUMep ¢BsA3aH ¢ 023011 JaHHLIX, K KOTOPO OJIHHU IIPO-
ECChl (<IuTaTe/ s ) OCYHIECTBISIIOT JOCTYII TOJBKO Ha YTEeHHUe, a jpyrue (<nnca-
TeJI>) MOTYT MTPOU3BOJUTH U 3AITHCh.

Kak MblI HEOJIHOKPATHO YOEXKJIAJUCh, JIOCTYI HECKOJILKUX IPOIECCOB Ha 3a-
MMUCH OJTHUX U TEX K€ JAHHBIX MPUBOJUT K MpobJeMaM (CHTyalusM TOHOK). 3a-
METHUM Telepb, YTO, JazKe €CJIN U3 JIBYyX OJHOBPEMEHHO OCYIIECTBJIAIONINX JIOCTYII
IIPOIIECCOB OJIMH TOJILKO YUTAET JIaHHble, a MO uUKaIueil 3aHuMaeTcs: TOJIbKO
BTOPO#i, 3TO BCE PaBHO MOXKET INPUBECTU K CUTYAIMN I'OHOK, KaK MBI YK€ BUJICIN
B [IPUMeEpE C MOJICYETOM OCTATKOB JieHer Ha OaHKOBCKUX cuerax (cMm. crp. 149).

B 10 ke BpeMs ImPoIecchl, OCYIIECTBIAIONINE OJHOBPEMEHHBIH JTOCTYI TOJIBKO
Ha drenne (6e3 BMEIIATEbCTBA THIITYIIUX TPOIECCOB), TIOMEIATh JAPYT APYTY He
MOI'YT.

Takum oOpa3oM, 3ajiada duTaTeNeH U IUCATeIeil COCTOUT B TOM, UTOOBI 1103-
BOJIUTH OJIHOBPEMEHHbBIN JOCTYIl K JaHHBIM [IPOU3BOJIBHOMY YUCJLy YUTATEJICH, HO
IIPU ATOM TaK, YTOOBI HAJUUKME XOTsI ObI OJTHOIO UUTATEJIsT UCKII0UAIO0 JOCTYII IH-
careJsieil, a HaJuIue XOTs ObI OJHOTO MUCATEJIsT UCKJIF0YAJIO JIOCTYI BOODIIE KOTO
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Obl TO HU OBLIO, BKJIIOYAsT U YUTATEJICH.

s permennst 3ajauu BBeJIEM ODIIYIO TTEpEMEHHYI0, KOTopas OyJIeT TOKa3bl-
BATh TEKYIIEe KOJUICCTBO duTaresedl (HazoBeM ee rc or ¢jioB <readers counts ).
DTO MO3BOJIAT TIEPBOMY HPHUIIEIIIIEMY TUTATEII0 Y3HATH, 9TO OH MEPBbIi, 1 0J10-
KUPOBAThH JIOCTYN K 6a3e JJid nucaTeseil, a mocjelHeMy yXOAAIMeMy TUTaTe o —
y3HATh, YTO OH MOCJEJHUI, 1 Pa3dJoKUpoBaTh jocTyil. Jljist 6JI0KUPOBKY JIOCTY-
na K JIAHHBIM BOCIIOJIb3yeMcs MbIoTeKcoM db_mutex, a s 3alUThl TeJJOCTHOCTH
NepEeMEHHOI rC HaM ToTpedyeTcs elle OJIMH MbIOTEKC — rc_mutex.

[Iporeaypa 3amucu B 06J1aCTh OOIIUX JAHHBIX (<IHCATETb> ) OyIeT JOCTATOTHO
[IPOCTOI:

void writer(...) {
lock(db_mutex) ;
/* ... numeM pmaHHEE B OOmMyl IaMATb ... */
unlock (db_mutex) ;

+

[Tponienypa <dauTaresis> OKayKeTcs CYIEeCTBEHHO CJIOXKHee, T.K. TpebyeT MaHUIy-
JISILUI € 1lepeMeHHo rc. <Huraresib> pex/ie BCero 1poBepserT, He 1epBblil Jin OH
cpequ dutateseir. Eenin B HACTOAWIT MOMEHT eCTh JIPYTHUe UYUTATeH, OCYIeCTB-
JISIIOIIME JIOCTYTI K OOIIEH TaMsATh, YUTaTe/Ib IPOCTO IMPUCOEINHACTCH K HUM, OTPa-
3UB (haKT CBOECrO MPUCYTCTBUSA B TIEPEMEHHOMN ' C; €CJIH YKe JIPYTUX YuTaTeseil Her,
MEPBLII MIPUIIEIINAN YUTaTe/Ih CHaYaJIa JIOXKUACTCs, TOKAa KPUTUIECKYIO CeKITNIO
He TIOKHHET THCATENb (€C/TH, KOHEUHO, TAKOBOM €CTh) — 9TO JIEIAETCS ¢ TIOMOIIIBIO
OJIOKMPOBKKM MbloTeKca db_mutex. Ecium B 9T0 BpeMs K BXOJY B KPUTHUECKYIO
CEeKIMIO TOJIOM/IYT JIpyIre durareiv, onu OJIOKUPYIOTCS Ha MbIOTEKCE, 3allluIialo-
IMeM TTepeMEHHYI0 rc (re_mutex B 9TOT MOMEHT BCe eIle YJIePXKUBACT IUTATEb,
IIPUITIEJIITIUI [IEPBBIM).

void reader(...) {
lock(rc_mutex) ;
rc++;
if(rc == 1) lock(db_mutex); /* mepsnuit! */
unlock(rc_mutex) ;

/* ... unTaeM IaHHHE K3 obmel maMaTH ... */
lock(rc_mutex) ;

rc--;

if(rc == 0) unlock(db_mutex); /* yxons, racuTe CBeT */

unlock(rc_mutex) ;
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Jlekninga 14

29 Cemadopnl 1 mbioTeKchbl B OC Unix

29.1 JIpa tuna cemacdgopoB B OC Unix

B cospemennbix Bepcusix OC Unix cemadopbl 1IpejicTaB/IeHbl B JIByX BapUaH-
tax: cemadopnl System V IPC u cemadopnr POSIX.

29.1.1 Cemadopsr System V IPC

IToncucrema System V IPC npenocrapisier Tpu Bujia 00bEKTOB SIpa, MPe-
HA3HAYEHHBIX JIJIS B3aUMOJEHCTBUST TTPOIECCOB:

® ouepejiu COODIIEHUIT;

e 00J1aCTU pa3JiesigeMoil IaMsITH

® MaccuBbl ceMapOpoB.

Bcee Tpu Bujia 00bEKTOB CYIIECTBYIOT HE3aBUCUMO OT IIOPOJUBIINX KX IIPOIEC-
COB, TO €CTh CO3J@HHBIH 00BEKT HEOOXOJMMO B SIBHOM BHUJI€ YHUUTOXKHUTH, B IIPO-
TUBHOM cJiydae oH octanercs B siape OC no mepesarpysku. HocTyn K oObeKkTam
[PC moxkeT moyunTh JIF000# MPOoIece, NMEOIIi COOTBETCTBYIONINAE TOJTHOMOYHSI
(McHosb3yOTCH HpaBa JocTyia, aHajorudnble daiiosbiv). Takum obpasom, upu
HEOOXO/IMMOCTH MOKHO KCIIOJIb30BaTh 00beKThl System V IPC jis B3ammoieii-
CTBUSI IIPOLIECCOB, IPUHAJIEIKAIINX PASHBIM II0JIb30BATEISIM.

Cemadopsr System V' spisgroTcs 00beKTaMu sijipa, HIpUdeM KaxKJblil 00beKT
MOXKET COJIepXKaTh HECKOJIbKO ceMadopoB. CucreMa jraetT BO3MOXKHOCTH (DOPMU-
POBaHUS CJIOKHBIX 3AIPOCOB K TAKUM 00'beKTaM (MOXKHO, HAIIPUMED, TTOTPebOBAThH
YBEJIMIUTH TEPBbI ceMadOop Ha MsITh, YMEHBIIATH BTOPOH Ha JIBA W YMEHBITNTH
TPETHil Ha YeThIpe — 3a OJHO jieficTre). [Ipr 9TOM rapaHTHpyeTcs: ATOMAPHOCTD
Bcero jeiicteus. Cjejyer oTMeTUTb, YTO, B JOINOJHEHHE K OOBIYHBIM OIIepallu-
sim, cemaopst System V IPC nojyiepkuBaioT 3a1mpoc <0JI0KUPOBaTH BbI3BABIIHIA
1poiiecc, mokKa ceMadop He OKaXKeTcsl paBeH HyJ/1i0>. durare/ib JIerko MoxKeT yoe-
JIATHCSL, 9TO 3a1a91 O AT PUA0COdax 1 O IUTATEISIX U ITHCATEISTX OKA3bIBAIOTC S
OUeHb JIEI'KO Pa3pelInMbl ¢ moMmolibio cemadopo System V IPC: nepsas — 0J1a-
roJlapsi HAJINIUIO MacCUBOB ceMadOpoB, BTopasi — 0DJIarogapst HAJIUIUIO OMEPAITIH
<JIOXKTATHCS HYJIST>,

Haso ormerutrs, uro System V IPC He npejiocTaBisger oT/e/bHLIX 00bEKTOB
JIJIsI MBIOTEKCOB, TaK 9TO IPU HEOOXOAUMOCTH IIPUXOJIUTCS UMATUPOBATH MbIOTEK-
CBbI C IIOMOIIBIO ceMadOpOB.

1.
)

1 Heo6x011M0 OTMETHTD, 4TO 3TH O0'bEeKThI Pa3 e/ geMOl HaMATH He UMEIOT HIYero ObIIero ¢ TeMu, KOTOPbIE
MBI TTOJTYYIaIN BhI30BOM mmap ()
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Unrepdeiic cucremunix Bur30BoB System V IPC gocraroano cioxen u rpoMos-
JIOK, MMO3TOMY pacCMaTpUBaTh ero MbI He OyieM. IIpu KejlaHuu duTaTe/ b MOYXKET
u3yauth System V IPC, nanpumep, ¢ nomomnipio kuuru [5].

29.1.2 Cemadopsr n mboTekcbl POSIX

Bropoit Buj cemadopos, gocrynnbiit B OC Unix, BXOJUT B TOJACUCTEMY YIIPaB-
JIEHHsI JIETKOBECHBIMHU IIpolieccaMu. VX nnrepdeiic ropasio mpoime: 1o/1iep:K1uBa-
FOTCsI TOJIBKO OTIEPAIMH YBEeJMIeH sI 1 yMeHbIeHns Ha 1 (Kak 1 Jijist KJIaCCHIeCKuX
cemadopoB [leiikcTpbl ), o0beuHenns ceMadG0poB B MACCUBBI HET, KAK U OIIEPATIAH
<JIOYK JIATHCST HYJIST>.

[Tojcucrema mojiep:kuBaeT Kak cemadopbl, TaK U MbloTeKchl. Hajio orme-
TUTb, UTO U ceMadOpbl, 1 MBIOTEKCHI CYIIECTBYIOT B BUJIE IEPEMEHHBIX B OJIH30-
BaTEIHLCKOM TIPOIECCE; SIIPO MOJIEPYKUBACT TOJBKO COOTBETCTBYIOIINE OTIEPAINH
HaJI, HUMHU.

Crangapr POSIX threads (pthreads) npejycmarpupaer jgocryin K oJHOMY ce-
MadOopy U3 pasHbIX IPOIECCOB, B TOM YUC/IE U Yepe3 uMeHa B (ailjioBoil cucreme.
OJ1HaKO MHOTHE PeasibHO CyIIeCTBYOIe cucteMbl (B actHocTH, Linux) nojyep-
»)kupatoT ceMadopbl POSIX TobKO B paMKax OJHOTO IPOIECca JIJjis B3aXMMOIeii-
CTBUS B €10 paMKaX JIEPKOBECHBIX MPOIECCOB (ITOTOKOB).

29.2 Pthreads: merkoBecubie npoiieccbl B OC Unix

B sTom maparpade MbI OyieM Jiisi KpaTKOCTH UCIOJIb30BATh TEPMUH N0MOK
1py 0003HAYEHUH JIETKOBECHBIX MTPOIECCOB (PaHBINE Mbl HE HCIOJIBL30BAIHM TAKYIO
TEPMUHOJIOTHIO, T.K. CJIOBO N0MO% B NPOTPAMMUPOBAHUHE UMEET CJIUIITKOM MHOTO
sHauenuit). HamoMHuuM, 910 coOTBeTCTBYONIMN aHMIOA3BIYHBI TepMut — thread.

B 1995 rojiy 6611 TPUHST CTaHIaPT, ONMKUCHIBAIOIIMI (DYHKITUU YITPABJICHUS 110~
TOKaAMH, o1 o0ImuM HazBanueMm pthreads. B macrosiiee BpeMsi 3TOT cTaHIapT B
TOW MJIN WHOW CTENeHN TO/IJICPXKUBACTCA BO BCEX ONEPAIMOHHBIX CUCTEMaX CeMeli-
crBa Unix, a Takxke u B cucremax Junuu Windows.

Corutacro pthreads, norok jioskes uMerb raBHyo (HYHKIUIO (aHAJIOIMMIHO
TOMY, Kak mporecc uMeer GyHknuio main()) ciemyormero Buja:

void* my_thread_main(void *arg) {
VA T
+

Takum 0Opa3oM, MOTOKY B KAUeCTBE CTaPTOBOI'O IapaMeTpa MOXKHO TepeJiaTh yKa-
3aTesIb Ha MPOU3BOJLHYIO 00JIACTh MaMaTh (void*); MOTOK MOXKET MpHU 3aBeplie-
HUU COODOINWUTH JIPYTMM TMOTOKAM pe3yJibTaT CBOei paboThl B BUJE, ONSATh-TAKH,
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MTPOM3BOJILHOIO YKA3aTesT. 3J1eCh MTPOCIEKUBACTCS HEKOTOPAs AHAJIOTHsT ¢ 0ObIU-
HBIMH [IPOTIECCAME, KOTOPBIE MIPH 3AIIYCKE IMOIYIal0T B KATeCTBE apryMeHTa TJIaB-
HOM (DYHKIIUK KOMaAHOHYI0 CMPoKy, a IIPYU 3aBepIlIeHU (POPMUPYIOT UUCI0BOH K0d
60368pPaMma.

KaxX/1plit TOTOK MMeeT CBOH YHUKAJIbHBIA UJIEHTH(MUKATOP, KOTOPBHIH MOMKHO
COXPaHUTL B IepeMeHnoil tuna pthreads_t.

st cozanmst (M 3armycka) OTOKa UCIOJIb3yeTcst DyHKINs

int pthread_create(pthread_t* thr, pthread_attr_t* attr,
void* (kstart_routine) (void*), void* arg);

[Tapamerp thr ykaswiBaeT, B KaKylo IepEeMEHHYIO CHCTEME CJIeIYeT 3alucaTh UIeH-
TpUKATOP HOBOTO IIOTOKA. APryMeHT attr MO3BOJIsIeT 3a]aTh CHermumpuIecKue
napaMerpbl paboThl HOBOI'O 1IOTOKA; B OOJIBIIMHCTBE CJydaeB TaKue HapaMerphbl
HE HY2KHBI, TAK YTO MOXKHO B KQ4eCTBE 3TOTO apryMeHTa NepeJiaTh HyJAeBOH yKa-
zaresib. [lapamerp start_routine ykaszbiBaeT Ha IVIaBHYIO (DYHKIIMIO IOTOKA.
menno sta ¢pyHknus Oyaer 3amylieHa BO BHOBb CO3JaHHOM IIOTOKE, IIPUUIEM Ha,
BXOJ eif Oy/eT mepejaH yKasaTesb, KOTOPbI TpU BbI3oBe pthread_create mbl
yKa3aJu B KauecTBe apamerpa arg.

Oyuknusa pthread_create Bozspamaet () B caydae ycnexa, JuO0 KOJI ONIHO-
KM, €CJIM CO3/IaTh HOBBII TIOTOK HE yJaJ0Ch (st JaHHOH (DYHKIMK TAKUM KOJOM
MOXKeT OBITH TOJILKO EAGAIN, KOTOpBIN O3HAYAET, YTO JIJIsI CO3/JAHUs MOTOKA, He
XBaTUJIO CUCTEMHBIX PECYPCOB, JIMOO OBIIO JOCTUTHYTO TMPEIebHOE KOJUIECTBO
[I0TOKOB JIJIsi OJIHOI'O ITPOIECCA).

IToToK MOXKeT 3aBEepHINTBLCS JABYMs CIIOCODAMU: BEPHYB yIIpaBJIEHHE U3 CBO-
eil raBHOM GyHKIMK (110706HO TOMY, KaK MPOIECC BO3BpAIaeT yIpaBieHue 13
byskinr main()) jgubo BbzBaB QyHKIMIO

void pthread_exit(void *retval);

B nepBowm ciydae pesysbTaToM paboThl MOTOKA CTAHET 3HAYEHWE, BO3BPAICHHOE
13 TJIaBHON (bYHKIUHU (HAOMHUM, OHO UMEET THI VOid*), BO BTOPOM Cjiydae —
3HavYeHne aprymenTa retval. 31ech CHOBa MPOCJIEXKUBAIOTCST AHAJIOTHN € YITPaB-
JIEHHEM IIpolleccaMu, Ha ceil pa3 — ¢ ¢pyuknuei exit ().

[ToTok MOXKeT 102K IaThCsT 3aBEPIIEHKS APYIOT0O MOTOKA ¢ MOMOIILIO (DYHKITHHI

int pthread_join(pthread_t th, void **result);

Apryment th 3ajaer ujaeHTH(UKATOP TPE/Ia, 3aBEpIIeHs] KOTOPOTO Mbl XOTHM
*KJarh. depe3 napamerp result nepejaercs adpec ykazaress Tuia voidx, B Ko-
TOPBIH CJIEJIyeT 3aUCaTh PE3YAbTAT PAOOTHI TOTOKA. DTO HECKOJHKO HATIOMUHAET
dynknmonnposanue Bbr30Ba waitpid () s OOBIYHBIX MPOTECCOB.
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PesyibraT BbIOJIHEHUST 3aBEPIIEHHOTO TIOTOKA JIOJIYKEH TJIe-TO XPAHUTHCS; €C-
JIX €r0 He BOCTpeboBaTh BbI30BOM pthread_join(), o OyJeT BIyCTYIO 3aHUMATD
CHCTEMHBIE PECYPCHI, KaK 9TO MPOUCXOUT ¢ Tporeccamt (<30Mb6us). OHaKo Jist
IOTOKOB 9TOI'0 MOXKHO n30€XKaTh, 1EPEBE/Is OTOK B <0MCOCOUHEHHBLT> PeAHCUM
(arrut. detached mode). Dto nenaercsa Gynkimedi

int pthread_detach(pthread_t th);

HetocraTok <oTcoeimHeHHBIX> TIOTOKOB B TOM, UTO MX HEBO3MOXKHO JIOXKJIATHCS C
noMotpio pthread_join() u, cOOTBETCTBEHHO, HET CHOCOOA MPOAHATMIUPOBATDH
pe3yJsibTaT ux paboThi.

Oynkiun  pthread_detach() wu pthread_join() BozBpamaior, Kak u
pthread_create(), 0 B caydae ycrexa, OO KOJI ONMTMOKHU, €CJIN BBITIOJHUTH JIeil-
CTBHE HE YJIaJI0Ch.

Y3HaTH CBOI COOCTBEHHBIN MJICHTU(DHUKATOP IOTOK MOYKET € IOMOIIbIO (DYHK-
87051

pthread_t pthread_self();

Hanpumep, moToK MOXKeT IepeBecTH caMoro ce0si B <OTCOEIMHEHHBINA DPEXKUM:>,
BBITTOJIHUB BbI30B

pthread_detach(pthread_self());.
[ToTok MOXKeT JOCPOUHO 3aBEPIIUTDH JPYTO MTOTOK, BHI3BAB (DYHKIIUIO
int pthread_cancel(pthread_t th);

B sTom ciiyuae pesysibTaroM padboThl 1moTOKa th Oyjer crenuajbHOE 3HAUYEHUE
PTHREAD_CANCELED.

CnepyeT oTMeTUTB, 4TO BbI30B pthread_cancel () He YHUYTOXKAET NOTOK, @ OTMEHSIET €rO, HTO,
BOODLLE rOBOPSI, HE BCErga MPUBOANT K HEMEASIEHHOMY MPEKPALLEHMIO BLIMOJHEHNS] APYrOro NOTO-
Ka: BO3MOXHO, YTO MOTOK 3aBEPLUMTCS, TONLKO AOWAS 4O BbI30BA OAHON U3 pyHKUWUi Bubnnotekn
pthread, Bxogsiwein B 4uncno todek otmensi (anrn. cancellation points). Takue yHKLMM, KpOMeE OC-
HOBHbIX AEiCTBNIA, NPON3BOAAT NMPOBEPKY HA HANM4YME 3anNpoca Ha OTMeHY gaHHoro notoka. Cnucok
PyHKLWIA, SBASIOLMXCSA TOHKAMU OTMEHBI, MOXHO Y3HaTb U3 JOKYMeHTauun Ha pthread_cancel().

29.3 MbroTtekcol pthreads

B kadecrBe MbioTekcoB  pthreads wcnosb3yer — nepemMeHHblie  THIIA,
pthreads_mutex_t. HauasbHoe 3HaveHue TaKoW I€pEMEHHOM, COOTBETCTBY-
IOIee  COCTOAHUIO <MbBIOTEKC OTKPBIT>, CJeAyeT 3a/laTh WHUIHUAJIN3aTOPOM
PTHREAD_MUTEX_INITIALIZER, nanpumep:

pthread_mutex_t my_mutex = PTHREAD_MUTEX_INITIALIZER;
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Bosmoxuabl n apyrue, 0ojee CIOXKHBIE BapuaHThl WHUIMAIU3ANNA MbIOTEKCA,
B TOM HYHCJE C IOMOIIBIO CIeNUaJbHON (YHKIMHU, OJHAKO JJIsi HAIIUX WJI-
JIIOCTPATUBHBIX IeJieil jioctaTrodno ojHoro. Ciegyer obOpaTuTbh BHHUMAaHHE, UTO
PTHREAD_MUTEX_INITIALIZER upejcrapjisier coOOfl MMEHHO UNULUAAU3AMOP,
T.€., BOOOIIE TOBOpsI, MOIBITKA NPUC60UMbH MbIOTEKCY 9TO 3HAUEHHE, CKOpee Bce-
ro, IPUBEJIET K OIMKOKE NPU KOMITHJISAIMK (PEe3yJIbTaT MaKpOTOJACTAHOBKH ITOIO
MaKpOCa MOXKET COJIEPKATh (DUTYPHBIE CKOOKH ).

HamomunM, 9T0 1101 MBIOTEKCOM ITOHUMAETCsI 00'bEKT, CIIOCOOHBIN HAXOIUTHCS
B OJIHOM U3 JIBYX COCTOSIHUI (OTKPBITOM M 3aKPBITOM), HaJ[ KOTOPBIM OTIpeIeJie-
HbI JiBe omepaiun: oTkpbiTHe (unlock()) u 3akpoitue (lock()), mpudem mnepBas
BCEIJIa 1IEPEBOJUT MBIOTEKC B OTKPBITOE COCTOSIHAE U BO3BPAIAET YIIPABJICHUE,
BTOpasl 2Ke, eCJIA €€ IPUMEHHUTDb K OTKPBITOMY MbIOTEKCY, 3aKPbIBAET €I0 1 BO3BPa-
[[aeT yIIPaBJIeHUe, eCJIM XKe ee IPUMEHUTb K 3aKPbITOMY MbBIOTEKCY, MOXKET JTU00
BEPHYTH yIIPABJICHNE, CATHAJM3UPYS O Heymade (HeOJOKUPYIONHil BADHAHT ), JTHOO
OJIOKMPOBATH BHI3BABIIMI Mporece (MJIK, B JIAHHOM CJIydae, MOTOK ), JIOXKIaThCs,
IIOKa KTO-TO HE OTKPOET MBIOTEKC, 3aKPBITh €ro U TOJBLKO IOCJE 3TOTO BEPHYTh
yripaBJienne (GJIOKMPYIONAil BADWAHT).

B pthreads ocHoBHble orepaliyu Haji MbIOTEKCAMU OCYIIECTBJIAIOTCS C IOMO-

b0 PYHKIUT

int pthread_mutex_unlock(pthread_mutex_t *mutex) ;
int pthread_mutex_lock(pthread_mutex_t *mutex);
int pthread_mutex_trylock(pthread_mutex_t *mutex);

D1 QYHKIMU OCYIIECTRBISIIOT, COOTBETCTBEHHO, OTKphITHE MbioTekca (unlock),
ookupytoree 3akpbiTie MbioTekca (lock) u HEOIOKUPYIOTIEe 3aKPHITHE MBIOTEK-
ca (trylock). Bee dynknuu Bozspamiator (0 B ciyuae yerexa, Jub0 HEHYJIEBON KO/
omubKM, npuieM B ciaydae, ecsin pthread_mutex_trylock() npumensiercs K 3a-
KPBITOMY MBIOTEKCY, OHa BO3Bparaer koj EAGAIN.

MpbIOTEKC MOXKHO YHUITOXKUTH BHI3OBOM (DYHKIIUN

int pthread_mutex_destroy(pthread_mutex_t *mutex);

KOTOpPas BLICBOOOJIUT UCIIOJTH3YEMbIE MBIOTEKCOM PECYPChI, €CJTH TAKOBBIE €CTh (Sa—
MeTnM, B peannsannn MbioTekcoB B OC Linux Bech MBIOTEKC IEJTMKOM yMeIaeTCst
B nepeMeHHoi pthread_mutex_t, Tak 4TO BbICBOOOXK/IATH OKa3bIBAETCS Heqero).
Ha MoMeHT yHWYITOXKeHusT MbIOTEKCa OH JOJIKEH HAXOJIUThCS B COCTOSHUU <OT-
KPbIT>, UHaUe (PYHKIMS BEPHET OIUOKY.

29.4 POSIX-cemadopnl

Kax yxke ropopuioch, cemadopsl B crangapre POSIX nsnagajibHO pacuuTaHbl
Ha B3aMMO/IECTBIE HECKOJLKUX TTPOIECCOB, B TOM YUCJIE, BO3MOXKHO, HEPOJICTBEH-
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ubix. OjHako HeKoTopkie cyrecTyomue peaimsain POSIX-cemadopos (BKit0-
wasi, HanpuMep, peanusaiuio B OC Linux) gomyckator ucnosnbzosanue POSIX-
ceMagOpPOB TOJBHKO B PAMKAX OJHOIO IIPOIECCa JJIsi B3AUMOIAEHCTBUS IOTOKOB.

B kauecrse cemadopa ucnosbsyercs nepemernas tuna sem_t (POSIX npej-
[I0JIaraeT, 9TO 3TO MOXKeT OBITh CJIOXKHAsl CTPYKTYpa, JTaHHBIX, HO B peaJH3aliu
pthreads B OC Linux 370 npocTrasi nejiouncieHHasi nepeMeHHasi, XOTsl 1 He PaBHasl
3HaUEHUIO cemadopa, MOCKOJIbKY COJEPKUT CIIyKeOHYI0 HHDOPMAIHIO).

Nunimanusaims cemadopma mpon3BOAUTCs DyHKIIHEH

int sem_init(sem_t *sem, int pshared, unsigned int value);

[Tapamerp sem 3ajiaer ajipec unuiuaiusupyemoro cemadopa. [lapamerp pshared
yKa3bIBaeT, OyaeT Jin ceMadop JIOCTYIEeH JJid JIPYTUX TPOIECCOB; B Pean3allusix,
KOTOPBIE He TOJJIEPXKUBAIOT TaKyi0 (PYHKIMOHAJBHOCTH ceMadOpPOB, OH JOJIXKEH
ObITH paBeH Hys0. Hakoner, mapamerp value 3ajjaeT HauaIbHOE 3HAUCHHUE CEMa-
dopa.

Kak Mbl moMHUM, ceMadop, MO ONpeJIeSIEHNIO, eCTh 00bEKT, BHYTPEHHee CO-
CTOsTHME KOTOPOTO MPEJCTABISET CODO HEOTPHUIATEIHLHOE [IEJI0e TUCJI0, W Ha KO-
TOPBIM onpejesenbl jse onepainu: up() u down(). IlepBas uz Hux yBesumauBaer
3HavdeHne cemadopa Ha 1 W HeMeJJIEHHO BO3BpaIlaeT ympaBjenue. Bropas, ec-
JIn 3HaYeHne cemadopa paBHO HYJIO, OJOKHPYET BBI3BABIIHI MPOIECC WU TTOTOK
JI0 TeX T0p, MOKA KTO-TO JIPYTOil HE yBEJMUIUT 3HadeHue ceMadopa (ecin 3Hade-
HUe U3HAYAJILHO HEeHyJIeBoe, BJIOKMPOBKU HE MTPOUCKOJIUT ), TIOCJIE Yero yMEHbIaeT
3HavueHue ceMadopa Ha 1 ¥ BO3BpaIaeT yrpaBJeHue.

st cemadopos POSIX coorBeTcTByIOIMe onepany BLITOIHIIOTCA (DYyHKIIN-
SIMU

int sem_post(sem_t *sem); /¥ up()  */
int sem_wait(sem_t *sem); /* down() */

Tak>ke numeercsi HebJIOKUpyIOIKit BapuanT onepaiuu down () :
int sem_trywait(sem_t *sem);

B ciayuae, ecin cemadop Ha MOMEHT BbI3oBa mMeeT 3Hadenue 0, ata yHKIHUSI,
BMECTO TOI'0 4TOObI OJIOKHPOBATH BbI3BAaBILNI IIPOIECC, HEME/IJIEHHO 3aBepIaeTCs,
BO3BpaTuB 3HauyeHnue EAGAIN.

[Ipu HEOOXOMMOCTH MOXKHO y3HATDh TEKyllee 3HaueHue ceMadopa ¢ IOMOIIbIO

dyHKIMN
int sem_getvalue(sem_t *sem, int *sval);

Snauenue cemadopa BO3BpaIlaeTCs depes mapamerp sval.
Haxkonerl, yHUITOXUTH ceMadOp MOYXKHO BHI30BOM
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int sem_destroy(sem_t *sem);

[Ipu sToM He MOMXKHO OLITH HU OJHOIO IMOTOKA, HAXOJSIIEroCsl B COCTOSHUM
OXKHUJIAHWST Ha 9TOM ceMadOpe, TO €CTh BBIMOJHSIONIEI0 B HACTOSIINUNA MOMEHT
sem_wait () ¢ Tem xke mapamerpoM, uro u sem_destroy (). OTmeTum, 910 B pe-
ammzanun OC Linux sta ¢yHKIMs He JejaeT HuIero, KpoMe MpoBepKH, He HAXO-
JIUTCS JIM KTO-THOO B peyKUMe OXKUJTaHUs Ha 3aJJaHHOM ceMaddope.

29.5 IlIpumep

PaccMmorpum 3ajiady, B KOTOpOil HaM IoTpebyeTcs peajin30BaTh B3aXMOUCKTIO-
YEHHUE BUJIA, <[TPOU3BOIUTETU-TIOTPEOUTE N .

IlycTh maHbl HECKOIBLKO MCTOYHUKOB JAHHBIX, U3 KOTOPBIX MOCTYIIAIOT B TEK-
CTOBOM BHJI€ YKCJIa C ILJaBaioleil TOYKOoi. B posii MCTOYHHMKOB MOI'YT BBLICTY-
nath 00braHbIE (aitsibl, a Takxke cokerbl, FIFO uin cumBosibHO-OpHEHTUPOBAHHBIE
YCTPOMCTBA, TO €CTh IPOYUTATD [TOCEIOBATEIBHO CHAYAJA OJIUH UCTOUYHUK, I0TOM
JIPyroit u T.II. HEeJIb3sl.

[Tostyuaembie M3 MCTOYHMKOB YMCJIA HYXKHO MOJBEPIHYTH ONPEIEJCHHOR 00-
paboTKe: BBIUUCIUTD JIJI KAaXKJ0r0 YHCJIa HATYpaJbHbINA JlorapudM, a pe3ysibTaT
ydecTb TakKuM 00pa3oM, 4ToObl B KaXK/blif MOMEHT BPEMEHHM MOYKHO ObLJIO BbI-
JaTh cpefiHee apudMeTHIeCKOe BEIYUCICHHBIX 3HAYCHUI (JJ1s 9TOrO JOCTATOTHO,
HAIPUMED, XPAHUThH CyMMY BCEX PE3yJIbTaToB W UX 00Iee KOJUIECTRO).

Borauciienne jgorapudmMoB caMo 110 cebe siBjisiercs 3ajiadeil, Tpedyrolieit npo-
1eccoproro ppemenu. Jlomnycrum, B Halleil cucreMe MOXKeT ObITh HECKOJIBKO (pU3u-
YECKHUX MPOIECCOPOB, TaK UTO MPUMEHEHWE MapaJsIebHbIX TOTOKOB MOYKET YCKO-
puThH 00paboTKy. BMecTe ¢ TeM, HEM3BECTHO, ¢ KAKUMU CKOPOCTIMU OYAYT IOCTY-
naTh YNCAA OT WCTOUYHWKORB, MPUIEM, BOZMOXKHO, 3TH CKOPOCTH OKAXKYTCsT CyIIle-
CTBEHHBIM 00pPa30M HEMOCTOSTHHBI. B pe3y/ibrare Mporeccopbl MOI'YT OKa3aThCs
9aCTh BPEMEHU MEpPErpyKeHbl paboTol (dTO MPHUBEIET K 3aJepXKKaM B IIPUEME
JIAHHBIX OT UCTOYHUKOB), & 9aCTh BPEMEHU — IPOCTarBaTh. 1T00bI CriajuTh ITH
3 HeKThI, MOXKHO UCIIOJIH30BATDH €IMHBIH Oydep MaHHBIX JIOCTATOTHONR BMECTHMO-
CTH.

Peanuzyem 3aja1y B MHOIOIIOTOYHON CXeMe, BBIJICJINB O OJHOMY IMOTOKY Ha,
YTEeHHE KarKJI0I'0 UCTOUHMKA, JAHHBIX U 3a1ycTUM /N IIOTOKOB JiJisi 00pabOTKM JTaH-
HbIX (JorapudMupoBanust U cymmuposanust). [lepegaBarh jaHHble OT MEPBBIX K
HOCJIETHUM OyJieM uepes ob1munii Oydep 1o cxeme <Iponu3BOIUTEIN-TT0TPEONTEITS .

[TocKoIbKY CyMMUpOBaHUE NMPUIETCS BECTH B OOIMUX IEPEMEHHBIX, JIOCTYII K
HUM HEOOXOJMMO OI'PAHMYUTH MbIOTEKCOM. UTOOBI YMEHBITUTH OTEPU Ha OXKHU-
JIaHne TTOTOKAMHU OCBODOKJIEHMS 9TOI0 MBIOTEKCA, OyJIeM HaKaIlJIMBaTh JaHHbLIE B
JIOKAJIThHBIX TEPEMEHHBIX TOTOKA, a JIOCTYT K II00aIhHON CyMMe OCYIIECTBIISITh 110
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HEOJIOKUPYIOIIEMY TPUHITUITY: €CJIU 3aXBATUTh MbIOTEKC YJIaJI0Ch, COpachiBaeM Ha-
KOILJIEHHBIE JIAHHBIE, MHaUe paboTaeM JIajbIlle, HAKAIIUBasA JaHHbIE B JIOKAJTHHOM
CyMMaTOope.

Nwmena daitjioB MCTOYHUKOB 1OJIyYUM ¢ KOMaH/[HOM CTPOKU. IT0ObI paboTars ¢
IPOrpaMMoii OBLIO MHTEPECHEE, CIeTaeM TaK, YTOObI IVTaBHAS TPOIPaMMa, KaK Ible
ISTh CEKYH/I BblJlaBaJia 3HAUEHUE CYMMbI ¥ BbIYUCJIEHHOI'O CPEJIHEro, a CYeTUNKY
OOHYJISTIA.

Hakoner, 1o Mepe ncdepnadust KCTOYHUKOB (IO MOJydeHHn KoHI@a (daiiia)
OysieM 3aBepInaTh MOTOKH-<ITPOU3BOIUTEN>. ZICHO, UTO 1O 3aBEPIICHUN MOCJIE]I-
HETO <IIPOM3BOJIUTE/IsI> JlajbHellnas pabora mporpaMMbl TepserT cMbica. CooT-
BETCTBEHHO, 11PEJYCMOTPUM MEXaHU3M I10JICUeTa OCTaBIIUXCs <IIPOU3BOIUTE/ e
Y10oOBl HE BO3UTHLCS ¢ MBIOTEKCOM W IJIOOAJBLHON IepeMeHHO, BOCHOJIb3YeMCs
OOBIKHOBEHHbBIM ceMaOpOM; B 3TOM cjiydae OyJjieM HUCIOJIb30BaTh ceMadop Hc-
KJIOYUTEJIBHO PaJii aTOMapHOCTH JIEHCTBUI Ha | HUM, Oe3 OJIOKUPOBOK.

[TosrHOCTHIO TTpOrpamMMa, MpuBejieHa B JUCTUHTE Ha cTp. 179—181.

HrobbI OTPOOOBATH TTPOrpaMMYy, CO3JIaliTe HECKOJTbKO NMEHOBAHHBIX KAHAJIOB
¢ nomoIbio kKomaH bl mkfifo. 3anycTuB HECKOJBKO MporpaMM Xterm, co3jaii-
T€ MPOLECCHhl, YATAIONIME C KJIABUATYPbl U IHHUIIYIIUME B TOJbKO 4YTO CO3JIaHHbIE
MMEHOBAHHbIE KAHAJIBI. DTO MPOIIE BCEro ¢eaTh ¢ TOMOIIHIO KOMaH bl cat u re-
peHalpaBJieHus BbIBOJIA. B OT/Ie/IbHOM OKHE 3allyCTUTe Hallly ITPorpaMMy, yKa3an
efl UMeHa BaIlMX KaHAJOB B KOMaHJHOHN CcTpoke. Temeph MOXKHO BBOJUTH UHUCIIA
Ha BXOJ[ IIporpaMMaM cat; Hala rnporpaMmma 0Oyjuer ux oopabarbiBaTh.
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#include <stdio.h>
#include <unistd.h>
#include <pthread.h>
#include <semaphore.h>
#include <math.h>

#define BUFFER_SIZE 4096

/* Bybep obMeHa MeXIy NPOU3BOAUTENAMU U HOTpebuTemaMu */
struct buf_str {

int count;
double values[BUFFER_SIZE];
} buffer;
void init_buffer()
{
buffer.count = 0;
+
void put_buffer_item(double v)
{
buffer.values[buffer.count] = v;
buffer.count++;
+
double get_buffer_item()
{
buffer.count--;
return buffer.values[buffer.count];
+

/* ceMadops M MBOTEKC Hjd opramusanuu paboTi ¢ 6ydpepom */
sem_t buf_empty;

sem_t buf_full;

pthread_mutex_t buf_mutex = PTHREAD_MUTEX_INITIALIZER;

/* TIlepeMeHHbe IJg CYMMUDPOBAHUS M MBOTEKC IJI HUX 3amuTh */
double grand_total = O;

long grand_count = 0;

pthread_mutex_t grand_mutex = PTHREAD_MUTEX_INITIALIZER;

/* cemadop Ins momcyeTa OCTaBmUXCH ''mpomsBomuTenei' */
sem_t producers_count;
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/* TloTor pmnma uTeHus naHHHX ("mpousBozuTens') */
void *producer_thread(void *v)
{ /* Tomy4aeM B V yKa3aTenb Ha UM MCTOYHHKA */
double val;
FILE *xf = fopen((char*)v, "r");
if('f) return NULL;
sem_post (&producers_count) ;
while(!feof (£f)) {
if(1 '= fscanf(f, "%1f", &val)) continue;
sem_wait (&buf_empty) ; /% QITOpUTM NPOU3BOZUTENS */
pthread_mutex_lock(&buf_mutex) ;
put_buffer_item(val);
pthread_mutex_unlock (&buf_mutex) ;
sem_post (&buf_full); Y e */
+
sem_trywait (&producers_count) ;
return NULL;
}
/* TloTok-noTpeburens. llogydyaeMoe BXONHOE 3HAYEHHE HTHOPUPYET */
void *consumer_thread(void *ignored)
{
double local_total =
long local_count = 0;
for(;;) {
double val;
sem_wait (&buf_full); /* anroputM norpeburens */
pthread_mutex_lock(&buf_mutex) ;
val = get_buffer_item();
pthread_mutex_unlock (&buf_mutex) ;
sem_post (&buf_empty) ; /* e */
/* Temepb MOXHO 3aHATLCHA BHUUCIEHUAMU */
local_total += log(val); local_count++;
/* ecnu ecTb BO3MOXHOCTH, cbpachBaeM maHHhe */
if (O==pthread_mutex_trylock(&grand_mutex)) {
grand_total += local_total,;
grand_count += local_count;
local_total = 0; local_count = 0;
pthread_mutex_unlock(&grand_mutex) ;

O; /* JOKambHHE CYyMMATOpH */
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int main(int argc, char **argv)

{

pthread_t thr;
int 1;
/* VHUIZAnu3upyeM ryiobasibHbe NaHHbHE */
init_buffer();
sem_init (&buf_empty, O, BUFFER_SIZE);
sem_init (&buf_full, 0, 0);
sem_init (&producers_count, 0, 0);
/* 3amyckaeM 'mpoumsBoguTenei" */
for(i = 1; i<argc; i++)
pthread_create(&thr, NULL, producer_thread, (voidx)argv[il);
/* 3amyckaeM '"moTpebuTemei" */
for(i = 0; 1i<10; i++)
pthread_create(&thr, NULL, consumer_thread, NULL);

/* Temepb Kaxze 5 CeKyHI medaTaeM u OOHyndeM pe3yibTaT */
for(;;) {
int p_c;
sleep(5);
pthread_mutex_lock(&grand_mutex) ;
/* BOo u3bexaHue meneHus Ha 0 NpPOBEpUM HAJWYUE IAHHBIX */
if (grand_count>0) {
printf("total average: %f (sum = %f; count = %1d)\n",
grand_total/((double)grand_count),
grand_total, grand_count);
+ else {
printf ("No data yet...\n");
+
grand_total = 0; grand_count = O;
pthread_mutex_unlock(&grand_mutex) ;
sem_getvalue (&producers_count, &p_c);
if(p_c == 0) {
printf ("No more producers\n");
break;

+

return O;

181



Jlekniusa 15

30 I'padpnueckuii marepdeiic B OC Unix. Cucre-
Ma X Window

Panee MbI y2ke ynomunasu tor ¢gpakt, aro OC Unix Kak TakoBas He IIpeTeplie-
JIa CYIIECTBEHHBIX apXUTEKTYPHBIX U3MEHEHUI JaXKe [IPU TAKOM CEPhe3HOM IIare,
KaK BBeJieHne rpaduieckux obosiouek. JlapaiiTe momnpodyeM pa3odpaThcs, KaK 9TO
CTAJIO BO3ZMOXKHBIM.

30.1 Bazosbie nmpuHIuibl moctpoeandg X Window

Cpezcrsa, ucnosnb3yembie B OC Unix st paborer ¢ rpaduaeckumu (OKOH-
HBIMH) TTPUJIOKEHUsIMHU, 1oty ansin obiiee Haszanue X Window System. Unorja
MOXKHO BCTPETUTH B JIUTEepaType U pasropopax HanMmenopanue <X Windowss. Ta-
KOe HAaWMEHOBAHWE SIBJISIETCS] KATErOPUIECKNW HENpPaBUJILHBIM, 9TO CO3AATENN CH-
crembl X Window nacroituuso noguepkusaior. CiioBo «windows (0KHO) B HanMe-
HOBAHHUU TOI CUCTEMBI JIOJIZKHO CTOATH B €JIMHCTBEHHOM YHCJIE.

IIpexxie Bcero HeoOXoMMO OTMETUTD, UTO IIPUJIOXKEHNE, HCIIOJIb3YI0lee OKOH-
HbIil rpaduueckuit uHTEepdeiic, MpojoKaeT IPU 3TOM ObITh 00bIYHLIM Unix-
nporeccoM. B wactHOCTH, KaK 1 y Joboro Unix-mporecca, y OKOHHOI'O TPUJIOXKe-
HUST €CTh TapaMeTpPbl KOMAHIHOW CTPOKM, a TaKKe JeCKPHUIITOPHI CTAHIaPTHOTO
BBOJIA, BBIBOJIA U coobIenuit 06 ommOkax (stdin, stdout, stderr).

Y1006 0TOOpPa3UTH OKHO, HPUIOXKEHUE JIOJXKHO YCTAHOBUTH COEJIMHEHUE C CU-
cremoit X Window u oTHpaBUThb 3alIpOC B COOTBETCTBUU C OIIPEJICJICHHBIMK COLJIa-
HIEHUSIMY, U3BECTHBIMEU KaK X-npomoko..

<[lo Ty cropoHy> coeJlMHEHUs] HAXOJUTCHA HpOorpaMMa, Ha3biBaeMas X-
cepBepoM. VIMeHHO 9Ta mporpamMMa IpOU3BOJIUT HEIOCPEICTBEHHOE 0TOOparkKeHne
rpadgudgeckux 0ObEKTOB Ha dKpaHe mojb3oBaress. 1o cobcTBeHHON MHUIMATHBE
9Ta POTrPaMMa HUUIEro He PUCYeT; YTOOBI Ha SKPaHe UTO-TO IMOSBUIOCH, HEOOXOIM
3aITPOC OT KaKOH-1100 MporpaMMbl Ha, OTPUCOBKY TOTO WJIM WHOTO W300parKeHMsI.
Takum 0b6pa3oM, B OCHOBHOM OTODpazkaloiasi IIPoIrpaMMa, BbIIOJIHAECT JAeiHCTBUs
B OTBET Ha 3alPOCHI JPYTUX IPOrpaMM (KJIHEHTOB), UTO ONPABJbIBACT HA3BAHUE
«X-cepBeps>. Yeiayroit (cepBCOM), KOTOPYIO OKa3bIBAET KJMEHTAM ITOT CepBep,
SIBJISIETCSI OTPUCOBKA M300parkKeHuil Ha SKpaHe.

Cunenyer, npaBja, 3aMeTUTh, YTO X-CEPBEP B HEKOTOPBIX CAYUasAX CaM IPOSB-
JISIeT WHUIMATUBY TPU OOIEHWHW C KJIMEHTOM. DTO MPOWCXOJAUT MPU BOSHUKHOBE-
HUU TeX UM UHBIX COOBITHI, OTHOCSIIUXCS K 00JIaCTH SKpaHa, B KOTOPOi 0ToOpa-
JKEHO OKHO KJIMEHTa; K TaKWM COOBITHSIM OTHOCSITCS, HAPUMED, HAYKATHS TTOJIh-
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30BaTEIEM KJIABUIN Ha, KJIABUATYDE, JBVKEHUS W IIMEJIKU MBIIIN, TePEeMeeHnst
OKOH, TpeOyIolIne MOJHON WM YaCTUIHON MOBTOPHON OTPUCOBKU M300DaKEHUsI B
OKHE, U T.JI.

Coeunenne ¢ X-cepBepOM OCYIIECTBIISIETCST depe3 MOTOKOBBIH cokeT (coker
ruiia SOCK_STREAM), npudem 06bidHO X-CepBep 3aBOJUT CJYIIAIOLIINE COKEThl KAaK
B cemeiicte AF_UNIX, tak u B cemeiictBe AF_INET, 9TO mo3BOJAET CBA3BIBATHCA
¢ X-cepsepom 110 cet. Takum obpasom, nipu padore ¢ X Window Bo3MOXKHO 3a-
IIyCKaTh OKOHHBIE IIPUJIOXKEHUsI HA YIAJEHHBIX KOMIIbIOTepax, IPU 9TOM UX OKHA,
BIJIETDH JIOKAJIHHO.

BakHo oT™MeTuTh, 4T0 X-CepBep TaK»Ke sIBJIsieTcsi 0ObIKHOBEHHBIM 11POIECCOM,
OOBIYHO, IIPaBJa, UMEOIIMM OIpe/ieJIeHHbIC IPUBUJIETUN JIJIsd JIOCTYIIa K COOTBET-
crBytomemy obopygoanuio. I[lojmep:kka rpadudeckoro mHrepdeiica co cTopo-
HbI SJIpa ONPAHUUIUBAETCS IIPEJOCTaBJICHHEM JIOCTYIIa K BHUAEOKApTe, HApUMeED,
myTeM OTOOparkeHWsT BUILOTAMSITH Ha BUPTYAJbHOE aJPpecHOe MPOCTPAHCTBO X-
cepBepa. ITO MO3BOJIsieT X-cepBepy He ObITh YaCThIO ONEPAIMOHHON CHCTEMBI.

Tak, B HAcTOsIIIIee BpeMs HauboJjiee MOnyasapHbIME peanus3anusamu X Window
System siBysitorcst XFree86 u X.org (obe — cBobosiHO pacmpoctpatsgembie). Obe
peasmsanun jgocrynabl Kak st OC Linux, Tak u aiass OC FreeBSD; ojau jmc-
Tpubyrusbl Linux wucnonssyor XFree86, npyrue — X.org, Tperbu (Kak, HAIpH-
Mep, cepsephbiii guctpubyrus Openwall /* /Linux) Boobiie He BK/O9aoT rpadu-
YeCKYIO IOJICUCTEMY, T.K. [IpeJHa3HAUYeHbI JIJIg paboThl Ha cepBepax, 00C/IyK1Ba-
eMBbIX VIAJIEHHO.

CymecrByior Tak»Ke mpornpuerapubie peajgnsanun X Window. Kpome Toro,
cymecTBytor X-cepepa, paborawormue Ha miardgopme Wind2 (MS Windows) u
MO3BOJIAIONIHE TIOJIh30BaTe 0 paboueit craniun nmog MS Windows 3amyckars yia-
jento (Ha Unix-cepBepe) OKOHHbIE IIPUJIOKEHUS U B3AMMOJIEHCTBOBATL ¢ HUMMU.

30.2 OxouHHBIE MeHeIXKepPhbl

Ecnn zanycrurh X-cepep 6e3 00bIUHO NPUKIAIHON 00BECKH (ITO jlesiaercs
KOMAH 10l X), MbI yBHJMM IYCTON 9KPaH ¢ KYPCOPOM MBIIIN, HAOMUHAOIINM
OUeHb XKUPHYI0O OyKBY X, W (DOHOM, BBITJISIISIIAM, KaK YBEJIUICHHBIH PUCYHOK
rpyboii TKaHu — 3TO cTaHgapTHoe (POoHOBOE M300parkeHue X-cepBepa, KOTOPoe

OOBLIYHO I[IpuKJIaaHbl€ IIPOr'PpaMMbIl TYT 2K€ MEHAIOT Ha APYIoe€.

Ecnm Bbl 3axoTuTe NpOBECTW OMMUCHIBAEMBbIVi SKCMEPUMEHT CAMOCTOSTENBLHO, YbeanTech, YTO
Ha MalUMHe B 3TO BPeMsi He 3anylueHbl HKakne gpyrue X-cepeepa. Ecan oHn Bce-Takm 3anyLyeHbl,
nnbo ybepute nx, NMMbO NpmkaxnTe 3anyckaemomy X-cepeepy paboTtaTb BTOPbIM ANCMIEEM MALUNHbI
(ncnonbayiite komangy X :1 vanm X :1.0).

Bcee, 94T0 MBI MOXKEM ¢jlesIaTh C 3allyIIEHHBIM TAKUM BOT 00pa3oM CepBEpOM —
9TO TOJBUTATh KYPCOP C TOMOIIBIO MBIIIK. UTOOBI MOJYUNUTH OOJiee MHTEpEeCHbIE
pe3yJIbTaThl, HEOOXOMMO 3aIyCTUTh XOTsI Obl OJIHY NMPUKJIAJIHYIO porpammy. Jls
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3TOTO caieyeT, Haykap KomMonHamio Ctrl-Alt-F1l, BepHyThCH B TEKCTOBYIO KOH-
COJIb, ¢ KOTOPOIl MBI 3amyctuyin X-cepBep, HaxkatwmeMm Ctrl-Z m Komanjoil bg
ybparh paboraroliyo nporpamMmy X B (pOHOBBIN pexkuM. Termepb Mbl MOXKEM 3ally-
CTUTDH KaKyIO-HUOY/Ib IPUKJIAJHYIO IporpaMmy, HanpuMmep xterm. ITocKoabKy MbI
He BOCIIOJIb30BAJINCH OOLITHON <00BECKOI> JIJIs1 3allyCKa X-cepBepa, HaM IPUIeTCs
CaMOCTOSITEJILHO YKa3aTh IIPOrpaMMe, ¢ KAKIUM X-CEPBEPOM IbITATHCS YCTAHOBUTD
coenmaerue. C yaeToMm 3Toro Komansa (mpu ucnosb3osannu Bourne Shell) 6ymer
BBITJISIJIETH TaK:

DISPLAY=:0.0 xterm

Ecan Bbl 3anycTunm CBOA 3KCNepUMEHTaANbHbIA 3K3eMnnsp X-cepBepa OGHOBPEMEHHO C ApYrUM pa-
botatowum X-cepBepom, BMeCTO <:0.0> yKakuTe COOTBETCTBYHOLUI nAeHTUdUKATOP gucrnes,
Hanpumep :1.0.

Bepremcst Teneps k Hammemy X-cepBepy (B 3aBHCHMOCTH OT OOCTOSITETHCTB,
JIJIST 9TOI'O IIOHAI00UTCsT KoMOuHaIus Kiapuil A1t-F7, A1t-F8 u T.H.). Ecnn Bce
HPOIILJIO YCIIEIIHO, Mbl YBUJIUM B JIEBOM BEPXHEM yIJIy OKHO IIPOIrpaMMbl Xterm u,
IIeEPpEMECTHB B HEIro KypCOp MbIIIH, CMOXKEM YOeIUThCsA, UTO KOMAaH/HbI HHTEp-
1peraTop B HEM padoTaer.

OJ1HaKO TIeJIbI0 HAIIero SKCIepuMenTa OblIo He 9To. [y1aBHbBIM (aKT, KOTOPBIit
ceffyac MOXKHO KOHCTATHPOBATH — 3TO IOJHOE OTCYTCTBUE y OKHA KAKUX-JHU0O
saemenToB odopmienusi. Her Hu pamMKu, HM 3arojioBKa, HU IIPUBBIYHBIX KHOIIOK
B yIOJIKAX OKHA, CJYXKAIUX JIIsd MUHUMMU3AIUNA, MAKCUMUBAIMU U 3aKPbITHA —
nudero! Takum oOpasoM, y HAC HET OKa BO3MOXKHOCTHU, HAIIPUMED, IEPEMECTUTD
MMeIoIIeecss OKOIIKO MJIM U3MEHHUTDh €ro pa3Mep.

Mrak, Halll HEXUTPHII SKCIEPUMEHT JIaJl HaM BO3MOXKHOCTH yY3HATh, 9TO B CHU-
creme X Window 3a obpamJjieHne OKOH He OTBEUalOT HU X-CepBep, HU KJIUEHTCKOe
IPUJIOYKEHHE.

DTO ciegaHo He caydaiiHo. BO3JI0KMB OTBETCTBEHHOCTL 33 JEKOp OKOH Ha
X-cepBep, Mbl HaBsi3aJ11 ObI OJIH W TOT K€ BHENTHUH BYJT (1 BO3MOKHOCTH YITPaB-
JIEHUST) BCEM 110JIb30BATEIsIM JJaHHOTO cepBepa. Hecmorpst Ha 10, uro ojHa u3Bect-
Has KOMIIAHUsI KMEHHO TaK U IIOCTYIAET C II0JIb30BATE/IIMU CBOUX OIEPAIMOHHBIX
CUCTEM, TaKO I11OJX0/] TPYJHO HA3BATH ITPABUJILHBIM.

Ec/u ke 0TBeTCTBEHHBIM 3a CTaHJIAPTHBIE JIEMEHTHI OKOH CJIeJIaTh HPUKJIaI-
HYIO TIPOI'PAMMY, 3TO PE3KO YBEJIUUINT CJIOKHOCTH OKOHHBIX MPUJIOXKEHWH, IpruieM
U3PsIAHAA YaCTh MX (PYHKIMOHAJIBHOCTH OyIeT B IporpamMMax J1yOJUpPOBATHCS.
Kpowme ToT0, 9T0 TaKk>Ke CHU3UT BO3MOXKHOCTH TT0JIL30BATEJISI 110 BHIOOPY y100HO-
I'0 €My JIEKOpa OKOH.

B cucreme X Window 3a cranjapTHbIE 3JIEMEHTbI OKOHHOI'O MHTepdeiica OT-
BEUAIOT ClIENAAIbHBIE IPOIPAMMBI, HA3BIBAEMbBIE OKOHHLLMU MEHEOHCEPAMU.

Ipenmonaraercs, 9T0 3KCIEPUMEHT OPOBOIUTCA Ha Mammuue 1of, yupasienneM OC Linux mmm FreeBSD, a
3aryCK OCYIIECTBJIEH C TIEPBOi BUPTYAJIbHON KOHCOIN
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[TpojtoJizkast HATIT SKCIIEPUMEHT, 3aITyCTUM KaKOoW-HUOY/Ib TPOCTO OKOHHBIN Me-
HeJ[PKep, HaIpuMep twm, oObIYHO BXOJsIuil B moctaBKy X Window. 9To MoxKHO
¢JlesiaTh, He IOKKJlas X-cepBep, BeJib Y HAC yaKe 3allyllleHa IporpaMMma xterm, u B
ee okHe paboraer uHTepIpeTaTop KoMaH/HoM crpoku. VTak, epemecrure Kypcop
MBIIIU B 00J1aCTh OKHA U JlafiTe KomaH 1y twm. Ilociie 3amycka OKOHHOIO MeHe 12Ke-
pa BOKPYT' BCEX UMEIOIIUXCsl OKOH TIOSIBSATCSE 3JieMeHThl opopMJieHusi. Ternepb OKHa,

MOXKHO JIBUTATDh, 3aKPBIBAThH, MEHSITH X PasMep U T.JI.
[ns nonydenns bonee nHtepecHoro adpdekTa MOXKHO CHavasa 3anyCTUTb OAHO-ABA HEDONbLINX
OKOHHbIX MPUIOXKEHWUSA, HANPUMEpP, Xeyes, N TOJbKO NOCAE 3TOro 3anyckaTb twm.

Oxonnbiit menekep B X Window siBiisiercsi oObIUHBIM IIPOIECCOM, C TOUKH
3pEHusi CAMOii CHCTEMbl HUUEM He OTJIMYAIOMKUMCSA OT OOBITHOrO mpuaoykeHusi. C
X-cepBepoM OKOHHBIN MeHeKep 0DINaeTcss ¢ IOMOIILI0 TOTO »Ke X-IIPOTOKOJIA,
YTO ¥ OCTAJIBHBIE KINEHTHI.

B nopsike po/1oJizKeHusl SKCIIepUMEHTa OIIPOo0yiTe o IBUIaTh OKHA 110 9KPa-
HYy, TTocJIe dero ybeire mpormece twm. DJeMeHThI JeKOPa CO BCEX OKOH TYT YKe M-
Ye3HYT, HO CAMU OKHAa HUKYJa He JieHyTcs. Ilocie 9Toro MoXKHO CHOBa 3aIlyCTUTh

twm ujin Jito0o# JIPyroit OKOHHBIN MeHeKep, UMEIOIIUICs y Bac.

ABTOp 3TOr0 NOCOOMS B CBOE BPEMSI IHOOW AEMOHCTPUPOBATL <HEMOCBSILLEHHBIM> MPOCTEHBKMIA
doKyC, COCTOABLUNI B 3aMEHE <HA JIETY> OKOHHOrO MEHEMXKEPA C aCKETUYHO Bbirnsagsawero fvwm2
Ha fvwm95, B Menbyaiimx nogpobHocTsax konupytowmii BHewHnii Bug MS Windows-95. Ocoben-
HO MOYEMY-TO BMEYATASET 3puTesieil TOT paKT, YTO OTKPLITLIE MPUJIOKEHNST NPU 3TOM HUKYAa He
AeBaloTCs.

[Tonynsipabie obosiouku KDE u Gnome npeJICTaBISIOT cOOOW MO CYTH HU UTO
MHOE, KaK OKOHHbIE MEHEJ[PKEPhI, CHaOKEHHbIE, MpaB/ia, Pa3BUTON JIOMOJTHUTE b-
HOW (PYHKITMOHAJBHOCTBIO.

30.3 CereBble X-TepMUHAJIBI

Kaxk y»ke roBOpmIoCh, OKOHHOE TIPUJIOKEHNE MOXKET BBITTOJTHATHCS Ha, TOH Ke
MalllMHe, TJIe 3allylieH X-CepBep, a MOXKET M Ha, COBCEM JIPYTOM, CBSA3bIBASIChH C
X-cepBepoM 110 ceTu. [Tonb3ysach 3Tum cBoiicTBOM X-IIPOTOKOJIa, MOXKHO CO3/1a-
BaTh CIEIUAJIN3NPOBAHHBIE KOMITHIOTEPDI, €IMHCTBEHHBIM HAa3HAYEHUEM KOTOPbBIX
SIBJISIETCS TIOJJIEPXKKa X-cepBepa. Taknue KOMIILIOTEPbI HA3bIBAIOTCS cemesbimu X-
MEPMUNANGMU.

[Tpu pabore ¢ X-TepMuHAJIOM BCE TOJIH30BATEIHCKIE TPOIPAMMBbI BBITIOJIHAIOT-
Csl TJIe-TO B JIDYI'OM MECTE, CKOpee BCEro, Ha CIelMaJbHO NPEHA3HAYCHHON J1/s
9TOI'0 MOIIHON MallnHe, Takyro MalliHy OObIYHO HA3BIBAIOT CEPEEPOM MPUNONCE-
nud. OTMeTuM, 9TO cepBep NMPUJIOKEHUN MOXKeT BOOOIe He MMeTh COOCTBEeHHBIX
YCTPOICTB 0TOOpakeHus rpaduieckoit nndopMalnm, 9To He MELIAeT MY BBIIIOJI-
HSATH rpaduIecKre mporpamMmbl.

[Tpu pabore ¢ X-TepMuUHAJIOM TOJIH30BATEIO0 HEOOXOAUM JIOCTYII K €10 JOMalll-
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HEMY KaTaJjiory u JIPYTUM pecypcam, KOTOPbIe HaX0/IsITCsl, €CTECTBEHHO, Ha, Y/laJIeH-
HOI MallnHe (Ha caMOM cepBepe IPUIOXKEHN, Ha (ail;IoBOM cepBepe 1 T.,ZL.), BeJb
X-TepMuHAJ HUKAKUX 3a7ad, KpOMe 0ToOpaxKeHus rpaduku (TO €CTh BBIMOJIHE-
HUs1 IPOIpaMMbl X-cepBepa), He peraet. Takum 06pazoM, Heobxo Mo obecednTsb
BO3MOYXKHOCTH ayTeHTH(DUKAIUN MOJTH30BATE/IsI HA yIaJeHHONl MallliHe, CO3/IaHue
ceaHca pabOThI, BKJIIOUYAOIIEr0, HAIIPUMEp, IIPOrPaMMy OKOHHOI'O MeHeJKepa, KO-
TOpas y¥Ke yIpapJisgeT X-CepBepoM U UMeeT CPEJICTBA 3aIlyCKa ITPOrpaMM MOJIb30-
Baresis. st npoBejiennst Takoii yjajieHHoi ayrentudukanu cucrema X Window
UMeeT creluaJibHble cpeicTBa. Ha cepBepe MpHIOXKeHUI 3aITyCKAeTCs CIIeIna b
HbIi TIporece, HasbiBaeMblil 00braHO xdm (X Display Manager). 3amymiennniii Ha
TepMUHAJIE 110JIb30BaTe st X-cepBep obpaliaercs K nporpaMmme xdm ¢ UCIOJIb30Ba-
rueM mporokosia XDMCP (X Display Manager Control Protocol). @yukinonupo-
BaHMe xdm HECKOJIBKO HAITIOMUHAET TPAJUIIMOHHYIO cXeMy getty: Ha rpadudeckuit
9KPaH TOJb30BATENsT BbIJIACTCs MPUTJIAIIEHNE K BBOJY BXOJHOTO MMEHHW U Mapo-
Jsi, mocsie dero (yKe ¢ mpaBaMu ayTeHTHQHUIMPOBABIIErOCs MOJIb30BATEs ) 3a-
IIyCKaeTCsI TOJIOBHOM MPOIECC HOBOTO <CeaHCas. B TpajuIuMoHHOi cxeme pabOThI
TEKCTOBBIX TEPMWHAJOB TAaKWM TJIABHBIM TMPOIECCOM BBICTYTAET WHTEPITPETATOP
KOMAaH/IHON CTPOKU, B Cllydae »Ke ceaHca padoThl ¢ X-TEPMUHAJIOM B KadecTBe
TJIABHOTO IPOIECCa 3aIlyCKAeTCst OOBITHO OO OKOHHBIN MeHeKep, Jrbo (darre)
HEKUl KOMaH/[HbIN (Dailji, KOTOPBIH POU3BOJIUT BCEBOZMOXKHbBIE OJINOTOBUTE b
HbIe JICHCTBUS, B TOM YHUCJIE U 3allyCK OKOHHOTO MEHEKepa.

Co cxemoil B3amMojieiicTBUsl X-TepMUHAJA, CepBepa IPUJIOXKEHU, IIporpam-
Mbl Xdm ¥ T10Jb30BATEIbCKUX MporpaMm (X-KJIMEHTOB) CBsi3aHa, K COXKAJICHHUIO,
orpeJieJieHHas TePMUHOJIOTHYeCKas TMyTaHua. Kak MOXKHO OBLIO 3aMETHUTh, X-
TEPMUHAJT — 3TO KAUEHMCKkaA pabodasi CTaHIMsA, B KOHEYHOM cdeTe obpaliaio-
mMasicst K cepeephoti (00CTyKUBAIOTIEi) MalnHe — cepBepy mpuioxkenuit. Boee
TOrO, Ha cepBepe MPUJIOXKEHUR 3alyckaeTcs nporpaMma xdm, TnpeacTaBiisioniast
coboit Hu 4To mHOe Kak cepsep 1porokoaa XDMCP. C apyroit cropoHbl, mpo-
rpamMMa, BBIIOJHAIONAACT Ha X-TepMuHae (KJIXeHTCKONH MaluHe!), Ha3bIBaeTCst
X-cepsepom, a 110J1b30BaTE/ILCKUE TPOI'PAMMBbI, BBITIOJIHSIOIIMECS Ha CepBepe pu-
noxenwuit (1), HazpBarOTCT X-KAUECHMAMU.

Heno B Tom, uTo ¢ Toukn 3penus X Window System cepBepoMm, mpegocraniis-
IOIIUM YCAY2Y N0 0MOoOPadcenuIo 2papuieckur 066exmos, SIBISIETCS Kak pa3 X-
TepMUHAJ, & OOPAIIAOIINECs 38 TAKOH YCJIYroil mporpaMMbl (TIOJb30BATEIHCKEE
IPUJIOZKEHNUST ) OKA3BIBAIOTCsT, COOTBETCTBEHHO, Kauermamu. Ilonpocry roBopsi, nc-
MoJTb3yeMasl TepMUHOJIOTHS 3aBUCUT OT YPOBHs, Ha KOTOPOM MBI PACCMaTPUBAEM
yaacTHUKOB B3ammojeiictsusi. Ha yposrae X Window System X-tepmunast siiisi-
eTcs CepBEPOM, Ha YPOBHE 110JIb30BATE/ILCKUX YCJIYT — 0€3YCJIOBHO, KJIUEHTOM.

oCcTONHCTBOM CXEMBI ¢ MCTOJIB30BaAHNEM HECKOILKIX MOTIHBIX CEPBEPOB MPU-
JIOXKEHUI ¥ MHOYKECTBa X-TEePMUHAJIOB SBJISCTCSA KPaiiHsisl IPOCTOTa aJIMUHUCTPHU-
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pOBaHMst 1 OOCITY>KUBAHNsT TAKON CeTH. X-TePMUHAJBI OOBITHO HE UMEIOT JUCKOBBIX
I0JICUCTEM 1, O0Jiee TOro, HEKOTOPbBIE U3 HUX CIIOCOOHBI OOXOIUTHCS 1 Oe3 BeHTUJIS-
TOPOB 3a CUeT UCIOJb30BAHUS CPABHUTETHLHO MeJIJIEHHBIX TTporieccopoB. CooTBeT-
CTBEHHO, B HUX IOIPOCTY HedeMy JioMaThcs. Hukakoit HacTpoiiku OOJIBITMHCTBO
X-TepMUHAJIOB HE TPeOYIOT, BCe HEOOXOIUMBbIE MapaMeTpbl OHU IMOJYYaloT TPH
HOJIKJIFOUEHUN K ceTu. Takum oOpasom, 0OC/Iy>KUBaHUS U aJMUHUCTPUPOBAHUS
TpeOYIOT TOJIBKO CepBEpHbIE MAITHUHBI.

BesyciioBHO, B opraHusaium, uMeroleil HeCKOJIbKO COT PabOunX MeCT, B Ka-
YeCTBE CEpBEPOB NMPUJIOKEHUI TTPUXOJIUTCS UCIOJb30BATH OUYEeHb MOITHBIE U JI0-
POrOCTOAIIIE KOMIILIOTEPDI, OJTHAKO BJIOXKEHUS B HUX OBICTPO OKYIAIOTCS 3a CUET
9KOHOMUK PACXOJI0B HA TEKYIIHUH PEMOHT U IpoUdee 00CIYKUBAHKUE TT0JIb30BATE b
CKUX pabouux crauiuit. Takume pacxo/ibl IPU UCIOJB30BAHUU X-T€PMUHAJA MOT'YT
ObITh B JIECSITKKM Pa3 HUXKE, UM TMPHU HMCIOJb30BAHUKM OOBITHBIX MEPCOHAJIBHBIX
KOMITBIOTEPOB.
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baarogapaocTu

ABTop BbipaxkaeT riryboKyo npusHaresbHoCcTh Astekcanapy Hukonaesuay To-

muauay, a takxke Ajexcannapy YepnoBy u ['meby CemeHOBY 3a CBOEBpeMEHHBIE
3aMeYaHusT 10 COJEPXKaHWIO 1mocobusi. ABTOp Takke xores Obl 1mobJarogapuTh
Anekcannpa Ilecnska, nsBecrnoro B Unix-coobimecTBe MoJ ICEBIOHUMOM Solar
Designer, 3a npodeccnoHaabHbIe KOHCYJIHTAIIMN 110 HEKOTOPHIM TOHKUM TeXHUYe-
CKHM BOIIPOCAM.
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