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Ky3un C.I'.
Jlornueckue OCHOBBI AaBTOMATHYECKOH 00padOTKHU TaHHBIX. Y4el-
Hoe mocobue. Mznarne BTOpoe IomoHeHHOe 1 iepepadboTanHoe. H. Hosro-
pox: U3n-Bo, HHI'Y, 2002. 101 c.

Copeprxanne yueOHOTO TOCOOUs peciieAyeT LeNr He CTOIBKO MO-
POOHOTO U3JI0XKEHUS JIeTalell yCTPOiCTBa COBPEMEHHBIX KOMITLIOTEPOB,
CKOJIbKO CO3/1aHKe KBATU(QHUIMPOBAHHOTO MpEICTaBICHUS 0 QyHIaMEeHTalIb-
HbIX OCHOBax U ME€TOAaX aBTOMAaTHU4YCCKOI'O npe06pa3OBaH1/151 JaHHBIX. IIo CyTH
Jierna, 3T0 MoJPOOHOE U OCOBPEMEHEHHOE M3JI0KEHUE PUHIUIIOB OpraHU3alui
UQpoBOH YHUBEPCATBHON IPOrPaMMHO - YIPABIIIEMOI BEIYUCINTEIHHON
MAIIIAHBI, KOTOPBIE TAK)Ke U3BECTHHI KaK MPUHIUTIHI (oH - HeiimaHa.

B otnmume ot npeasiayInero, HOBoe N3NaHne pa30NTo Ha IBE TTIABHI:
"®OyHaaMeHTaIbHBIE IPHHLIUIIB aBTOMATHYeCKOi 00paboTku nqanHex" u "Co-
BEPIIECHCTBOBAHME apXHUTEKTYPHI BEIYUCIUTEIHHON MammHb". Bo BTOpOI#i rima-
Be (TIpecTaBIIseTCS BIIEPBBIC) N3JIaraloTCsl OCHOBHBIE HICH, TIO3BOJISIONIIE
paCIIUpUTh aIpPEeCcHOE MPOCTPAHCTBO NAMSTH M YBEIUIUTE OBICTPOACHCTBHE
BBIYHMCIIUTENLHOM crcTeMbl. K cojkalieHnIo, n3-3a OrpaHMYeHHOCTH MECTa,
MHOTHC UJICU U3JIararoTCs JIMIIb KOHICHTYaJIbHO.

B yueOHOe mocoOue BBIHECEHBI BOIPOCHI, KOTOPHIC B yueOHOM JuTepa-
Type 111 ”THPOPMATHKOB U IPUKJIATHBIX MaTEMaTHKOB JIN0OO HE OCBEIAIOTCS
COBCEM, JINOO OCBEIIAIOTCS TIOBEPXHOCTHO.

YuuThIBaeTCS TAK)KE MPEUMYIIECTBEHHAsI OPUEHTALMS YNTaTeNel Ha
AKCILTYaTaII0 TEXHUYECKUX CPENICTB BHIYHCIUTEIEHON TEXHIUKH, HO HE Ha UX
pa3pabotky. [ToaToMy 00BsICHEHNE YCTPOWCTBA Pa3IMIHBIX OJIOKOB KOMITBIO-
Tepa BEAETCS Ha JJOTMYECKOM YPOBHE, HE OIYCKAsCh 10 YPOBHS CXCMOTEXHHUKH.

ITocobure npenHazHadYeHO CTYACHTaM H aCIIUPAaHTaM, CIICIIHATH3H-
pyromumMes B 00JacTH HHPOPMALIMOHHBIX CHCTEM M NMPUKIAIHON MaTeMAaTHKH.

Pa6ota moarorosnena mpu nmoanepkke OLIT "Uuarerpanua” (mpoekt
K0392) u rpanTa nojaep>kku BeAyIUX HAyIHbIX K01 PO Ne 00-15-9608.

© Kysun C.I'., 2002



I'naBa l. DyHIAMEHTAJbHbIC IPUHIAIBI
ABTOMATHYECKOM 00padOTKH TaHHBIX
1 Hugpopmauusa u oannwvie.

Kaxk B momynsipHOH, Tak U B CELMATILHOM JINTEpaType BCTPEUAFOTCS
JIB€ CEHTEHINH: KOMITBIOTEP IIPEACTABISIET COOOH YCTPONHCTBO ISt aBTOMATH-
4ecKoi 00pabOTKM JaHHBIX; KOMITBIOTEDP MPEACTABISIET COOOH YCTPOMCTBO IS
aBTOMaTHYecKoi 00padoTku mHpopMarin. Pazdepemces moapodHEe B COOTHO-
IIEHUY MOHATHH "uHpopMarus" u "maHHbIe".

Bce, ¢ ueM 4enoBek UMeeT JeI0 B peaIbHOM MUpPE (TIPEAMETHI, IPo-
1ecchl, (pakThl, IPU3HAKH, CBOICTBA U T.I1.) MBI Oy/1eM Ha3bIBaTh CYyIIHOCTSIMH.
CyIHOCTSMH MOTYT OBITb:

JIIO/IU, TIEPEUUCIICHHBIE B TUIATEKHOW BEIOMOCTH;

ACTalin, KOTOPbIC IPOU3BOJAATCA MMPECANPUATUEM

reoMeTpUIecKre (PUrypbl B MATEMaTHUECKUX PACCYKICHUSX;

pasJIMuHbIE [TPOLIECCHI U SBJICHNUS;

XapaKTEePUCTHKH (IPU3HAKN) JIIOACH, eTalei, TeOMETPHIECKUX (HH-
TYp ¥ T.IL.

TaxkuM 006pa3oM CyNTHOCTBIO HA3bIBACTCS BCE, C UYEM YETIOBEK HMEET
JIEN0 B pEaIbHOM HIIH MaTEMAaTHYECKOM MUpE.

CymHocTH, 0IMHAKOBBIE C HEKOTOPOH TOUKH 3pEHUS, 00BEINHSIOTCS B
KOHLENTYaJlbHbIe KIaccbl. Hampumep, konnentyansabi kitacc YEJIOBEK;
koHuentyanbHbi kiacc JETAJIb; koHIenTyanbHbIi Kiiacce
I'EOMETPUYECKAS ®UT'YPA. CymiHocTh, BXOISIIIYIO B COCTaB HEKOTOPO-
r'0 KOHIIENITYaJIbHOTO Kjlacca, Oy/ieM Ha3bIBaTh 3JIEMEHTOM 3TOTO KOHIIETITY-
aJIBHOTO KJ1acca.

HUnghopmayus — mepa 0c6e00MNEHHOCHU 0 HEKOMOPOM dSleMeHme
KOHUenmyanbHo20 Kuacca, npeocmasieHHasn 6 6uoe OAHHBbIX.

Omnpenenerne HHPOPMAITUH KaK "MepBI OCBEIJOMIEHHOCTH" TIO3BOJISET
CPaBHHMBAThH KOJINYECTBEHHO MH(POPMAIIHIO 00 3JIeMEHTax OfHOro Kiacca. Ha-
HpUMep, PACCMOTPHM KOHLIENTYaJIbHBIN KJIACC TEOMETPUYECKUX (UTYP — Tpe-
yronabHuKoB. KosndecTBo HHGOpMaIHMU 0 TPEYroJbHUKE (OCBEIOMIICHHOCTS),
€CIIM M3BECTHA €T0 IJIOIa/b, OONbIIIE, YEM O TPEYTOJIBHUKE, Il KOTOPOTO Be-
JIMYMHA IIO0IIA/IN HEU3BECTHA.

CkazaHHOE BBILIE NI03BOJISIET ONPEACIUTD Lelb 00paboTKH nH(popMa-
LM KaK YBEJIMUEHUE MEPbl OCBEJIOMJICHHOCTH OTHOCHTEIILHO JJIEMEHTA 3a/1aH-
HOT'O KOHIIETITYaJIbHOTO KJlacca.

[TycTb, HanIpUMeEp, UMEETCsl TPEYTOIBHHUK, 38 JaHHbIH BEIMYMHAMHU €TO
cropoH. OnHa u3 3a71a4 00paboTKu HH(GOPMALMK O JAHHOM TPEYTOJIbHUKE —
OTIpEJeNICHNE €ro IUIOIIA/H, T.€. YBEIMUSHNE KOJIMUECTBA HH(OPMAINN HITH
MTOJTHOTHI 3HAHWH 00 3TOH reoMeTpudeckoi purype.



JlanHble (KOAbI)— COBOKYIHOCTH CHMBOJIOB (KOHCTPYKTHUBHBIX ), UC-
MOJIb3YyeMbIe JJIsl IPEACTAaBICHUS HHPOPMAIIMU U OPTaHU30BaHHbBIE B COOTBET-
cTBHU C (POPMANBLHBIMH NPABUJIAMU M IPUHATHIMH HOPMaMH.

CuMBOJI (KOHCTPYKTHUBHBIN) MOKHO 3allUCHIBATh, YUTATh U XPAaHUTD, a
TaKKE epe1aBaThb 110 JIMHUAM CBA3H. Ilo CyTH Aaeia, KOHCprKTMBHbIﬁ CHMBOJI
SIBIIICTCSI COCTOSTHAEM HEKOTOPOTO HOCHTENS CUMBOJIOB. Hampumep, KOHCTPYK-
TUBHBIM CHMBOJIOM SIBIIICTCS OyKBa andaButa, MpeaCTaBICHHAS COCTOSHHEM
oOxactu Oymaru, B KOTOPOWi OHa 3amucaHa. Takke KOHCTPYKTUBHBIM CHMBO-
JIOM SIBJISIETCS TBOMYHAS N pa, IPEACTaBICHHAS] COCTOSIHAEM JIEKTPOHHOTO
3allOMUHAIOLIET0 YCTPONUCTBA

T'oBopst apyrumMu ciioBaMH, TaHHBIE (KOABI) IPEACTABISIIOT COOOH
0003Ha4YeHNs) 0OBEKTOB U MPOIIECCOB, a TAKIKE XapaKTEPUCTHK 3TUX 0OBEKTOB
1 TIPOIIECCOB.

Kaxaplii 31eMeHT KOHIENITyaJIbHOTO Ki1acca 001a1aeT COBOKYITHOCTBIO
TPYNTOBBIX MPU3HAKOB, KOTOPAs SIBJIICTCSI OOIICH JIs1 BCEX 3JICMEHTOB 3TOI'0
KJlacca W OIpeJielisieT ero MPHHAIeKHOCTh IMEHHO K 3TOMY Kiaccy. Bmecre
C TeM, KaX/bIH 3JICMEHT KOHIICNITYaJIbHOT'O KJIacca 00J1a1acT COBOKYITHOCTBIO
HHIHBHIYAJTbHBIX MPU3HAKOB, KOTOPHIN BBIACISICT KOHKPETHBIN 3JICMEHT
CpeIu IPYTUX CYNIHOCTEH 3TOTO Kiiacca.

Hanpumep, ecnu rpynimoBsIM PU3HAKOM SIBJISIETCS IIPU3HAK: "OBITH
YEeIIOBEKOM", TO HHINBUAYAIEHBIM TIPU3HAKOM MOJKET CIIY)KUTh MPU3HAK:
"0bITh MIBaHOBEIM MBanoM MBaHoBHYeM".

Wudopmaius (0CBEIOMICHHOCTb) O COBOKYITHOCTH IPYIIIOBBIX PH-
3HAKOB OTOXK/IECTBISIETCS ¢ Ae(pMHMIIMEl KOHLIENTyalbHOro Kiacca. MHpop-
Marust (OCBEIJOMIIEHHOCTh) O COBOKYITHOCTH HHIWBHIYaJbHBIX IPU3HAKOB
OTOXKJECTBISICTCS € HAGOPOM JAHHBIX 3JICMEHTa KOHIICTITYalIbHOTO KJIacca.

JleuHUIUS KOHIIENTYaIbHOTO KiIacca MPEICTABISAETCS B BUIE COBO-
KyITHOCTH aTpHOYTOB — CBOMCTB, IIPUCYIINX dJIEMEHTaM KOHIIENTYaJIbHOTO
kiacca. Kaxxaplii aTpulyT NpecTaBIsieT OHO, KaKOe-THO0 HEOTheMIIEMOe
CBOWCTBO 2JIEMEHTA U HWIACHTU(DUIMPYETCS] YHUKATLHBIM HMEHEM. Takum 00-
pa3om, aehUHHUINS KOHIIENTYAIEHOTO KiIacca MPEACTABISICTCS B BHJIE:

N> S(A1,A2,...,Ai,..., Ak), (1)

rie N —uMst KOHLIENTyalbHOT O Kilacea, A; — UMs arpudyTa, S — COBO-
KYITHOCTh aTpUOYTOB.

[pumeganue. /111 0THOTO ¥ TOTO e KOHIIETITYaTbHOTO KIIacca MpH
pEIIeHNH PA3TUIHBIX 33129 MOKHO 3aITUCHIBATh Pa3JInYHbIC Ae(PUHUIIH, OT-
pakaromye Te ero CBOHCTBA, KOTOPhIe HEOOXOIUMO YUUTHIBATE IIPU PEIICHUHN
KaX/10 KOHKPETHOM 3a7auH.



Boo01ie roBops, [epuHULNS, TPEACTABISIONIAs TPYIIOBBIE TPU3HAKH
KOHLIENTYaJbHOTO KJ1acca, MOKET ObITh O4YEHb OOJIBIION MIIN Jaxke OecKoHed-
HOM. JJ1s ka0 KOHKPETHOW NMPUKIIAIHOM 3a/1auu, IOCTaBICHHOM JJIsl KOH-
LENTYalIbHOTO KJIacca, ONpeesseTcs YacTHast AeUHUIMSA, T.€. BBIOUpAIOTCS
JIUIIIb HEKOTOPBIE aTPUOYTHI, PEACTABISIONINEC HHTEPEC B MPOIIECCE PEIICHUS
JIaHHOM KOHKPETHOMW 3aJ1auH.

Tak, HartpuMep, JJ1sl peLIeHus! TPUKIIAHON 33/1a41 OT/IelIa KapoB,
MOCTaBIIEHHOH JuIs KoHenTyansHoro kinacca YEJIOBEK, BriOupaercst yactHas
neuannus: PAMUIINA, 'O POXEHMS, I10JI, OBPASOBAHUE,
JOJDKHOCTD 3APIIIATA. [l pemeHus MpUKIIagHON 3a0aqd CIIOPTKOMU-
TETa, MMOCTaBJICHHON /ISl TOTO K€ KOHLENTYaIbHOTO KJIACCa, MOKET OBITh BBI-
Opana npyrast yactHas nepununus: PAMUIINSA, 'O POXEHNS, I[10OJ1,
BEC, POCT, BU/I_CIIOPTA. .

Beeznenue B nepMHUIMIO KOHIIENTYaIbHOTO Kiacca N arpubyra A'
MOJJpa3yMeBaeT, 4To y DJIEMEHTOB TOT'0 Kilacca CyIIECTBYET rIo0alibHOE
CBOICTBO, 0603HauaeMoe Kak A', 1 9eMeHT &€ N UMeeT HHIMBHIyaTbHOE
3HaUCHHE Ai@ 3TOTO III00aNBHOTO CBOMCTBA. MHOXECTBO BCEX BO3MOXKHBIX HH-
JIMBHyaJIbHBIX CBOICTB 00pa3yeT 00JlacTh IOMYCTUMBIX 3HAUE€HHH aTpudyTa
Al Kaxnoe nonmycrtumoe 3HaueHHE Aig 0003Ha4aeTCs] COBOKYITHOCTBIO CIMBO-
noB d', koTopast 00pa3yer KoJl 3HaYeHus aTpudyTa - eIMHUILY TAHHBIX.

[Tpumep atpudyra: POCT YEJIOBEKA B CAHTUMETPAX. Onun
U3 JIOICTUMBIX KOJOB 3Ha4eHHs aTprOyTa (eIuHMIa JaHHbIX): 175.

COBOKYITHOCTh MHMBHIAYAJIbHBIX IPU3HAKOB 00bEKTa 0003HAYACTCS
COBOKYITHOCTBIO €IMHUI] JAHHBIX — HA00POM JAaHHBIX.

ITycTh COBOKYIHOCTB IPYMITIOBBIX MMPU3HAKOB KOHIETITYAIBHOTO KJlac-
ca N mpencrapnsercs B Buae aehuHumun: N—>S(A,Az,. . Ajs. .., AL). IIycTh
aTpuOyT A; B KaueCcTBE JOMYCTUMBIX KOJIOB 3HAUCHNI NMEET MHOXECTBO €I~
Hun gaHHbix D;. Torna Habop naHHBIX, 0003HAYAIOIIUH JIEMEHT §, 3TOT0 KOH-
LENTyaubHOro Kiacca npeacrasisgerca kak: D(d*y,...,d%,...,d%,).

[pocretimelt neuHUIMEH SBIAETCS TTOCIEA0BATEIHHOCTE. Hampumep,
B KadecTBe AeuHIINN KoHIenTyanrsHoro kiacca YEJIOBEK moxxHO 3ammcaTh
cleayronyto nocuenosatenbHocTs arpudyToB: HEJIOBEK — M,
OAMUWIINA, TOA_POXJEHW . Habop naHHBIX 3IIEMEHTa 3TOTO KOHIICTITY-
aJBLHOTO KJIacca MOXKET MpeACTaBIsAThCS B Buae: Yenosek — MBaH, 1IBaHOB,
1972. Habop maHHbIX npyroro snemenTa: Yemosek — Ilerp, Ilerpos, 1975.

W3 ckazaHHOTO CclieayeT 4To, MHPOPMALUIO 00 3JIEMEHTE KOHIICTITY-
aJIbHOTO KJIACCA MBI OTOXKIECTBIISIEM:!

e C peduHUILEH, T.€. COBOKYITHOCTBIO ONPEIEISIOMNX 3TOT KOHLENTY-
QIIBHBIN KJ1acc aTpuOyTOB,;

® C eMHULIAMH JaHHBIX, T.€. ONPEACIECHHOCTBIO JUIsi KOHKPETHOTO dJie-
MEHTa KOJIOB 3HAUYE€HUU ITUX aTpUOyTOB,

e ¢ HabOpOM JIaHHBIX, T.€. ONPEIEICHHOCTBIO JJIsl KOHKPETHOTO 3JIEMEeHTa
COBOKYIIHOCTH €AMHHII IaHHBIX.



3aMeTuM, 4T0 aTpuOyTHl 00BEKTA, 110 TUITY 3HAUCHUI, TOAPA3ICIITIOT-
sl Ha YUCIIOBbIE (KOJIMYECTBEHHBIE, IIOPAIKOBHIC) U KAaUECTBCHHBIE.

B ciryyae xoau4yecTBeHHOTo atpudyTa CyHIeCTBYET ITAJIOH U3Mepe-
HUS BEJIMYMHBI €T0 3HAYCHHUS, M KOJ 3HAYCHUS aTprOyTa (SIUHUIIA TAaHHBIX )
SBJISIET COOOM 3aIUCh YHCIA - PE3yIbTaT U3MEPEHHUs (C YKa3aHUEM SIBHO HJIH MO
YMOJIYaHHIO eanHULBI n3Mepenust). Hanpumep, arpudyr: POCT YEJIOBEKA.

B ciryyae nopsiakoBoro arpu0yTta KoJ| 3Ha4eHHs aTpuOyTa — 3aIlHCh
nopsiaKoBoro uncia. Hampumep, atpudyT:

MECTO _3AHATOE HA COPEBHOBAHUMN.

Oco60 otMeTnM criennpuKy 00pa30BaHUs KoJa 3HAYCHHS YHCIOBOTO
aTpuOyTa (3amicy Yrciia). 3amuck Ynuciia o0pazyercss U3 CHMBOIIOB - (P H, C
OJTHOH CTOPOHBI, SIBJISIETCS] YHUKAIIBHBIM 0003HaueHueM uucna. C apyroit cTo-
POHBI TO3UIMOHHAS 3aIHCh YHCIIA SBISIETCS CAMOMHTEPIIPETUPYIOIIEHCS, T.€.
HeceT B ce0e MHPOPMALIUIO O BEJTMYHHE YKCIa. DTO CBOWCTBO MO3BOJISIET OIIpe-
JIEJIUTh apUPMETHUECKUE ICHCTBHS HA/l YMCIAMHU B BUJIC MIPEOOPA30BAHHUS 3a-
niceit (KoJoB) Yucell.

YenoBek, OOIAIOIIUACS ¢ KOMIBIOTEPOM, UMEET JIeJI0 C TPEMsI MUpPa-
MU U IByMs1 YPOBHSIMH IIPEACTABIICHUS JTaHHBIX.

e PeanbHbIN MHUp, KOTOPBII CYIIECTBYET BHE 3aBUCHMOCTH OT BJIaJIelIblia
KOMIBIOTEpa U HHPOPMAITHIO 0 KOTOPOM YEJIOBEK JKENAeT XpaHUTh U 00pa-
0aThHIBATE.

e MoJenbHblil MUp — BHeIIHME HA0OPBbI JaHHBIX KaK PEACTAaBICHUE
uHpopManuu 00 00bEKTaxX peasbHOr0 MUpa B BHAe Moxenei. [lox mose-
JBI0 (MaTEeMaTHYECKOH, KNOEPHETHIECKOI) OApa3yMeBaeTcsl MpeICcTaBIIe-
Hue uHdopmanuu 00 00BEKTaX PeaAbHOI0 MUpA MOCPEICTBOM YAOOHBIX
JUISL 4esioBeKa (pOPMaIM3MOB, OTPAXKAIOLIMX HEOOXOAUMbIE XapaKTEPUCTUKU
3TUX 00BEKTOB;

e KoMIIbIOTEpHBIH MUP —MALIMHHbIE HA0OPBI TAHHBIX KaK IPEe/ICTaBIIe-
HUe H(OopMaLuK 0 MOJEISIX B BUAIE, 3P (HEKTUBHOM C TOUKHU 3pEHHS ee 00-
pabOTKH KOMITBIOTEPOM.

[IpukiagHOM MaTeMaTHK MBITAaeTCsl 0TOOPa3UTh PEATBHBIN MUp, OTIpe-
JIeIIsIsE He0OXOTMMBIE MHOKECTBA JAHHBIX, a TAK)KE YCTAaHABIMBAs HEOOXOIH-
MBI OTHOIICHUS MEXIY JaHHBIMHU B 3TOM MHOXKECTBE. TeM caMbIM peallbHBIN
MU 3aMEHIETCS MOJCITBFHBIM MUPOM JaHHBIX. [Ipn M3ydeHNH SBIICHUH, TIpea-
METOB, TIPOLIECCOB BHEIIHETO MUPA C IIOMOIIBIO KOMIIBIOTEPA ONPEAEIIIOTCS
CTPYKTYPBI XpaHEHHs JaHHBIX M alTOPUTMBI ITpeoOpa3oBaHus TaHHBIX. TeM
CaMbIM MOﬂeﬂbeIﬁ MUDP 3aMCHACTCSA KOMIIbIOTECPHBIM MHUPOM.



ITonnmas mos eqUHUIIEH TaHHBIX KOJ 3HaYeHUs aTpulyTa, He0OXoau-
MO YYHTBIBaTh "moTpeburens"” a3toro o6o3HadeHus. J[eio B ToM, 4TO B 6OIB-
LIMHCTBE CIIy4aeB CyLIECTBYET Takas 3aKOHOMEPHOCTh: 0003HaueHHE, yI00HOEe
JUISL 4eJI0OBEKa B MOJIEJIbHOM MUpE (BHELIHUE JJaHHbIE) HEA(P(PEKTUBHO C TOUKU
3pEHUs €0 aBTOMaTH4YeCKOl 00pabOTKH anmaparypoil B KOMIIBIOTEPHOM MHpE
(BHyTpeHHHe naHHBIE). [IpuMep: pucyHOK rpada jIerko BOCHpUHUMAETCsl Yeso-
BEKOM, TOT/1a Kak Juisi 00paboTKH rpada 1enecoodpasHee MpeacTaBIsTh €ro B
BHUJI€ MaTPUIIbl MHIMACHIUN WM B BHJIE CBSI3HOTO CITHCKA.

CkazaHHOE BBIIIE OIIPEAEIIET IBYXYPOBHEBOE MPEICTABICHUE TaHHBIX
B YEJIOBEKO-MAIIMHHBIX CUCTEMax 00paboTKu AaHHbIX. EXuHMIB! TaHHBIX (Ha-
OOpHI TaHHBIX) B MOJICITHPHOM MHUpPE TPEACTABISIETCS JIEKceMaMH (TIpeIsIoxKe-
HUSIMH) SI3BIKOB ONMCAHUS JAHHBIX, OPUCHTUPOBAHHBIMU HA BOCTIPHATHE 3TUX
nexceM (mpeanoxeHuit) yenosekoM. [Ipumepamu ekceM ciykaT: 3aIich Be-
IIECTBEHHOT'0 YHCIa B ICCATUYHON MO3UIHOHHON CHCTEME CUHMCIIEHHS; TIOCIIe-
JIOBaTEIbHOCTh OYKB U LU(P, HAUUHAIOMIAsCS ¢ OYKBBI — HACHTH(UKATOP SI3bI-
Ka nporpaMMupoBaHus. M3 jgekceM cTpositcs HabOpbI JaHHBIX — NPEITI0KEHHs
sI3bIKa ONMCAHUS JAaHHBIX, KOTOPBIE MPE/ICTaBIsIET CO00W CTPOKY CHMBOJIOB,
MIOCTPOEHHYIO B COOTBETCTBHH C MIPAaBUJIaMH CHHTAKCHCA 3TOTO si3bIka. Hampu-
Mep, apu(pMETHIECKOE BHIPAKEHHE.

C TOYKHM 3peHHs KOMITBIOTEPA, IPOTrpaMMa peICTaBIsieT co0oi Takxke
Ha0Op JaHHBIX, KOTOPBII HHTEPIPETUPYETCS KaK 3aaHue Ha 00pabOTKy TaH-
HBIX. U 371€ch TakKe IMeeM 1Ba YPOBHSI IIPEACTABIICHUS TPOTPAMMBIL: ITPO-
rpamMMa Kak IpeAsIoKeHHe, 3allMCaHHOE Ha SI3bIKE BEICOKOTO YPOBHS, U IPO-
rpamMMa Kak [peAIoKeHHe ABOMYHOTO S3bIKa IPOrPaMMHUPOBAHHSL.

ITpencraBnenue qaHHBIX, yA00HOE U OHATHOE C TOYKU 3PEHHS YEII0-
BEKa, IPaKTH4YeCKU Bcera HeaHEeKTHBHO ¢ TOYKH 3peHust X 00paboTKH yCT-
poiCTBaMM BBIYMCIUTENIBHON MalUHEL. [103TOMY B IaMsTH KOMIIBIOTEPA JaH-
HBIE NIPEACTABIIAETCS IIOCPEACTBOM CTPYKTYP XPaHEHUs! PA3]IM4YHON CIIOKHO-
CTH.

Ipumep 1.

BHemrHee npencraBneHye eMHALBI JaHHBIX THIIA "BEIIECTBEHHOE
grcno'": -12.E+3 . BHyTpeHHee npecTaBleHHe 3TOH JKe eIMHAIB JTAHHBIX:

YeThIpe Oaiira

A
v

TIOCJIEZIOBATENTHHOCTD HYJIEH 1 €IIMHULT

3HaK 4ndia

A

» <
» «

TIOPSAZIOK YHCTIA MAHIVICCA YHCTIA

v

[pumep 2.
BHeminee npeacTaBieHne €IUHULBI JaHHBIX THUIA "epeBo’:

A(B(D)(E))(C(F)(G)). BuyTpennee npeacTaBieHHe IepeBa B BUIE CIHCKA:
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Baxnoe 3ameuanue. Kak BHelTHee, Tak 1 BHyTpEHHEE MPEACTABICHUE
©IMHUIIBI JAHHBIX SABIISIOT OO0 MOCIeI0BaTeILHOCTH CUMBOJIOB, OTIn4me
MIEPBOTO OT BTOPOTO 3aKJIFOYAETCS B aj(aBUTE MCIIOJIB3YEMBIX CHMBOJIOB H B
cnocobe 00pa3oBaHMs CTpOKH. Eciiy BHEIIHee peACTaBIeHNE MOXKET COIep-
’KaTh TOCTATOYHO MIPOU3BOJIBHBIE CUMBOJIBI U CTPOUTCS TIO «UETOBEUECKAM)»
3aKOHaM, TO BHYTPEHHEE NIPEJICTABICHUE COCTOUT TOJIBKO U3 HYJIEH U eIUHUIL U
CTPOUTCS IO «KKOMIIBIOTEPHBIMY 3aKOHaM. T0Oe MOXKHO CKa3aTh OTHOCUTEIBHO
BHEIITHETO ¥ BHYTPCHHETO MPE/ICTABICHUI HA00pa JaHHBIX

B MozenpHOM MHpe KOJI 3HAYEHHSI YUCIIOBOTO aTpHOyTa MpecTaBs-
eTcs 3aIHChI0 YHCIIa (JeCATHYHON KOHCTAaHTOH sI3bIKa OTMCAHUS YHCel), a B
KOMITBIOTEPHOM MHPE - KOJOM YHCIia (ABOMYHOM KOHCTAHTOH CTPYKTYpHI Xpa-
HeHus yncen). Hampumep, 125 - 3ammce uncna, 1111101 - xox gucna.

B ciy4ae kauecTBEHHOTO aTpuOyTa, MHOKECTBO AOIyCTUMBIX €TI0 3Ha-
YeHHH o0pa3zyeT HeMeTpHUYeCKoe MHOKECTBO CBOMCTB oObekTa. Hampumep,
atpuOyt LIBET. B MozesibHOM Mupe 3Ha4eHHEM KaueCTBEHHOTO aTpuoyTa
CITY>KHT 3aIHCh (MMS) CBOHCTBAa 00BEKTA, B KOMITBIOTEPHOM MHUPE - JBOWYHBINA
KoJ1, 0003Havaromui To xe cBoiicrBo. Hampumep, BLUE- 3anuch si3bika ornu-
canus nsera, 01000010010011000101010101000101 - gBOMYHBINM KOJ IIBETA.

Tenepb MbI MOXEM YTBEP>KIATh UTO:

e uH(popMalys 00 00BEKTaX pealbHOr0 MUpa MPEACTABISETCS HAM B BU-
Jie JTaHHBIX;

®  JlaHHbIE 3TO 0003HAYEHHS XaPAKTEPHCTHK 00BEKTA, KOTOPBIE XPaHSITC,
TIepeIatoTesl 0 JIMHUSM CBSI3U HA pacCTOSHUE M 00padaThIBAIOTCS amma-
PaTHBIMH CPEACTBAMHU;

e aHHBIC BO3HHUKAIOT B IIPOLIECCE BBIICICHNS M AaHATIN3a CBOICTB CYIIIHO-
ctu. YacTHbI ciyyail OIyUYEHUs JaHHBIX — KOJTMYECTBEHHbIE U3MEPEHUSL.

Crenyet BBIOETUTH TPH HPOOJIEMBI, CBSI3aHHBIC C HCIOIb30BaHUEM
JITAaHHBIX B YEJIOBEYECKOU AEATETBHOCTH.

[po6aema 1. [Tepexayua napopmannu Ha paccTosHue. {1 KOHKPETHO-
ro 00BEKTa BRIJEINSACTCS COBOKYITHOCTD aTpHOYTOB U 0003HAUCHUS XapaKTepHu-
CTHK 3THX aTpUOYTOB (JaHHBIE) IEPEJAIOTCS OT NepeNaTIuKa K IPUEMHHKY 110
THUSAM cBsizu. [Ipu aTOM oOpariaeTcss BHUMaHue Ha CKOPOCTh U 0e3011004-
HOCTb I€peiavn JaHHbIX.



[Ipobnema 2. Xpanenue napopmanun. 111 KOHKPETHOTO 0OBEKTA BbI-
JIENSIeTCS] COBOKYITHOCTD aTPHUOYTOB M KOJIbI XapaKTEPUCTHK ITHX aTpUOYTOB
(aHHBIE) MPEACTABIISOTCS OJHUM U3 BOBMOXHBIX COCTOSTHMI HOCHUTEIIS] MH-
¢dopmanuu (Oymara, naMmsaTh Komiistorepa). [Ipu sTom oOparaercsi BHUMaHue
Ha HaJIS)KHOCTh U CTOMMOCTb XpaHEeHUs! HH(POPMAIIHH.

[pobuema 3. O6padoTka nHPOopManuu. [Ji1 KOHKPETHOTO 0OBEKTa
BBIJIEIISIETCS] COBOKYITHOCTh aTPHOYTOB, CPEM KOTOPOH BBIIEISIOTCS IIEPBUY-
HbIE aTpUOyTHI (BEIMYMHBI KOTOPBIX U3BECTHBI AlIPHOPH) U BTOPHYHBIE aTPH-
OyTHI (BETHYHHBI KOTOPBIX HEOOXOANMO OTIPEICIHTH B IIporecce 00padoTKA
nHpopmanun). PazpabaTeiBaeTcs alroput™, Mpeodpa3yronii 3SHaYeHUS TIep-
BUYHBIX aTPHOYTOB (JJaHHBIX) B 3HAYCHUS BTOPHYHBIX aTPHOYTOB (IaHHBIX).

Takum 06pa3zom, pyHAaMEHTATLHOE MOHATHE HH(POPMAIIMH, KAK COBO-
KYITHOCTH MPECTABICHHUI YeJI0BeKa 0 HEKOTOPOM 00BEKTE KOHIIENTYaIbHOTO
KJiacca, Ha MPaKTHKE 3aMEHSETCs] KOHCTPYKTHBHBIM MOHATHEM Ha0opa TaHHBIX.
[Tpu nepenaye nuGOpMALUK MO JIMHUSM CBSI3U MEPECHUIAIOTCS HAOOPHI JaH-
HBIX. B mamsitu komnbloTepa xpaHsarcst Habopsl TaHHbIX. [Ipr 00paboTke MH-
(opManuy UCXoAHble HAOOPHI JaHHBIX (0003HAUCHHUS alIPUOPH N3BECTHBIX Be-
JIMYHMH NEPBUYHBIX aTpuOyTOB) MPeoOpa3yroTcsl B pe3yNIbTHPYIOIINe Habophl
JTaHHBIX (0003HAYECHUS aPUOPH HEN3BECTHBIX BEJIMUMH BTOPUYHBIX aTpHOY-
TOB).

[MoaBoAs UTOT, MOXKHO CKa3aTh, YTO JIAHHBIC - ATO MPE/ICTABICHUEC
SIBIICHUI BHEITHETO MUpPa (00BEKTOB, MPOIeccoB, (haKTOB, MPU3HAKOB, CBOMCTB
1 T.I.) B BUZIE YCIOBHBIX 0003HAYEHUH, yIOOHBIX /IS NCTOJIKOBAaHHS U
00pabOTKH 4EIIOBEKOM MIIH KOMIIBIOTEPOM.

OTcrofia BO3HUKAET eIIle OJTHa MpodiieMa, CBsI3aHHas C HCIIOJIb30BAHHM-
€M MH(pOpPMAIIMHU B YEJIOBEUECKO JeITeIbHOCTH.

[pobaema 4. KonupoBaHue HHPOPMALIUU: KOHCTPYyHpOBaHUe (Hop-
MaJIbHBIX SI3BIKOB U (POPMAIIbHBIX KOJ0B, 0003HAYAIOIIUX XapaKTEPUCTHKH
00BEKTOB PEATLHOTO MUPA; CO3/IaHNe HAOOPOB AAHHBIX JUIS 0003HAYCHUS
KOHKPETHBIX O0BEKTOB PEaIbHOTO MUPA C IEIbI0 00paboTKu nHpopManuu 00
3THX 00BEKTaX.

1.1  KoHTpoJibHBIE BOIPOCHI

1. TloHsiTHE KOHIENTYaJbHOTO KJIacca M AJIEMEHTa KOHLENTYalbHOTO KJIac-
ca.

OcHoBHas 1enp 00paboTKH HHPOPMALIUH.

ATpuOYTHI ¥ KOJBI 3HAUCHHH aTPUOYTOB.

INonsTHe equHUIBI JaHHBIX U HA0Opa AaHHBIX.

BHeniHee 1 BHyTpeHHee NpeICTaBICHUE JaHHBIX.

ITpoGnems! uconb30BaHU MHGOPMALIMH B YETOBEYECKO AeSTEIbHO-
cTu.

kWb



2 IIpe()cmaereHue yeasvlx HeompuuameJsibHblX ducei

2.1 [IpoGiemMbl mpeicTaBICHUS LEITbIX
HEOTpHUIIATEIbHBIX YUCEI

PaccmoTpuM npeacTaBieHHE IPOCTHIX SAMHUI] TAHHBIX, T.€. TAKUX
€IMHUI], K&KAast N3 KOTOPHIX IPH 00paboTKe paccMaTpUBaeTCs Kak €INHOE
HezpenuMoe nenoe. Camasi mpocTeias U3 HUX — 3aIlUCh LIEI0T0 HEOTPHIIa-
TETBHOTO Yucia (1eJIoTo Yncia 0e3 3HaKa).

Ienoe uncio 6e3 3HaKa ONpeaeIIeTCA KaK XapakTeprucTuka (Mepa)
KOJIMYECTBA JIEMEHTOB B MHOXecTBe. CyIIECTBYET ellle 0JTHO ONpeielieHre
nesnoro 0e3 3HaKa - XapaKTepUCTHKA MOPSIIKa PACIOI0KEHHBIX B PSIJl AJIEMEH-
TOB.

Omnpenenena ajaredpa meabIx Yucest 6e3 3HaKa (LIeJIBIX HEOTpHIIa-
TEJBHBIX YUCEN):

Au63 =<N"; ©, ®> (1)

3nech, N' - 0CHOBHOE MHOKECTBO anreGphl (MHOMKECTBO IEJIBIX HEOT-
PUIIATENBHBIX guceln); @ u ®- onepariu CI0XKESHUS U YMHOKEHHS COOTBETCT-
BEHHO.

Anrebpa An03 3aMKHYTa OTHOCHTEIBHO ONIEPAIIHiA CIIOKEHUS U yM-
HOXKeHHA. T.e. pe3ynbTar Takoi Orepaliy HaJ ABYMS IeITBIMH HEOTPHUIIATEIb-
HBIMH YHCIIaMH TAKXKe SBIISETCS LEIBIM HEOTPULATEIHHBIM YHUCIIOM.

[TonsiTue uncna sBIgeTCs aOCTPAKTHBIM MOHATHEM. J1JIs1 TOTO 94TOOBI
UMETh BO3MOKHOCTH ITEPECHIIATh YHCIA MO JIMHUSAM CBSI3H U BBIITOTHATH HAJI
qUCJIaMU apu(PMETHIECKHE OTIEPAIH KaKI0€ YUCIIO TOJDKHO OBITh 0003HaYe-
HO COBOKYITHOCTbIO KOHCTPYKTUBHBIX CHMBOJIOB. Takoe o003HauyeHe Ha3bIBa-
€TCsl 3aNMChI0 UM KOI0OM YKCa.

3amevanue. OOBIYHO HE TIPOU3BOIAT PA3ICICHUS MEXKITY a0CTPAKTHBIM
YHCIIOM U €ro 3aIichio (0003HaYeHHEM, KOJOM) M TOBOPSAT "4uCiI0" MOHUMAas
10J1 3TUM TEPMHUHOM "3aIuCh uncia'.

PaccmoTrpuM nipobiieMy co3gaHus CHCTEMBI 0003HAYEHUH LIEIOTO YHC-
na 6e3 3Haka. [Ipu co3maHnm Takoi CMCTeMBl HEOOXOIUMO BBHITIOJIHHTH JIBa yC-
JIOBHSA:

e MHOXECTBO LENBIX YHceN 0e3 3HaKa OECKOHEUHO U, CIE0BATEIIBHO,
HE00X0ANMO MPUAYMATh TakKe OECKOHEUHOE YHCII0 YHUKAIBHBIX CHM-
BOJIBHBIX 3amuceid (0003HaYeHHI, KOAOB), TIO3BOJISIONINX OTINYATH YHCIIa
JIpyT OT ApYra,

®  KaK rOBOPHWJIOCH paHee, 3anucy (0003HaUCHHMS, KOJIbI) JIOJIKHBI OBITh HE
TOJILKO YHHKaJIbHBIMH, HO TaKXK€E JAOIYCKaTh JIOCTATOYHO ITPOCTHIE ajiro-
PUTMEI BBITIOJTHEHUS apU(PMETHICCKAX OTepaIiid Kak ASUCTBHUH IO MPeod-
Pa30BaHUIO0 CUMBOJIBHBIX 0003HAYCHUH.
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I'oBOps Apyrumu ciioBaMmu, 0003HAUSHHE YHUCIIa JOJDKHO HECTH B cebe
HH(OPMAIIHIO O €TO BEIMYUHE, T.€. 0003HAUECHUE YNCIIa JOJIKHO OBITH CAMOUH-
TEPIPETUPYIOIUMCHL.

Ecnu nepBoe mnosnoxeHue 04eBUAHO, TO BTOPOE MILTIOCTPUPYETCS Ha
npumepe cioxenust (Pucynok I-1).

Ha mMHOecTBe aOCTpaKTHBIX YHCEIT ONpe/IeiieHa a0CTpaKTHAS Orepa-
st @ cnoxxenus. OHa oroOpakaeT JBa 4yKcia B pe3yibrat. [[Ba omnepaniaa
onepanuy 0003HAYArTCs (KOIUPYIOTCSA), B PE3YJIbTaTe YeTo MOTydaeTcs 3a-
much 1 ¥ 3amuck 2. ANTOPUTM CIIOKEHUS IPEoOpasyeT ABE 3alUCH — OTICPAHIbI
B 3aITUCh Pe3ybTaT. [Ipu 3TOM COOII0aeTCs YCIIOBHUE: 3aIMUCh PE3yIbTAaT OTO-
OpakaeTcst (ZeKoAupyeTCs) B aDCTPaKTHOE YHCII0, KOTOPOE PABHO PE3YIIbTaTy
CJIOJKEHHUS aOCTPAKTHBIX YUCEI.

B u3BecTHO# puMcKol crcTeMe 0003HaUSHHS HENbIX Jrcel 0e3 3HaKa
HapyuiatoTest 00a yciaoBust. [1o 3Toi mpu4rHEe pUMCKHE YMCIIa UCTIONB3YHOTCSI
JIMNIH B KauecTBe 0003HaYeHM (HapuMep, HOMepa TJIaB KHATH), HO HE HC-
TMOJI3YIOTCA IPHU BBIYUCIICHUAX. YenoBeuecTBO HCHOJIB3YET TaKKE €CTCCTBCH-
HO-A3bIKOBbIC YHUKAJIbHBIC 0603Haqu1/151 YHCeJl - YUCIUTEIbHBIE. B 3TOM Cl1y-
yae OIpe/IesICHbI IpaBmiIa o0pa3oBaHus 0003HaueHus Jr00oro yrcia. Ho B
CHITy OTCYTCTBHS QJITOPUTMOB BEITIOJTHEHUSI apH(PMETHICCKUX OTIepanuii, Yrc-
JIUTETHHBIC TAKXKE UCIOIB3YIOTCS JIUIIb KaK WICHTH(QHKATOPHL.

Omnepanp 1 Onepann? Pe3ynLTaT
AbcTp. onepauus @

/ \ > AGcTpaKTHbIC

qucia

[ Anroput™m + ]

KonupoBanue
ouHedoduIroMa|]

3amucu (KOJIbI)
@ | qHCell
3amucsl 3amics2 3anuck pesynbTar

Pucynoxk I-1. AGcTpakTHas onepanus ¥ aJJTOPUTM CJIOKEHHS
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2.2  IlpumuTHBHAs CUCTEMA MPEICTABICHHUS LEIIbIX
0e3 3Haka.

IIpennonoxxuM, yTo MBI paboTaeM Ha CKJIaJie MUIOMaTepHaloB, U B
HAIlly 3a/1a4y BXOJIUT HE TOJIBKO CTPY>KaTh IPUBO3UMBIE JOCKHU, HO CUUTATh UX
KoJIM4ecTBO. PacpocTpaHeHHbI IpUeM: Crpy3UB OYEPEAHYIO TOCKY, CTaBUTh
B 3alIUCHOMN KHHMXKKE «HAJIOUKy».

Taxum 06pa3om, MOCIIEOBATENBHOCTD «IAJIOYEK» ITPABOMEPHO pac-
CcMaTpHBaTh Kak 0003HaYEeHUE IIEJ0T0 HEOTpHIATENbHOro yncia (Pucynox
[-2). Bynem Ha3pIBaTh Takoe 0003HAYCHHEC MPUMHUTHBHON 3aMHCHI0 YHCJIA.

Pucynoxk I-2 IIlppuMuTHBHAA 3anMCh LeJI0T0 0e3 3HaAKa

Camoe HHTepecHOe, 4TO AJIsI IPUMHUTUBHBIX 3aIlUCE CYLIECTBYIOT
MIPOCTBIE AJITOPUTMBI CIIOKEHUS U yMHOXKeHHs. Tak, UIs TOro, 4TOObI CII0KUTh
JIBa YHCJIa CIEeIyeT ‘CKICHTh JBE IPUMUTHBHBIX 3aICH, 0003HAYAIOIIUE ATH
gucia. B pe3ynbraTe momyunrcs NpUMHUTHBHAS 3alMCh CYMMBI ABYX YHCEIN.
HetpynHo npuaymMaTs MpoCTOH aIropuT™M yMHOXKEHUS LebIX 0e3 3HaKa, Ipea-
CTaBJIEHHBIX IPIMUTHBHBIMH 3aITHCSIMH.

Takum 06pa3oM, MBI YOBIETBOPIIIN IBYM YCIIOBHUSIM MPEACTABICHUS
LeNbIX 0e3 3HaKa: MPUIyMald YHUKaJIbHbIE 0003HAYESHUS ISl KaXK/I0T0o Jucia,
JIOIYCKAIOIHE IPOCTHIE alNTOPUTMbI NCTIOTHEHUS ONIEpaIi anreOpsl 3THX YH-
cen

2.3 Tlo3unuoHHas cucteMa 0003HaYEHHS LIENbIX 03
3HaKa.

[punymaHHas HAMH IPUMHTHBHAsI CHCTEMa 0003HAuCHUS LeNbIX 0e3
3HaKa CTPAJACT OJHHUM CYIICCTBEHHBIM HEIOCTATKOM: OYEHb OOJIBILOE YHCIIO
3HAKOB (€IMHUL) B 3anucy yucia. [Ipudem, JnMHa 3amicy pornopuioHaibHa
BENIMYHMHE YUCTIA.

Kaxnpiii, HaBepHOE, 3aHUMAJICS] YCOBEPIIEHCTBOBAHUEM CHCTEMBI
NPUMHTHUBHBIX 3arucel nenbix 0e3 3Haka. s 3Toro, nociie0BaTeIbHOCTh
€/IMHULL TPYNIIUPOBAIACH B JECSATKH, IECSITKU IPYNITUPOBAINCH B COTHU H T.1I.
(Pucynok I-3)

comm || |

feomat e | | L] |

et e ||V e L

Pucynoxk I-3. Ilepexon k MO3UIMOHHOM cHcTeMe NMPeACTABJICHHUS HeJIbIX 0e3
3HaKa
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HpozxenaB TaKO€ MO3UIMUOHUPOBAHUE, MBI MOXEM IIPEACTABUTH YUCIIO
B CJ'ICZ[y}OIJ.IeM BUC:
((d3*10+d2)*10+d,)*10+d, (1)

3necs, ds,d»,d;,dy - MOTHOE YUCIIO THICAY, COTEH, JECATKOB M €IUHHUI]
COOTBETCTBEHHO.

MpI nepenuiv K andaBUTHON CHCTEME KOAUPOBAHUS LIEIOT0 Yucia 0e3
3HAKa, IPEJIOKCHHOM, KaK CUATACTCs, apabdaMi 1 OCHOBAaHHOW Ha CIIEIYIO-
[IUX OPUHIIUTIAX

®  BBOJUTCS KOHEYHOE, OTHOCHTEIHLHO HEOOIBIIIOE YUCIIO 3HAKOB - ajiha-
BUT HUP;

e 0003HAaYEHUS CTPOATCS KaK JIMHEHHBIE TTOCIEAOBATEIFHOCTH (IICTIOUKH)
3HAKOB a(haBUTA.

Hcnonp3yst KOHEUHbIH andaBUT MOXKHO MOJIYYUTh OECKOHEUHOE KOJIHU-
YECTBO Pa3IMYHBIX LEMOYEK, KaXk/as U3 KOTOPbIX 0003HAYAET OJIHO M TOJIBKO
OJTHO IIeJIoe Yrcio 0e3 3Haka. OHAKO He ClienyeT 3a0bIBaTh, YTO 3TH LEHOYKH
JTOJDKHBI OBITH CAMOMHTEPIIPETUPYIOIIUMHUCS, T.€. HECTH B ce0e HHPOPMAIIUIO O
BEJIMYUHE YHCIa. ITOMY YCIOBHIO yIOBICTBOPSCT aipaBUTHAS MTO3UIIMOHHAS
cucreMa 0003Ha4YeHHUs (KOIMPOBAHUS) LIENbIX Yncel 0e3 3Haka. Ee Takxke Ha-
3BIBAIOT MO3UIIMOHHON CHCTEMOM CUMCIICHUS.

[Mpex e Bcero, BHIICINM JIBA LEIbIX Ynciia 0e3 3HaKa, KOTOPbIE HIpa-
0T 0COOYIO POJib: YUCII0, 0003HaUYaeMoe Kak (), XxapakTepu3yeT OTCYTCTBHE
3JIEMEHTOB B MHOXKECTBE; YMCII0, 0003HaYaeMoe Kak 1, XxapakTepu3yeTr MUHU-
MaJIbHO - BO3MOYKHOE yBEIMYCHHE UM YMEHbBIICHHE 4YHCIIA AJIEMEHTOB B MHO-
KECTBE.

Konnenmus no3unuonHoi B-naHOM cucTeMBI KOAUPOBAHUS (CUUCIIS-
HUS1) LENBIX YHCelT 0€3 3HaKa 3aKJIF0YaeTCs B YETHIPEX MyHKTAX.

1. BriOupaetcs npou3BOJIbHOE, OOJIbIICE SAMHHUIIBI, YUCIIO, KOTOPOE HA3bI-
BaeTCss OCHOBAHMEM CHCTEMbI CUMCIICHHS 1 0003Ha4yaeTcs kak B. Yucna,
MeHbIe B 00pa3yroT 6a3y CHCTEMBI CUMCIICHUS.

2. Jlnst yncen 6a3el BEIOMPAIOTCS YHUKAIBHBIC 0003HAYCHUS, KOTOPBIC Ha-
3BIBAIOTCS MU(PAMH.

3. Jlroboe menoe gucmo 6e3 3HaKa eIMHCTBEHHBIM 00pa30oM NpeACTaBIIeT-
Cs1 C TIOMOIIIBIO YKCeN 0a3bl CHCTEMbI CUMCIICHHUS M OTIEPAIMi CIIOXKEHHS -

YMHO)KGHI/ISI B BUJI€ KAHOHHUYECKOI0o azpncbmeanecxoro Bblpa)l(eHl/lﬂZ
3HAYEHME,(163)=(ds.1*B" " +dp..*B"+...+d,*B'+d*B").. (2)

4. TlocnenoBaTeabHOCTh KOI(G(GHUIIMEHTOB KAHOHUYECKOTO apru(MeTHIe-
CKOT'O BBIPQKEHHS TAKIKE €JAMHCTBEHHBIM 00pPa30M XapaKTepu3yeT BeJIHdn-
HY YKCIIa U HA3bIBACTCS 3aNMUCHI0 YMCJIa B B-HuHOM cucTeMe KOTUPOBaHUS
(cuucnenus):

3AI'IVICbB(u63) = (dn_1dn_2...d1do)5 (3)
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IIpu 3TOM, 0 KO3 dHIHEHTE d; IPUHATO TOBOPHUTH Kak 00 i-M pa3ps-
Je Jucia, a 00 n - Kak 0 KOJIIMIeCcTBE pa3psnoB yncia. uamna3zon yncen 0+n-1
Ha3bIBAETCS Pa3PAAHOI CETKOM YmcJa.

dpy|dpa| - d; eee | dy | dy
n-1 n-2 i 1 0

Pucynoxk I-1. Ilo3unmnonnas 3anuch ynciaa

[pumeuanue. [TomoOHas cucTemMa 0003HAYCHUH HA3BIBACTCS MO3HIIU-
OHHO¥, TOTOMY YTO B KAHOHHYCCKOM apU(YMETHUCCKOM BBIPAXKCHUH KaXKI0C
4rcio 0a3bl, MPECTABICHHOE U PO, BHOCUT B 3HAYCHHE YMCIIA BKJIA, IPO-
MTOPIMOHANTEHBIHN ITO3UITUH, B KOTOPO 3T IM(pa pacroiaraercs.

B mpaxTuke BEIYHCIICHHA, MMEHHO 3aIMCH UCIIONB3YEeTCS U1 0003HA-
YEHMSI YUCEIL.

Taoauna I-1
Cucrema cUnCICHUs 3ammch Kanornueckoe BEIpaKeHHE
10 [125]10 [1*¥10%+2%10"+5%10°],,
8 [125]s [1*8%+2*8'+5%8°],

Od4eBHIHO, YTO OJHO M TO K€ YHCIIO MOXKET OBITh IIPEJCTABICHO B
Pa3IMYHBIX CUCTEMAX CUUCIEHUS. B MOJIENTbHOM MUpE YEIOBEK UCIIOIB3YET
JIECATUYHYIO [TO3ULMOHHYIO CUCTEMY CUHUCIEHUS. B KOMIIBIOTEPHOM MMpE HUC-
MOJIB3YETCS IBOMYHAS MMO3UIIMOHHAs cucTeMa cuucieHus. Kpome toro, uc-
10JIb3YIOTCSl BCIIOMOTaTENIbHbIE BOCBMEPUYHAs U IIECTHAAIATEPUYHAs CUCTE-
MbI CUHMCIICHHS.

JlecsTudHas cucTemMa CUMCIICHUsT TaKKe MCIIONb3yeTCs JJIsl BhIUUCTIe-
HUH TpU TIEPEBO/IE OJTHOTO U TOTO KE YUCIIA U3 OJHON CUCTEMBI CUMCIICHUS B
npyryto. [Ipexie Bcero, oHa UCHOIB3YETCsl U1l MPEACTaBIECHUSI OCHOBAaHUI
Pa3IUYHBIX CUCTEM CUUCIICHHUS:

[10],=2, [10]3=8, [10];c = 16.
CyurectByeT (popMyIa, HO3BOISIOMIAS ONPEICIUTh YUCIIO ¢ Pa3Iny-
HBIX N - Pa3psAHBIX YUCEN B CHCTEME CUMCIICHUS ¢ OCHOBaHUEM B:
q=B" (4)
Jst TOro 4TOOBI BCE 3TH YHMCIIa BBINNCATb, CIEAYET BOCHIOIB30BATHCS
HPOCTHIM NPABHIIOM:
e o0Opasyercs TabiuIa, COCTOSAIIAS M3 N CTOJI0LOB U B" cTpokK;

e  CTOJOIIBI HyMEPYIOTCS CIipaBa - Haieso: n-1, n-2,...,1, 0;

e B croabie 0 3anuckIBaeTcs rmocienosarenbHocts: 010101....;

e B croabIe 1 3anuckiBaeTcs mocnenosarenbHocts: 00110011...;
e B CTOJOIIE 2 3aIMCHIBAETCS MOCIEIOBATEIBHOCTD:
0000111100001111...;

e WUT.I

14




Tax, Hanpumep, IMes. B CBOEM PaCIOPsHKEHUH 3 IBOMYHBIX pa3psa,

MOKHO 3aIiicaTrb B HUX 23 =8 Ppa3IMYHbIX IBOMYHBIX YUCJIA.

Tabmnuna I-2

pa3psiIbl gncaa

el Ll Ll =] k=0 kel Kewl | \9)

=l k=0 =1 I I el Faml
(=) Lo (el Ll [l Lol el e

1

1 1

Hwke npuBenena Tabmuua 3anvcedd ugp (3amITpuxoBaHbl) U 3anuceit

YHUCCJI THUIIA LICTI0C 0e3 3HaKa B Ppa3JIMYHbIX CUCTEMAX CHHUCIICHUS.

Ta6muma I-3.
OCHOBAHHE CHCTEMBI CUHCIIEHUS
YHCIIO 10 2 8 16
HYJIb 0 0 0 0
OIUH 1 1 1 1
JiBa 2 10 2 2
TpU 3 001 3 3
1
YETBIpE 4 010 4 4
0
IISTh 5 010 5 5
1
IIECTh 6 011 6 6
0
ceMb 7 011 7 7
1
.BOCEMb 8 100 10 8
0
TIEBIATH 9 100 11 9
1
TIECSTh 10 101 12 A
0
OJINH- 11 101 13 B
HaaIaTh 1
IBEHA- 12 110 14 C
AaTh 0
TpUHa- 13 110 15 D
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1ATh 1

YeTHIp- 14 111 16 E
HaJAaThb 0

IATHA- 15 111 17 F
1ATh 1

IeCT- 16 100 20 10
HaJIAaThb 00

Jro6as mo3unMoOHHas CUCTeMa CUMCIIEHUS (KOTUPOBaHNs) peraet
mpobieMy 0003HAaUEeHHS MEJIBIX YrceN 0e3 3HaKa:
e mo06oe nenoe 6e3 3HaKa MOXKET ObITh 0003HAYEHO MOCIIEJ0BATEIbHO-
CThIO IIU(P - 3aMKCHIO YKCIIA;
®  3aIKCH YKCeJI CAMOUHTEPIIPETHPYIOIINECS, T.€. JOIYCKAIOT MPOCThIE
aITOPUTMBI BEIITOJHEHHS apudmernyeckux ornepaumii: SAIIVICH (mepBoe
cinaraemoe) + 3AIIMCh(Bropoe cnaraemoe) = 3AIINMCh(cymma aByx cia-
raeMebIX).
[To3umoHHOE NpeACTaBICHUE LENOT0 YKciaa 6e3 3HaKa OCHOBAaHO Ha
TOM, YTO 3HA4YEHHE JIFOOOTO TAKOTO YHCIIa MOXKET OBITH OJJHO3HAYHO BBIPAXKEHO
yepe3 3HaYeHHE 4ncel 6a3bl M 3HAUCHNE OCHOBAHMS CHCTeMbl cuncnenus. [Ipn
TaKOM BBIPA)KEHUHU HCIOIB3YIOTCS ONEpaLiK aIreOpsl LEeIbIX HEOTPUIATEIb-
HBIX 4ncen. Takum 00pa3om, 3HaUCHHE JF000T0 YUCiIa MPEACTABISIETCS B BULIE
KaHOHMUYECKOT0 apu(hMETHIECKOTO BBIPAKEHUS (apU(METHIECKOTO BBIpaXke-
HUSI CIEUUM(HUIECKOro BUJIA).

//:KaH.a.B.
yrcaa 0assl /
B

I I I | v
0 1 10 125

N+

»

Pucynok I-4 Kanonnyeckoe apugmernyeckoe BbIpaskeHne

MOHO TakKe ONpeAeanTh B-n4HO AeCSITHYHYIO cCHCTeMY 0003Haue-
Hus yncell. B aToM ciyvae, nudpsl B-u4HON CHCTEMBI IPEACTABISAIOTCS AECs-
TAYHBIMA YHCIIAMH.

Hanpumep: (AF7),6—(10,15,7)16.10. Ciemyer uMeTs B BHITY, 9TO MIPO-
CTBIX aJITOPUTMOB BBITIOIHEHHUS apU(DMETHUECKIX OTMEPALIUii ISl TAKOH CUCTe-
MBI HE CYILIECTBYET

2.4 TlepeBon 3amucH Ynciia U3 OJTHOU CUCTEMBI
CUHCJICHUS B JIPYTYIO

B npakTrke KOMIIbIOTEPU3AIMN HCIIOIB3YIOTCS JIBE OCHOBHBIC CHCTE-
MBI cuuciieHus (0003HAYCHHUS) TIENTBIX Yrcel 0e3 3HaKa: JeCSITHYHAs U IBOWY-
Hast. CylIeCTBYIOT JOCTATOYHO MPOCTHIE AJITOPUTMBI TIEPEBO/IA 3AITUCH YUCIIa
W3 OJTHOM CUCTEMBI CUHUCIIEHUS B IPYTYIO.
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Anroputm 1. [Tepeson B — 10.
IlepeBon B - nuHOM 3anKcy Yucia B AECATUYHYIO 3aIIMCh YUCIA.
Just momydenust 3anucu (d)qo uncna d u3 3ammcu (d), ciemyer:

1. TmOCTpoWTH B CHCTEME C OCHOBaHHMEM B COOTBETCTBYIOIIEEe KAHOHHNYE-
CKO€ BhIpakeHue [e],, mpeacTaBnsas ocHoBaHue kak 10;

2. TpencTaBJIsisl JIEMEHTHI ATOT0 KAHOHHMUECKOTO BhIpaxeHusl [e], B mecs-
TUYHOU CUCTEME, TIEPEBECTU €r0 B HEKAHOHMUYECKOE BhIpAXKEHUE (€)1 IeCs-
TUYHOH CUCTEMBI,

3.

BBIYUCJIUTh HCKAHOHNYCCKOC BbIPAKCHUEC (e)w U MOJYYHUTH JCCATUYHYIO

3anuch yucia (d)qg,

Ipumepsl.

[MepeBox (3anucek uncna)8 — (3anuck yucina)lo

(d)8: 3amuch - 8-if CUCTEMBI: (125)8
[e]8: xaHOHMUYECKOE BEIpakeHUE §-i CHCTEMBI:
[1*102+2*101+5*100]8

(e)10: Beipakenue 10-it cucTeMsr:
(1*82+2*81+5*80)10

(d)10: 3anuck - 10-it cucremsr: (85)10

[TepeBon (3anmuck uncna)l6 — (3anuch uncia)l0

(d)16: 3anuce - 16-it cucremsr: (125)16
[e]16: kaHOHMUYECKOE BhIpaxkeHue 16-i cucTeMbl
[1*102+2*101+5*100]16

(e)10: BBIpasKeHHE ACCATUIHOW CUCTEMBI:
(1*162+2*161+5*160)10

(d)10: 3ammch - TeCATUIHON CHCTEMBI: (293)10

(125), - HemomycTrMas 3alKCh ABOMYHOTO YHCIIA
(253)10=(FD)1s=(375)8 =(11111101)2
[Tpumeuanue. [1j1s1 BBINOIHEHUS MEPEBOJIa U3 OJJTHOM CUCTEMBI CUUCIie-

HUA B APYTYIO ITOJIE3HO MMOMHUTH ACCATUYHBIC 3alTMCU CTCIICHU YU CJIa 2.

0

1 2 3 4 5 6 7 8 9 10

1

2 4 8 16 32 64 128 | 256 | 512 | 1024

Aunroputm 2. ITepesox 10 — B.
IlepeBon aecaTuyHOM 3anucu yucia B B - nunyro 3anucek uucina. Mc-

MOJIB3YIOTCA onepaliu HEJIOUYUCICHHOI'O ACJICHUA:

X mod Y - pe3ynbraToM SBISETCS OCTATOK OT JeiieHus X Ha Y
X div Y - pe3ynpTaToMm sIBISICTCS Iieias 4acTh oT AeieHus X Ha Y.

BrruucieHus BEITOTHSIOTCS B ,HeCHTPI‘-IHOﬁ CUCTEME.
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Beopa(4mcno

B
e

¥

OcTaTtok:=ocTtat ok mod B

eT
cCTaT okK>

a

¥

UM pa:=ocT aTt oK
unde pa:=octat ok divB

¥

¥

) BoiBoa (und pa
octaTtok:=OctaTtok divB

¥

biBoA(Und pa

Pucynoxk I-5 IlepeBoa necaTu4HolM 3anucu ynciaa B B-m4nyro 3anuce Toro
JKe YUucaa

B PE3yabTATE NMOJTYHIACTCA 3allMCh YHCJIa B CUCTEME C OCHOBAHHUEM B,
3allMCaHHas B 06paTHOM nopsake.

IIpumepsrl.
IepeBon (3anmcek uncia)l0 — (3anuck yucna),
12512
-124 62 |2

1 62 31 |2
0 30 15 |2
1 -14 7 |2
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[125],0=[1111101],

[epeBon (3ammck uncna);)— (3amKUCh YHUCIA) 4
125 | 16
-112 7
13

[125]10=[7D]is

HecmoTtps Ha 1ocTaTOUHYIO NPOCTOTY AITOPUTMOB NIEPEBOAA YHUCEN U3
OJIHOM CHCTEMBI KOAUPOBAHUS B APYTYIO, “PyUyHOE” UX BBINOIHEHUE NP BBOJE
(BBIBOZIC) TAHHBIX B MMaMATH (M3 AMSITH) KOMIIBIOTEpa HEMPUEMIIEMO IS YeIo-
Beka. [103ToMy HCTIONIB3YIOTCS TPOTPaMMBI, BHITIOIHSIOINE 3TH ACHCTBUS Oe3
BMEIIATENbCTBA YENOoBeKa. 11 pAnoBoil MOnb30BaTeNh KOMIIBIOTEPA, BBOAS U
YHTas JECATUYHBIE YMCIIA C UCIOIb30BAaHUEM JKpaHa AUCILIES, MOXKET Jjaxe He
M0JI03pEBATh O CYIIECTBOBAHUH JBOUYHON CUCTEMBI KOANPOBAHUS STHX UHCEIL.

2.5 llepeBox 3amucu 4ucia U3 OJJHOW CUCTEMBI B
IPYTYI0, €CJIM OCHOBAHUSI CUCTEM KPATHBI IBYM

He BpaBasich B HOAPOOHOCTH, 3aMETHM, YTO JIECATUYHAS CHCTEMA
HpelCTaBIeHUs Yncen yaoOHa Ui YyeloBeKa, a IBOMYHas - 3G EeKTHBHA C TOU-
KM 3peHHd pealn3alliy MaMATH KOMIIbIoTepa. B nanpHeiiieM Mbl yBHIUM, YTO
JIBOUYHOE TIPEJICTABICHHUE IAHHBIX, TAKOKE YPPEKTUBHO C TOUKU 3pEHHS peallu-
3allUU 2JEKTPOHHBIX CXeM KOMIIbIOTEPHBIX BbIYHCICHUNA. OJTHAKO CYIIECTBYET
3aKOHOMEPHOCTh: YEM MEHBILIE OCHOBAHHE CHCTEMBI CUMCIICHUS, TeM OO0JIbILe
uudp Tpedyercs Ul 3aIKUCH OJTHOTO U TOTro ke uucia. [loaromy, crierpanu-
CTBI, paboTaloIINe ¢ KOMIIBIOTEPOM Ha yPOBHE JBOMYHBIX KOJIOB, ITPEIIIOYHTA-
0T 3aIMCHIBATh YUCIIa B BOCBMEPUIHON W IIECTHAALATEPUIHON CHCTEMax
CUHCIICHHSI.

Crenyer OTYETVIMBO IOHUMATh, YTO 3TO BCIIOMOTATEIbHBIE CHCTEMBI
MIPEACTABICHUS YUCEI, YAOOHBIC IS UENIOBEKA B CHITy CBOEH KOMITAKTHOCTH.
OnpaBraHHOCTb UX UCIIOIB30BAHUS CIELYET U3 TOTO, YTO AJITOPUTMBI TIEPEBO-
Jla 3alliCU YKCIIa U3 OJHOW CUCTEMBI CUUCIICHMSI B IPYTYIO YPE3BbIYAlHO NIPO-
CTBI, €CJIM OCHOBaHMA ITUX CUCTEM KPaTHBI JBOUKE.

Aunroputm 3. TlepeBon (3amuch yncia), — (3aruch YUCIa)g,

JIBonuHast 3anmch yKcia pa30uBaeTcs Crpasa - HajJeBO Ha TPUaJIbI
(xaxxmast o Tpu paspszaa). Eciu B camoii 1eBoOi Tpraie MEHbIIE TpeX Uudp —
cieBa 100aBysIOTCS Hy . TpexpaspsAHOe ABOMYHOE YHCIIO KaXKJOH TpHUabl
3aMeHseTcs BOCbMepHYHOM 1 dpoii B coorsercTBuy ¢ (Tabnuua I-3.).

Aunroputum 4. TlepeBona (3anuck uncina)g —> (3alKUcCh YUCIA),
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Kaxxmas mudpa BOCEMEpHUYHON 3aIIUCH YHCIIa 3aMEHSIETCS COOTBETCT-
BYIOIIMM JIBOMYHBIM TPEXPA3PSIHBIM YUCIOM.

IIpmmep. (2753)s <> (010.111.101.011),

Anroputm 5. [lepeBon (3amuck uucina), — (3am¥Ch YHACIA) 4

JIBonuHas 3ammuch Yrcia pa30UBaeTCs CIIpaBa - HAIEBO HA TETPAIbI
(xaxxmas mo ueTsIpe paspsna). Eciu B camoit 1eBoii TeTpasie MEHbIIIE YeThIpex
udp — cieBa 100aBIAIOTCS HyJH. YeThIpexpa3psqHoe ABOMYHOE YHCIIO KaXK-
JIOW TpHaJbl 3aMeHsieTCsl BOCbMepHYHOH 1 dpoit B coorBercTBHM ¢ (Tabauua
I-3)).

Anroputm 6. ITepeBon (3anmuck uncia); s — (3aruch 4ncia),

Kaxnas nudpa niecTHaAnaTepUIHON 3aMCH YHCIIa 3aMEHSIETCS COOT-
BETCTBYIOIIMM JABOUYHBIM YETBIPEXPA3PSAAHBIM YHCIOM.

[Ipumep. (5EB);s <> (0101.1110.1011

2.6 KoHTpOJIbHBIE BOIPOCHI

1. Kak ompeznensieTcst NO3UIIMOHHAS CUCTEMa CUUCIICHUS (KOIUPOBaHMS)
LEJIBIX HEOTPHLIATEIbHBIX YHCEI.

2. AnropuT™ mepeBoja YHCIia U3 CUCTEMBI CUHCIICHUs ¢ ocHOBaHueM 10 B
CHCTEMY CUHCIICHUsI C OCHOBaHHEM B.

3. ANropuT™ nepepoja 4uciia U3 CHCTEMBI CYUCIICHHS C OCHOBaHHEM B B
CHCTEMY cUHCIeHUs ¢ ocHoBaHHeM 10.

4. TlepeBox uucen U3 OOHOW CUCTEMBI CUHCIICHUS B IPYTYIO, €CIIH OCHO-
BAHHUS CHUCTEM KPATHBI JBYM.
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3 Onepamuenas namameo
3.1 JIBOMYHBIM 3alIOMHUHAIOIIUI SJIEMEHT

Xpanenue (3anomunanue) 0annvix odecneuusaemces Hocumenem
OaHHBIX 8 COBOKYRHOCHU C Onepayueil Ymenus u onepayueil 3anucu 0an-
HbBIX, XPAHAWUXCA HA IMOM HOCumene.

Hocuresib JTaHHBIX PEICTABISIET COOOH 00BEKT (HIIH MPOIIECC) CII0-
COOHBII HAXOJUTHCSA B OJJHOM M3 N YCTOHYMBBIX COCTOSHUM paBHOBecHs. C Ka-
JKJIBIM COCTOSTHHEM CBSI3aHA OJTHA W TOJHKO OJHA eAMHUIA JaHHEIX d;: i=1...n.
Ecmu B naHHBIII MOMEHT BpEMEHH HOCUTEIb TaHHBIX HAXOAUTCS B COCTOSIHUM i,
TO MO/IPa3yMEBAETCS, YTO OH XPAHHUT EANHUILY HaHHBIX d;.

Onepanus YTeHUs IOAPA3yMEBaET ONPEACTICHUE COCTOSHUS paBHO-
BECHS, B KOTOPOM HAaXOIHUTCS HOCHTEIh JAaHHBIX, M BBIJAUy B KAYECTBE PE3YJIb-
TaTa CBS3aHHOW C 3TUM COCTOSHHEM CIUHUIIBI TaHHBIX. Onepanus 3anucu
MMPOU3BOAUT YCTAHOBKY HOCHUTCIIA JaHHBIX B COCTOAHUE, C KOTOPBIM CBsA3aHa
3arcbhiBacMas €A1uHUIla JaHHbIX.

JIBOMYHBI CHMBOJI - MUHUMAaJIbHAS AMHUIA JAHHBIX (OUT, TBOUY-
Has udpa, Jorudeckas KOHCTaHTa), KOTOpasi MOXKET XPaHUThCS yCTPOHCTBAMU
KOMIIBIOTEpA U TIepeIaBaThCsl MEXKITy STHMHU YCTpoiicTBaMu. Bee ocTanbHbie
€IMHUIIBI TaHHBIX 00Pa3yIOTC KaK COBOKYITHOCTH JBOWYHBIX CUMBOJIOB. [[BO-
WYHBIA CHMBOJI MOJKHO PaccCMaTpUBaTh KaK JBOWYHYIO TIEPEMEHHYIO, KOTOpast
HUMeeT IBa JoIrycTUMBbIX 3HadeHus: de{0,1}.

B xommbrOTEpE TBOWYHBIN CUMBOJ — OUT, IPEACTABISECTCS JINOO DIICK-
TPUYECKUM MOTEHITMATIOM (HU3KHUH - HOJIb, BRICOKHH - €IMHUIIA), TUOO0 dJIeK-
TPUUECKUM UMITYIHCOM (OTPHIATEIBHBIN - HOJb, TOJIOKUTEIBHBIH - €INHIIIA).
Jlns nepenaun TBOMYHBIX CUMBOJIOB - OMT MEXIY YCTPOHCTBAMU CITYKHUT JIM-
HHUS CBSI3H.

Hocurean TBONYHOT0 CHMBOJIA (TPUTTEP) - SJICKTPOHHAS CXeMa, KO-
TOpasd B Ka)i(}lblﬁ MOMCHT BPEMCHU MOKET HAXOAUTHCA B OAHOM U3 IBYX BO3-
MOXKHBIX COCTOSIHAH. Byiem 0003HauaTh HOCHUTENH JBOUYHOTO CUMBOJIA - TPHT-
rep kak b. C KaXIbIM COCTOSIHHEM CBSI3aHO OJTHO 3 IBYX JIOIYCTHMBIX 3HAUC-
Huii {0,1}. To cocTosiHUE, B KOTOPOM HAaXOAUTCSI TPUITEP B PACCMATPUBAEMBII
MOMEHT BpeMeHH t, Gy/ieM Ha3bIBaTh TEKYIIMM COCTOSIHHEM H 0603Hadath b,

ByzeM Takye FOBOPUTb, UTO €CIIM TPUITEP HAXOAUTCS B COCTOSHUE b,
TO OH XpaHHUT (IOMHUT) ABoMuHYyI0 ppy D(b’) = d', cBa3annyIo ¢ 5THM cO-
CTOSIHHEM.

JIBOMYHBIM 3aNIOMHHAIOIIUM 3JieMeHTOM ([I33) MbI HAa3bIBAEM TPUT-
T'ep B COBOKYITHOCTHU C DJICKTPOHHBIMH CXEMaMH, PCAIU3YIOLNIUMU ONl€paliun
YTCHUA - 3alIMCHU JBOUYHOI'O CUMBOJIA.

Onepanus 3an0ucH - ycraHoBka J[32 B cocTosiHue, CBSI3aHHOE C 3aIlv-
CHIBAEMBIM JBOUYHBIM CUMBOJIOM:

033 := IluHua 3anucm (1)
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Onepairyst YTeHUS — ONPEACIICHHE ABOMYHOTO CUMBOJIA, CBA3AHHOIO C
TeKyIIuM coctosiHueM J[33:

NuvHnA yteHus := 033 (2)

Amnanorus. MeTaimin4eckyto MOHETY MOYKHO paccMaTpuBarh Kak JIBO-
WYHBIN 3alIOMUHAIOIINNA JIEMEHT, UMEIOIINIA JIBA COCTOSIHUS - “‘open’” U “peli-
ka”. TekyIiee cOCTOSIHHE - COCTOSIHAE, KOTOPOE HAOIFOIaeTCs IPH B3TIIAAC HA
MOHETY CBEpXY.

Hammmem Ha ctopone “open” 1mmdpy 1, a Ha cropoHe “pemka’ -
mudpy 0. Torma, B KaKIpIii MOMEHT BPpeMEHH HOCUTEIh JBOMYHOTO 3HAKA Xpa-
HUT Ty TUPPY, KOTOpas BUAHA TIPHU B3TIAAE CBEpXY. UTOOHI 3anucaTh eAUHUILY
(HOJIB) HaIIO TIOJIOKUTH MOHETY “‘OpiioM” (“perkoii’”’) BBEpX.

Ha Pucynox I-6 npuseneno ycnosHoe o6o3Hauenue /I35, ocHOBY Ko-
TOPOTO COCTAaBIISAET TPHUITEP. TeKyIee COCTOSHNE TPUITEpa MPUHATO 0003HA-
9aTh MTPUXOBKOH. Ha 3TOM e pucyHke n300pa’kKeHBI IMHUS 3aIUCH (BXOX),
10 KOTOPOH MOCTyMAaeT ABOMYHBIN CUMBOJI, ¥ JTUHUSA YTE€HUS (BBIXOM), HA KOTO-
pYIo Iepeaaercs ¢ TPUrrepa ABOMUHBINA CUMBOJL.

He cnenyer nymats, 4to j1r000# MOCTYMAONIMIA HA THHUAIO 3aITUCH
JIBOMYHBIN cHMBOI 3aniomuHaercs Ha J[33. [ Toro 4To0bl ero 3alOMHUATH
HEoOXO0AMMO TI0/1aTh Ha YNPaBIIIONIMK BX0/ (NMP) AVHUYHBIA CUTHAT pa3pe-
IIEHHs IpUeMa ¢ JIMHUY 3anucH. [1o cyTu fena, 3TOT CUrHaJI HHULMUPYET BbI-
nmosHeHne oneparun 3amucy B [139. Todno Takxke, Xxpansamieiics B 139 nowy-
HBIA CHIMBOJI, BBIJACTCS HA JIMHUIO YTESHHS TOJIBKO MPH MOCTYIUICHUH Ha
YOPaBJIOIIUI BXO(BA) €IMHUYHOTO CUTHAIA Pa3peIIeHuUs BEIAYH HA JINHHUIO
gyrenus. [lo cyTu mgena, 3TOT CUTHAI MHULNMUPYET BHITIOHEHUE OTIEPAINU UTe-
Hus B JI30.
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a (BBIXOT) b (BBIXO]T) [ (BBIXO)
Py N -_ -~

B B] Bl

e e
D o T

j) ‘
JIMHUA p JIMHUA

np JIMHUS np
3anucu 3anucu 3anucu
(BxON) (BxO0N) (BxOM)
mp=0 mp=1 B1=1
Bxox | e |e™ ||Bxom| ¢ | ¢ | e | Bbxon
0 0|0 0 0|0 0|0 0
0 1 1 0 1 0 1|1 0
1 0|0 1 0|1
1 1
! ! ! ! padora /I3 npu

padora /I3 npu 3anucu 6ura srermn Gura

Pucynok I-6 IBoM4HBII 3aII0MHHAIOIINI 371€MEHT

Bonee moapoOHO ckazaHHOE BBIIIE MOKA3aHO B TAONUIAX YTCHUS — 3a-
nucu Pucynok 1-6.
IlogBoast UTOT, MOKHO CKa3aTh:
e IBOMYHBIN 3aniOMUHARONIU 31eMeHT (/133) XpaHuT (MOMHUT) MOCIC -
HUM, IPUHATHIA ¢ JTMHUU 3alIUCU JBOUYHBIN CHMBOJ;
® [IpU CUUTHIBAHUU, XPAHIIIMNACA B JBOMYHOM 3alIOMHUHAIOILIEM JIEMEHTE
JIBOMYHBIA CHMBOJI HE U3MCHSCTCS.
Takum 00pa3oM, 3aITUCaB CUMBOJI MOYKHO €TI0 CUUTHIBATH MHOTOKPAT-
HO

3.2 JIBOWYHBIN 3alIOMUHAIOIINI PETUCTP

HBOI/I‘IHOC n - pa3zpAaaHOE CJIOBO OIIPEACIACTCA KaK MOCIEA0BATECIIb-
HOCTh ABOMYHBIX CUMBOJIOB JJIMHEBI %

w = dn-1,dn-2,...,di,...,d1,d0. 3)

Kaxxnplii sneMenT d; Tako#l OCIEN0BATENLHOCTH SIBIISET COOOH i- i
paspsin cioBa. Pa3psiel HyMepyroTcs cripaBa - HaJeBO (OT MIIaJIIero K cTap-
memy). JlnrHa ciioBa ompeaenseTcs Kak YHCI0 COCTABIISIONINX €T0 Pa3paaoB.

JIBonunsit HocuTenb cnosa (JIHC) Mbl onpezenseM Kak Mociaen0Ba-
TENBHOCTD, COCTOSIIIYIO U3 N IBOMYHBIX 3aIIOMHHAIOIIHIX 3JIEMeHTOB (PucyHok
1-7).
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OnemeHT b; 3TOi1 MocIen0BaTENHPHOCTH Ha3bIBACTCA i- M pa3psIoM HO-
CHUTEJIS CIIOBA.

IIHHA YTCHUA
IIMHA YTCHUs
B AL‘_ ~ _'AL B
2 <4 > —
XY
np n-1 1 (l) 0 np ( ) [~
a ‘_ _' b HIMHA 3allUCH
IIMHA 3aIMUCH

Pucynoxk I-7. [IBonuHbIii 3an0MuHaIOLIUIl peructp (a) U ero 0603HayeHue
(b)

Kaxxaplii pa3psi HOCUTENS CJIOBA B TEKYLLIMHA MOMEHT BPEMEHH HaXO0-
autes B coctostuuu by u XPaHUT IBOUYHBINA CUMBOJI D(bti), CBSI3aHHBIN C ATUM
coctosHueM. [TocnenoBaTenbHOCTb: by g b2 eesbiseessb1,b', TeKyIIMX COCTOS-
HUU pa3psiioB HOCUTEIIS CIIOBA MBI HA3bIBA€M TEKYIIUM COCTOSHHEM HOCHTE-
JIFl cJI0BA.

IMocnenoBaTenbHOCTH ABOMYHBIX CUMBOJIOB:

w' = D(b',.1),D(b"1.2),--.,D(b"),...,D(b%),D(b,) , (4)

COOTBETCTBYIOIIYIO TEKYIIEMY COCTOSHHUIO HOCUTEINS CJIOBA, MBI Ha3bI-
BacM CJIOBOM, XPaHSIIIEMCS] B HOCHTEJIE CJIOBA B TEKYIIMI MOMEHT BPEMEHH.

Bcero umeercs 2" coCcTOsSHUI N - paspsiAHOTO HOCHTENS CIIOBA, C KaXK-
JIBIM U3 KOTOPBIX CBSI3aHO OJJHO U TOJIBKO OJJHO N - Pa3psiTHOE TBOUYHOE CIIOBO.
Ciie10BaTeNbHO, N - PaspsiAHbIA HOCHTEINb CJIOBA CIIOCOOEH XpaHuTh 2" pas-
JMYHBIX N - Pa3psIHBIX ABOMYHBIX CIIOB.

Amnanorus. [TocienoBareIbHOCT N METANTMYECKUX MOHET MOXKHO
paccMaTrpuBaTh Kak HOCUTENb cnoBa. [locnenoBarensHOCTD “OpiioB” U “pe-
IeK”’, BUANMBIX CBEPXY - peann3yemoe coctosaue Hocurens. [locnenoBarens-
HOCTB HyJICH ¥ €MHUI], HAPUCOBAHHBIX HA 3TUX “‘opiax” W “pemkax’ - XpaHs-
Ieecs B HOCUTEIIE ABOMYHOE CIIOBO.

Hocwurenb ciioBa B COBOKYITHOCTH C PeaIM30BaHHBIMU JUIS HETO OIle-
palusIMK YTESHUS - 3aIIMCH Mbl Ha3bIBacM JIBOMYHBIN 3alIOMUHAIOLIUI pe-
THCTP.

Hocwurens cnoBa npeBpaniaercs B IBONYHBIN 3alIOMUHAIONINN PETUCTD
r cneayrommm oopasom (Pucynok 1-7.a):

e JIMHWU YTCHUS OOBEIMHAIOTCS B IIMHY YTCHMS IIHPHHEI N;

e JIMHWY 3alUCH OOBEANHSIOTCS B IIMHY 3aIMCH MIMPHHBI I

®  VIPaBIAONINE JHHAH (BA) OOBEIUHIIOTCS B OOIIYIO YIIPABIISIONIYIO
nuuuo B

e  YIpaBisAOLINE JUHUH (TP) 00OBEANHSIIOTCS B OOIIYIO YIPABIISIOLIYIO
nuauto ITP.
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Omnepariyst 3aIMcH cI0Ba B 3aIIOMUHAIONIIHA PETUCTP I' - yCTAaHOBKA HO-
CUTEIIA CJIOBA B COCTOAHUE, MPCACTABJICHHOC CJIOBOM HAa HMIMHE 3aIlIMCHU:
3anuchb(r, JInHusa_sanucwm) (5)

Omneparys YTeHUs M3 3alIOMMHAIOIIET0 PETHCTpPA I - BblJaua Ha [IUHY
YTCHUS CJIOBa, NPEACTABJICHHOI'O0 TCKYIIUM COCTOAHUEM HOCUTCIIA CJI0OBA:
YreHue(r, NMHUA_YTeHunA) (6)

B pesynbrate moiyyaetcs ABOUYHBINA 3aIIOMUHAIOIIUI PETUCTP
(Pucynoxk I-7

.0.b), ciocoOHBII MPUHUMATE U 3aTIOMUHATH JBOWYHOE CIIOBO C IITMHBI
3armcu (ro curHany IIP.), a Takke BRIIaBaTh XpaHAIIEeCs CIIOBO Ha IIMHY UYTe-
Hus (1o curHany BJI).

Pazpsiapr HOcHTENS ClTOBa TakXKe HA3bIBAIOT pa3psiaaMu peructpa. Ilo-
CJIeIOBATEBHOCTb IENBIX HEOTPUIATEIbHBIX ncel: 0,1,...,050..,0-2,n-1 - HA3BI-
BaeTCsl pa3pAAHOM CeTKOM perucrpa.

B nanpHeiiniem, JBOMUHBII 3aIOMHHAIOIINA PETHCTP MBI Oy/1eM Ha3bl-
BaTh MPOCTO PETUCTPOM, & XPAHSIIIEECS B HEM CIIOBO - COJEPKUMBIM PETUCTPA.
Takum oOpa3oM, peructp odecrneyrnBaeT O JHOBPEMEHHYIO 3aIUCh (OTHOBpPE-
MEHHOE YTCHHE) BCEX Pa3psIOB CIOBA.

3.3  JIBouuHas namsTh

Co3aHue IBONYHOTO 3aIIOMHUHAIOIIETO PErUCTpa pelaeT npoodiemy
XpaHeHH (3aIIOMUHAHUS) JII0OO0T0 ABOMYHOTO N-pa3psAHOro cioBa. OmHaKo,
IIPY BBIYMCIICHUSX HEOOXOIMMO OTHOBPEMEHHO XPaHUTh MHOXKECTBO CJIOB.
BozHukaeT nmpobiiemMa co3maHus maMsATH (3alIOMAHAIOIIETO YCTPOMCTBA) IS
xpaHeHus Q CII0B, K&KI0E U3 KOTOPBIX COCTOUT M3 N pa3psIoB (CHMBOJIOB).

JABonuHblil Q CIOBHBII TEKCT MBI OTIpECIIieM KaK MOCIeI0BaTENb-
HOCTbB JJTUHBI Q , COCTOSIIYIO U3 N-Pa3psIHbIX JBOUYHBIX CIIOB:

text = wo,w1,...,wj,...,.wQ-2,wQ-1 (7)

JABonunsblii HocuTeab TekeTa (JJHT) Mb1 onpenensiem kak mocieno-
BaTeJILHOCTh, cocTosyto u3 Q peructpos (Pucynoxk I-8-a).

H[EI/IMeanI/Ie. Hocurenp Texcra IMMPUHATO TAaK)KE HA3bIBaTh 3allIOMU-
HAIOIIUM MacCHBOM.

Kaxmprit PGFHCTQ HOCHUTEJIs TEKCTA Ij B TEKYLIHUIl MOMEHT BpEMEHH
HAXOJIMTCS B COCTOSHUM I'j M XPAHHUT ABOMYHOE cloBO W(r')), CBsI3aHHOE ¢
STHM COCTOSIHHAEM.

T10CIEA0BATENEHOCTD: I gy1 1yeeesTjoseesT gm2, T @15 TEKYIIMX COCTOSHUIA
PETHUCTPOB HOCHUTEIIS TEKCTA HA3BIBACTCS TEKYIIUM COCTOSTHIEM HOCHUTEIS TEK-
cTa.

HOCHCHOB&TCHLHOCTB JBOHWYHBIX CJIOB:
Text' = W(r'e), W(r's),y,,- W(r'),..., W(r'q.2,W(r'q.1), (8)

COOTBETCTBYIOIUX TEKYHIEMY COCTOSIHUIO HOCUTEJIA TCKCTA, Mbl Ha3bl-
Ba€M TCKCTOM, XpaHAIIEMC B HOCUTEJIC TCKCTA B TeKyHJ,l/Iﬁ MOMCHT BPpCMCHHU.
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Hocwutesb TekcTa B COBOKYITHOCTH C peaIM30BaHHBIMU [IJIsl HETO OIle-
paLMsIMK YTSHUSI - 3aIIMCH Mbl Ha3bIBa€M JIBOUYHBIM 3a[IOMHHAIOIINM YCTPOW-
CTBOM WJIM ABOUYHON MaMsATHIO (B AalibHEHIIIEM, IPOCTO MamsThio). O cocTas-
JISTIOIIMX HOCHUTEIIh TEKCTa PErMCTPax Mbl TOBOPUM KakK O PETUCTPax MaMsTH.
TekcT, XpaHsIIecs B HOCUTENEC TEKCTA, IPUHATO Ha3bIBATh COMNCPIKUMBIM I1a-
MSITH.

ITo ananoruu ¢ mpeapIAYIIAM, CICIOBANIO OBl OMPEICITUTH I HOCH-
TEJS TEKCTA ONEePaNy YTCHHUS-3aITUCH, OOHOBJISIFOINC WJIH YUTAIOIINE TEKCT
tenukoM. OIHAKO TEXHUYECKH CII0KHO U JOPOTO Pealii30BaTh OMEPAIIUIO 3a-
MUCH, KOTOPasi OJIHOBPEMEHHO U3MEHSET COACPIKUMOE BCEH MTAMSITH, T.€. BCIO
XPaHSIIYIOCs B HEel MOCIe0BATEIbHOCTD CJIOB. TOYHO TakKe MOXKHO CKa3aTh
00 onepaluy YTeHHsI BCETO COIEPKUMOTO MaMSITH.

=
n TIVER AU n 1017 33%2) /vl
v JIeHBI
A S~~——1 1
I 0.0 I 000
e B e
IR o o Q p IR w oL Q
apeca u ~ - apeca u
¢ ¢
ar P 1.1 ar p 1.1
1\ /
= [~ JIBOVSHL I HOOUT > TOKCTA
n TR YTCHUBT - PNCIPHLITEVITIV
) v b)

Pucynoxk I-8. OnepaTuBHas naMATH ¢ ABYMsI LIMHAMM JaHHBIX () U ¢
oaHOM mUuHOK 1aHHBIX (b)

K cuactsio, B 3TOM Het HeobxoaumocTH. IIpakTrka mokas3sIBaeT, 4YTo
0001 BBIYMCIUTENBHBIIN MTPOLIECC MOKHO MPEJCTABUTh KaK I0CIIe0BaTENb-
HOCTb YTEHHS U 3aITHCH COAEPKUMOTO OTACIBHO B3STHIX PETUCTPOB MaMSITH

[ToaToMy OmpenemnsIOTCs ONepaliy YTEHUS - 3aIFCH B PETHCTP MaMsi-
TH C yKa3aHHBIM afgpecoM. [Ipudem, B kKaduecTBe agpeca perucTpa NCHoiIb3yIoT
€ro MOPAIKOBHIN HOMEp B HOCHTENE TeKCTa. IlocineoBaTelbHOCTh IETBIX YH-
cen: 0,1,...555e..,Q-2,Q-1 - Ha3pIBaeTCS aiPECHBIM MPOCTPAHCTBOM MAMSITH.

Onepanyst (porerypa) 3armcy ClioBa B PeTHCTpP NaMsTH C 3aJaHHBIM
azpecoMm:
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3anucb(agpec, HoBOe COBO) (9)

Oneparwst (GYHKIKSA) YTCHUS U3 PETUCTPa IAMSTH C 3aJaHHBIM ajpe-

COM:
YreHune(agpec) (10)

I/ICHOHLSyﬂ ornepanuy YTCHUSA - 3alIMCH MOYKHO OIIPCAC/IUTE OICpalIo
oOMeHa cI0BaMu MCKIAY PETUCTPAMU TAMATH!
3anucb(agpec2,YteHune(appect)) (10)

bonee MPUBBIYHO NPEACTABICHUEC OllCpaliun oOMeHa JaHHBIMH B BUJIC
ornepaTopa pUCBanuBaHUsA:
aapec? := apgpeci (11)

Peructp mamsTH, A5t KOTOPOTO peaan3yeTcs 3alnch - YTEHHE Ha3bI-
BaeTCsl JOCTYMHBIM PErHCTPOM, a €T0 aJIpec - aipecoM J0CTyNa.

Hocwurens TekcTa npeBpamaeTcsi B aMATh CIEAYIOIUM 00pa3oM
(Pucynok I-8.a):

® [IWHBI YTCHUA BCEX PETUCTPOB MMaMATU 06’be)ll/lH5HOTCH B €AMHYIO HIMHY

YTCHUS IIUPUHBI N

® [IWHBI 3alIMCU BCCX PETUCTPOB MaMATH O6'beJII/IH}IIOTCﬂ B CIMHYIO IIUHY

3aIicy IUPHHBI N;

e BBOJUTCS LIMHA ajpeca (LIUPHUHBI P), 0 KOTOPOH IOIAaeTCs B MaMATh

JBOMYHBIN KOJ azipeca A0ocTyma (B AaNbHEHIIEM, apec T0CTyna);

® KOHCTPYHPYETCS JIEKTPOHHOE YCTPOICTBO - Aemn(paTop, peaansyo-

LM TOCTYH K PETHCTPY HaMATH C 3aJaHHBIM afpecoM (0OecTeunBaroIui

BO3MOKHOCTb YTEHHMS MJIH 3aIIHCH JUIS 33laHHOTO PETUCTpa MaMATH);

e MpexycMaTpUBaeTCA YIPaBISAIONIAs TUHUSA paszpemenns 3amucu (31I) u

ynpasistomas auans paspemenust yrenus (UT).
st mpeoOpazoBaHust JBOMYHOTO KOJIA ajpeca B YIPaBJISIOIINI CHUT-
HaJl IOCTyIa UCIIOJIb3YeTCs Aen(PaTop. NpeaACTaBiseT coOon
JNIEKTPOHHYIO CXEMY, UMEIOLIYIO P JBOUYHBIX JHHHUHA Bxoza u 2P
JIBOMYHBIX JIMHUH BbIXoJa. Korza Ha BX0J ¢ IIMHEI a/ipeca MocTynaeTr
ozHa 13 2P BO3MOXKHBIX JIBOMYHBIX MOCIIEI0BATEILHOCTEH KO/Ia a|pe-
ca adr, Ha OZTHOM U TOJIGKO OJTHOM JIBONYHOM BBIXOJI€ ITOSBIISIETCS
eIMHHMIIA.

Taxum 00pa3om, nemudpaTop OTHOZHAYHO MPeodpa3yeT TBOMIHYIO
BXOJIHYIO IIOCJIEIOBATENBHOCTh KO/1a afpeca adr B COOTBETCTBYIOIIMN € BbI-
xozx. JInHus 3TOTO0 BHIXOZA U JIeTaeT JOCTYIHBIM PETUCTp C agpecoM adr.

AJTOpHUTM HCTIOJHEHUS ONEPAIMH 3aMKCH CJIOBA B PETUCTP MAMATH C
3aJ[aHHBIM aJPECOM.
1. Ha mmny azgpeca mogaercst apec JI0CTyIa.
2. JHeummdpartop obecrieuuBaeT JOCTYI K PETHCTPY HaMATH C 3aJJaHHBIM
a/IpecoM.
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3. Ha mmHy 3amucu mogaercs ciioBO, KOTOpOe HEOOXOIMMO 3alHcaTh B
JIOCTYIIHBIM PETUCTD.
4. Ha ynpasmsitonryto guauio 311 monaeTcst eIMHUYHBIN CUTHAT pa3pelie-
HUSI 3aIHCH.
5. JIBOHMYHOE CJIOBO C JMHMM 3aIMCH [IEPENAETCS B JOCTYIIHBIM PETUCTP
[aMATU U CTAHOBUTCS €r0 COAEPKUMBIM.
AJITOPUTM HCIIOJIHEHUS OTiepallK YTEHHsI CJIOBa U3 PErucTpa mamsTu
C 33/1aHHBIM aJ[PECOM.
1. Ha muHy ajgpeca nmopaercs aapec A0CTyIa.
2. Jlemmparop obecrieunBaeT TOCTYII K PETHCTPY MAMSTH C 3aJaHHBIM
azpecom.
3. Ha ympasnstomyto nuamio YT mogaercst eTMHWYHBIN CUTHAT pa3pere-
HUS YTCHUS.
4. JIBomdyHOE CIIOBO M3 IOCTYITHOTO PETHCTpPA MEpeaaeTcs Ha MUHY 4Te-
HUA.
Kparko 3aTpoHeM BOIIpoc 0 crocode 10cTyna K perucTpam maMsTH.
I'oBopAT, 4TO MaMATH yCTPOEHA Kak MaMATh NMPSIMOr0 A0CTYIA B ClIydae,
KOTJIa B OTICPAIIHAX SIBHO YKa3bIBACTCS aJpec perucTpa namstu. [laMsars mps-
MOT0 JIOCTYIIa Ha3bIBACTCSl PABHOJIOCTYITHOW (MAMSTHIO CO CIIYyYalHBIM JOCTY-
IOM) B cly4ae, KOT/Ia BpeMs JOCTyIa K PETUCTPY MaMsITH HEe 3aBUCUT OT TOTO,
KaKO# perucTp ObUI HOCTYIEH nepesa STuM. PaBHogocTyHAs HaMATh (TIaMATh
CO CITy4aifHBIM JIOCTYTIOM ), IOAKJIIOYSHHAST HEMOCPEICTBEHHO K YCTPOUCTBY
BBITTOJTHEHHSI oTiepanuii 00pabOoTKH TaHHBIX (LIEHTPaITHPHOMY IPOLECCOPY) Ha-
3BIBAETCS OTIEPATUBHON MAMATHIO (ONEPAaTHBHBIM 3aIIOMHIHAIOIAM yCTPOHCT-
BoM - O3Y). Ee anrios3sianoe Ha3Banue - Random Access Memory (RAM).
ITo mpuHIMIy neficTBUA U TeXHUYeCcKoH peanu3anuu RAM noapaszzae-
nseTcs Ha craTudeckylo SRAM, oCHOBOM KOTOPOI! ABIIsETCSA TpUITEpP, U Ha
JIMHAMU4ecKyto nmaMatb DRAM, ocHOBO# KOTOpO# City>kuT KoHAeHcatop. Cy-
IIECTBEHHAS 0COOCHHOCTH ONICPATHBHOM MAMSTH - HCYC3HOBEHHUE XPAHSIIIUXCS
JTAHHBIX TPU BBIKIFOYCHUH ITHTAHUS.
B HacTosmiee BpeMs Ooliee ynoTpeOUTeIbHA OTIepaTUBHAS TAMSTH C
oIIHOM mMHOW nepenayn nanHbeX (Pucynok [-8.b).
W3 cka3aHHOTO BHIIIE SCHO, YTO, IPUHATO Pa3INdaTh JOTHUECKHIE SH-
HUIIBI TaHHBIX (3HAK, CJIOBO, TEKCT) M TEXHUYECKUE YCTPOMCTBA I XPAaHECHHUS
9THX eIUHHII (IBOMYHBIN 3aTIOMUHAIONINH IEMEHT, PETHCTp, TaMSTh).
C 1enpio U3MEPEeHNs U CpaBHEHHS Pa3MepOB €IMHUI] TaHHBIX BBOJAT-
Csl CIIEAYIOIINE eTUHHIIBL.
MuHUMaNbHOHN eIWHUIIEH N3MEPEHUS IOTUIECKON IMHUIIBI TaHHBIX
CITy>)KUT OMT - IBOMUYHBIN CUMBOJI. bojiee KpyIHas equHUIIA U3MEpeHUs — OalT,
KOTOpast OIpEAC/IACTCA KaK €AMHUIIA TaHHBIX B BOCEMb JIBOMYHBIX CUMBOJIOB -
paspsoB. CI0BO — €UHUIIA JAHHBIX , COCTOSIIIAsl U3 LIEJIOr0 Ynciia OanT.
Hwxe mpuBoasTcst 6oiee KPyIHBIC ¢AUHUIIBI H3MEPEHHS Pa3MEpPOB
JTAaHHBIX.
Kuno6aiir - 210 Gaiit = 1024 Gaiir.
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Mera6aiT - 220 GaidT.

l'uraGaiir - 230 Gaiit.

Tepabaiit -240 Oaiir.

Brimena3paHHbie CAMHUIBI CITYKAT HC TOJIBKO JJId UBMEPCHUS pasMe-
POB JaHHBIX, HO TAKXKC IJIsI U3BMCPCHUSA 06’beMOB 3aIIOMUHAOIIUX yCTpOﬁCTB,
KOTOPBIE XPAHAT 3TH IaHHbBIC. TepMuH «0aliT» HCIOIB3yeTCs B IBYX CMBICIIAX.
Bo - epBEIX, 3TO eMHUIA U3MEPEHUS pa3Mepa JaHHBIX— O0alT maHHbBIX. Bo -
BTOPBIX, 3TO 3aTIOMUHAOIIUI PETUCTP EMKOCTBIO B OJIMH OalT - OaiiT mamsTu.
Kakoii cMbIcT B K&KIOM KOHKPETHOM CIy4ae IPUAACTCS TOMY I HHOMY Tep-
MUHY, SICHO U3 KOHTEKCTA.

Bo Bcex coBpeMeHHBIX KOMITBIOTEPHBIX CHCTEMAX PETHUCTp ONepaTHB-
HOM MaMsTH UMEET pa3Mep B OJIMH OalT. ['OBOPSAT, 4TO OnepaTUBHAS TIAMATh
ITOCTpOeHa «110 0aliTOBOMY» IpUHIHITY. TakuM 0O6pa3oM, MUHUMAIbHAS €M~
HUIIa OTIEPATUBHOM MaMSTH, KOTOPYIO MOKHO aJpECcCOBATh - OJMH OauT.

Ol'lepaTI/lBHaﬂ naMsATb COBPEMCHHBIX IMEPCOHAJIBHBIX KOMITBIOTCPOB
HUMEET eMKOCTb OT 16- T MerabauT u Bblle. YTOObI peabHO TIPENICTaBUTh
3TOT 00BEM, CKaXKEM, 4TO B OJTHOM MerabaiTe maMsiTH MOXKHO cOXpaHuTh 500
ctpanur rmeyatHoro Tekcra. (L{udpa 3ta 3aBUCHT 0T cioco0a XpaHCHUS U SIB-
JISIETCS BEChMa OPUEHTUPOBOYHOM. )

Kpome eMkocTH qpyroii XapaKTepUCTUKOM MaMsTH SBISETCS OBICTPO-
neiictBue. BricTponeiicTBre maMATH onpeaenseTcs Kak BpeMs, HeoOX0IuMoe
JUTSI BEITIOJTHEHWSI OTHOW OTiepannyl yTeHus (3amucu). O4eBUIHO, YeM OOJIbIIe
OBICTPOJICHCTBHE ONEPATHBHOMN MaMATH — TEM OOJIbIIIE CKOPOCTH 00PabOTKH
JIaHHBIX IIEHTPATBHBIM IIPOIIECCOPOM.

[Ipu KOHCTPYHPOBAaHUN KOMITBIOTEPA OIIpEaesaeTCs Oa3uCHAs TEXHH-
YyeCKas €AuHUIla IIaMATU - CJIIOBO. IIJ'IH COBPEMECHHOI'O NEPCOHAJIIBHOT'O KOMIIb-
10Tepa OTpeIeNIIeTCs CIOBO pa3MepoM B deThIpe Oaifta (32 ABOMYHBIX pa3psi-
na). st crapbix MOJieNieit epCOHAIbHBIX KOMITBIOTEPOB OMPEICISUIOCh CIIOBO
pa3MepoB B 1Ba Oaiita (16 TBOMYHBIX pa3psAI0OB) U AaXe OAWH OaT (8 qBOMY-
HBIX pa3psnoB). CymepKOMITBIOTEPBI UMEIOT CIIOBO Pa3MepPOM B BOCEMb OaiT
(64 nomyHBIX pa3psaa). Ha 6ase ciioBa onpenesiroTcs pOU3BOTHBIC JIOTHYC-
CKH€ eIMHUIIBI JaHHBIX: TIOJTYCIIOBO, IBOIHOE CIIOBO U T.1.

Oco0060 ocTaHOBUMCS Ha 3aBUCHMOCTH aIpECHOTO MIPOCTPAHCTBA TTaMSI-
TH OT JJIMHEI afpeca noctymna. [ 3aqaHHoi JTHHEL P agpeca TOCTYIIa JISTKO
OIPEIENUTH YHCIIO PA3IUYHBIX aJPECOB, KOTopoe paBHo 2P Takum oOpasom,
OYEBHIHO COOTHOIIICHUE IS OTIPEIeIICHUs pa3Mepa apeCcHOTO MPOCTPaHCTBA:
Q = 2". Hu menbiee, Hu GOJBLIEE aAPECHOE MPOCTPAHCTBO MPH 3aJaHHOM P
C03/1aBaTh HE UMEET CMbICTIA. TakuM 00pa3oM, JJIsl MICCTHAALATH Pa3psIHON
ApPXUTEKTYPhI pa3Mep alpecHOro mpocTpancTBa 64 kunobaiita. s Tpuana-
TU/IBYXPa3psJHOHM apXUTEKTYphl pa3Mep aJpecHOro npocrpancTea: 232=4 ro.
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Hpumeuanue. [1luprHa mKHbI JaHHBIX (LIMHBI aJpeca) He BCETa COB-
najaeT ¢ JJIMHOM cioBa (IUTMHOM Koja aapeca). M3 sKOHOMUYIECKUX coOoOpake-
HU# CJI0BO JUTMHBI N (KO aJpeca [UIMHBI P) MePeaaeTcs Mo ICIICBOM IIIMHE
MEHBIIEH IMUPHUHBI B HECKOJIBKO TakToB. Hampumep, TpuaatuIByxpaspsaHoe
CJIOBO MOJKET IIE€PeIaBaThCs 10 IIECTHAIATUPA3PSIHON [IIMHE TaHHBIX 32 JBa
takta. ECTeCTBEHHO, S5KOHOMS B CTOMMOCTH - IPOUTPEIBAIOT B OBICTPOJICHCT-
BUU.

3.4 IloueMy KOMIBIOTEpHAS NaMATh ABOUYHAS

C TeopeTn4ecKol TOUKHM 3PEHHS, 3aIIOMUHAIOIINI PETHCTP MOXKET
CTPOUTHCS M3 N HOCUTEJNIEH CUMBOJIA, KOXKABIH U3 KOTOPEIX HMeeT B cocTosHui
paBHOBECHS H CIIOCOOCH XpaHUTh 00yio m3 B mmudp. B aToMm cirydae, 3amo-
MHHAIOIINI PETHCTP B LIEJIOM MOXKET XPaHUTh N-pa3psaHoe B-naHoe gunco.
OpHaKo MaMATh COBPEMEHHBIX KOMITBIOTEPOB CTPOUTCS HA OCHOBE HOCHUTEICH
JBOUYHOTO CUMBOJIA. M A7 3TOTO €CTh CBOM IPUYHUHBI.

IIpexne Bcero, O4€BUAHO, YTO YEM MEHBIIIE YHCIO COCTOSHUN y HOCH-
TeJsl CHMBOJIA - TeM HaJie)kHee OH paboTaeT. MUHMMAaIbHOE YHCIIO COCTOSHUH
Y HOCHUTEJISI CHMBOJIA PaBHO JBYM.

K cuacThio, KpuTepHil HaEKHOCTH HE IPUXOIUT B IPOTUBOPEUHE C
KpUTEpUEM MHUHUMAIbHOW CTOMMOCTH M3rOTOBJIEHUs peructpa. CyiiecTByeT
pasyMHOE IPEAIIoI0KEeHHE, YTO CTONMOCTD U3TOTOBJICHUS PETHCTPa IPOIOp-
LMOHAJIBHO YHCITy 3HAKOB PErUCTpa, KOTOPOE OINpEessieTcsl Kak Iponu3Besie-
Hue: z = Bxn, rne B- uncno coctostHui HOCUTEINS 3HaKa, N-YHCIIO Pa3psiIOB
perucrpa.

Ilyctb z = 20. PaccMoTpuM /1Ba KpallHUX BapuaHTa: IBYXpa3psaHbIN
pErucTp U3 HOCUTENEH 3HAKA C IECATHIO COCTOSTHUSMH PABHOBECHS U JIECATH-
pa3psAAHBIA PECUCTP U3 HOCUTENIEHN 3HaKa C IByMsl COCTOSIHUSIMHU paBHOBecus. B
MIEPBOM ciydae, peructp Moxet xpaautb N =102 = 100 pa3nuussix cios. Bo
BTOopoM cirydae: N =210 = 1024 pa3nu4HbIX ClIOBa.

3aKoHOMEpHA ITOCTAHOBKA BOIIPOCca 00 ONTUMAIBLHOM, C TOYKH 3PSHHSI
3 PEeKTUBHOCTH, YHCIIE COCTOSIHUI HOCHTEIIs 3HaKa. HecnoxHbie pacueTsl
MOKAa3bIBAIOT, YTO Tpaduk 3aprucuMoctd N (YUCIIO pa3InYHbIX CJIOB) 0T B
(4MCIO COCTOSIHMI HOCHUTEIIS 3HaKa) MPH IOCTOSIHHOM Z (CTOMMOCTD
W3rOTOBJICHHS] PETUCTPA) HMEET CIEAYIOMNI BU:

N

A 4
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W3 rpaduka BUAHO, 9TO ONTUMAIBHBIM, C TOUYKUA 3pEHUSI CTOUMOCTH
M3TOTOBJICHUS, SBJISETCS Heresoe ocHoBanue € = 2.71... Cpenu 1esbIx OCHOBa-
HU# ontuMyM nocturaercs npu B=3. Ho pasnuna mexxay N(3) u N(2) neszna-
ypTenbHa. [10aTOMY, € y4eTOM KpUTEpHs HaIe)KHOCTH PabOThI, B KAUeCTBE pe-
FI/ICTpa KOMHI)IOTepa cho.m):;yeTca ZlBOl/I‘-IHLIﬁ SaHOMI/lHa}OHJ,l/Iﬁ peFI/ICTp, qTO
HAKJIaJIIBACT IBOMYHYIO CHeNU(UKY Ha BCIO apXUTEKTYPY KOMITBIOTEPA.

[MonmBomst UTOT, MOXKHO CKa3aTh CIEAYIOIICE:

1. OCHOBOIi OIEPATUBHON MAMSATH CIYXKHUT HOCUTEIh TEKCTa (3aIIOMHUHATO-
i MaccuB) 13 2P 3aIIOMMHAIOIMX PETMCTPOB - GAWTOB TAMSATH;

2. B KaXIbIH MOMEHT BPEMEHH KaXKABIH OalT maMsiTh XpaHuT OalT JaHHBIX
(8 - pa3psimHOE TBOMYHOE CIIOBO);

3. B KaxAblli MOMEHT BPEMEHH MaMsTh B IIEJIOM XPAHUT JBOMYHBIA TEKCT
pasmepom 2P Gaiir;

4. omepaTHBHas MaMATh IPUHUMAET P - Pa3pATHBIA JBOMYHBINA KOJ aipeca
C LIMHEI aipeca ¥ 00eCIeunBaET IPSMON JOCTYI K KaxkaoMy u3 2P perucrt-
POB MacCHBa 3alIOMHHAIOIINX PETUCTPOB IO 33JaHHOMY aJIpecy;

5. omepaTHBHas MaMATH SIBIAETCS PaBHOAOCTYIHOH (BpeMst IIPSIMOTO 0C-
Tyma K 0aliTy maMsTH HEe 3aBUCHUT OT MPEIBICTOPHN);

6. omepaTHBHAS MaMATh 00CCIICYHBACT BBHITIOJHEHUE OTICpAIIHiA YTe-
HUS1/3aITUCH JJIs IOCTYITHOTO PETUCTpa.

3.5 KoHTpoJibHBIE BOIPOCHI

[TonATHE TBOMYHOTO CHMBOJIA, TBOMYHOTO CJIOBA M IBOMYHOTO TEKCTA.
TexHUYECKHE CPECTBA 3AIIOMHHAHIS OJHOTO JBOMIHOTO CHMBOIIA.
TexHUYECKHE CPEeCTBA 3aIIOMIHAHUS OQHOTO TBOMYHOTO CIIOBA.
TexHUUECKHE CPEICTBA 3AIIOMHUHAHIS MHOYKECTBA JBOUYHBIX CIIOB.
[TonaTue pa3psiHON CETKH U aIpECHOTO MPOCTPAHCTBA.

[TonaTHe mpsMOro 10CTyNa U PaBHOJOCTYITHOCTH.

OnTuMalIbLHOCTE )lBOl/IIIHOI‘/II IIaMsTH.

CBoiicTBa onepaTuBHON MaMsTH.

PRNAN R LD =
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4 Tunwet oannsix.
4.1 lloHgTHE THUITA HAHHBIX

MBI TOCTPOMIIM PAaBHOAOCTYITHYIO IaMSTh (IIaMsTh CO CITyYaiHbIM
JIOCTYIIOM) cOCTOSIIIyI0 U3 Q = 2p agpecyeMbIX periucTpos - OaiT mamstu. B
Ka)XJI0M OaiiTe mamsiTh MOKET XPaHUTHCS § - pa3psAHOE ABOMYHOE CIIOBO (CO-
JiepkuMoe Oaiita mamsaTH - 0alT 1aHHbIX). OJJHAKO NMPY BHIYUCIICHUSIX KOMIIb-
I0TEp UMEET JIeJI0 HE ¢ OC3IMKUMH CIIOBAMH, a C CAMHUIIAMH JaHHBIX. TakuM
00pa3oM, HeOOXOANMO PEIIUTh KAKIM 00pa30M pa3iIHdHble eIUHHLBI JTaHHBIX
XPaHATCS B KOMITBIOTEPHON TAMSTH.

MuHnMaIpHOHM agpecyeMoi eIMHUIeH naMsITH sBisercs Oaiir. OxHa-
KO, B 00IIEM CiTydae, BOCBMH JBOMYHBIX Pa3psJoB HEAOCTATOUHO AJIS pa3Me-
IEHN JTI000H eANHULBI JaHHBIX. [103TOMY MBI OyA€M rOBOPHUTH, YTO EAWHHLIA
JIAaHHBIX XPaHUTCS B sideliKe, KOTOpasi COCTOUT U3 HECKOJIBKUX OalT orepaTHB-
HOW nmaMsITh. AJPeCcoM SUCHKHU CITY)KUT ajjpec MepBoro OaiTa, ee 00Opasyrore-
ro.

31ech MBI paccCMaTpUBAaEM TOJIBKO MPOCTHIE €ANHUIIBI JaHHBIX, KaxK1ast
13 KOTOPBIX XpaHUTCS U 00pabaThiBaeTcsl Kak eauHoe nenoe. K umeiny npocTeix
€/IMHMIL IAaHHBIX OTHOCSTCS YMCIIa ¥ CUMBOJIBL. B HEKOTOpBIX Citydasx, B Kaue-
CTBE IPOCTOH €AWHHIIBI JAHHBIX BBICTYNAET CTPOKA CHMBOJIOB.

[ToHsTHE THIIA DAHHBIX SBIACTCS BAKHEHIINM HOHITHEM IPOrPaMMH-
poBanus. TN JaHHBIX - COBOKYITHOCTb NPABUJI, OIPENIEIISIOINX HEKOTOPYIO
KaTETOPHIO IaHHBIX KaK:

® MHOXECTBO JIOIyCTHMBIX [UISl HE€ 3HAUECHHH;

®MHOKECTBO AOITYCTUMBIX onepaunﬁ HaJ AOIMYCTUMBIMU 3HAYCHUAMMU,

e crioco0 xpaHeHus 3HaueHus (hopmar siYeKn XpaHEeHus );

Kaxnast eimHMLA TAaHHBIX B IPOrPaMMe sIBJISETCS JIMOO KOHCTAHTOH,
160 mepeMenHoii. OTIMYNE 3aKITI0YAETCS B TOM, YTO 3HAYCHUE NIEPEMEHHOI
MOXET MEHSTHCS B IIPOLIECCE BBIIIOIHEHNUS IIPOIPAMMBI.

Crenyer pa3iau4arh TUIBI JaHHBIX, PEaIM30BaHHBIC CXEMOTEXHHYECKN
B KOMITBIOTEPE, U TUIIBI JAaHHBIX, PEATM30BAaHHBIC IIPOTPAMMHO B ITOJIEPKKY
S3bIKa IPOTrpaMMHpPOBaHus. KOMITbIOTEpHBIE TUIIBI JAaHHBIX SIBIIAIOTCS MPOCTHI-
MU (cKansipHBIMK). [IpuMepsI: 1ienoe 9ucio, BEMeCcTBEHHOE YHCII0, CHMBOIL.

[Ipu pa3zpaboTke S3BIKOB IPOrPaMMHUPOBAHUS TIOBTOPSIFOTCS IPOCTHIE
THUIIBI JAHHBIX U 3aTEM Ha UX OCHOBE KOHCTPYHPYIOTCS CIIOKHBIE (CTPYKTYp-
HBbIE) THITBI JaHHBIX. [IpuMepsl: MaccuB, 3amuck, Qaii.

Tunuzanus 1aHHBIX HEO0XOAUMA ¢ HECKOIBKHX TOYeK 3peHus. [Ipu
BBOJZIC €AMHUIBI JaHHBIX UMECTCA BO3MOXKXHOCTb aBTOMATUYCCKHU OINPCACIIUTD
(hopmar siuelikn, HeOOXOANMOH JUTS ee XPaHeHHSI.
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YkazaHue THIIa I03BOJIIET IPOKOHTPOJIUPOBATh KOPPEKTHOCTh IPHU-
MEHEHHUS ollepaluu K onepangaM. Hanpumep, cioxkeHne BeIEeCTBEHHOTO YUC-
Jla ¥ CUMBOJIa HE UMeeT cMbIcia. [1osABIseTCs Tak’Ke BO3MOXKHOCTD HCIIOJIB30-
BaTh OJIMH CUMBOJI JUIsl 0003HaYECHUs pa3iMuHbIX onepauuii. Harpumep, ore-
parys CIOXKEeHUs LEJbIX YUCEeN U ONepalysl CI0KEHUS BeIECTBEHHBIX YUCET
BBITIOJTHSAIOTCS. 10 Pa3IMYHBIM aJrOPUTMaM, HO 0003HAYAIOTCS OJHUM 3HAKOM
«+». Ucxons U3 onucaHus TUIIOB ONEPAHI0OB, MOKHO aBTOMAaTUYECKHU PacCIIo-
3HATh KaKOM ajJrOpUTM MCIOJHEHUS ONEepaluy B JAHHOM KOHKPETHOM Cllydae
NpUMEHATh. bosee Toro, BO MHOruX ciyyasix BO3MOXHO aBTOMaTHYECKOE Ipe-
o0Opa3oBaHUe 3HAYCHNN Pa3HOTHITHBIX OTIEPAHIOB K OHOMY (OpMAaTy.

4.2  Twum ga"gHBIX «1IeJ0€ 0e3 3HAKa»

PaccmoTpum staeiiky mamsatu pasmepoM B oauH Oaiit. OHa cocTOUT U3
8-MU JIBOMYHBIX Pa3Ps/IOB U MOKET XPAHUTh 28 = 256 pa3iiyHbIX JBOUYHBIX
cnoBa. Kaxkioe Takoe ClI0BO MOKHO HHTEPIPETUPOBATH KaK KOJ[ LIEIOr0 HEOT-
pHULaTeNbHOTO uncia (1enoe 6e3 3HaKa).

TakuMm 006pa3oMm, ¢ Ka)IbIM COCTOSIHUEM MOXKHO CBSI3aTh BIIOJHE OII-
penesieHHoe 1esioe 0e3 3Haka. U eciu 6aiiT HaXOUTCS B KAKOM-THOO0 COCTOSI-
HUU T, MBI yTBEPIKJIaEM, UTO OH XPAHUT YKCII0 WH3(r'), CBA3aHHOE C 3TUM CO-
crosiueM (Pucynok 1-9).

0eCKOHEUYHOEe MHOKECTBO IeJbIX YHnceJ 0e3 3HaKa

L] T

KOHEYHOE MHOKEeCTBO COCTOSIHMII 0aiiTa

Pucynoxk I-9. Xpanenue nesioro 6e3 3Haka

OpHako KOHEYHOCTh YHCIIAa COCTOSHUN OaiiTa mamMsiTy Mo3BOJISIET CBSA-
3aTh C €r0 COCTOSHUSIMHU TOJBKO MepBbie 256 uncen. OTcro/1a BOSHUKAET IPUH-
LHUNHATIBHOE JUTS KOMIIBIOTEPHBIX BBIYUCICHUN OHATHE MAKCUMAJIbHOT 0
NMpeACcTaBUMOro 4McJa (B suelike namstu). Kak ciencrsue - moHATHe quamna-
30Ha MPEICTaBUMOCTH yHucen B sueiike mamsitu = (1...MAX). ObpasHo ro-
BOPSI, YUCIIO MOXKET "yOHpaThCs WK He yOUpaThea" B SUEHKY ITaMSITH.

Ecnu nnst xpaneHus nienoro yucia 6e3 3HaKa UCTIONb30BaTh TYEHKY
HaMATH pa3MepoM B OaiT, nomydaeM: MAX g poroe uos = 255, Coporkoe 3=
(0...255).

Taxum 06pa3om, MBI onpenesuiii popmMar XpaHeHUs eJMHULBI JaH-
HBIX: KOPOTKOE I1e10e Oe3 3HakKa.

KopoTtkoe nesoe 6e3 3Haka

HEEEENEN

76 543 210
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Ecnm anst xpaHeHus 1iesoro 6e3 3Haka MCIOIb30BaTh SIUCHKY MaMsITH
pa3mepoM B IBa OaifTa, moyrydyaeM THI JaHHBIX Ienoe 6e3 3Haka: MAX 6, =16
= 65535, Q6= (0...65535).

R A
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Cy1iecTByeT elle 0IHO OrpaHNYEHHE Ha MCIIOJIb30BaHUE LIENbIX 0e3
3HaKa, CB3aHHOE TaK)XE€ C KOHEUHOCThIO YKCiia pa3psAa0B SUeiiku namsTu. Je-
JIO B TOM, YTO KaXXJI0€ cllaraeMoe MoXkeT "youparbces” B sIUSHKY MaMmsTH, a ux
cyMMa yxke He "youpaercs" B siueiiky namsitu. B aTom cirydae, KOMIbIOTEp BbI-
JIaeT CUTHAJ "TIepPEnoIHEHUE Pa3psAHOM CeTKU" U MpeKpalaeT JanbHeinme
BBIYHCIICHHS.

Kak roBopmiioch BIIIE, THITBI JAHHBIX PEATM3YIOTCS KaK alnapaTHbIM,
TaK ¥ IPOrpaMMHBIM ITyTeM. [103ToMy B pa3inW4HBIX MapKaxX KOMITBIOTEPOB I10
CYIIECTBY OINHAKOBBIC TUIIBI JAHHBIX MOTYT UMETh PAa3IMYHbIC Ha3BaHUs. B
Ka4yecTBe MPUMEpa IEPEUUCIINM TUIIbI JAHHBIX, IPEICTABIISIOIINE LENIbIE YHCIIa
0e3 3HaKa, I sA3bIKa mporpamMupoBanus [lackans (Bepcust 6.0).

Tun HaumenoBanue Juanazon Syeiika Onepanuu
byte Oaiir 0...255 1 GaiT <otw>,+,*
word CJIOBO 0...65535 2 Oaiita <oTH>,+,*

JlomycTumble It 3TOTO THIIA ONICPAIIMH; OTIEPALUU: CPAaBHCHUE
(=<>,>,<HU T.1.), CIO)KEHUSI U YMHOXKEHHS.

4.3  Tunel TaHHBIX KCUMBOJI» U «CTPOKA CUMBOJIOB

O6o03HaveHue (KOa) CHMBOJIA Ha MOJIEIIEHOM YPOBHE SIBJISIET COOOM
KOMOMHaIHIO IpaduiecKux JUHUI. YUCI0 CHMBOJIOB, UCIIOIB3YEMBIX B MO-
JIETbHOM MHpE, KOHEYHO ¥ OHU JIOJDKHBI OBITh PeaIn30BaHbl Ha KJIABUATYPE
KOMIIbIOTEpa B Buje kinasuil. KpoMme TOro, HEKOTOpbIE, UCIIONIb3YEMBIE JIUILb
KOMIBIOTEPOM CHMBOJIBI, Ha KJIAaBUAType KOMIIBIOTEPA HE MPECTABIICHBI.
MHOXEeCTBO NMPEACTABUMBIX CHMBOJIOB 00pa3yeT aji(haBUT CHUMBOJIOB KOMITBIO-
TEPA: S=(S1gee5SkseeesSk)-

[TocTaBuB B COOTBETCTBHE KaXXIOMy CHMBOJTY aji(haBUTa YHUKAIEHOE
renoe 6e3 3HaKa, MoIydnM MHOXecTBO uncen Ny=(d1,...,dK,...,dy), kaxmoe u3
KOTOPBIX 0003HAa4aeT BIIOJIHE ONPEAETCHHbII CHMBOJL. 3aIliCh TaKOTO YUCiIa
MOJKET XpaHUTHCA B IBOMYHON MaMATH KaK KOJl CHMBOJIA.

Teneps HEOOXOMMO MPUHSTH PELICHUE O pa3Mepe SUSHKH TaMsITH,
KOTOpas UCHOJIb3yeTCs Ul XpaHeHus: cuMBoiia. Ha 3ape 3psl komnbroTepusa-
11K OBIJIO TIPUHATO BOJIEBOE PEILICHUE - YUCIIO PA3INYHBIX CUMBOJIOB JI0JDKHO
OBITH He GoJlee ABYXCOT MATHACCATH lecTH. s mpeicTaBienus modoro us 2°
= 256 uncen HeoOXoaMMa sSTUEHKa pa3MepoM B 8 IBOMYHBIX pa3psiioB. TakuM
00pazoM, MOSIBUIIACh EAMHHUINA M3MEPEHHS JaHHBIX M aMsATH — OalT, T.€. CIIOBO
JUTMHOM B BOCEMb ABOMYHBIX Pa3psIoB.
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JoctaTouHo OBICTPO BBISICHUIIOCH, YTO YUCIIO PA3INIHBIX CHMBOJIOB,
HCTOJIB3YEMBIX U OOIMIEHUS C KOMIIBIOTEPOM, 3HAYUTEIHHO OOJIBINE IBYXCOT
naTuaecaTy nmectd. C [eNblo YBeTHUCHHSI Yica KOMOMHAIMA JTBOUMYHBIX KO-
JIOB, MIPECTABJISIFOIINX CUMBOJIBI, OBUIH BBEJICHBI /1BA IOTIOJIHUTEIBHBIX OHTA.
Jnst peanu3anuu 3TUX OUT Ha KJIABUATYPE KOMITbIOTEPa ObUTH BBEICHBI CIICIIU-
anpHble KaaBumn. CHauvana Ctrl, 3atem Alt - 4nciio KOMOMHALMN JBOMYHEIX
KOJIOB CHMBOJIOB BO3POCIIO JI0 2'% Ho u sT0ro okasanock Heg0CTaTouHO. B
HACTOSIIIee BpEeMs IUIsl XpaHCHHSI CUMBOJIOB MOYKET MCIIOJIE30BaThCS TYCHKa
pa3MepoM B HECKOJIBKO OaiT.

CoOTBETCTBHE CHMBOJIOB M KOJAHUPYIOIINX HX LENBIX YHCceN 0e3 3HaKa
MIPECTABISETCS B Ta0MIe KOAMPOBaHuUs. [Ipy co3maHuM TaKOH TaOIHUIBI yIu-
TBIBAIOTCS COOOpaskeHus 3 (EKTHBHOCTH MEPEAadH KOJa [0 KaHaIaM CBSI3U U
ITOMEXO03aINIIEHHOCTH eTo MpH Takoi nepenave. C MeIbio yI0BICTBOPEHHS
pa3IMYHBIX TPeOOBAaHMH CYIIECTBYIOT Pa3IWYHbIe TaOIHIbI KogupoBaHus. Ta-
KHe TaOJIHIIBI Pa3padaThIBAIKCh, IIPEK/IC BCErO, B PacyeTe HA JTATUHCKHMA a-
¢aBut. [TosTOMy B J15000# U3 HUX COOJIIOAACTCS YHOPSIIOUYCHHOCTh KOJAUPOBa-
Hust nudp u OykB. Tak, OykBa “A” KOIUPYETCs MEHBILIUM YHCIIOM, YeM OyKBa
“B” 1 T.1. ITO NO3BOJISIET UCIIOIE30BATh apU(YMETHICCKUE OTICPAIINH JIIIS
cpaBHeHus OykB (uudp). Hampumep, 11 onpeeseHns TOro, SBIsSeTCs JIH 3Ha-
YeHre nepeMeHHor Symbol OyKBOM, TOCTATOYHO BHIYHCIUTH 3HAUYCHHE OTHO-
meHus: “A”<= Symbol<=“Z’. IIpu BKIFOYEHNH PYCCKUX OYKB (KUPUILTUIIBI) B
TaOIUIIBI KOTUPOBAHUS TIPUHIIHII YIIOPAIOYSHHOCTH KOJUPOBAHUS COOIOIaeT-
cs He Beerna. CiemyeT yYUThIBaTh 3TO IIPH MPOrpPaMMHUPOBAHUH 3a/1a4 00pa-
OOTKH CUMBOJIOB.

HazoBem Hanbosee pacipocTpaHeHHbIC TaOIUIBI KOJUPOBAHUS CHM-
BOJIOB.

Tab6auna I-4. Tadnuna koguposanus ASCII /ansTepaaTusnas/, CP 866
(Ynopsii04eHHOCTh PycCKHX OYKB, HcnoJb3yercsa B DOS)

01112131415/617|8[9]|A[BICIDI|E|F

011121314]5/6171819
AIBICIDIE|F|IGIHIT[JTIKILIMIN|O
PIOIRISITIUIVIWIXIYIZ

g3l esl w] @] ool i N=F ) ] oy U3 1Ny 98] ) oyl )
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Ta6nuua xogupoBanus CP 125 Taxoke coOioaaeT yrnopsiioueHHOCTb
KOJIMPOBaHUsI PyCCKUX OYKB, UCIIOJIb3YETCs B ONepannonHoit cpene Windows.
Ta6muna konuposanus KOM-8 He cobiroaet ynopsao4eHHOCTh KOAUPOBAHUS
pycckux OYKB, UCTIONB3yeTcs B onepanuonHoit cpeae UNICS. Tabnuna koau-
poBanust ISO coOoaeT ynopsi0ueHHOCTh KOJANPOBAaHUS PYCCKUX OYKB U
spisiercst ['occrangaproM it opopmiteHHs ToKyMeHTanuu B Poccuiickue
(hOHIBI ANTOPUTMOB M TIPOTPAMM.

[Tpobnema koxupoBaHus (M XpaHEHHs1) CHMBOJIBHBIX CTPOK peIaeTcst
OUYEBH/IHBIM 00PA30M: MMOCIEOBATEIBHOCTh 00PA3yOLIMX CTPOKY CHMBOJIOB
KOJIUPYETCS MOCJIEA0BATEILHOCTHIO KOJIOB 3THX CUMBOJIOB. Takum o0pazom,
€CITH KaX/[bIi CHMBOJI 3aHUMAET TP XPAHEHUH OJIHY SUEHKY MaMsITh, TO CTPO-
Ka JUIMHOM B ( CHMBOJIOB 3aHUMAET (| TIOCJIEIOBATEIbHBIX SYCEK HaMSITH.

IIpumep.
K O T
01001011 01001111 01011110
1-i1 OaiiT 2-ii 0alT 3-i1 OaiiT

B kagectBe IpUMeEpa Ha3bIBA€EM THUIIBI JaHHBIX, TPEACTABIIAOIIINE
CHUMBOJIBI U CTPOKHW CUMBOJIOB, JJIA A3BIKA ITPOTrpaMMUPOBAHUA Ilackamnn.

Tun HaumenoBanue Jnanazon Syeiika Oneapuun
char CHMBOJI ASCI 1 GaiiT OTHOIICHHS
string CTpOKa J1. cTp.<256 JUL. CTD. cnenudud.

Onepatuu 171t char: OTHOIIGHHSI, KOTOPBIE MO3BOJISIOT CPABHUBATH U
COpPTHPOBATH CUMBOJIBL. Oniepanyy A string: OTHOIICHHS, ONIpeaesICHIE ITH-
HBI CTPOKH, KOHKAaTE€HAIUS CTPOK, BbIJIEJICHHUE MOJACTPOKH, YAaJEHHE MOACTPO-
KU, BCTaBKa MOJCTPOKH, OMPEIETICHUE MO3UIUH TTOJCTPOKH.

4.4 Ty ma"HHBIX «IIEI0e»

I[Tpu cnoxxeHun IBYX LeJbIX O€3 3HAKa B KAYECTBE pe3yJIbTaTa Mojyya-
eTcs Takke 1esnoe 0e3 3Haka. Onepanus BHIUUTaHUS OIIPEAEIIeTcs Kak oopar-
Hasl omepaIys K onepamnuu ciioxeHus. OHAKO MPH BEIYUTAHUU PE3yJIbTAT Ja-
JICKO HE BCET/Ia SBJISICTCS IebIM Oe3 3Haka. ['oBOps IpyrHMMU CIIOBaAMH, MHO-
skecTBO N+ HeNbIX drcen 0e3 3HaKa He3aMKHYTO OTHOCHTEIIEHO OIIePAIiH BBI-
gutanus (Pucynok I-10).

AI ' ]
| »N
0
Pucynok I-10. MHokecTBO LeJbIX YHceT 0e3 3HaKa 3aMKHYTO
OTHOCHTEJIBHO OIlepanvu CJ0KCHUA H YMHOKCHHUS, HO HE3AMKHYTO
OTHOCHUTECJIILHO onepamm BbIYUTAHUA

36



Heo0xoanmo BBECTH MOHATHE OTPHLATEIBHOTO YHCIIA U MHOXKECTBA
LENBIX YHUCEIT CO 3HAKOM HIIH, TIPOCTO, LENbIX yncen Z. Onepanus BBIYUTaHUS
3aMKHYTa OTHOCHTEJILHO 3Toro MHOXxecTBa (Pucynok I-11).

| 2
0

Pucynok I-11. MHOkecTBO LeJIbIX YHCe] 3aMKHYTO OTHOCHTEJIbHO
onepanmii cJ10skeHUsl, YMHOKeHUSI M BbIYMTAHUS.

OueBHIHBIM 00pa30M BBOAUTCS IMOHATHE ajTeOpHI MENbIX YUCE:
A<I-N> = <Z;+,'!*,®!®!div!m°d>

3nech, Z - OCHOBHOE MHOKECTBO anTeOpsl; +,-,* - OnHapHBIE oTeparun
CJIOKEHUS], BBIYMTAHUS M YMHOMXKEHHSI LEIBIX YHCEIT.

CyliecTBYIOT TaKXKe JIB€ YHApHBIE ONepalui U3MEHEHHUs 3HaKa Yuciia;
® - yHapHbI# Wt0c 1 & - yHapHbIA MuHYC. (B npakTrke BhIYUCICHUI 0003Ha-
YEHUsI THX YHAPHBIX OIepaliii TaKoe ke, Kak 0003HaueHHne OMHAPHBIX Olepa-
LU CIIOXKEHUS U BBIYUTAHUS: + ¥ -. YHApPHOCTb WM OMHAPHOCTH ONepaliu
OTIpeeIsIeTCs N3 KOHTEKCTa 3alich apru(pMETHIeCKOro BHIPAXKEHHSI. )

Anrebpa [eNbIX YACeN 3aMKHYTa OTHOCUTEIHHO OIEPaIiii CII0KEHUS,
BEIYUTAHUS U YMHOXKCHUS, a TAKXKE OIepaluil n3MeHeHus 3Haka. ClloxkHee ¢
oreparyei JIeNeHns HeNbIx yrcel. B o0riem cityyae, pH JAejIeHUH OJHOTO
LIEJIOr0 YKCIIa Ha JAPYroe Lelloe YUCIO0, oaydaeTcs: Heuenoe yucio. [loatomy,
BBOJIAITCS JIBE clieln(pUUSCKHE ONePaliy [ETOYHCICHHOTO AeieHus: X div y
(pe3ynbTat onepanuy - 1esas 4acTb OT AeJeHus) 1 X mod y (pe3ynbTaT onepa-
LM - OCTATOK OT JeseHust). MOXHO yTBep»kIaTh, 4TO ajiredpa IeIbIX YUCe
3aMKHYTa OTHOCHTEJILHO TaKUX OIepaluil JeeHusl.

[To3umrionHas cucremMa cuuciieHus (KOIUPOBaHHUS) LIENbIX YHCE CTPO-
UTCS TI0 AaHAJIOTHHU C IO3UIIMOHHOW CHCTEMOMN CUHMCIIEHHS IebIX Yncel 0e3
3HaKa. KaHoHMYeckoe apuMeTHYECKOE BBIpAKEHUE UMEET BUJL:

3HAYEHWUE(uenoe) = +(dn.4-B""'+d,.»B""+...+d*B"+do*B’)s.

3ammch 1IeIoro 4rcia O6p33y€TC$[ OYCBHJIHBIM 06pa30M:
< dn-1s dn-Zs---d1sd0 >

JIis XpaHeHus! TBOMYHOTO KOJIA IIEJIOT0 YUCIIA HCIIONB3YeTC s TUeika
MAMSTH, B KOTOPOW CTapIIUi pa3ps MpeACTaBIsIeT 3HaK gucia: () - 3Hak
«mTocy. 1 - 3HaK «KMHHYC».

Sueiika mamsaTH (pa3mMepoM ofuH OaiT, qBa OaifTa, deThIpe OaiiTa)
nMeeT KoHeuHoe Jncio coctostanit (Pucynok I-12). OTcrona cnemyer, 9to ume-
€TCsl MaKCHMAJIFHO TIPEACTaBUMOE IIeTioe Yrcio (mojoxurenpaoe) MAX u
MUHUMAaJBHO TIpeIcTaBuMoOe 1iejoe yuciio (otpunarensaoe) MIN.
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OCCKOHEUYHOE MHOXKECTBO LOEJIBIX YHUCECIT

KOHEYHOE MHOXKECTBO COCTOSIHHMM STYCHKH ITaMSTH

Pucynoxk I-12. XpaneHne nenoro yucjia

Hcnonesyrores Tpu dopmara xpaHeHus nesoro uuciaa (Pucynok I-13):
- KOPOTKOe 11es10e
76 5 43210
nejaoe

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
JJIHHHOE [eaoe

3130 .. .. 1110 9 8 7 6 5 4 3 2 1 0
Pucynoxk I-13. @opMaThl XpaHeHHs 1eJIOr0 YHCJIA (YepHOoe MoJie - 3HAK
4Kcia)

KopoTtkoe nienoe, siaeiika XpaHeHus pa3MepoM OalT: Tuana3oH Ipej-
cTaBUMOCTH uncel ) = -127++127, (oauH pa3psix A MPeICTaBICHAS 3HAKA,
27=128 coCTOSHMII 15l IPEICTABICHHS 3HAUCHHS).

Henoe, siueiika XpaHeHUs pa3MepoM [1Ba OaiiTa: quanazoH MpeaCTaBh-
Moctu uuncen Q = - 32768++32767(onuH pa3psi A1 MPESICTABICHAS 3HAKA,
210 cTosHmi 11 TIPEICTABIICHAS 3HAUCHUS ).

JmHHOE 1IeToe, saeiika XpaHeHHs - 4eThIpe OaiiTa quana3oH MmpeacTa-
BuMocTH gnceln Q = -2*109++2*109 (oxuH pa3psan LI IpeaCTaBICHAS 3HAKA,
23! cocTosmui IUTS TIPEJCTABIICHUS 3HAUCHIIS).

IIpu ucnoap30BaHUM HENBIX Yrcen 0e3 3HaKa, MePEToTHEHHIE pa3psii-
HOW CETKH BO3MOYKHO P CJIOKECHHUH, BEIYUTAHUH U YMHOKECHUH.

B kadecTBe mprMepa Ha3bIBAEM THUITHI TAHHBIX, MPEACTABIISIONIUE TIe-
JIpI€ YMCIIa, s si3bIKa mporpammupoBanus [lackas.

Tun HaumenoBanue Jnanazon Syeiika Onepanyn
shortint KOPOTK. 1IEJI0e -128...127 1 GaiiT <oTH>,t,-,*
integer 1enoe -32768...32767 2 Gaiit <oTH>,+,-,*
longint IUTHH. TIeToe -2*109... 2*109 | 4 Gaiit <OTH>,+,-,*

I[OHyCTI/IMBIC onepanumn: OTHOIIEHUS, CJIOKEHUE, BBIYUTAHUE U YMHO-
KCHHC.
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4.5 Tun gaHHBIX «BENIECTBEHHOECY

BemiectBeHHOE (IeCTBUTEFHOE) YHCIO 00pa3yeTcs, KOT1a MBI TIPO-
M3BOJMM U3MEPEHHsI KaKOH JIN00 YUCIIOBOH XapaKTepucTHKH d 00BeKTa, MC-
MOJIB3YSI IS ATOTO STAIIOHHYIO YUCIIOBYIO BEIMYHHY d).

B o0mewm cirydae, sTalOHHAs BETHYUHA YKIAIBIBACTCSA B U3MEPsAEeMON
BEJIMYMHE HEIIEeJI0e YHCIIO pa3. B pe3ynpTare Takoro m3MepeHHs MoydaeTcs
BEIIECTBEHHOE YUCIIO KaK pe3yibTat orneparun aeneHus d\d,.

OueBHIHBIM 00pa30M BBOAUTCS MOHITHE alNTeOphl BEIIECTBEHHBIX YH-
ce:

A<B‘-I>= <R;+,',*,/ >.

3nech, R- ocHOBHOE MHOXKECTBO anreopsl. OueBUIHO, YTO 3Ta auredpa
3aMKHYTa OTHOCHUTCIIbHO onepam/lf/’l CJIOKCHU, BBIYMTAHUA YMHOXKCHUA U €~
JIEHHUSL.

[Mo3unHOHHAs CHCTEMA CUMCIIEHUS (KOANPOBAHHMS) BEIIECTBEHHBIX UH-
ceJl CTPOMTCSI TI0 aHAJIOTHH C TIO3UIIHOHHON CHCTEMOM KOIUPOBAHUS IIENTBIX
yuces. KanoHndeckoe apugpMeTHUECKOe BEIPAKEHHE UMEET BUI:

3HAYEHMUE,(Bew) = +(d,..*B""+d,,*By.o+...+d*B'+d,*B’+
d./*B'+d;*B? +...),.

INocnenoBarenbHOCTD KO3((UINEHTOB 3TOT0 KAHOHUIECKOTO BBIPAXKe-
HUSI TAKKe OTHO3HAYHO 0003HAYaeT BEMIECTBEHHOE YHCIIO M Ha3bIBAETCS 3aIH-
CBIO BEIIECTBEHHOT'O YHCIIA.

3AMUCbg(Bew) = (d,.d"?..dsd".d1d?...)s

ITocnenoBaTeabHOCTD UGP A0 TOUYKHM HA3bIBACTCS LIEION YaCThIO YKCIIA,
MOCJICIOBATEIBHOCTD 32 TOYKOW Ha3bIBACTCS APOOHON YaCThIO YUCIIA.

BelmecTBeHHOE YHCIIO MOKET OBITh IPEACTABICHO B CUCTEME CUMCIICHHS
C HpOI/ISBOJ'II)HI)IM OCHOBAaHUEM B Ha HpaKTI/lKe l/ICHOJ’l])3yIOTCSII JACCATUYHAA,
JIBOMYHAsI, @ TAKXKE BCIIOMOTATEIIbHBIC BOCEMEPUYHAS U IECTHAAATCPUIHAS
CHCTEMbI CUUCIICHHS.

Ecmu npoOHast gacTh gucia siBIsieT co00i OECKOHEUHYIO MOCTIeI0Ba-
TEJNLHOCTD LU(P, MBI IMEEM JIEJI0 C HPPALMOHAIIBHBIM YKciioM. [Ipumep up-
PAIMOHATFHOTO YUCIIA - YHCIIO T.

BeliiecTBeHHOE YKCIIO HA3bIBACTCS PALIMOHAIIBHBIM, €CIIU €ro APOoOHast
YaCTh COJCPIKUT KOHEUHOE YUCIO CUMBOJIOB.

3AMUCbg(pau. uucno) = d,,_1d”'2...d1.d(,_d_1d_2...d.q

BcnoMHMM, 9TO MHOKECTBO LIENBIX Yncen Z QUCKpeTHO (oOpa3yer
CUETHOE MHOKECTBO). Torja Kak MHOKECTBO BelllecTBEHHBIX uncel R He auc-
KpeTHO (00pasyeT BCIoJy IIIOTHOE MHOXKECTBO). M, B OTIIMYKE OT LEJBbIX YHCeT,
B JII0OOM, CKOJIb YTOJHO ManoM uHTepBasie ocd R conepxutcs OeckoneuHoe
MHOXXCCTBO BCIICCTBCHHBIX YHUCCII.
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Sdelika maMaTH, Kakoi OBl pa3Mep €€ He BRIOpaH, UMeeT KOHEUHOE
YHCII0 Pa3psAA0B M KOHEUHOE YHCIIo cocTossHuA. Ho 3T0 03HadaeT, 4To He Cy-
HIECTBYET AK€ MAJIOr0 OTPe3Ka OCH BEIIECTBEHHBIX uncen R, koTopomy MOXK-
HO MOCTaBUTh B COOTBETCTBHE KOHEYHOE MHOXECTBO COCTOSIHHM SYCHKHU TTaMsi-
TH.

EnuHcTBeHHBIN BBIXO U3 TaKOM TYNUKOBOM CUTYallUU - NPEJCTABIAT
COCTOSIHUSIMU STYEHKH MaMsITH He uncia u3 R, a orpesku uuciosoit ocu R
(Pucynok I-14).
eﬂana30H NPEACTABUMOCTH BEI. ‘-II/ICGJ1>

0
MIN MAX R

- LA/ =2

n-paspsijgHoOe
pai. 9ucio

[ | | | | | |
COCTOSIHUS SAYEHKH IMaMAITH

Pucynoxk I-14. Ilpeacrasiienne "BemecTBeHHBIX' Yncel

Bornee noapoOHO, Kbl TAKO OTPE30K MPEJCTABIISETCS «CPEITHIM)
N - pa3psAaHbIM pallMOHAJIBHBIM YK CJIOM. MHOKECTBO TaKHUX YKCEII KOHEYHO U
MOSIBIIICTCS. BO3MOXKHOCTB NMPEJICTABUTH KAX/10€ U3 HUX COCTOSHHEM N - Pa3-
psaaHOM Aueliku namsaTH. OueBUAHO, YTO CYIECTBYET MaKCUMAIIbHO MpecTa-
BHMOE YHCJIO ¥ MUHHMAJIBHO NPEICTaBUMOE YUCIIO B STUelKe MaMsITHU C 3aJaH-
HBIM YHCJIOM pa3psioB. AHAIOTHYHO MPEbIAYIIEMY, ONIPEAEIIETCS JUana3oH
MPEJCTABUMOCTH BEIECTBEHHBIX YUCEIL.

CymiecTByeT JjBa pa3IM4HbIX Gopmara IpeacTaBICHNs BEIECTBEHHO-
IO YMCJa B N - pa3psAHON STUeHKe MaMsITH.

B dopmaTte ¢ puxkcnpoBaHHOIi TOUKOIl Ha IpEICTaBIICHHUE TIEIIOH U
JIpoOHOH YacTH 4Kciia OTBOAUTCSA COOTBETCTBEHHO P U (q pa3psinos (Pucynox
I-15).

dopmart ¢ nuiaBaouieii Toukoii (moxynorapudmudeckuii popmar) B
TOM k€ caMOM pa3psIHON CEeTKe MO3BOJISIET PEAIN30BaTh 3HAYNTEIBHO OOJIb-
UIMH AMana3oH NPeJCTaBUMOCTH BEIIECTBEHHBIX YHCE.

3uax 4 |D-1|n-2 q (g-1 110

Llenas yacte JlpoOHast yacTh

p q

Pucynoxk I-15. IIpencraBienne BemecTBeHHOro Yncjia B popmare ¢
(puxcupoBaHHON TOYKOIT
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OroT GopmaT OCHOBAH Ha CIIEAYIOLIEM CBOMCTBE YEJI0OBEUYECKOTr0 CO3-
HAHUS: B 3a[IMCSX OYCHB OONBIINX 4HciIax (Macca conrma 2-10°r.) u B 3ammesix
OYeHb MaJICHPKHX YUCIIaxX (Macca 3JeKTpoHa 9- 102*r.) yenoBedecKuit MO3T 3a-
ITOMHHAET JIMIIH HeOOIBIIOE KOJMYECTBO 3HAYAIINX (OTIMYHBIX OT HYJIS)
uudp. BennunHa jxe uncia onpenenseTcsi KOIMYecTBOM HyJeil. DTo BhIpaxka-
€TCs B TaK HAa3bIBACMOH MOJTyI0rapu(hMHUUSCKOM 3aMUCH JECATUYHOTO YK CIa:
<maHTucca>10""°P"Ao

31ech, MaHTHCCA - JECATHYHOE PALMOHAIBHOE YUCIIO C (PUKCHPOBAHHOM
3anAToi (3Havyamme unugpel), MOPSIOK- YUCIIO HyJIeH (BeIMYMHA YKCia).

Crporo roBops, MpeCTaBlICHNE YKciIa B TaKOM (opMaTe HeoITHO3HaY-
Ho. Hanpumep: 200-10' = 20000-102 =2-10? = 0.2-10°. Oxnako eciu mc-
M0JIb30BaTh HOPMAIIM30BAHHYI0 MAHTHCCY, TO 3TO MPEJCTABICHUE CTAHOBUTCS
onHo3HauHbIM. HopManu3oBaHHas MaHTUCCA Cpa3y MOCIE TOUYKH COASPHKUT
OTIIMYHYIO OT HyJIs Uy .

KommprotepHsIif popMaT BemiecTBEHHOTO YHCIIA C IDIABAOIIEH TOUKOM
CTPOUTCA IO TOMY XK€ NPUHIIUILY:

<HOpMAaJM30BaHHAs1 MAHTHCCA>16
3nech, MaHTHCCA - JBOMYHAS 3aIIMCh BEIIECTBEHHOTO YKcia B popmare
C IUIABAOIIEH TOUKOH, IOPSIIOK - IBOMYHAS 3alIMCh KOJIMYECTBA HYJIEH
(Pucynok I-16).

B KOHKPETHOM $I13bIKE MPOrPaMMHUPOBAHUS OOBIYHO ONIPEAEIISIETCS He-
CKOJIbKO BELIECTBEHHBIX THITOB. OOBIYHO, JUI XPaHEHHUS YHCTIa C IJIaBaIOIICH
TOYKOW OTBOAMTCA sUeiiKa pa3MepoM B UeThlpe OaiiTa: 8 OUT [UIs mpeacTaBiie-
HUSI IOPSIZIKA M 3HaKa; 24 Outa - Uil MaHTHCCHI.

3HAK
n-1|n-2 q |g-1 1{0

<MOpSAA0K>

[Topsimox Mauntucca

p q

Pucynok I-16. IIpencraBienne BemecTBeHHOro Yncjia B popmare ¢
ILUIABaOIIeil TOYKOM

Kpome Toro, nomyckaercs THIT «IBOIHAs TOUHOCTBY», 3HAUYCHUE KOTO-
poro pa3Meniaercs B sraeiike pa3MepoM BOoceMb 0alT. B HEKOTOPHIX crcTeMax
Bce 32 m00aBOYHBIX OWTA MCIIONB3YIOTCS IS XPAHEHUS! MAHTHCCHL. JTO yBEIH-
YHBaeT YMCJIO 3HAYAIIUX LU(P B 3aMIUCH YHCIIA, HO HE PACIIMPSET AUAINa30H
MIPEACTaBUMOCTH YHCel. B Apyrux cucremMax yBenM4MBAeTCs YMCIO OUTOB,
OTBOJUMBIX JUISl XPAHEHHUS MOPSIIKA, YTO PACIINPSAET JUANa30H MPEACTaBUMO-
CTH YHCell.
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B kauecTBe nprMepa Ha3bIBAE€M THIIbI JAHHBIX, IPEJCTABIISIOIINE Be-
MIECTBEHHBIE YHCIIa, TSI si3bIKa mporpammupoBanus [lackanb (Bepcust 6.0).

Tun HanmenoBanue Jlmamazon Yucmo Saeiika
3Ha4. nudp

real BEIIIECTBCHHBIM 103%...10% 12 6 OaiiT

single OJIMHAPH. TYH 108...10% 8 4 Oaiita

double BOMHAA. TYH 107°%10%% 16 8 Gair

extended MTOBBIII. TUH 10", 10%"! 18 10 GaiiT

comp JUIMHHOE IEJIOE 9%10718._.9*10' 19 8 Gair

I[OHyCTI/IMLIe onepanuu HaJ 3HAYCHUAMHU BEIICCTBECHHOI'O THUIIA: OIIE-
pany OTHOLICHUS, CIIOKEHUE, BBIYMTAHUE, YMHOXKCHHUE, ACIICHUEC.

4.6 Cneuunduka oOpabOTKU YKCes Ha KOMIIBIOTEPE

OcHOBHOE OTIIMYHE 00PAOOTKU YKCEN Ha KOMITBIOTEpE, 0 CPABHEHHUIO
C «PyYHBIMW» BBIYHMCICHUAMH - IPEICTaBICHUE 3HAUCHUH B slUEHKE C KOHEU-
HBIM YHCJIOM Pa3psioB.

OTHOCHUTEIFHO MaKCUMAJILHOTO npeaACcTaBUMOIo 4Ynucjia, MUHUMaJIbHO-
r'0 IPeACTaBUMOI0 YMCIa U JUana3oHa MpeaCTaBUMOCTH IIEeJIbIX YKCed B N -
paspsAHON siueiiKe TaMsATH MBI TOBOPHJIH BBILIE. DTH K€ celu(HKa COXpaHsi-
€Tcs ¥ [IPU MCIOJIb30BaHNH BEIIECTBEHHBIX YHCEL.

CrencreueM crioco0a MpecTaBlIeHNs BCIOLY TNIOTHOTO MHOXKECTBA
BEIIECTBEHHBIX YHCEI B sIYEHKE C OTPaHUMYCHHBIM YHCIIOM Pa3psiIOB SIBISETCS
NPUHIMNUAIbHAS NPHUOJINAKEHHOCTh BbIYMCJIeHUH. [Ipr 5TOM BO3HHKAIOT
cienyromntre mooouHbie ) HEKTH.

Conepxumoe SUEHKH MaMATH MIPEACTaBISIET HE OJHO 3HAUYEHHE, a
JIMaIa30H 3HAYCHUH BEIIECTBEHHBIX YHCEIL.

Bosnukaer nmpobiema, Korza He SIBISIOIIEECS HyJIEM YHCIIO HAXOJUTCS
B OKPECTHOCTb HyJIs. B 3TOM ciiyyae KOMIbIOTEp BOCIIPUHUMAET €ro Kak "'Ma-
IIMHHBIA HyJb" CO BCEMHU BBITEKAIOIIUMHU OTCIO/Ia TIOCIIEACTBUSAMH.

B HEKOTOpPBIX CilydasX IPOUCXOAUT IIOTEPS TOUHOCTH BBIYMUCICHUMN.
[TpuBenem npumep [UIsl YETHIPEXPA3PSIIHOMN SUESHKH, XpaHsIIEH NecITHIHOE
yucio: (10.00/03.00)*03.00 = 09.99.

B HEKOTOPBIX ciTydasx pe3yIbTaT BEIMUCICHUH 3aBHCHUT OT ITOPSAKA
BBIYHMCIIEHUH.

Iycte x=10, y=12,7z=5. B abcTpakTHOii anredpe: (x*y)/z = x*(y\z)=24.

Hcnone3yem no-npexxHeMy YeThIPEXpaspsAAHyI0 AECITUUHYIO SUEHKy.
[Tpu omrOM mopsinke Beruucnernit x*y = 10.00*12/00 = 00.00 - mepenonHeHne
pa3psAAHON CETKH, AalbHEHIINE BBIYUCICHUS HEBO3MOKHBI.

IIpu 1pyrom nopsike BEIYUCICHUN 110J1y4aeM [IPaBUIIbHBIN PE3yibTar.
y\z = 12.00\05.00 = 02.40; x*(y\z) = 10.00*02.40 = 24.00
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4.7  Hatepnperanuss IBOMYHOTO KOJA €AUHHULIBI
JAHHBIX

IlaHHbIe Pa3IMIHOro Tuia B NaMsITu BBIYHMCIIMTEILHON MaIlIUHBI npea-
CTaBJISIIOTCS IBOMYHBIMU Kojamu. [IpudeM, eciu, s eJUHHLBI JaHHBIX OTpe-
JISJICHHOTO THIIA, POpMAT XpaHCHHS ¢ 3HAYCHHS ONPEIEIIICTCS OHO3HAYHO,
TO 3TOTO HEIb3s CKa3aTh 00 MHTEPIPETANN XPAHAIIETOCS B ITAMSATH IBOMYHO-
ro kona (Pucynok I-17).

Takxum 00pa3oM, BaKHOU TIPOOIEMOI SIBIsETCS HHTEPIIPETaIus (1c-
TOJIKOBaHWE) JTBOMYHOTO KOJIa, XPaHSIIETocs B perucTpax namstu. Hanbonee
OYEBUAHBIN CIIOCOO - MCIIONB30BaTh IS YKa3aHHUS TUIIA CHIEIUANbHBIA OaliT
(T3T), KOTOPBIN ABJIAETCS IEPBBHIM B STUCHKE MAMSITH. DTO IMO3BOJISET MPHU 00pa-
IICHUH 110 a[pecy K SYeiKe MaMsITH MPOaHATH3HPOBATH MEPBBIA OAlT U orpe-
JIeJIUTh TUI XPaHSIIEHcs B 9TOM sueiike euHulbl NaHHbIX (Pucynok I-18.a).

B kaudecTBe miathl 3a IPOCTOTY UMEEM PACTOUMTEIHLHOE PAacX0/10Ba-
HHUE ONEePATHBHOM MaMsITH (JIOMOJHUTEILHBIN 0alT Ha KAKIYIO SUCHKY).

KOJMPOBAHUE A

(0HO3HAYHO)
BemectBeHHOE YuCIO \ ’ CHMBOJI ‘

| uenoe wucio | | komansa

JIBOMYHBIN KO

UHTEPIpPETAIUs
(HEOIHO3HAYHO)

Pl/lcyHOK 1-17. Kozmponalme W MHTepHnpeTanus ¢AMHUIbI JaHHBIX

Ha nepBoM 3Tamne cTaHOBJIEHUSI KOMIIbIOTEPU3ALIMK ONlepaTUBHAS Ta-
MSATh ObLIa TOporasi, IOATOMY KOHCTPYKTOPBI KOMITBIOTEPOB H IIPOTPAMMHOTO
oOecricueHH s MoK APYTHM IyTeM. THIT COEPKUMOTO STYCHKH OIPEACIsIeTCS
10 €€ MECTOPACIIOJIOKEHHIO B MaMsATH. Tak, eciiu onepanus HeJI0YHCISHHOTO
CJIO’KEHUS MCIIOJIB3YET SIUEHKH C aipecaMu @, B 1 Y, TO B 3TUX slUSHKAX JOJK-
HbI XPaHUTHCA JaHHbIE 1IEJIOT0 THIIA.

Takum 00pa3oM, BOSHHKACT 3a/1a4a PacIpeIelICHUs OTIePaTUBHON Ma-
MSTH, T.C. KHape3Ka» ee Ha 00JIacTH, B KOTOPBIX XPAHITCS JaHHBIC OJITHAKO-
BBbIX THIIOB.

[Ipu nporpaMMHpOBaHUM HAa YPOBHE MAIIMHHBIX KOJAOB WM A3bIKa ac-
cembepa pacrpeeneHne maMsaTH OCYIIEeCTBIICTCS «BpYIHYyIo». [Ipu aToM
MIPOrPAMMHUCT OMPEICISACT I ce0s: KaKue YIaCTKH MaMsATH 00pa3yroT Kakue
SIUEHKH;, TUT 3HAYSHUS B KOKIOW sueiike. 3amnceiBasi 3aTeM MporpaMmy, po-
TPaMMHUCT CJEANUT 33 KOPPEKTHOCTHIO UCIIOIb30BAHMS TUIIOB JAHHBIX B OIepa-
USIX UX 00padOTKY.
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[Ipu TakoM NpOrpaMMHUPOBAHUH CPEJICTB aBTOMATHYECKOTO KOHTPOJIS
HE CYLIECTBYET, YTO MPUBOJUT K MHOTOYHCIIEHHBIM OLIMOKAM B IPOrpaMme,
KOTOPBIC BBIZBIBAIOTCA HECOOTBETCTBUECM TUIIOB €AWHUI] JaHHBIX. (HI/I'-ITO HE
MeIIaeT 3anMcaTh KOMaHay CJI0XKEHHS 1IeJI0r0 YHCiIa U CUMBOJIA).

SI3bIKH TPOrPaMMUPOBAHHS BRICOKOTO YPOBHS MMOIPa3yMEBaIOT aBTO-
MaTHYECKOE pacpeIeTICHIE TaMSTH 110/ IEPEMCHHBIC U KOHCTaHTHI, HA OCHO-
BaHUM crielu(prUKanuy (OMHCaHNs) UX THIIOB. KOMIIISATOp MpH IEpBOM IIpo-
XOJIE COCTaBJISIeT TAOIHIy pacIpeIelICHIs TAMSTH, ¥ TIPH BTOPOM IPOXOJIE
CO3/1aeT JUIS KOXKIOT0 OMEepaTopa MporpaMMbl COOTBETCTBYIOIIMI MAITMHHBIH
kox (Pucynok I-18.b).

Syelika maMsITu

a
»

a AT 2-11 Oawr | 3-11 Gaiit

t

aJipec SYEHKHU

b TabJMIA pachpes. MaMsITH orepar. naMsITh
real —~ o
real -
z real R B
Z:= )fLY N %
Tl o p Y

Pucynok I-18. Onpenesienne TuNa 3HaAYeHUA STYEH KN NaMSITH: a -
cnenuanbHbIM 0aiiToM, b - M0 MecTOpacnoI0:KeHUI0 B NaMSATH

4.8  KoOHTpOJIbHBIE BOMPOCHI

7. Heo0XoaMMOCTb BBEICHUS ITOHITHS THIIA JAHHBIX.

8. Tunmzanus HenbIX YHCcell.

9. Cneuunduka BEIYUCICHUHN ¢ JAHHBIMU I[CJIOTO THIIA.

10. Tunuzanysi CHUMBOJIOB U CUMBOJIBHBIX CTPOK.

11. Tunuzaiys BeleCTBEHHBIX YKCEIL.

12. Cnenuduka BRIYHCICHUH ¢ JAHHBIMHU BEIIECTBEHHOTO THIIA.
13. UnTeprnperaniys XpaHserocst B maMsTi ABOMYHOTO KOJa.
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5 Chnoosrcenue u evtuumanue ueiivlx
HeompuuameslbHblX UUcel.

B camom obmem cinydae, apupmMeTnaeckue ornepanui Hall YiCcIaMH
MIPEACTaBISAETCS HAM B BHJIE JITOPUTMA, KOTOPBI OnpeiensieT mpeoodpa3oBa-
HUE 3allMCH IIEPBOI0 YKCila U 3alllCH BTOPOIO YKCiia B 3alIUCh pe3yiabTara. Ilpu
HCTIOJTHEHUH 3TOTO AJIrOPUTMa MPOU3BOAUTCS ONpEeIeHHAs MOCIe10BaTENb-
HOCTbH BhIYHMCIIeHUH. Cleyet pa3ianyath JABa clydas:

1. BbIYKCIEHMS IPU CIIOKEHUU B-WYHBIX YUCEN TPOU3BOSATCS B MPUBHIU-
HOM JjIs1 HAC JECATUYHOM CUCTEME CUMCIICHUS

2. BBIYHCIICHUS MPU CI0KEHUU B-WYHBIX uncen npousBoasircs B B-uunoit
CHCTEME.

3. OuYeBHIHO, YTO MPH CIIOKEHIH JCCATUIHBIX YUCEI, 00a 3TU CIrydas
COBITQIAI0T.

5.1 Crnoxenue B-nuHbBIX 11€1BIX O€3 3HAKA
(BBIYMCIICHUS TIPOM3BOJIATCS B IECITUUHOU CUCTEME).

PaccMoTpuM ciioskeHne IBYX 4HCell, peACcTaBlIeHHbIX B B-nuHoii cuc-
teme cuucienus. [lycte Z=X+Y, rae nepBoe ciaaraeMoe X, BTOPOE cllaraeMoe
Y u cymma Z SBISIOTCS LETBIMA HEOTPHLATENBHBIMY YHCIIaMH 0€3 3HaKa.
ITpeacTaBum i-it pa3psia IpH CIOKEHNUH B CIIEAYIONIEM BHUJIE:

Wi €< Xj¢— W;
Yi
Z;

31ech, w; MEepPEeHOC M3 MPEIBIAYIIEro pa3psina B paspsin i, wir - mepe-
HOC M3 i-T0 paspsizia B ciienyroumi paspsa. OueBuHo, uro we=0.

ANTOpUTM CIOKEHUS (BBIYUCIICHHS B JICCATUYHOM CUCTEME).

[TpeoOpa3yem oba ciaraembix B B-uuHo gecsitnunyto cucreMy (L pbl
B-yuHOTO YMCIIa NPENCTaBIAIOTCS AECATHYHBIMU YHCIAMH).

Jng i =0...n-1 npousBoauM ciaenyromue IeiHCTBUS B AECATHUHON CHC-

TeMe.
1. BpluncasieM BCIOMOTATENbHYIO CYMMY Cj:
Ci = (xi+y) +w

2. Bwrmcnsem mudpy paspsna v IepeHoc B CISAYIOMUN pa3psi.
ECIIU (c; < B) TO z; := ¢;; Wis1 := 0 UHAYE 2z, :=c¢;-B; wjq :=1

3. PesynbpTaT BRIYMCIEHUI Tpeobpa3yeM B cucteMy ¢ ocHoBaHHEeM B. ([e-
CSATHYHOE YMCIIO 3aMEHSEM Ha COOTBETCTBYIONIYIO0 B-uunyro nudpy).
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w:=0 1:=0;

ci:=witxityi
HEeT oa
¥ ¥
zi:=ci-B; wi+1:=1 zi:=ci; wi+1:=0
[ ” |
¥
i=i+1
|

Pucynoxk I-19. Biiok - cxema ajJropurMa cjio:;eHus (BbIYHCJICHHE B
JIeCATUYHOI cucTeMe).
IIpumepsl.
Uucna B pa3mTuyHbIX CHCTEMaX KOJAUPOBAHMUS.
IlepBoe uncno: x =(345),0=(101011001), = (531)s = (159)16
Bropoe uncno: y =(125),0=(001111101), = (175)s = (07D);s
Pesynbrat: z=(345)10+ (125)10=(470)1
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Cl10)KeHre B IBOUYHOMN CHUCTEME.

B=2

2-10 cucrema

101011001

101011001

+001111101

001111101

co>=2—7¢:=0; nepeHoc

0

101011001

001111101

c1<2—>z:=1

10

101011001

001111101

Cz<2—)ZzI:1

110

101011001

001111101

c3>=2—75:=0; nepeHoc

0110

101011001

001111101

c>=2—7,4:=1; nepeHoc

10110

101011001

001111101

c5>=2—75:=0; mepeHoc

010110

101011001

001111101

Cce>=2; —74:=1; mepeHoc

1010110

101011001

001111101

C7<2—>Z7::1

11010110

101011001

001111101

cg<2—7g:=1

111010110

111010110

pe3ysbTar

posepka: (1¥2%4+1%27+1%26+0%2°+1%2%+0*2°+1#2%+1*2'+0%2°%), = (470),,

CrnoxeHne B BOCBMEPUYHOM CHCTEME.

B=28

8-10 cucrema

531

531

+175

175

Co<8—>7y:=6

6

531

175

c; >=8 — 7, ;= 2: mepeHoc

26
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531
175 <8 > z=7
726

726 pe3yabTar

Iposepka: (7*8°+2%8'+6*8°%),, = (470)y,
CroXeHue B meCTHaﬂuaTequHOﬁ CHCTEME

B=16 16-10 cucrema |
159 159
+07D 0713 Co >=16 — 7, ;= 6; epeHoc
6
159
0713 <16 —» z,:=13
136
159
0713 <16 > z,:=1
1136
1D6 pe3ynpTar
Iposepka: (1¥16*+13*16'+6%16"),, = (470)10

5.2 Brprauranune B-n4HbIX 1ienpix 0€3 3HaKa
(BBIYHMCIICHUS TIPOU3BOJIATCS B JECATUUYHON CUCTEME).

PaccMoTpuM BBIYMTaHUE ABYX YMCEIN, IPEICTABICHHBIX B B-nuHOM
cucreme cuucnenus. Ilycrs Z=X-Y, rae ymenpmaemoe X, BolauTaemMoe Y U
Pa3HOCTh Z SIBISIOTCS IENBIMU HEOTPHUIATEILHBIMU YrciiaMu 0e3 3Haka. [Ipen-
CTaBHM i-i pa3psiji MPH CJIOKCHUU B CIICTYIONIEM BH/IC:

¢3aeM

Ui+1

HYJIH

= : paspsn i
Xj Xit+k ces Xi+1 Xi

Yi

Zi

3necs, Xi, Vi, Zi Pa3psAd YMEHBIIIAEMOT0, BEIYUTaEMOT0 U Pa3HOCTH;
Xjt1... Xjtk - Pa3psJbl C HyJIEBEIMU 3HAYEHUAMM; X; - TIEPBBIH, II0CTIE HYJIEBBIX,
paspsiji ¢ HEeHyJIEBbIM 3HAUE€HHEM; U; - 3HAYCHHE 3aiiMa.
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AJNTOPUTM BBIYMTAHUS (BBIUYUCIICHUS B JECATHIHON CHCTEME).
[Ipeobpa3yem ymeHbIlIaeMoe 1 BhIYMUTaeMOe B B-U4HO AecsSTH4HYIO CHC-
TeMy.

VYcranaBnMBaeM HyJeBble 3HaUCHHUS 3aliMOB AJIS BCeX pa3psnoB: u; = 0.
Juist 1= 0...n-1 npor3BoauM ClieayoLKe ASHCTBUS B AECATUYHON CHCTEME.

Beruucnsem BcnoMoraTrenbHyr0 pa3HOCTb Ci:

Ci=Xi-Yi

Berumciisiem 3aeM (€ciii OH €CTh) U3 MPEIbIAYIIEro paspsia.

ECJIM(ci<0) TO X := Xi_1; Xjs := B-1; ...; X1 := B-1; u; = B.

Beruncisiem 3HaueHNe pasHOCTH IS pa3psija: z; :=u; + X; - ;.

Pesynbrat BEIUMCIEHMI TTpeoOpa3yeM B CHCTEMY ¢ OCHOBaHHEM B.

[Ipumepsl.
ITepBoe uucio: x = (345)o=(101011001), = (531)s = (159);5

Bropoe uncno: y =(125),0=(001111101),=(175)s = (07D)6
2= (345)1 - (125)19 = (220)10
Brruutanue B JBOUYHOU CHCTEME.

B=2 2-10 cucrema |
101011001 101011001
+001111101 001111101 ce>=0 —>2z,:=0
0
101011001
001111101 c¢>=0— 7;:=0
00
101011001
001111101 <0 3aem |
101010001
001111101 7, =1
100
101010001
001111101 c;<0 3aem
101000001
001111101 73 =
1100
101000001
001111101 c<0 3aem
100100001
001111101 74 =1
11100
100100001
001111101 cs<0 — z5:=0
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011100
100100001
001111101 <0 — 3aem
010100001
001111101 z6:=1

1011100
010100001
001111101 =0 — z;:=1

11011100
010100001
001111101 =0 > 7g:=0
011011100
011011100 pe3ysbTar

[posepka  (0*2%+1*27+1#2040%2°+1 %2 +1%27+1%2°+0%2'+0%2°%),
=(220)10
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Briuntanue B BOCbMEPUYHON CUCTEME.

B=28

8-10 cucrema

531

531

<0 — 3aem

-175

175

521

175

Z0:4

4

521

175

¢; <0 — 3aem

421

175

V4 =3

34

411

175

C2>:0 —> 7 = 3

334

334

pe3ynbTar

[poBepka: (3*8*+3*8'+4*8%)8 = (220),,

BrlunTaHue B IeCTHAIIATEPUYHON CUCTEME.

B=16

16-10 cucrema

159

159

-7B

0713

cp <16 - 3aem

149

0713

12

149

0713

049

0713

1312

049

0713

C2>:0 —> 7n =0

01312

0DC

Iposepka: (0*16°+13%16'+12*16"),, = (220),,
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5.3 CnoxeHue ¢ UCIIOJIb30BAHUEM TAOJIMIIBI
CIIOKEHHUS.

HpHBeZ[eHHblﬁ BBIIIEC aJITOPHUTM HE ABJIACTCA MalllMHHBIM aJITOPUTMOM
T.K. HE MOKET HCIOJHATHCS 0€3 BMEIIAaTeNIbCTBA YesioBeKa. J[e10 B TOM, YTO OH
IpeArosaraeT 3HaH!e ¥ BBIITOJIHEHHS ‘B yMe” aJropuTMa pas3psiTHOTO CIIOKe-
HUS U, OoJiee TOro, ajJropuTMa BblMTaHus B-m4HbIX yncen. Mmeercs Bo3-
MOKHOCTh aBTOMAaTH3UPOBATh 3TH BEIYUCIICHHS 32 CUET UCIIOIb30BAHUS TaOIIH-
IBI CIIOJKEHUS ¥ 3aMEHHUTH BBIYHCIICHUS "B yMe" (OpManbHOI Mporexypoi mo-
WCKa B TaOJINIIE CIIOKCHHS (BBIYATAHUA).

PaccmoTpuM cHagana mopaspsiiHOE CI0KEHHE, T.€. CIIOKEHHE B pa3psi-
ne i. [IpaBuia mopa3psgHoro CIoKeHUs! OTpakaroTcs B B-muHoii Tabnuiie ciio-
xeHns1. CTonOIBI M CTPOKHM TaKO# TaOMUIIBl COOTBETCTBYIOT mudpam. Ha mepe-
CEUCHUH CTPOKH U CTOJIOIA pacIioiaratoTcsi ise Hudpsl: BTopas uudpa - uud-
pa CyMMBI B pa3ps/ie i; nepBas 1udpa - nepeHoc B ciaenyromuil paspsa. Hau-
Oosiee MpUBBIYHAS U3 TAONHUI] CIIOKEHHUS - JACCSTUYHASL.

Taoauua I-5 lecaTnunas Tadaumna cjaoKeHust

i 0 1 2 3 4 5 6 7 8 9
0 00 01 02 03 04 05 06 07 08 09
1 01 02 03 04 05 06 07 08 09 10
2 02 03 04 05 06 07 08 09 10 11
3 03 04 05 06 07 08 09 10 11 12
4 04 05 06 07 08 09 10 11 12 13
5 05 06 07 08 09 10 11 12 13 14
6 06 07 08 09 10 11 12 13 14 15
7 07 08 09 10 11 12 13 14 15 16
8 08 09 10 11 12 13 14 15 16 17
9 09 10 11 12 13 14 15 16 17 18
10 10 11 12 13 14 15 16 17 18 19

Tabéauua I-6. BocbMepuyHasi Ta0JM1a CI0KEHUA

BB o] 1 [2[3[4]5]6]7
0 [00]01]02]03]04]05]06]07
1 [ o1 [02]03]04]05]06]07]10
2 [02]03]04]05]06]07 ] 10]11
3 [03]04]05] 06 07 10 1112
4 {0405 06 07 1011 [12]13
5 [os]os o7 1011 [12]13]14
6 {0607 1011 [12]13]14]15
7 [o7 1o [12]13]14][15]16
1ol l[i1s]16]17
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Ta6auna I-7. lllectTHaguaTepuyHas Ta0IMLA CJI0KEHHUSA

3 o

1

A|B|C|D

- — <=~ o|—alH =
2 — <|—=m|—~ o[~ AalH
a a — <= A= 0O|—A
Vlo L — <|—m— 0
m(o m — <|—m
<|o < <
(@)}

8

A|B|C|D

A|B|C|D

67

A|B|C|D

5

A|B|C|D

4

A|B|C|D

OE|OF (1011|1213 (14 |15(16|17 (18|19

3

A|/B|C|D

0
D

2

A|B[C]|D

0
C

1

A|B[C|D

0
B

C

01102|03(04({05[06({07[08{09| 0| 0| 0| O0]|OE|OF]|10

0
A

0(00({01({02[{03{04]|05]|06|07]|08|09| 0|0 |O0]|O [OE|OF

1

2102]03{04]|05|06|07|08(09(0|0([0|O0|OE|OF|10]11

3103{04(05({06|{07|08{09|0]|0|0]|0]|OE(OF[10(11(12

4104]05/06|07|08109| 00|00 |OE|OF|10|11]|12]13

5(05(06({07({08{09| 0| 0| 0| O0]|OE|OF|10(11([12(13(14

6 [06{07[08{09|{ 0| 0| 0]|O0]|OE|OF|10(11(12[13|14]|15

7 (07({08[{09(0|0|0]|0]|OE|OF|10|11|12(13[14[15(16

8108(09(0(0[0|O0|OE|OF|10|11|12|13|14[15(16(17

9109({0[0[0]|0|OE|OF|10|11|12|13|14|15(16(17([18

A

B|O|O|O|OE[OF|10(11|12(13]|14|15]|16(17|18|19

C|O|O|[OE|OF|10|11[12)13[14|15(16]|17[18]|19

D| O |OE|OF|10|11|12|13|14|15(16|17(18]19

E [OE|OF (10|11 (1213 (14|15(16|17 (18|19

F|OF|10|11 (12|13 (14|15(16|17|18]|19

10(10)11 (12|13 (14|15(16|17 (18|19
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Taoauua I-8. IBonunasi Tadauua cia0:KeHust

BEN o[
0 _[00

01
1 [ 0110
10 | 10 ] 11

Terneps MbI MOXEM MPUBECTH ATOPUTM aBTOMATHIECKOTO CIIOKEHHS
nByx B-munsrx uncen (PucyHok 1-20).

w0:=0;i:=0

:

ci:=MNOUCK(xi,yi)CMY CK(wi)
zi:=BT opasallud pa(ci)

wit1:=Mepeaalind pa(ci)

Pucynoxk I-20. Biiok cxema anropurMa cJIoKeHHs ¢ HCII0JIb30BAHHEM
TA0JIUIBI CJI0KEHUA.
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[Tpu Beraucnennu paspsaaoii cymmsl Ci ucnons3yercst B - nunas
Ta0JIMIIA CIIOKEHHUS: PEaTTU3yeTCsl MMOUCK SUEHKH TaOMUIbI [0 331aHHBIM X; H Yj
U, B CJIy4ae HaJIM4us €AMHULBI IEPEHOCA U3 MIIAJIILIET0 pa3psa — CIIyCK Ha
OJIHY S1YeUKY BHU3. TaKO! aJIrOPUTM SIBJIIETCS MALIMHHBIM, T.K. MOKET UCIIOJI-
HATBCSl 0€3 BMEIIATENIhCTBA YeJIOBEKa.

ITo cytu nena, 3TOT aNrOpUTM U peanu3yeTcs SAEKTPOHHBIMU CXEMaMU
KOMITBIOTEpa JJIsl JBOMYHOTO CIIOKEHHMS, KaK Oyie Io{poOHO paccMOTPEHO B
6.2

5.4 KoHTpoibHbIE BOIIPOCHI

1. ANTOpPUTM CIOKEHUS IEIbIX HEOTPHUIATSIBHBIX YHCEN (BBIYUCICHUS B
JIECATUIHOMN cCHCcTEeME).

2. ANTOpUTM BBIMMTAHUS LENBIX HEOTPUIATEILHBIX YUCEN (BHIYUCICHUS B
JIECATUIHOHN cHCcTEeME).

3. Ilovemy 3TH aNrOpUTMBbI HE SIBJSIFOTCS MAIIMHHBIMU aIrOPUTMaMU?

4. ANTOPUTM CIIOKEHUS LIEJIbIX HEOTPULIATEIBHBIX YHCEII, HCIIONb3YFOIIHN
TaOJIMIIBI CIIOKEHH.
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6 Aemomamuueckoe ucnojiHenue KOManHowvl
00pabomKu OAHHBIX.

6.1 CymecTtBo apudMEeTHUECKUX Onepaui

PaccMoTrpum [uist mprMepa ONepauio CI0KEHHUS IBYX LIEJBIX YHCEIT.
3nmech, au b - aOCTpaKTHBIC YUCTIA.
Hano:
e 3amuch (MOCIIEA0BATENILHOCTD IM(P) IIEPBOTO cilaraeMoro: 3anuch(a);
e 3anmch (MOCIIeA0BaTENILHOCTD IM(p) BTOpOro ciaaraeMoro: 3anuch(b).
¢ BrImonaHUTE IpeoOpa3oBaHKe 3aIlicH JBYX CIaraeMbIX B 3aIIHCh pe-
3yNbTaTa CIOKEHHS, 00eCIIeYHBAIOLIee PABEHCTBO:
3anucb(a)+ 3anucb(b) = 3anuchk (a "cnoxuTtb" b).

3nech "CIoXUTE'" - aOCTpaKTHAs OTepaIysl CIOKEHHUS IENbIX YUCell, +
- orepaiyst mpeodpa3oBaHMs 3aKCEH, PEaTM3YIOIIas CII0KEHHE LIENbIX YHCEll.

XOpOI1I0 N3BECTEH ANTOPUTM CIIOKEHHUS «CTOJIOUKOMY YHCEN B JeCs-
TUYHOM cucTteMe cumnciienusa. Ha ero MpUMEPE Mbl BUANUM, YTO CJIIOKCHUEC CBO-
JIITCS K TPe0o0pa30BaHMIO ABYX CUMBOJIBHBIX CTPOK B PE3yJIbTUPYIOLIYIO CUM-
BOJIBHYIO CTPOKY. AHAJIOTUYHO ISl APYTHX CUCTEM CUUCIICHUSI.

Bosee monpo6no. [TepBoe cinaraemoe (abCTpakTHOE YNCIIO) MPECTaB-

JISACTCA B HO3HHHOHHOﬁ CUCTCMC CUUCIICHUA KAaHOHUYCCKHM BBIPAXKCHUCM
-1 -2 1
E(a) = an_1B" +an_an + ... +a,B +a,B". (1)

TouHO Takke, BTopoe ciaraemoe (abCTpakTHOE YHCII0) MPEICTaBIsICT-
sl KAHOHUYECKUM BBIPAXKCHUEM:

E(b) = by1B™"+by,B™ ... +byB+b,B". (2)

AJ'IFOpI/ITM CJIOKEHUSA JOJDKEH ITOJYYUTh KAHOHUYECKOE BBIPAKCHUE
CYMMBI a6CTpaKTHLIX YUCCII:

E(a @ b) = cp.1B"'+cp.,B %+ ... +¢,B"+c(B° (3)
Cka3aHHOE BbIIIE IPOMWJITIOCTpUpoBaHo Ha PucyHok I-21.
mpb1 K@)
E(b)

b /&H)

E(2&b)

Pucynoxk I-21. Onepanus cjioxxeHust
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AHaNOTUYHO, 1711 OCTATHHBIX apUPMETHIESCKHUX OTIePaITHii:

e 3ammce(a) - 3anuce(b) = 3amucsk (a "Munyc" b).

e 3anuce(a) * 3anuce(b) = 3anuck (a "yMHOXUTB" b).

e 3amwce(a) / 3anuce(b) = 3anucek (a "paszgenuts” b).
3nech, KaBblYKaMH 0003HaueHbI A0CTPAKTHBIE ONlepaliy HaJl YUCIIaMH.

6.2 CioxeHue LEIBIX MOJT0KUTEILHBIX YHUCENT

MBplI 3HaeM, 4TO oliepaTHBHAs NaMsTh SBJISET COOOH MOCIIeN0BaTENbHOCTD OANT.
Ho xaxknplit 6aliT - 3TO Mocne0BaTeIbHOCTh BOCBMHU OUT. Tak 4TO B KOHEYHOM
UTOre, COAEPAKUMOE ONEPATUBHON NaMsITH MPEACTaBIAETCS B BUJE IOCIEI0BA-
TEJILHOCTH OUT (JBOMYHOM OCIIeI0BaTeILHOCTH). By ieM Ha3bIBaTh Takylo 1mo-
CJIEZI0OBATENILHOCTH IBOMYHBIM BeKTOpoM namsaTH. [Ipeanonoxnm, 4ro 3anm-
CH - OIIEpaH/Ibl CIIOXKEHMSI, XpaHATCS B siUeiikax a, b onepatuBHOI nmamsaTy, 3a-
IIUCh - PE3YJIBTAT CIOXKEHHS XPAHUTCS B STIEHKE €. AJTOPUTM CIIOKCHHUS pea-

nu3yeTcs myTeM npeodpaszosanust F,1cXxonHOTO cOCTOSHUS ABOMYHOTO BEKTOPA

namsata M(t) B 3axmrountensHoe coctossarne M(T+t) 3a Bpemst T (
Pucynoxk [-22).

a b

> M(t)
F.

» M(t+1)

Pucynoxk I-22. IIpeoGpa3oBaHue BeKTOpa NaMATH

He BBOJA JOIIOJHUTCIBHBIX Hsz[HOJIO)KCHI/II'?I, MBI MOKEM JINIIb yT-
BEPKIaTh, YTO KKIBIN i-if pas3psi1 pe3ysbTata CIOKEHHUS OMPEACIACTCS BCEMH
paspsizamu craraeMbix. Takum 00pa3oM, OTepaIrio CIIOKEHNSI MOXKHO TIPE-
CTaBHUThH B BUJIC MHOXKECTBA (DYHKITHIL:

co=F. (an_1,...,ai,...,ao,bn_1,...bi,...,bo)

Ci= F+i (an-1!-'-!aiy'--sa05bn-1!-"biy"-sbo) (4)

Ch1 = F+n-1 (an-1s---!ai!--'5a05bn-1!-"biy"-sbo)

Takum 0Opa3oM, [UIs MOTYyYeHUS i - ro pa3psina pe3ysibTara UCIONb3Y-
ercs PyHKIHS:

Ci = F.' (@n-tyess@iyeens@0,0nct5eee Dy, o) (5)

ApryMeHTHI QYHKIWH - CYTh JIOTHIECKHE TIepeMEHHBIE. 3HaAUYCHHE
(GYHKIUH - TaKKe Jornueckoe. TakuMm o0pa3oM, 3HaUEHHE pa3psaa pe3ysbTaTa
SIBIISICTCS 3HAUCHUEM JIOTHUECKOH (OyIeBCKOM) (YHKIINH.
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3ameTuM, 9TO i-i pa3psi pe3ynpTaTa ONnpeneisieTcsl He BCEMH paspsi-
JIaMH CJIaraeMbIX, a JIUIIb MJIaIIAMHU pa3psiaMi, OT HyJIeBOro /0 i-ro:

Just yaera 3HaueHuit pazpsaaos ot 0-ro 1o i -1-ro BBoguTCst
cnenuduyeckas nepeMeHHas w; - mepeHoc B i-if paspsia. Takum oOpazom,
CIIO’KEHHE B OJTHOM Pa3psie ONMUCHIBAETCS TOTHUeCKOi QyHKIHEH:

ci =F' (pi,ai,b). (6)

TlepeHoC B CIIEMyIONHMIA pasps OIIHCHIBACTCH JIOTUYECKOH (DYHKIUEH:
+

Wiss = W (pj,a;,b;) (7)

Tenepb MOXHO KOHCTPYHPOBATH AJICKTPOHHYIO CXEMY, BEIYHCIISIONIYIO
3Ha4YeHHUE i-To pa3psiga CyMMBL.

3anmrreM Tabnuiy 3HaueHui (rpaduk) Gpyakmwm crnoxenus F; u tad-
nuiy 3HaueHui (rpaduk) GpyHkuuu nepeHoca Wiyy:

Tabéauua I-9. Tadaunbl GpyHKIMHN cI0KeHUs U PYyHKIMHU NepeHoca

Wi a b; Ci Wi aj b; Wi+l
0 0 0 0 0 0 0 0
0 0 1 1 0 0 1 0
0 1 0 1 0 1 0 0
0 1 1 0 0 1 1 1
1 0 0 1 1 0 0 0
1 0 1 0 1 0 1 1
1 1 0 0 1 1 0 1
1 1 1 1 1 1 1 1

B maremaruueckoii Joruke JIoka3aHa Teopema: Jiro0ast JJorndeckas
(yHKIMSI MOXKET OBITh 3aIiicaHa B BHJIE KOMITO3HLIMH TPEX 3JIEMEHTapHBIX JIO-
THYeCKUX (DYHKIMH: OTPUIAHUS, AN3BIOHKINHN U KOHBIOHKIIHH.

Otpunanue (7) - pyHKIUSA OHOM mepeMeHHol. Ee 3HaueHHe paBHO
€/INHMIIE, B CIIyYae PaBEHCTBA HYJIIO €IMHCTBEHHOTO apryMEHTa 1 HYJIIO B IIPO-
THUBHOM CITydae.

JM3BIOHKIUS WM JIOTHYECKOE CIIOKeHHUE (V) - QYHKIMS ABYX Iepe-
MeHHBIX. Ee 3HadeHne paBHO eMHUIIE, B CIydae PABEHCTBA EAMHUIIE XOTS OBl
OJTHOTO apryMeHTa.

KonbloHKIus win joruueckoe yMHoxeHue (&) - pyHKuus IByX Iie-
peMeHHbIX. Ee 3HaueHne paBHO eAMHMIIE TOT/a U TOJIBKO TOT/a, Koraa 0ba ap-
T'YMEHTa PaBHbI €JJUHULIE.

Ecnu umeercst TabnyHOE 3ajaHUe JTIOTUYECKON (PyHKIIMHU, MOXKHO MO~
JYYUTh €€ MPEICTaBICHNE B BU/IE KOMIIO3UIIMU OTPHLIAHHS, TU3BIOHKIUN 1
KOHBIOHKIMH. AJITOPUTM TIOJIyYEHUS! TAKOTO MPEJCTABICHNS MTPOHIUTIOCTPH-
pyeMm Ha rpumepe Taluuip! Jorndeckoi GyHkunu ciuoxenus (Tabnuna 1). B
pe3ysbTaTe UCHOIHEHHUS ajlr'OpUTMa MOJIydaeTcsl TaK Ha3blBaeMask AU3bIOHK-
THUBHAs HOpMaNbHas Gpopma 3amucu jJorundeckoit pyukmun (JHD).
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1. BpluepkuBaeM Bce CTPOKH TaOIHIbI, 3HAUCHHE (DYHKIIMU B KOTOPBIX
pasHo 0.
2. BrinuceiBaem KOHBIOHKIWU NEPEMCHHBIX IJIsI OCTABHINXCS CTPOK:

Wi&ai&bi Wi&ai&bi Wi&ai&bi Wi&ai&bi

3. Ecnu 3HaueHne nepeMeHHOH B CTPOKE TaOJIHILIbI, COOTBETCTBYIOILEH
KOHBIOHKIIMH, PABHO HYJIIO - 3aIIMChIBAEM OTPHUIIAHUE ITOH EepEeMEHHOM:
"Wi&"ai&bi "Wi&ai&"bi Wi&"ai&"bi wi&ai&bi

4. CoeaunsieM KOHBIOHKIIMH 3HAKaMU AU3BIOHKIUY - tosryyaeM JJHD mo-
THYECKOW (DYHKIIAU CITOKCHHS:
Ci ="Wi&"ai&bi \ "Wi&ai&"bi \ Wi&"ai&"bi \ wi&ai&bi

Iposenas aHATOTHYHBIE JEHCTBUSI A7t TAOIHITBI TEPEHOCOB, MOTyYa-
em JJH® ¢pynkumn nepeHoca:
Wi ='lpi&ai&bi \% pi&'lai&bi \% pi&ai&'lbiv pi&ai&bi
HasBaHHbIe BBIIIIE TPH 3JIEMEHTAPHbIX JJOTHUECKUX (PYHKIMA 3aMeda-

TEJIbHBI €1Ie TeM, YTO CYLIECTBYIOT IPOCTHIE ANEKTPOHHBIE AIEMEHTBI, BHIUHC-
nsironre 3HaueHust 9tux pynkumit (Pucynok 1-23).

—a avb a&b

f f

?
A

a b

a

Otpunanue uzbtonkuuss  KoHbrOHKIUS

a | -af|a |b |avb]||a |[b |a&b
0 1 0 |0 |0 0 (0 |O
1 0 |1 |1 01 ]0

1 [0 |1 1 {0 |0

1 |1 |1 1 |1 |1

Pucynok I-23. DJjieKTpoHHbBIE 3JIEMEHTBI - BIYMCIUTETU 3JIeMEHTAPHBIX
bynxnmii
Teneps MOKHO HAPUCOBATH ICKTPOHHYIO cXeMY ((DyHKIIHOHATBHYIO CXEMY)
BBIYUCITONIYIO JIOTHIECKYIO (DYHKIIUIO CIIOKEHHS (
Pucynox 1-24)
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Pucynok I-24. @®yHkuuoHaJbLHAS €XeMa CJIOKEHHS

AHaJIOTUYHEIM 00pa30M MoydaeM QyHKIIMOHAIBEHYIO CXEMY, BEIYUC-
JISTIOMIYIO JIOTHYECKYHO (PYHKITHIO TTepeHoca.

6.3  ApupMETHKO-JIOrMYECKOE YCTPOUCTBO U
KOMaH/1a 00pabOTKY TaHHBIX

Msl Oy1eM TOBOPHUTB, YTO 3JIEKTPOHHAS CXEMa, PEATM3YIoNIast BBIYNC-
JICHUE JIOTUYECKON (QPyHKINH, SBISETCS (PU3MIECKOH MOAEINBIO JIOTHUECKOH
¢ynkuun. [Ipu 3ToM COOCTBEHHO 3JIEKTPOHHAs cxeMa 3a1aeT GpyHKuuio (husu-
YECKUI aHAJIOT TAONHUIBI (PYHKINHN), a PYHKIIMOHUPOBAHUE CXEMBI - Peaii3yeT
MIPOLIECC BBIYHUCIICHHS (DYHKIIHH.

3ameTnm, 4To a;, b;, ¢; - OUTHI IBOMIHOTO BEKTOPA ONEPATHBHON HaMsi-
T (pa3psams sueek a, b, ¢). Ho MuanMansHOI agpecyeMoil eAnHUIeH naMsITu
SIBJISIETCS PETUCTP MaMATH (siaetika mamatn). CiieqoBaTenbHO, BO3MOXHOCTH
a/IpecoBaTh KaX/Iblii OUT NaMATH y HAC HET.
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Paccyxas TEOpETUUECKH, MOKHO IIOCTPOUTH MAMSTh € aApecalueit
KaXJI0T0 pa3psiaa - bura. OHAKO Ha MPAKTUKE 3TO NPHUBEAET K TAKOMY yBENH-
YEHUIO YKCIIa 00pa3yIoIInX MaMsATh AJIEKTPOHHBIX 3JIEMEHTOB, UTO €€ peai3a-
LU CTaHEeT HEBO3MOXKHOM. [103TOMY, KOHCTPYKTOPBI KOMITBIOTEPOB TOIILIH
IpyruM nmyteM. Jis peanu3aniyu aBTOMaTHYECKOTO UCTIOTHEHUs! onepanuii (1
CJIO’KEHHUS B YACTHOCTH ) KOHCTPYUPYETCSI apU(PMETHKO-IOTHIECKOE YCTPOUCT-
B0 (AJIY), B cocTaB KOTOpPOTo BXOAAT Tpu peructpa: R1 - xpaHeHune rnepBoro
onepanna, R2 - xpanenue BToporo onepanna, R3 - xpanenue pesynbprara
(Pucynok I-25). U nmpesxe ueM aBTOMaTHYECKH HCIIONHATH OIEPAINIo, €€ OTIe-
PpaHIb! BEIOUPAIOTCS M3 ONIEPATHBHON ITaMSITH M IEPECHUIAIOTCS HA PETHCTPBI
R1, R2. Tlocne BBITOTHEHUS OTIEPALINH €€ pe3ybTat ¢ peructpa R3 nmepecsr-
JIAETCSI B ONIEPATUBHYIO ITaMsITh.

ITpu sTom Mexy AJIY u onepaTHBHOI MaMATHIO IEPETAIOTCS CPa3y
BCE Pa3psAAbl perucTpa NaMsTH, A1 4ero TpeOyeTcs JIUIIb afpecarys ssYeHKu
OIepaTHBHOW MaMATH. A ajgpecanus Kaxaoro oura Heooxonuma s B AJY.
Ho ato appecauus 3n OutoB, oHa peanm3yercs Juiib st peructpos R1, R2,
R3 u He mpezcTaBisieT TEXHUYECKOW MPOOIIEMBI.

[Mpumeyanue. Crapmmii pa3psa perucrpa (3aKpalieHHbIH YepHbIM
LBETOM) MCHOJIB3YETCS ISl XpaHEHUsI 3HAKa YKCIIa.

Taxum 06pazom, pusnueckre Moesu (pyHKIUH CIIOKEeHUS U (DYHKIMN
NIepeHoCca B KaUYECTBE CBOMX BXOJIOB M BBIXOZIOB MCIONIB3YIOT HE 3HAUCHNUS OH-
TOB OIIEPAaTUBHOM MaMSITH, a 3HAUEHUS pa3psaI0B peructpos AJIY.

Onepanuu

Peructp R3

Curnai +

Curnai - ;
Curnan * ;

Curnan /
Peructp R1

una anpeca: uMpuHa p

ALY | >

9LBWEI
seHanedanQ

Pucynok I-25. Iloakao4yenne apupMeTHKO-TOTHYECKOI0 YCTPOHCTBA K
oNepaTHBHON NaMATH
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OO0beanHeHne Moaeny (GyHKIMN CIOKEHUS 1 MOZeNN (QYHKINH Hepe-
HOCa 00pasyeT KOHCTPYKTHBHBIN 571eMEHT AJIY - GyHKIHOHATBHYIO CXeMy
oaHopaspsgHoro cymmaropa (Pucynok 1-26). 3xeck, R, R, R3' - paspsias
peructpoB AJIY.

R/
R;' |4 5
W « <« \%%
i+l * i

R,

Pucynok I-26. OqHopaspsiiHbIii cymmaTop X

[TocnenoBaTenbHOCTH U3 N OTHOPA3PSIHBIX CyMMaTOpPOB, 00pasyeT
noJHeid cymmaTop (PucyHok 1-27) - ¢pusnueckyro Mojienb apumMeTuaeckoi
¢GbyHKIMU coxeHus (onepaniy apuMeTHIeCKOro CyMMUPOBAHHS ABYX N -
pa3psAAHBIX JBOMYHBIX KOJOB). '0BOpS IpyruMH CIIOBaMH, MOJIHBIM CyMMAaTOop
ABJISICTCA yCTpOﬁCTBOM, ABTOMATUYCCKHN HUCIOJJHAOIINUM ONl€paluio CyMMUpO-
BaHUA IBYX N - paspsAAHbIX HEJIbIX HEOTPULATCIIbHBIX YUCCII.

3ameuanue 1. Mbl y>ke rOBOPUIM, YTO CTapIIMK pa3psii CyMMaTopa
SIBJISIETCS 3HAKOBBIM Pa3psioM, T.€. IPEACTaBIseT 3HaK Yucia (HOJb - ILTIOC,
€/IMHMILIA - MUHYC). 3HaKOBBIN pa3psijl y4acTBYET B CIOXEHUH HapsLy C OPYTH-
MU Outamu (cMOTpH 5.2). B cirydae cloKeHHs TOI0KATEIBHBIX YUCET, 3HAKO-
BBIE Pa3psAIbl IMEIOT HyJICBBIC 3HAUEHHS, M 3HAKOBBIN pa3psi pe3ybTaTa Tak-
K€ PABHSETCS HYJIIO.

3ameuanue 2. Ecnu pe3ynbraT cI0KEeHUS «HE YOUpaeTcs» B pa3psia-
HYIO CETKY, HACTYIAaeT CUTYyalusl IEPETIOJIHEHNUS pa3psiaHoi ceTku. [IpusHaku
MEPENOTHEHUS 00CYKIAt0TCs B 5.2.

R R RO
IlepenonHenne | ! !
3P THON

P \ P, P . Py

| 2l D 2

v | \ 2 v |
Rll’l—l R]l R30

A A A
R, R, R,

Pucynoxk I-27. Iloansbiii cymmaTop
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Takum obpaszom, crieruduka cBss3u AJIY - oneparrBHAsS HaMATh IPH-
BOJHUT K HEOOXOAUMOCTH BBEACHHUS MOHATHSI KOMaH bl 00paboTku (Tipeodpaszo-
BaHUs) JaHHBIX. B TaHHOM ciy4ae - KOMaH/Ibl CIIOXKEHUS:

Kon.: A1,A2 ,A3.

3necs, KOIL, - xon oneparuu cnoxxkeHusi, Al - agpec B onepaTUBHOI
IaMsTH NEPBOro onepanja , A2 - apec B ONEPATUBHON MaMATU BTOPOTO OIle-
panza, A3 - agpec B OIEpaTUBHOI MaMATH pe3yibTaTa.

6.4 CnoxxeHHe MOJIOKUTEIbHBIX U OTPULIATEIbHBIX
qucell

[pu cioxxeHUM Yricen pa3HbIX 3HAKOB MPUXOIUTCS UCIIOIB30BATh OIC-
patmro BerauTanus. Cliefysl pacCCMOTPEHHOH BBIIIE METOAUKE, MOXKHO ITOCTPO-
UTh JCKTPOHHYIO CXEMY, OCYIIECTBISIONIYIO BEIYUTAHUE IBYX IIEJBIX MOJIO-
KHUTENBHBIX urcell. Ho 3To mpuBeneT Kk CymecTBEHHOMY YBEITHUEHHIO CII0KHO-
ctu AJIY. Eciin ucnosb30BaTh crielUaibHble KOABL AJIs1 IPEICTaBICHUS OTPU-
LATETFHOTO YMCIIa, STOTO YCIOKHEHUS MOKHO n30exath. bomee Toro, ncnosmis-
30BaHME THX KOJIOB MO3BOJIIET HE TOJIBKO PEATHM30BATEH CIOKEHHUE YHCEIT TIPO-
M3BOJIBHBIX 3HaKOB. HO Taxke mpocTo peaan30BaTh ONEPaIHiO BEIYUTAHNS YH-
CeJ IPOM3BOJIBHBIX 3HAKOB.

IIpsimoii, 00paTHBINA 1 JONOTHUTENBHBINA KOl YHCIIa ONPEAETISIIOT-
Cs CIICAYIOIIUM 00pa3oM. 311ech U aajee: S - Koj 3Haka uncia, N - KoJi Belu-
YHHEI YHCTIA.

[Hos10kHUTETBEHOE YUCIIO.

(TOTOTHUTENBHBIN ¥ 00OPATHBINA KOJ COBIAAAIOT C MPSIMBIM KOJOM).

S(mpsimotit ko) = S(0OpaTHBI KoI) = S(IOMONHUTENBHEIH Kox) = 0;
N(mpsmoii kox) = N(oOpaTHbIi Ko1) = N(IOTTOTHUTEIBHEIA KOA) = TBOMYHBIN
KOJ a0COFOTHOW BEIWIWHEI YHCTIA.

OTpunarenabHOE YHUCIIO.

S(mpsimoii kox) = S(oOpaTHbIi K01T) = S(XONOTHUTENLHBINA KOI) = 1;
N(mpsiMO¥ KOI) = IBOMYHBINH KOJ a0COIFOTHON BEJIMYMHBI YHCTIA;
N(oOparnsblii kon) = MuBepcust ot N(npsMoit Kox);
N(nononuauTenbHbId ko) = N(oOpartHblit kon) + 1.

IIpumeyanue. B onepaTuBHON IaMATH YUCIA XPAHATCA B [IPSIMOM KO-

ne.
Ta6auna I-10. Koabl m0J105kMTeILHOT0 M OTPULIATEILHOT0 YHCIIA
[Tonoxur. OTtpuiar.
S N S N
+ 5 - 5 YHUCIIO
0 101 1 101 TIPSIMOM KOJT
0 101 1 010 00paTHBIN KOJ
0 101 1 011 JIOTIOTHHUT. KOJI
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CroxeHne Jucen B IONOJHUTEIBHOM KOJIE C YIETOM 3HaKa MILTIOCT-
pupyet Tabmuma I-11. 3necs, R1 u R2 - peructpsr AJIY xpansmue onepasisl
cioxenusi, R3 peructp AJIY - pesynbrar cnoxenusi, C - IpoOMeKyTOUHBIN
pesynbrar. Mcnonesyrores Gynkuun: Jom - npeodpa3oBaHue mpsMoro Kojaa
OTPHIIATEIILHOTO YKCIa B AONOMHUTENbHBINA Ko, IIp - mpeoOpasosanue 10-
MOJHUTEIBHOTO KOJla OTPULIATEIFHOTO YKCIa B IIPSIMOM KO,

[Ipeobpazosanue Jom(R) npsiMoro koxa oTpUIATEIHLHOTO YHCIIA B J0-
TIOJTHUTEJBHBIN KOJ| pean3yeTcs B IBa dTara:

1. mpou3BOAsS MHBEPCHUIO BENMYMHBI yrcia N (3aMeHssl HylIM Ha €ANHHIIBI
W €IVHUIIBI Ha HYJIH) TTOIydYaeM oOpaTHBIA KOJI Yicia;

2. mpubaBiss K 00paTHOMY KOy €AWHUILY, ITOJTy4aeM TOTTOTHUTEIHHBIA
KOZI.

Tao6auna I-11. Cio:xeHue - yuceJ B J0NOJHUTEILHOM Ko/

R1 R2
+ + R3:=R1+R2;
- + C:=Jlom(R1)+R2; Ecu 3uax(C)=1 to R3:=IIp(C) nnaye
R3:=C
+ - C:=R1+Jom(R2); Ecmu 3rak(C)=1 to R3:=IIp(C)
nHaue R3:=C
- - C:=Jlor(R1)+Hdon(R2); R3:=IIp (C)

IIpeo6pazosanue IIp (C) IOMOIHATETHHOTO KOJa OTPUIIATEIEHOTO
YHCciIa B IPSIMOM KOJ| TAK)KE pealt3yeTcs B 1Ba dTara:

1. mHBepcus HOTOIHUTEIBHOTO KOJIa BeNn4nHbI uncia N;
2. nmpubaBieHNE SIUHUIBI K Pe3yJIbTaTy.

Oco000 0OpaTUM BHUMaHHUE, YTO IPH CIOKEHUH y4aCTBYET 3HAKOBBIH
pas3psin. Toraa kak mpu npeoOpa3oBaHUK U3 IPSIMOTO KOJA B JIOTOJTHUATEIIbHBIN
1 00paTHO 3HAKOBBIH pa3ps He u3Mmensiercs. Tadmuia I-12 comepkut npume-
PBI CIIOKEHUA B JOMMOJHUTECIBHOM KOAE IJI TOJIOKUTEIbHBIX U OTpHULATCIIb-
HBIX YHCEll.

Kak y»e roBopmiioch paHee, HCIOJIb30BaHUE JOTIOJIHUTEIBFHOTO KO/Ia
no3BouisieT o0oituck B cocrase AJIY tonbko cymmaropom. [iist mepeBona u3
MPSMOTO B JOTIOJIHUTENBHBIN KO M 00pPaTHO UCIIOJIB3YETCs Oneparys npruoas-
JICHUS €AWHUIIBI (peaTi30BaHHAs B CYMMATOPE) U OTepaIliisi HHBEPCHH (pean-
3a1st KOTOPOH HEM3MEPHUMO TIPOLIE PeaT3aliy ONEePAIliN BHIYUTAHMS)

Tadomuua I-12. WiuniocTpanus c/10KeHUs B JONOJHUTEIBHOM Koje

IIpeobpazosanne B JIK cio- [Ipeo6pazoBanue B pe3yib-
JKCHHE ITK TaT
quca K 0K JIK MHBEPCHsI +1

+5 0°101 0°101 0°101
-2 1°010 1'101 1110
+3 0011 - - 0°011
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-5 1"101 1°010 1°011
+2 0°010 0°010 0°010
-3 1'101 1°010 1°011 1°011
+5 0°101 0°101 0°101
+2 0°010 0°010 0°010
+7 0111 - - 0111
-5 1°101 1°010 1'011
-2 1°010 1'101 0°010
-7 1°001 1'110 1'111 1'111
+0 0°000 0°000 0°000 | xoxm Hyns B JOMOJHUTEIBHOM KO-
-0 1°000 1'111 0°000 JI€ €TUHCTBEHEH

Kon 3Haka uncna oTaensercst OT KoJia BENNYMHBI YMCia KaBBIYKOI:

S’N.

bonee Toro, npu KCHOIB30BAaHUH AOTIOIHUTEIBLHOTO KO, MPOOIEMBI
"IBYX pa3IMYHBIX KOJOB HYJIS", Kak B IPSAMOM Koje, He cymiectByeT (Tabmuma
I-12).

OueBHAHO, YTO BBIYUTAHHE YHCEI IPOU3BOJILHBIX 3HAKOB IIyTEM JIOTU-
YECKOT'0 aHaJIN3a BapHAaHTOB CBOJUTCS K CyMMHPOBAHHIO YUCEIl B JOTIOJIHU-
TEILHOM KOJE.

CkazaHHoe BblIlIe 00bsicHAET, noueMy AJIY coBpeMEeHHBIX KOMIIbIOTE-
POB UCHOJb3YIOT NOIOJHUTEIbHBIA KOJ.

B 3akmodyenue oocyanM rmpodiieMy IeperoaHeH s pa3psiJHON CeTKN
IIPY CJI0KEHHMH YMCE TPOU3BOJILHBIX 3HAKOB. MOXHO Ha3BaTh J[Ba PaBHO-
CWJIBHBIX TIPU3HAKA MEPEIOIHEHNUS:

1. criaraeMble UMEIOT OJMHAKOBBIC 3HAKH, M 3HAK CYMMBI OTJIMYAeTCs OT
3HaKa CJlaraeMplx;

2. 3HaYeHHUs OMTOB IEPEHOCA B 3HAKOBBIN Pa3psiJ U U3 3HAKOBOTO paspsia
Pa3IMYHBL.

Tab6auua I-13. Ilepenonenue pa3psaHON CeTKH.

Yucno K
-3 1.101
-6 1.010
-9 10.111
+5 0.101
+5 0.101
+10 1.010

65



6.5 [pyrue apudmernyueckue onepanuu

Onepanyy yMHOXXEHHS U JISJICHUS LIENbIX YHCEJI BBIIOIHAIOTCS 10
0OBIYHBIM anroput™MaM - "cronbukom". Jis ux peannzamuu AJIY nomkHO
obecrieunBaTh, HapsAy C ONEPaANUsIMU CIIOXKEHUS - BRIYUTAHHS, TAKXKe olepa-
IIM CIIBUTA IBOMYHOTO KOJA BIEBO U BIIPaBO. Takke MOXKHO IPEICTaBUTh
MIPOLIECC BBIMOJIHEHHMS orepanuii apru()METHKHI Ha/l BEIIECTBEHHBIMH YHCIIAMH
(dopmar ¢ mnaBaromeit Toukoit). [Ipu 5TOM BEITOTHAETCS BEIPABHUBAHUE T10-
PSIIIKOB, 3aTEM NPOU3BOIATCS ONEPALH HAJl MAHTUCCAMHU U, B 3aKJIIOUEHHE,
OIIpeeIsIeTCs 3HAUECHHE TOPSAAKA Pe3yIbTaTa.

6.6 Jloruueckue onepanuu

Oneparyn apru(METHKH TO3BOJISIOT BEIYUCIATE 3HAYCHUS dJI€MEHTap-
HBIX BEILIECTBEHHBIX (DYHKIIMII MHOTUX BEIECTBEHHBIX apryMeHToB. OHaKO He
MCHbIICC 3HAUYCHUC ITPU BBIYHUCIICHUAX HAa KOMIIBIOTCPE UI'PAIOT JIOTUYCCKHUE
orepanuu, MO3BOJIAIOIINE PEIIaTh MPOOIEMbl IPUHATHS PELICHUH.

3aﬂaqu MPUHATUA pelIleHIdﬁ, SIBHO WJIU HCABHO, CBOJATCA K BBIYHCIIC-
HUIO JIOTHYECKOT0 BEIpakeHUs. JIormueckoe BhIpasKeHHE MPEICTaBIsIeT COO0M
KOMOWHAIIMIO TPEX IEMEHTAPHBIX JOTMICCKUX (QYHKIUH (OTpHIIAHKE, TU3b-
FOHKIIUS, KOHBIOHKIIHSI) U IPSTUKATOB — OTHOIICHUH (paBHO, HE PaBHO, OOJIb-
11e, MeHbIIe, OOJIBIIe WIH PAaBHO, MEHBIIIE Wi paBHO). [Ipeaukar — oTHOMIE-
HHUE ONpeAeIIeTCs CIIEAYIOMNM 00pa3oM: <apru(pMeTHIeCKOe BEIpaKeHHE™>
<3HaK OTHOIICHUS > <apuMeTHIecKoe BeIpakeHrne™>. OH UMEET JBa BO3MOXK-
HBIX 3HAYCHHMS: HCTHHA, JIOXKb — M CBsA3bIBACT "MUp" HOPMaILHOM JIOTHKH C
"MupoM" BemecTBeHHBIX (yHKIUH. Jlorndeckre BEIpakeHUs HCIOIB3YIOTCS B
Ka4yecTBe YCJIOBHH JUIs ONEPaTOPOB YCIOBHOI'O MEPEX0/ia U OIePaTOPOB LUKIIA.

I[J'ISI IMporpaMMHUpOBaHUA JIOTHICCKUX BBIYMCJICHUH HCIOJIB3YIOTCA TpU
KOMaH/Ibl: HHBEPCHSI, JIOTHYECKOe CJI0KeHNe U JIOTHYeCKoe YMHOKEHHe.

OOIIEPUHSITO, YTO B KAUECTBE apTyMEHTA TAKUX OIEPAIlUil BRICTYTIa-
€T HE OTACIBHBIN OUT MaMATH, a cJI0BO HamsTh. Orepanu OTHOIICHUS IS
JIBYX CIIOB (CpaBHCHHE, OOJIBIIIE, MEHBIIIE U T.[.) ONPEACISIOTCS OYCBUIHBIM
obpazom. Torma Kak JOTHYECKHE OTIEPALUN ONMPEICISIOTCS CIICTH(PUICSCKH.

Oneparyst ”HBEpCHH (TTopa3psaaIHOe OTPUIIAHKE) BO BCEX OMUTaX CIIOBA
3aMeHseT eAUHUIIBI Ha HYJIM U HyJIH Ha €IHUIIBL.

Onepanus JOTUIECKOr0 CIA0XKEHUs (ITOpa3psaHas TU3bIOHKITUS ) BbI-
MOJTHSETCS O clieaytomeMy anroputmy: C; = ajvb; 5 i=1+8.

Onepanus JJOrH4ecKoro yMHoOkeHusl (TI0pa3psAHON KOHBIOHKIINH)
BEITIONTHSETCS 110 cienytomemy anroputmy: C; = a;&b;; i = 1+8.

6.7 Komanna 06paOOTKH TaHHBIX U €€
ABTOMATUYECKOE UCIIOJIHEHNE

ToaBOIst UTOT HPEIBIAYIIEMY OOCYKICHUIO, CKaXKEM, UTO apupMeTH-
KO-JIoTHYecKoe ycTpoiicTBo (AJIY) peanusyeT uconHeHHE KOMaH 00paboTKu
(peoOpazoBanus) maHHbIX. OHY MOAPA3IEISIOTCS Ha YETHIpe Kiacca.
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1. Apudmernueckue u gormyeckre komanasl popmara: KOIT,A1,A2,A3 -
BBITIOJTHAIOT OIIEPALIMH CJIOXKEHHUS M BRIYUTAHHUS IO CIEAYIOIIEMY ajITrOpHUT-
My:

e BBIOpATh U3 ONEPATUBHON MAMSATH COACPIKUMOE siueiiku Al- 3HaUCHHE
MIEPBOT0 aPTyMEHTA;

e BBHIOpaTh U3 ONEPATHBHOM MAMATH COAEPKUMOE sTUeiiku A2 - 3HaUeHHE
BTOPOTO apryMEHTA;

e npoussectn onpexaenssemyto KOII (kon onepaiun) onepanuio Hajl
apryMeHTaMU;

® 3ammcaTh Pe3yJbTaT B ONEPATHBHYIO IIAMSTH 110 afapecy A3.

2. KomaHzbl ciBura Kofla B peTUCTpe W KOMaHIa 0OpamieHns Ko/ia B peru-
cTpe.

3. Kowmanna BBona popmara: BBO/,0,0,A3. Kon Haxaroif Ha Ki1aBUaType
KJIaBUILIM BBOANTCS B OaiiT onepaTuBHOI MamaTH ¢ agpecom A3.

4. Kowmanna BeiBoaa opmara: BBIBOJ A1,0,0. CumBoJI, KOZ KOTOPOTrO
XpaHUTCs B 0aiiTe OMEePaTUBHOW MAMSITH, BBIBOJUTCS HA TCPMUHAIL.

B INpunoxenne lnpuBenaeHa GyHKIMOHATIBHAS CXeMa HCIIOTHCHUS
KOMaHJIbI 00pa0OTKU JaHHBIX.

Jlist XpaHeHus TeKyIIel UCTIOTHAEMON KOMaH/IbI HCIIOJB3yeTCs pe-
ructp koman (PK). YauTsBas ¢popmar KoMaHIBI, OH MOIPa3IeNIIeTCs Ha Clie-
nyrornue moist: ko oneparn KOIT; Al, A2 - anpeca sigeek orepaTUBHOMH Ima-
MSTH, B KOTOPBIX XPAaHATCS ONepaHabl onepannu; A3 - aapec sideiikn orepa-
THBHOW MaMTH, KyJa CIeIyeT 3alHicaTh pe3yIbTaT UCIIOJHEHHUS OTIEPaLiH.

Kak ckazano Beie, AJIY coeuHeHa ¢ onepaTUBHON MaMAThHIO IITMHA-
MU TIepelavyy JaHHBIX (IIMHA 3aIIMCH U IIMHA YTeHus). Eciu n - mmpuHa mmHb
nepeavu TaHHbIX, TO 110 Hel OJJHOBPEMEHHO IIePEIatoTCs N OUT JaHHBIX. AJl-
PECHBIC OJISl PETUCTPa KOMAH/I COSTUHEHBI C ONCPATHBHOMN MaMATHIO IIMHOM
azpeca. Eciu mmprna IWHLL aapeca p, TO pasMep aapecHoro npocrpadctsa 2P,
T.e. UMeeTCst BO3MOXKHOCTD ajipecannu 2P GaiT ornepaTHBHON MaMsTH.

Peanu3zanus aBTomMaTuyeckoro ucnoiHeHus Haxosuericsa Ha PK ko-
MaH/Ibl OCYUIECTBIISIETCSL Y CTPOMCTBOM YTpaBieHUs] ABTOMaTudeckuM Bei-
monHerreM Komanasl (YABK). OTo ycTpoicTBO 11 KaXkaoi KOMaHABI BEIpa-
0aThIBaeT CIIEUPHUECKYIO MTOCTIEIOBATEIHPHOCTD IEKTPOHHBIX NMITYJIHCOB
(curaasnoB), KOTOpBIE MPUHSTO HA3BIBATH MUKpooOIepanusamMu. Kaxnas MUKpPoO-
onepanms 3acTaBiIeT padoTaTh BIIOJIHE ONPEIEICHHBIN JIEKTPOHHBIA OJIOK
KOMIIBIOTEpA.

OYHKIIMOHAIBHO, MUKPOOIIEPAIIUH O0BEIUHIIOTCS B MUKPOKOMAH/IBI.
Takum oOpa3oM, Kaxkaasi KOMaHAA IPEACTABISACTCS KaK MOCIeI0BATCIbHOCTD
MHUKPOKOMAH]I, a KaX/1asi MEKPOKOMAH/IA - KaK MI0CJIeI0BATEIbHOCTh MUKPO-
onepauui.

[Tpumep mpencTaBIeHUs KOMaHIBI CIIOKEHHS B BUE TIOCIIEI0BATEIb-
HOCTH MHKPOKOMAHJI ¥ peau3aliysi MUKPOKOMAaH] B BHJIC ITOCIICI0BATEIHHO-
CTH MUKpooTiepanuii mpuseneH B Tabmuma [-14.
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Tabauna [-14. MukpokoMaHAbl 1 MUKPOOIIEPalliH, peaau3yloime
KOMAaHJy CJI0:KeHUsI

MUKPOKOMaHJa | MUKpOOIepauuu KOMMEHTapui
R1 :=[TAM(A1) BJIA1 BbIJIaua aJipeca I1epBOro ONlEpaH/ia B
aMsITh
T BBINIOJIHEHUE YTEHUS 110 aJIpeCy
ITPR1 npueM cuutanHoro u3 OIl koxa Ha
peructp R1
R2 :=[TAM(A2) BJIA2 BblJa4a ajjpeca BTOPOro OIEpaHia B
aMATh
qT BBITNIOJIHEHUE YTEHUS T10 aJIpecy
ITPR2 npueM cuutanHoro u3 OIl koxa Ha
peructp R2
R3 :=R1+R2 + BBITIOJHEHNUE ONIEPALUU CIIOXKECHHUS
ITAM(A3) :=R3 BJIA3 Bbla4a aJipeca pe3ysbTara B NaMsTh
B/IR3 BbI1aya Ha IIMHY 3alCU Pe3yJIbTaTa
311 BBIIIOJIHEHHE 3aIIHCH 10 aIpecy

Taxxe B [Ipunoxenue 1n3o0paxen nemmdparop Koaa onepanin
(AIKOII). Kon onepanuui KOMaH/bI, HAXOSIIEHCS Ha pETHCTPE KOMAaH]I,
BBI3LIBAET IOSIBJIEHHE €AMHUYHOTO CUIHAIA HAa OQHOM M TOJILKO OJHOM €T0
BbIxozie. U curnan Ha sTom Beixozie npeanucbiBaeT Y Y ABK BbIOTHUTH BHOJ-
HE ONPECICHHYIO MOCIICA0BATEIbHOCTh MUKPOOIIEPAIIUH, T.€. BIIOJIHE OMpeIe-
JICHHYIO KOMaHIy 00pabOTKH aHHBIX.

PaccmoTrpuM ucnioHeHHE KOMaH] BBOJA - BeIBOA. [Ipenmomnaraercs,
YTO K IIUHE 3alTUCH MOIKIF0YCHA KIIABUATYPA, a K IIIMHE YTCHHS - TUCTLICH.

Hauap BIIOIHATHCS, KOMaHa BBOJA KIET HAXKATHU KaKoW MO0 Kila-
Buiy. [locne HaxaTHsl KJIIaBUILM, IBOMYHBIN KO €l COOTBETCTBYIOLMH T0O-
CTyIIaeT Ha PETUCTP BBoJa RBBOJ U 3aTeM 3alHCHIBACTCS B TUYCHKY TAMATH C
anpecom A3 (Tabmnwuma I-15).

Taoauna I-15. Komanaa Beoga: BBOJ[ 0 0 A3

MHKPOKOMaHJa MHUKPOOTICPALIIHI KOMMEHTapHi
OXKIKJI OXKHMIAaHWE HaKaTHUA Kila-
BHIIIH
ITam(A3) := RBBOZ BABBO/] BblJIaua JBOMYHOI'O KOJIa
JUTEPHI Ha IIHHY
BJIA3 BblJlaya Ha IIMHY aJpeca
A3
311 WHULIMALIMS 3aIIUCH 110
azgpecy
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Hauvag BeIMONHATHCS, KOMaHAa BRIBO/IA IE€T OKOHYAHUS BBIBOJIA TIpe-
ZAplayiiero cuMpona. ITocne 3Toro, ABOMYHBIN KO/ CUMBOJIA, XpaHSIIEHCS B
sueiike ¢ aapecoMm Al, mepenaercs B perucTp BbIBOJa RBBIBO/A M BEIBOIUTCA B
BHJIe cuMBoJa Ha auciuiel (Taomuna 1-16).

AHAJOTUYHO MPEICTABIIIOTCS M BBIMOJHAIOTCS BCE OCTAIBHBIC KO-
MaH 16l 00pabOTKH JaHHBIX.

Tadauua I-16. Komanay BoiBoga: BBIBOJ A1 0 0

MHKPOKOMaH/Ia MHUKPOOTICPAITUH KOMMEHTapUil
OX]IBbIBOA 0’XMJIaHWE BBOJA
ReeiBog .= [TAM(A1) BJIA1 BBIZIaua ajpeca BBOIH-
MOTO KOJia
T WHULMAIIS YTEeHUS
ITPBBIBO/] MIPUEM KOJIa Ha PETHCTP
BBIBOJA

6.8  KOHTpOJIbHBIE BOIIPOCHI.

1. Kaxwmm 00pa3oMm anropuTMbl IpeoOpa3oBaHUs CHMBOJIBHBIX CTPOK obec-
[IEeYMBAIOT MCIOJHEHHE apU(METHIECKHUX OlIepaLii.

Komanasr 06paboTKH JaHHBIX.

HcnonHeHne KOMaHABI CIIOKEHHUSL.

Apu(pMeTHKO-JIOTHYECKOE YCTPOUCTBO U ero (PYHKIIMOHUPOBAHUE.
CroxeHue U BhIYMTaHUE LCIIBbIX YHUCCII.

Apugmernueckoe YMHOKEHHUE U JICJICHHE.

Jlornueckre KOMaH/IbI.

ABTOMaTHYECKOE HCIIOJHEHNE KOMaHAbl 00paOOTKH JaHHBIX.

e il el
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7 Aemomamuueckoe ucnoinenue npopammal.
7.1  IloHsTHE TMHENHON IPOTPAMMBI

CDyH)IaMeHTaH])HI)IM IIOHATUEM l/IH(l)OpMaTI/IKl/I SABJIACTCA IIOHATUEC aJl-
ropuT™Ma. AJTOPUTM PEIICHHS MIPUKIIAJTHON 3a7a9d OJHO3HAYHO OTIPEIEISIeT
cnoco0 peoOpa3oBaHus UCXOIHBIX TAHHBIX B PE3yJbTHPYIONIUE TaHHbIe. 110
CyTH JieNa, pelIeHue MPUKIAIHON 3a1aud ¥ 3aKJIF0YaCeTCs B TAKOM IPeoOpa3o-
BaHUM JaHHBIX.

[Ipu KOHCTPYHPOBAHUH ANTOPUTMA IIPEAIIONATACTCS, UTO CYIIECTBYET
HCTIOTHUATEI, CIIOCOOHBIH BBIIOJHATH KOHEYHOE MHOKECTBO JIEMEHTAPHBIX
JIEHCTBUH TI0 TPeoOpa3oBaHUIo JaHHBIX. VICIIOIHUTEIEM MOYKET OBITh Kak de-
JIOBEK, TaK M TEXHUYECKOE yCTpoiCcTBO. OG03HAUECHHE 3JIEMEHTAPHOTO AEHCT-
B IO TIPe0OPa30BaHMIO JAaHHBIX HAa3BIBACTCA KOMAaHIOW Ipeo0pa3oBaHUA
JAaHHBbIX UCIIOJTHUTECIIA. CHCLII/I(l)HKOﬁ aJIropuTMa ABJIACTCA MPEACTABIICHUC
CJIOKHOTO MPeoOpa3zoBaHHms JII0OOr0 KOHKPETHOI'O HCXOIHOTO Habopa JaHHBIX
d (13 00JaCTH TOMYCTUMBIX) B BUJIC MOCJICIOBATEIEHOCTH 3JICMEHTAPHBIX JCH-
CTBUI UCTIOJHUTEIIS IO IPE0OPa30BaHHIO JAHHKBIX. TaKyO IMOCIEI0BATEIb-
HocTh o(d) OyJeM Ha3bIBaTh TPACKTOPHEH BRIYMCIMTEIBHOTO MPOIecca periie-
HUS MPUKITATHON 3a/1a9H.

Onucanue TPaeKTOPUHU BBIYHCIIUTEILHOTO TpoIiecca Ha (hopMaTbHOM
SI3BIKE TIPOTPAMMHUPOBAHMS 1 Ha3bIBACTCS JUHEHOI mporpammoii. OueBn-
HO, 4TO JIMHEHHAsI IporpamMmMa sIBJIsIeT COOOH MOCIIef0BaTeIFHOCTh KOMAaH T 00-
paboTKH JaHHBIX (apu(MeTHIECKUE, TOTHIECKHEe, BBOI, BEIBO).

7.2 IlpuHIMO OPOrPaMMHOIO YIIPABJICHHUS

Crenyer cka3ath, YTO IOHATHE IPOTPAMMBI HE SIBIISIETCS CIEACTBUEM
N300peTeHNsI KOMITBIOTEPOB. YeI0BE4eCTBO MPOrPAMMHUPOBAIIO BEIYHCICHUS
3aJJ0JITO /10 MOSIBJIEHUS MOJOOHBIX BEIYMCINTEIBHBIX MAIIUH. McronanTeneM
TaKHX IIPOrpaMM SIBIISUICS YENOBEK, OCHALEHHBIN, B JIy4IIEM CIIy4ae, CPEACT-
BOM aBTOMAaTHYECKOI'0 UCTIOJIHEHHS apu(pMETHYECKUX ornepaiuii (apupmo-
METp, CUETBI, JIoraprupMUIecKas JINHEWKa).

[MosiBuBIIICHCS, 300JITO 10 H300PETCHUST KOMITBIOTEPOB apu(pMOMETP
TaKKe Crioco0eH aBTOMATH3UPOBATh TOJILKO UCIIOJHEHHE apU(PMETHYECKUX
onepauuu.

[ToncTrHe peBooMs B 00JIaCTH aBTOMATH3ALUK BEIYUCICHUH TIPO-
M30IIIIa TIOCTIE TOTO, KaK aMepHKaHCKUH ydaeHblid (hor Heiiman chopmynupoBan
CBOM MPHUHIUIIBI IOCTPOEHUS aBTOMAaTUYECKON BBIUUCIUTENLHON MamKHEL. I1o
CYTH Jiena, JaHHOE METOJMIECKOe I0COOUE MOCIeA0BATENbHO H3JIaraeT 3TH
ITPHHLUIIBL.

W reneps npuiia nopa paccCMOTPETb CaMblid PEBOTIOLIMOHHBIN U3 HUX
- IPUHLIUI IPOTPaMMHOI0 YIIPaBICHUS BRIYUCIUTEIBHON MaIIHOM.

Ipunmun nporpamMuoro ynpasJjenust ¢pon-Helimana popmynupy-
€TCsl B BUJIE CIEIYIOUINX ITyHKTOB.
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1. TIporpamma nmpeobpa3oBaHMs NaHHBIX, PEACTABICHHAS B IBOMIHOM
BUZE, PA3MEIAETCs B TOM XKe ONEPaTUBHOMN NMaMsITH, YTO U JJaHHBIE;

2. DIeKTpOHHas cXxeMa yCTpOICTBa yIpaBieHHS peaIu3yeT ajJrOpUT™
IJIABHOTO IIMKJIa KOMITBIOTEPA, KOTOPBIi 00ecieunBaeT nocie 0Ba-
TEJIbHYI0 aBTOMaTH4ECKYI0 BBIOOPKY M3 ONEpaTHBHOM MaMsTH KOMaH/
IIPOTPaMMBbI U X UCIIOJIHEHHE.

[Mpumeyanue. CTporo roBopsi, IPaKTUIECKH OJHOBPEMEHHO, ObIIH
IIPEAJIOKEHBI J1Ba criocoda XxpaneHus nporpamMmsl. Kommetotep ["apBapiackoro
yauBepcurera «Mapk-1» (1950 romx) nmen oTAETBHYIO TaMSTh JJIs1 KOMAHI.
Torna xak B [IpuHCTOHCKOM YHUBEpCUTETE IpH yuacThn GoH Heiimana (Haun-
Has ¢ 1947-ro roga) co3maBamuch KOMIOBIOTEPHI C €IMHOM MaMSATHIO TS KO-
MaH[ " A7 JaHHbIX. [IpUHCTOHCKAs apXUTEKTypa cTaia npeodiaaarommeil.

Kak nomecTuts nporpaMmy B OIEpaTUBHYIO NaMATh? BeroMHNM, 9TO
Iporpamma - MocJIe0BaTeIbHOCTh KoMaH . Kaxxnas komanga nmeet Gopmar:

Kon A1 A2 A3

3nech, KOII - kon oneparun, Al, A2, A3 - agpeca siueex ornepaTuB-
HOU mamsTH (P- pa3psAHble IBOUYHBIE ITOCIIEI0BATEIBHOCTH).

Kaxknplit Koz onepanyy Takke MOXKHO TIPEJICTABUTD I'- Pa3psHON
JIBOMYHOH ITOCIIeI0BAaTEIbHOCTHIO. Takum 00pa3oMm, AiIst IpeICTaBICHUS KO-
MaH/Ibl HCHOJIB3YETCs I+3XPp ABOMYHBIX pa3psaoB. Kak npaBuio, komanaa "He
ybupaercs" B oauH OalT M pa3MenaeTcs B siUeiike pa3MepoM B HECKOJIBKO
0alT. . Anpec KOMaHABI OTIPEIEIACTC KaK aapec MepBoro 0anTa XpaHsmen
9Ty KOMaHAy saeiiku. JTuHa KOMaHIbI - YUCIIO 3aHUMAaeMbIX KOMaHIOH OaifT.

Takum 00pa3oM, B oniepaTHBHOM MaMsATH 00pa3yroTcs TpH 00IacTu:

1. obnacTh XpaHEHHUs MTPOTPAMMBEI,
2. 006nacTh XpaHEHUs JaHHBIX;
3. cBoOOAHAsA 00IaCTh.

KOMaHZ[I)I MpOoTrpaMMbI BBIITOJIHAIOTCA IMOCICA0BATCIIbHO, HAYUHAA C
nepBoii koManipl. HeoO6xoaumo Gpu3ndeckn peaan3oBaTh OTHOILIEHHE CIel0-
BaHUsI KOMaH]1 JIMHEHHO!N nporpaMmbl. T.e. HEOOXOAUMO PEUIUTh IPOOIEMY
YKa3aHus TOro, Kakas KOMaHJla JOJDKHA UCIIOJHATHCS MOCIIE BBITOJHEHUS Te-
KyIlleH KOMaH/Ibl. 31€Ch BO3MOXKHBI JIBa CIIOCO0A TaKOT0 YKa3aHUsl.

Bo - nepBbIX, MOXXHO J00aBUTE e1lie 0JIHO (YeTBEpPTOE) T0JIe ajpeca
AcJIK, B KOTOPOM YKa3bIBAa€TCsl CIEAYIOIAs HCIIONIHAEMasi KOMaHa:

KOI,A1,A2,A3,AcnK.

B aTOM citydae roBopsIT, 4TO MBI HIMEEM JIENIO C YEThIPEXaIPECHOM KO-
MaHz10i1. O6pa3HO TOBOPS, MPOrpaMMa CTAHOBUTCS OX0XKEH Ha HUTKY Oyc,
pa30pOCaHHbIX 110 MAMSITH, TIe B Ka4eCTBe OyCHH BBICTYNAIOT KOMaHIbI IIPO-
rpaMMBI.
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KOII

KOII N
KOII “—
KOII “—

[IpenMytecTBOM TaKoTo Ccr1ocoda XpaHeHUs MPOTPAMMBI SBIISICTCS
BO3MOHOCTH "paz0pachiBaHus" KOMaH]I 10 TTAaMSTH MPOU3BOJIEHBIM 00pa3oM.
A TuTaTod 3a TaKyro MPOM3BOJIEHOCT SIBIAETCS OOJIBIION PacXof MaMsITH, He-
00X0IMMOI1 1J1s1 XpaHEHHsI aIPECOB CJICITYIONIMX KOMaH/I.

Ecnu npuHATE 10CTaTOYHO €CTECTBEHHOE YCIOBHE, YTO CIIEAYIOIIas
KOMaH/ia JINHEWHOM MTporpaMMbl XpaHUTCS B CIIEIYIOLIEN SUelKe OnepaTUBHOM
MaMsTH, TO MO’KHO OOOMTHCH TpeXaIpecHO KOMaH/I0M.

IIpu 3TOM AOCTATOYHO UMETH JIUIIb OAUH PETUCTP - CUYETUYUK KOMaH]
(CYK) - Ha KOTOPOM XPAHUTCS aJPEC CIACAYIOIICH HCIOTHIEMON KOMaHIBI.
Od4eBHIHO, YTO AJIS ITepPeXo/a K CIeIYIOMeH KOMaH e, CIeTINK KOMaHI Heo0-
XOZMMO YBEJINYUTH Ha JUTMHY KOMaHAbI B Oaiitax (A).

7.3  ABTOMATHYECKOE UCIIOJIHEHUE JIMHENHOM
MpOrpaMMbl

BrruncnurensHas MaliiHa ¢ TpEXaApeCHON CUCTEMOU KOMaH UCIOI-
HSET JTMHEHHYIO MPOTpaMMy (COCTOSIIYIO TOIBKO U3 KOMaH 00pabOTKH JaH-
HBIX) TIOCTIEIOBATEEHO BEIONPAst KOMAaH/BI U3 TIAMSTH U TIepeaaBast X Ha pe-
TUCTP KOMaHJ JJISl aBTOMAaTHIECKOTO HCIOMHEeHUsA. TakuM 00pa3zom, ocie uc-
MIOJTHEHHUS OYePETHON KOMaHIbI HAUMHAET MCIIONHATHCS CIIEAYIomast KOMaH/a.

ApPXUTEKTypa TaKOH TpeXaApeCHO, MPOTPAMMHO - YIPaBISIEMOH BEI-
YHCIUTEIbHOM MamuHbl puBeeHa B [Ipmioxenne 2. Ha pucyHke moka3aHo,
YTO HIMHA YTCHU MOAXOAUT K PCTUCTPY KOMaH/, a CYHETUMK KOMaHd COCAUHECH
C LIMHOM azpeca.

[Tpu ucnonHeHM KOMaH bl 00PaOOTKHU TaHHBIX, YCTPOMCTBO yIIpaB-
JIeHHus aBToMaTrdeckuM BeinotHeHHeM koMan (Y'Y ABK) renepupyer nocie-
JIOBaTEIbHOCTh MUKPOOIIEPALIUii, KOTOPbIE O0BEANHSIOTCS B MUKPOKOMAaH/IBI.

PaccmoTpuM ucnionHeHHE TMHEHHO TpOrpaMMbl KOMIIBIOTEPOM C ap-
xurektypoii [Tpunoxenne 2. Ee ucrionmaenne obecrieqnBaeTcst Y CTPOMCTBOM
Yupaeneans ABromatrdeckum Bemonaernem [Iporpammer (Y YABII), koto-
poOe peann3yeT aNroOpUTM TTIABHOTO ITUKIIA BRIYHCIUTEIEHON MAIIHHBI
(Tabmuma I-17).
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AJNTOpUTM ITIaBHOTO IUKJIA BEIYUCINTEIBHON MAIIMHBI PeaTu3yeTcs
MOCPEACTBOM ICHEPALMK TTOBTOPSOIIEICS MOCIE10BATEIPHOCTH MUKPOKO-
Mana. Kak u npexxae, MUKpOKOMaHa peaqu3yeTcs B BUE MOCIEeI0BATEIbHO-
CTU MUKPOOIIEpALIU.

Taonuna I-17. Peanu3zanusi aaropurMa riiaBHoro UKJIa KOMIbIOTEpPa

MHUKPOKOMaH/1a MHKpOOIIe- KOMMEHTapuii
parus
1 | CUK :=agpec nep- BJIA2 BblJIa4a ajipeca MepBoi Ko-
BOW KOMaH/IbI. MaH/Ipl Ha IIMHY ajapeca
I[TPCUK IIpMEM aJpeca NEpBOi KOMaH-
JIbl Ha CUETYHK KOMaH]l
2 | PK:=ITAM(CUYK) BJICUK BbIjIaua aJipeca cleayroulei
KOMaH/IbI Ha IIMHY ajpeca
uT VHUIMALUA YTEHUS U3 OIepa-
TUBHOU NaMsTH
ITPPK [IPUEM CUYUTAHHOM U3 ollepa-
TUBHOW MAMSATH KOMaH/IbI Ha
PK
3 CUK := CUK+A +ACUK [OATOTOBKA K UTEHUIO CJie-
JIYIOIIeH KOMaHbl
4 BJIKOIT BJIKOII pacuugpoBKa KoJia orepariu
5 | ECJIM KOII(PK) = OCTaHOB OKOHYaHUE UCIIOJHEHMUSI IIPO-
"OCTAHOB" IpaMMbI
6 3ammyck YYABK 3aIyCK KO- | aBTOMAaTHYECKOE MCIIOJIHEHHE
MaH]IbI KOMaH/IbI
7 HOBTOpEHHe 2 MyCK MIOBTOPEHUE IJIABHOT'O IMKJIA

Oco00ro paccMOTpeHH 3acIy>KHBaeT BOIPOC MPUCBOEHHUS Nepe]] Ha-
YaJIOM HCIIOJIHEHHS CUETYHKY KOMaH/ ajpeca MepBOil HCIOTHIEMON KOMaH bl
mporpamMMsl. Mbl ipeamnosnaraeM, 4To 3TOT aAPEC 3aHOCUTCS. HEITOCPEICTBEHHO
Ha peructp koMas[ (PK) ¢ mynbTa - ynpaBieHust BEIMUCIUTEILHON MallTMHON.
U nocne storo Haxxumaetcs kHomnka "Ilyck", Bei3piBatonias 3amyck Y YABII

7.4  TloHsTe mporpaMMbl U €€ aBTOMaTUYECKOE
WCIOJIHEHUE

Beimie MBI paccMOTpEITH MPpeACTaBIeHNE BEIYUCIUTENHLHOTO IIpoLecca
peLIeHus MPUKIIaJHOM 3a1a4M B BUJIE €AMHCTBEHHOW TPAEKTOPHH, YTO IIPUBEIIO
Hac K NOHSTHIO JIMHEHHOW TPOrpaMMBI.

OpnHako, MPaKTUYECKH BCE MPe0Opa30BaHMs JAHHBIX OTIMYAIOTCS Cle-
IIFOIIIAM CBOMCTBOM: cItoco0 IpeoOpa3oBaHMsI HCXOIHOTO Habopa TaHHBIX
3aBUCHT OT KOHKPETHBIX 3HAUCHMH JaHHBIX 3TOr0 Habopa.
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PaccmoTpuM nmpumep onpeneneHus KOpHEei KBaApaTHOTO yPaBHEHHUS:
Ax2+Bx+C = (. 3BecTHO, 4TO, B 3aBUCUMOCTH OT KOHKPETHBIX 3HAYEHUH KO-
3 QUIHEHTOB YpaBHEHUS, €r0 KOPHHU BBIYHUCIISIOTCS IO TPEM Pa3IM4HbIM Tpa-
CKTOPHSIM. .

Takum 00pa3oM, MOKHO YTBEPIKIaTh, YTO, B OOIEM CIydae, IS Kak-
JTOW TIPUKJIATHON 3a]]a9¥ CYIIECTBYET MHOXKECTBO TPACKTOPHUN BBIYUCIUTEIb-
HOTO rporiecca. 11 3To MHOXXeCTBO CIUIONIb U psiioM OeckoHeuHoe. Koneunoe
KOMRAKMHOE ORUCAHUE MHOXMCECEA MPAEKMOPUTL 8bIYUCTUMENbHOZ0 NPO-
yecca Mbl HA3bL6AEM MOOETIbIO GLIYUCTIUMENILHO20 NPOUECCA PeUleHUs npu-
KaoHol 3a0auu.

IporpaMmma — oHa U3 BO3MOXKHBIX MOJIENICH BRIYUCIUTEIEHOTO TIPO-
necca. OHa mpencTaBiseT co00H JTMHEUHBIN TeKCT (TIOCTIeT0BATENHHOCTh KO-
MaH[I), 3aIMCaHHBIA B COOTBETCTBUH C IMPaBIIIaMH (POPMAaIBHOTO S3BIKA TPO-
rpaMMUpOBaHus. JIpyroil ©3B€CTHOM MOJAEIBIO BBIUUCIUTEIBHOIO IpoLecca
SIBJISIETCS OJIOK - cXeMa.

YuuteiBas BBINICCKA3aHHOC, CTAHOBUTCA OYCBUIHBIM, YTO JIMHEWHBIX
Mporpamm, IMPaKTHUCCKH, HE ObIBaeT. 11 MOYKHO TOBOPHUTD JIHIIb O JTHHEHHBIX
ydacTkax nporpamMm. OTHaKO, TEKCT IPOTPAMMBI TIO-TIPEKHEMY OCTACTCS JIH-
HEeHHBIM. J[J11 TOTO YTOOBI B KOHEYHOM KOMITAKTHOM BHJIE (B BUJIC JITHEHHOTO
TEKCTa MPOrPaMMBI) IIPECTABUTH MHOKECTBO TPACKTOPHIA BEIYUCIUTEILHOTO
mpoIiecca, B CHCTEMY KOMAaH][ HCIIOTHHUTENSI JODKHBI OBITh BKIIFOYCHBI KOMaH-
JTBI, I3MEHSIOIIIE MTOPSIOK BRITOTHEHNST KOMaH]I TPeoOpa30oBaHus TaHHBIX.
Taxue KOMaH/IBI IPUHATO Ha3bIBaTh KOMAHAAMM YNIPaBJEHHS.

Ipumeganue. He cnexyer myTaTh "moCiIe0BaTeNIFHOCTS KOMaH/ MPO-
rpaMMbl” 1 "TIOCIIEIOBATEILHOCTh KOMaH]] TPAEKTOPUH BBIYUCITMTEIHLHOTO MIPO-
necca". Ecnu A1 KOHKpETHON IPOrpaMMBbl IOCIIEI0BATENLHOCTh KOMaH T
SJIMHCTBCHHAs, TO IS TOU YK€ MPOTrPaMMBI CYIIECTBYET MHOXKECTBO ITOCIICI0-
BaTEJIbHOCTEH KOMaH]I BBIYMCIUTEIBHOTO mporiecca. Kaxxaas u3 aTux mocieo-
BaTeNbHOCTEH (popMuUpyeTCs U3 TEKCTa MPOTrPaMMBbI TOCPEICTBOM BBHITIOTHEHUS
KOMaH]I YIIPABICHUS BEIYUCIUTEIHHBIM IPOIIECCOM.

MHuoxecTBO KOMaH T (00pabOTKH TAaHHEIX M YIIPaBJICHUsS) 00pa3yeT
cHCTeMY KOMaH/I KOMIbIOTepa.

Kak roBopuiiocs BbIIe, B CHCTEMY KOMaH/T BEIYUCIUTEIHHON MAaITHHEL
BXOJAT KOMaH/bl yripaBieHusd. [Ipexae Bcero, 310 koMmaHaa 06e3yc/JI0BHOM
nepeaadn ynpaBJIeHHs:

by,0,A2,0.

CMBICII 3TOM KOMaH/Ibl COCTOMT B TOM, YTO IIOCJIE €€ UCITOJIHEHMS Ha-
YUHAET UCTIOJIHATHCS HE CIEAYIolas KOMaHa, a KOMaHJia ¢ agpecoM A2.

YeTpoHCcTBO yIpaBlieHHE aBTOMAaTUYECKUM BBIMIOJTHEHUEM KOMaH/Ibl
JUTSL KCTIOJTHEHHUSI KOMAH/IbI YCJIOBHOTO 0€3yCIIOBHOTO MEPEeX0/ia TeHEPUPyeT
[OCJIEIOBATELHOCTD U3 IBYX MUKPOOIIEPALIUA:

BJIA2 - anpec cienytonieil KoOMaH/bl BbIIAE€TCS HA LIMHY aJpeca;
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IPCYK - agpec crenyromnieit KOMaHIbI IPUHAMAETCS Ha CUETIHK KO-
MaH/I.

ITocne 3THX AEHCTBHA, POIOHKEHUE INIABHOTO ITUKJIa 00SCIIeYNBAET
HCIIOJTHEHUE KOMaH/BI ¢ afipecoM A2.

Komanna ycioBHoii nepenaun ynpaBiaenus umeet gopmar:

yny,0,A2,0.

B kauecTBe yci0Bus, KOTOpOE ONpEAENseT Nepeaady ynpaBIeHus Ha
KOMaHJIy ¢ afipecoM A2, UCTIONIb3yeTCs Pe3ynbTaT NpeablIyLiel onepanuy.
Hanpumep, pe3ynbrar onepanny CpaBHEHHUS JIBYX KOJIOB; WM - PE3yIbTaT
apudmMeTHaecKkoii onepannu. Pe3ynbraT npensiaymiei onepanni MoXXeT ObITh
PaBEeH HyJII0, HE paBeH HYJII0, OOJIbIIIE HYJIsl, MEHBIIIE HYJIs, OOJIbIIE WM PAaBCH
HYJIIO, MEHBIIIE WIIM PaBEeH HyJt0. JIJIsl KaXKI0T0 TAKOTO OTHOIICHHS UMEETCs
CBOS KOMaH/Ia yCIOBHOT'O NTEPEX0/ia CO CIeH(pUIECKUM KOIOM ONepannuu
YIIy.

Ecnu oTHOLIEHME BBINIOIHAETCS, TO KOMAH1a YCIOBHOM IIEpeJadn
yIIpaBlieHUs paboTaeT Kak KoMaH/a 0e3yCcIOBHOU nepenayun ynpasieHus. T.e.
MPOMUCXOIUT Nepexoy Mo axpecy A2. B mpoTUBHOM ciiydae, 0CIe10BaTeb-
HOCTb BBINOJTHEHUSI KOMAH] HE HAPYLIAETCs U UCIIOJIHAETCS] KOMaH a, cie-
JyIoIasi B TEKCTE MPOrpaMMBbl 38 KOMaHI0H yCIOBHOTO MEPEX0a.

7.5 Cucrema KOMaHJ BBIYUCIUTEILHON MAIIUHBI
7.5.1  Knaccugurayus xomano

MHO€eCTBO KOMaH/I, KaXkIyI0 U3 KOTOPBIX MOYKET BBIIOJIHUTH 1IEH-
TpaJIbHBIN MPOLIECCOpP, 00Pa3yeT CUCTEMY KOMaH BBIYMCIUTEIIBHON MAIIUHBIL.
B o6mem cityyae ¢popMaT KOMaH/Ibl COCTOHUT M3 OJHOTO IOJIsl KOJIa OTIepaliy U
N 3JPECHBIX MOJIeH, B KaKI0M U3 KOTOPBIX 3alUChIBAETCS aJIpec ONepaTUBHOMN
namMaTu. CylecTBEHHOM XapaKTepUCTUKON KOMaH/IbI SIBJISIETCS €€ aJIpECHOCTb,
T.€. YACJIO aJPECHBIX MOJIEH.

Kon onepanun addrl addrn

CucremMa KOMaH]] CYIIECTBEHHBIM 00pa30M OIpeenseT THII (apXu-
TEKTYpY) BBIYUCINTEIbHOI MamuHbl. OJHAKO, BHE 3aBHCHMOCTH OT KOHKpET-
HOH apXUTEKTYphl, KOMaH bl BEIYUCIUTEIBHON MAIlIMHBI IOAPA3AEIIAI0TCS Ha
IIBa KJ1acca: KOMaHIbl 00pabOTKH JaHHBIX M KOMAaHAbl YIPaBJICHHS BBIIOIHE-
HUEM BBIYUCJIIUTCIIbHBIM IIPOILECCOM. K KOMaHJaM O6pa6OTKI/l JaHHBIX OTHO-
csTes:

®  KOMaH/bl IpeoOpa3oBaHMsl IaHHBIX (IIEpeChUIKa, apu(pMeTHIEeCKUE U
JIOTHYECKUE KOMAH/BbI).

®  KOMaH/bI C/IBUTa KOJIa;

e  KOMaH/bI BBOJIa JAaHHBIX B OIIEPATUBHYIO MaMSITh;

®  KOMaH/bI BBIBO/IA JAHHBIX U3 OIIEPATHBHOM ITaMSITH;
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Koman bl yripaBieHust peain3yor 0e3yCIoBHYO U YCIIOBHYIO Niepe/ia-
4y yIpaBJIeHHUs, & TaKXkKe 0OpallleHne K MOJIPOrpaMMaM U BO3BpaT U3 MOAIPO-
rpamm.

Koman et 00pab0oTKH TaHHBIX MOYKHO KJIacCH(MHUIIMPOBATH 110 YUCITY
a/ipecoB; HauOoJIee YacTo MCHOJIB3YIOTCS OHO U JIBYXaPECHbIC KOMaH bl
Komanne! ynipaBiieH#us, Kak MPaBUIO, OJHOAIPECHBIC.

7.5.2  Komanowt 0bpabomxu 0auHvix

OnHoanpecHble KOMaHABI EPECHUTKH PEATU3YI0T 0OMEH TaHHBIMHU
MEXIy OTIepaTUBHON MAMATHIO U PETUCTPOM apru(METHIECKOTO YCTPOICTBA.
[Ipuuem, nocnenHuit 3aJa€TCs IO YMOIYAHUIO.

Load addr — 3arpy3ka coaep>XMMOro SYeKU ornepaTUBHON NaMsITH B
perucTp.

Story addr — nepechiIKa COIEP>KUMOTO PErucTpa B sIUEHKy OmmepaTuB-
HOM MaMsITH.

JIByxanpecHbie KOMaH/Ibl TIEPECHUIKHA OCYIIECTBISIOT OOMEH JaHHBIMHU
MEXAy SYeHKaMH ONepaTHBHOM MaMsITH H\WJIM PETUCTPaMH apu(pMETHYECKOTO
YCTpOMCTBa.

MOV Amucrt, Anp — 0OMeH JaHHBIMH MEXly HICTOYHUKOM U ITPHUEM-
HUKOM.

Apudmernueckre 1 JOTHIECKHe KOMaH bl B COBPEMEHHBIX KOMITBIO-
Tepax SIBISIOTCS IByXaJPECHBIMU.

ADD Amuct, Anp — BeIOHpaeT 3HaueHNSI U3 AUCT U Alp, 00pasyeT ux
CyMMy, KOTOPYIO 3aIlFICHIBAcT B ANp.

Koman el BBoJIa — BbIBO/IA JIHOO UMEIOT crieln(HuecKril OiHOaapec-
HBIN (opmart, THOO coBHANAIOT MO GopMaTy C IByXaAPECHON KOMaHI0H nepe-
ceuikn MOV.

7.5.3  Komanovl ynpagieHus.

OpHoazpecHas KoMaHAa 6€3yCIOBHOM Mepeaun yIpaBIeHHs
JMP addr 3aHocuT ajpec "ckauka" Ha CUSTYMK KOMaH/I, YTO 00ECIIeYnBacT B
Ka4yecTBe CIEAYIOIIeN KOMaHAbI ¢ 3TUM aapecoM. OHoanpecHass KOMaHaa
CALL addr — peanusyeT BbI30B HOANPOrpaMMBI C 3aIOMUHAHUEM a/ipeca BO3-
Bpara. be3anpecnas komanna RET obecrieunBaeT BO3BpAT U3 IMOAIIPOTPAMMEL.

Komanzs! ycioBHOI nepenadu ynpasieHUs IpeJHa3HAuCHbI IS TIPO-
BEPKH OIPE/ICIICHHOTO yCIOBHS M OCYILECTBICHHE IIEPEX0A B CIydae €ro Bbl-
MOJTHEHHSI.

B kadecTBe ycinoBUil HCIIONB3YIOTCA Pa3pAIbl YCIOBHH ((arn), aBTo-
MaTH4ECKH yCTaHABIMBAEMBbIX NIPOLIECCOPOM B COOTBETCTBHH C PE3YIHTATOM
BBITIOJTHEHHS KQKJ0H KOMaHIbl U XpaHsIIIHecs Ha perucrpe QJaros.
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7.6  Ilpunmuns! GyHKIIMOHUPOBAHUS
BBIYUCIIUTEILHON MalllMHbI (KOMIIBIOTEPA)

Mpe1 paccMoTpeny yHIaMeHTalIbHbIE OCHOBBI TOCTPOSHHMST BBIYHCITU-
TEJIHBIX MalliH (KOMITBIOTEPOB) CKOHCTPYHUPOBAHHBIX M (DYHKIIMOHUPYIOIINX
Ha OCHOBaHMM TNpHUHIMIIOB (oH - Helimana. 3T npuHIMIEI chOPMYITUPOBAI B
cepelMHe COPOKOBBIX I'OIOB JIBAJIIIATOIO BeKa aMEPUKaHCKUH y4eHbIH (oH -
HelimMaH, KOTOpBIN BXOAWII B TPYIILY CO3AATENEN OAHON U3 NEPBBIX ABTOMAaTH-
YEeCKUX IU(POBBIX BEIYUCINTEIBHBIX MAIIHH.

Krnaccrgeckoe mocTpoeHre aBTOMaTHIECKON TU(PPOBON BBIUHCIIH-
TEIbHOM MaIMHBI IOKa3aHo Ha (Pucynok 1-28). BHemnue ycrpoiicTa moapas-
JIENSI0TCSL Ha YCTPOMCTBA BBO/IA — BBIBOZA (MOHUTOP — AUCIIIEH, KIIaBHATypa U
T.I1.) ¥ Ha BHELIHUE 3alIOMUHAIOIINE YCTPOMCTBA (MATHUTHBIC TUCKH, JIA3EPHBIC
JIUCKU U T.]I.)

KoHcTpykuus aBroMarnieckol nupoBoil BEIYUCIUTENBHON MaIIHBL,
OUEBH/HASI C COBPEMEHHOW TOUKH 3PEHHUsI, COJIEPIKUT JBE (PyHAaMEHTaIbHbIE
Ujieu, KOTOPBIE CHITPaTN BBIAIOLIYIOCS POJIb B Pa3BUTHH BBIYHUCINTEIBHON
TEXHUKH U KOTOPBIE HE YTPATUIIA CBOETO 3HAUEHUS U ceiuac.

OneparuBHas NaMsATh

VYerpoiictBo
A - A / BBOJIA
YcrpoiictBo Apudmernko —
yHpaBIIeHUs JIOTHYECcKoe
YCTPOMCTBO -
\ YerpoiicTBo
BbIBOJIA

Pucynok I-28 Kiaccnueckoe nocrpoenue apTomaTuieckoii uugposoii
MalUHbIL. JKHpPHBbIE CTPEJIKH - HHPOPMALMOHHBIE CBSA3H, 00bIYHbIE
CTPEJIKH - YNIPABJISIIOLIHE CBSA3HU.

IlepBast U3 HUX COCTOUT B TOM, YTO IIPOTpaMMa BBOJUTCS Yepe3 Te XKe
BHEIIIHUE YCTPOUCTBA, YTO U JAHHBIE U XPAHUTCSA B TOI e MaMsATH, 4TO U
JaHHble. DTO 00ecleunBaeT:

1. BO3MOXXHOCTH aBTOMATHUECKOTO HCIIOJTHEHUS IPOTPaMMBI;

2. OIlepaTHBHYIO NIEPECTPOHKY MAIIMHBI C OJHOH 3aa4M Ha APYTyIo Oe3
BHECEHMS KaKHUX - JINOO N3MEHEHUH B CXEMY MAIIHNHBI, JeJlast KOMITBIOTEP
YHHBEPCAJIbHBIM HHCTPYMEHTOM 00pabOTKHU TaHHBIX.
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Bropast oueHb BaxkHasl €SI COCTOUT B TOM, YTO COCTaBJIAIOIIUE MIPO-
rpaMMy KOMaH/Ibl 3aKOJJIPOBAaHbI B BUJIE IBONYHBIX [OCJIEA0BATENBLHOCTEH 1
10 (l)opMe HUYEM HE OTIMYAIOTCA OTAAaHHBIX, C KOTOPBIMH OIICPUPYET KOMIIbIO-
Tep. ITO AaeT BO3MOKHOCTh B HEOOXOJMMBIX CIIydasiX pacCMaTpUBATh Mpo-
rpamMMy Kak Habop JaHHBIX, KOTOPBIH MOYKHO MPeo0pa3oBhIBATh MOCPEICTBOM
WCTIOJTHEHUsI IPYToi porpaMmbl. CIIeJCTBUEM 3TOTO SIBIISIETCS] BO3MOXKHOCTh
MOCTPOEHHS CPEJCTB aBTOMAaTHYECKOT0 NPOIPaMMHUPOBAHUSI U CPEJCTB aBTO-
MaTH4ECKOT0 YIPaBJICHUS BHIYUCIUTEILHBIM MIPOLIECCOM.

Mpunuuns! ¢on - Heiimana B cxxatom Buae GpopMyTupyIOTCS Ciie-
IYFOIITUM 00pa3oM:

1. Mudopmaryst kogupyeTcst B JBOUIHOH (popMe u TpeCcTaBIseTCs B BUIE
Ha0opoB naHHbIX. Habop naHHBIX pa3gernsercs Ha eANHULBI JaHHbIX, Ha3bl-
BaeMbI€ CIIOBAMH.

2. Pa3HOTHIHBIE CII0Ba PA3IMYAIOTCS MO CIIOCO0Y MCIIOIB30BAaHUSA, HO HE
IO CII0CO0y KOIUPOBAHMUSL.

3. CnoBa pa3Melnarorcsi B s4eikax HaMsATH MallUHbI 1 WASHTUULIUPYIOT-
Csl HOMEpaMH sT4eeK, Ha3bIBaeMbIMU aJJpecamMy siueeK (aapecamMmu CIIOB).

4. ANTOpuTM NpeACTaBIsieTcs B JOpMeE IOCIIE0BATEIBHOCTH YIIPABISIO-
IIMX CJIOB, KOTOPBIE ONPEIEISIOT HAMMEHOBAaHHE OIlepalyy U CJI0Ba, y4a-
cTBYIOIIME B onepanny. Kaxoe Takoe ynpasisiolee CJIOBO Ha3bIBACTCS
KOMaH/IOH. AJITOPUTM, IPEICTABICHHBIA B BHJIE MTOCIEA0BATEIILHOCTH Ma-
IIMHHBIX KOMaH]I, Ha3bIBAETCSI IPOTPAMMOH.

5. BemonneHne npeoOpa3oBaHus JaHHBIX, IPEIIUCAHHBIX AITOPUTMOM,
CBOJUTCS K MOCJIEAOBATEILHOMY BBITIOJIHEHUIO KOMAaH/I B TIOPSAKE, OTHO-
3HAYHO OIPEAEIAEMOM NPOTPAMMOI U KOHKPETHBIM HA0OPOM UCXOIHBIX
JaHHBIX.

Takum obpazom, ouenvb pacnpocmpanennoe ceiuac cioeo "Komno-
omep" o3Hauaem na camom oene: yuPpoeas, yHUEEPCAIbHAA, RPOZPAMMHO
- YRpaenaeman 6uiNUCIUMENbHAL MAWUHRA.

3nech creyeT caearh Ba 3aMedanusi. Bo - mepBbIX, He BCe BBIUMC-
JIMTENIbHBIE MAIIMHBI ABISTIOTCS (poBeIMH. CyIIEeCTBYeT KI1acc aHaJIOTrOBBIX
BBIYHCIIATENBHBIX MAIINH, pa00Ta KOTOPHIX OCHOBAaHA HA OOIITHOCTH 3aKOHOB,
OTIMCBHIBAIOIIHX MTPOLECCHI Pa3INIHOM MTPHUPOJIBI.

Tak, HarIpuMep, MOKHO MOCTPOUTH AIIEKTPOHHYIO CXEMY, KOJIeOaHHs
KOTOPOH MOJYHHSIOTCS TEM XKe 3aKOHOMEPHOCTSIM, YTO U KOJIeOaHUsI MasiTHU-
ka. 1, BMecTo TOro, 4T00B! KauaTh peabHbIH MasTHUK, MOKHO U3Y4aTh €T0
MOBEICHUE Ha 3JIEKTPOHHOHN aHAJIOTOBOM BBIYMCIUTENLHON MOeN (MalIuHe) .
OTO BO3MOXKHO ITOTOMY, Y4TO KOJIE€OaHUs MAsTHUKA U KOJIEOaHUsI AJIEKTPOHHOM
CXEMBbI OIMCBIBAIOTCS OHUM U TeM xe AuddepeHnnanbHbIM ypaBHeHneM. Ca-
MO€ MHTEPECHOE, YTO TaKUM ke TU(depeHInaIbHBIM YpaBHEHHEM ONHChIBA-
€TCsl MOBEICHIE OMOJIOTHMYECKOM CHCTEMBI "XUIIIHUK - )KepTBa" U Naxke Koneba-
TeJIbHbIE XMMHYECKHE PEaKIINH.

78



B cOpOKOBBIX - ISTUIECATHIX 3JEKTPOHHBIE aHAJIOIOBbIE BBIUMCIIH-
TEJIbHbIE MALINHBI CO3/1aBAJIU CEPHE3HYI0 KOHKYPEHLIMIO TOJIBKO YTO NOSIBUB-
muMcst KomnboTepaM. Ho aHanoroBbie MalivHbl He BBIAEPKAITU KOHKYPEHIIUU
C KOMITBIOTEPAMH 110 IBYM IIPUUUHAM:

1. orpaHMYeHHOCTb Kpyra peuraeMblx 3a1ad (HeT BO3SMOXHOCTH pellaTh
JIOTUYECKUEC 3a]1aUH);
2. Maas TOYHOCTb BBIYMCIIEHUI.

Kakoe To Bpems aHAJIOTOBBIC MAIIMHEI €1I¢ BEIMTPHIBAIIA TOHKY B OBI-
CTpOAEHCTBHN BRIUUCICHHNA. HO KoJoccalbHBIE TEMITHI POCTa 00beMa aMsITH
1 OBICTPOACHCTBHUA KOMITBIOTEpPA, 00ECTICUNIIN eMy IIPHOPHUTET U TI0 ATOMY T1a-
pamerpy.

Bo - BTOpBIX, HE BCE IPOIPAMMHO - YIIPaBJISIEMbIE MAIIKUHBI SIBJISIFOTCS
YHHUBEpCAIBHBIMHY, T.€. JOMYCKAIOT BBOJ M UCTIOJHEHHUE JTH000I MporpamMMel.
EcTh cnennanu3upoBaHHbIE KOMIIBIOTEPBI, KOTOPbIE OPUEHTUPOBAHBI HA pellie-
HHE OJHOM eIMHCTBEHHOM 3a1aun. Hanpumep, KoMnbloTep yrnpaBieHUs apTUIl-
JIPUHCKUM 3€HUTHBIM OTHEM JIOJKEH pellaTh eAUMHCTBEHHYIO 3a/1auy BCTPEeUd
cHapsizia ¢ JIETSIMM 00beKTOM. CMBICIT HCIIOJIB30BaHUS TAKUX KOMIBIOTEPOB -
OTHOCHUTENbHAS JIEIIEBU3HA U3TOTOBIIEHUS U IPOCTOTA SKCIUTyaTallUH.

U, HakoHel, HacYeT ellle OJJHOTO Ha3BaHWs: IU(POBas, YHUBEPCATb-
Hasl, IpPOrpaMMHO - yIIpaBJisieMasl BBIYMCIUTENbHAs MallliHa B HAIlEH cTpaHe
Ha3beiBajlach DBM.

7.7  KOHTpPOJIbHBIE BOIIPOCHI

Komanmer 00paboTKH JaHHBIX ¥ KOMAHIBI YIIPABICHUS.

[onsATHE TPACKTOPUH BEIYUCIUTEIEHOTO TIpoIiecca.

TlonsiTre TMHEMHOW MPOTPaMMBbI U IIPOTPAMMBI.

[IpuHIMT TPOTPaMMHOTO YIPABICHUS.

Komanna, MUKpoKOMaHa 1 MUKPOOIIEPALIHSL.

I'maBHBIN UK TPOTPAMMHO - YIIPaBIIEMON BEIYUCIUTEIHHON MaIIy-

Sk W=

HBI.
7. YCTpOMCTBO aBTOMATUYECKOI'0 UCIIOJIHEHHUS IPOrPAMMBI.
8. Tlpunuumns! ¢pon — Hefimana.
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I'maBa II.  CoBepuieHcTBOBaHHE
apPXUTEKTYPbI BBIYMCIUTEIbHON MAIIUHBI
(koMnbIOTEPA)

1 Opzanusayus ynpaeieHus KOMRbIOmMepPom
1.1  IIpuHUMDOBI U AITOPUTMBI YIIPABICHUS

PaccmarpuBas npo0JeMbl peau3alii aBTOMAaTHYECKOTO UCTIOTHEHHS
KOMAaH]IbI 1 aBTOMAaTHYECKOTO HCIIOJTHECHUS IIPOTPAMMBI, MBI OCTAHOBIIIUCH Ha
CIIEYIOMICH TSPMUHOIOTHH:

® [porpamma — MocJjie0BaTeIbHOCTh KOMAH/T;
® KOMaHJa — MOCJICI0BATEIIBHOCTh MUKPOKOMAH]T;
® MHKPOKOMaH][a — MOCJIE0BATEIbHOCTh MUKPOOIICPAIIH.

Kaxxmast Mukpoorepanus - 3To TBOMYHBIN 3JICKTPOHHBINA CUTHAI,
BKITIOYAFOIIUI WJIH BHIKITFOYAKOIIUH BIIOJHE ONPECIICHHYIO TIOACXEMY B DJICK-
TPOHHOM CXeMe KoMIbioTepa. Takum 00pa3oMm, Ui TOrO, 9TOOBI BHIIOTHHUTH
porpamMmmy, HEOOX0AUMO CTEHEPUPOBATH MMOCIIE0BATEIBHOCTh MUKPOOIIEPa-
Ui, 00ECTICYMBAIOIIYO PEAIH3ANIO ATOPUTMA TIaBHOTO nukia (Tabmmia
II-1). AHanOrU4=HO, I TOTO, YTOOBI ABTOMATUYIECKH BHIIOJIHUTH KOMAHIY,
HEOOXOAUMO CreHEPHUPOBATh MOCICIOBATEIBHOCTE MUKPOOIICPAIIHiA, Pean-
3yIoUHid anroput™ ee ucnonaeHus (Tabmuma I1-2).

Ta6auna I1-1. MukpokoMaHabl 1 MUKPOONIEPALMH, PeATH3YIOIIUE
AJITOPUTM IJIABHOI0 LIMKJIA KOMIBIOTEPa

MHUKPOKOMaH/Ia MHKpOOIIepa- KOMMEHTapui
st (Mo)
1 CUK := agpec niep- mol: BJIA2 BBIjIaua ajipeca mepBoi
BOW KOMaH/Ibl. KOMAaHJpl Ha IIHHY ajapeca

mo2: [TIPCUK | mpuem aapeca nepBoii ko-
MaH/Ibl Ha CYETYHUK KO-
MaH

Mo3:TICKI'T] Ilyck rjnaBHOTO HUKIIA

2 PK := [TAM(CUK) Mo4:BJZICUK BbIJIaua aJipeca TeKyuleu
KOMaH/Ibl Ha IIMHY ajapeca

mo5:UT VHUIMALUS YTEHUS U3
OIIEPAaTUBHON NTaMsATU
Mo6:ITPPK [IPUEM CUUTAHHOU KOMaH-
el Ha PK
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3 CUK := CUK+A

4 BJIKOII

mo7: +ACUK MOJArOTOBKA K YTCHUIO
cIeyouIe KOMaH bl
mo7: BAKOII | pacmmdpoBka kofa orme-

panmu

5 | ECJIM KOII(PK) =
"OCTAHOB"

MOS&: OCTaHOB

TO K€, YTO HaXKaTHe KHOII-
k1 "OcranoB"

6 3anmyck YYABK

7 MIOBTOpPEHUE 2

M09: 3amyck
YVYABII
Mo010: myck

aBTOMaTHYECKOE HUCITOJI-
HEHUE KOMaHIbI
MTOBTOPEHHE TJIABHOTO
LMKJIa

Ta6auua I1-2. MukpokoMaHABI # MHKPOONEPAMHU BHINOJTHEHHS

KOMaHABbI CJI0KCHHUSA

MHUKPOKOMAaHIa MHKpOOIIepa- KOMMEHTapuit
U
1 R1 =ITAM(A1) moll: BIAL BBIJIa¥a aJipeca IepBOro
oTiepaHja B MAMSITh
mo5: UT BBIIIOJIHEHUE YTEHUS 110
agpecy
mol12: ITPR1 npueM cautanHoro u3 OI1
koja Ha peructp R1
2 R2 :=[TAM(A2) mol: BJJA2 BblJaua ajjpeca BTOPOro
ornepaHja B MaMsTh
mo5: UT BBIIIOJIHEHUE YTEHUS 110
aapecy
Mo13: [IPR2 | mpuem cuutanHoro u3 OIT
Koja Ha peructp R2
3 R3 :=RI+R2 Mol4: + BBIIIOJIHEHUE OIIEPALIUU
CJIO>KEHUS
4 ITAM(A3) :=R3 mol5: BJIA3 | Beigaua aapeca pesyibTara
B N1aMsATh
mol6: BIIR3 BbIJ1a4a Ha LLUHY 3allUCH
€JIMHHIIBI TaHHBIX
mol17: 311 BBINTOJIHEHUE 3aIUCH 110

ajipecy

1.2 CxemMoTexHUYECKAS peaIn3alnsl YIIPaBICHUS

Kaxnp1if anroput™ (B TOM 4HciIe aJITOPUTM IIIaBHOTO LUKJIA U aJIr0-
PHUTM BBINOJIHEHHUS] KOMaH Ibl) MOYKET MMETh WJIH CXeMOTEXHUYECKYIO MU TIPO-
IrpaMMHYIO peanu3anuio. B nepBoM ciryuae, KOHCTpyUpyeTCs IEKTPOHHAs
cxema, GYHKIIMOHUPOBAaHUE KOTOPOH 0OeCIeunBaeT UCIIOIHEHHE aJlrTOPUTMA.
Bo BTOpOM ciydae, alropuTM peaqu3yercst B BUJE IPOrpaMMBbl 1Sl HEKOTOPOi
MIPOTPaMMHO - YIIPABISIEMON BBIYNCIUTEIEHON MAIIHHBI.
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IIpu cxeMOTeXHHYECKOH pean3aliy Ui KaKI0T0 KOHKPETHOTO ajl-
ropurMa HeoOXOAMMO KOHCTPYHPOBATh YHHKAIBHYIO CXeMy. JTO JOPOTO, HO
obecrieunBaeT MUHUMAJILHOE BpeMsi UCIIOJIHEH s aiiroputMa. [1pu nporpamm-
HOM pean3alyy anmnaparypa BbIYMCIUTEIBHON MALlIUHb] CO3JacTCsl OAMH pas,
a JuIsl peayii3aliyi KOHKPETHOTO ajirOpPUTMa KOHCTPYUPYETCsI COOTBETCTBYIO-
mast mporpamMma. Ho Bpemst MCIIOJHEHHS aJIrOpUTMa CTaHOBHUTCSI OOJIBIIIE 32
CYET MHOT'OILIar0BOT'0 MCITOJHEHHS aJITOPUTMA.

CxeMOoTeXHHYECKas peai3alysl yIpaBisoLIero YCTPOHCTBA KOMITBIO-
Tepa npuseneHa Ha PucyHok II-1. imeercs reHepaTop TaKTOBBIX UMITYJIbCOB,
KOTOPBIH 3a/1aeT IUCKPETHYIO ITOCIIEA0BATEIFHOCTh BPEMEHH:
t1,t2,...tk,t1,t2...tk

AmnmapaTypa, pealnn3yomias alrOpUTM TIIaBHOTO UKJIA, IOCIe HaXa-
Tus KkHomky "[lyck" reHepupyeT mociae10BaTeNbHOCTh MUKPOOTISPAIIHiA
(Tabmuma II-1):m01, M02, m03, mo4, M05, M06, M07, M08, M09 M04, M05, M06,
Mo7, M08, M09

Mukpoornepaiiys M07 yCTaHABIMBAET CUETYMK KOMaH/ Ha CIIE/IyI0-
LIYI0 KOMaHIy ¥, OMHOBPEMEHHO, HHULIMHUPYET BbIIavy KOJAA ONEpaluu ¢ PETH-
ctpa komana PK Ha nenmdparop komannsl. Eciam Ha pernctpe kKomana Haxo-
JIITCS] KOMaH/a OCTaHOBa, TO Ha OJTHOM U3 BBIXOJIOB AeMN(ppaTopa KOMaH
MOSIBJISIETCS €AMHUYHBIA CUTHAJI, HT'PAIOLIMH POJIb MUKpOOTIepauu Mo (Tpe-
KpallleHHEe BBITOIHEHHS TJIABHOTO IHKIIA, T.€. OCTAHOB KOMIIBIOTEPA).

B mpoTuBHOM ciydae, MEKpOOTepaIisi M09 3aIrycKaeT yCTpOiCcTBO
AaBTOMATHYECKOTO UCTIOHEHHSI KOMaH/Ibl. DTO yCTPOMCTBO TEHEPHPYET Ty HIIH
HHYIO TIOCJIEI0BATENbHOCTh MUKPOOTIEPAIHiA, 00eCTIEeYHBAIONIYI0O NCTIOTHEHHE
KOMAaH/IbI HAXOIAIICHCS Ha PErHCTPe KOMAHI.

Haan/IMep, JUIA UCITIOJIHEHUS KOMaH/AbI CJII0KCHUA JOJI2KHA 6bIT]> Ccre-
HEepUpOBaHa Clie/lyolas Moclie10BaTeIbHOCTh, Mukpoonepanuii (Tabmuna
II-2): mo11, mo5, mo12, mo1, mo5, mo13, mo14, mo15, mo16, mo17, mo10.

3ameTnm, 4To 3Ta I10CIIEeJ0BATEIbHOCTD 3aKaHUMBAETCSI MUKPOOTIEpa-
et Mo10, obecnieunBatomeii mosropenue raapHoro mukia (Tadmuma II-1).

U Tak nponomxaercs 10 TeX 1Op, MoKa B IIPOrpaMMe HE BCTPETHUTCS
KOMaH[Ia OCTaHOBA, KOTOPask MOPOAUT MUKPOOTIEPAITHIO MO8 (TO XK€, UTO U
kHomka "OcTtaHoB").
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[ CuK |

+A
» KOII |A1|A2|A3|
Mukpooreparuu MO7
HCIIOJIHCHUS I'NIaBHOT'O LIUKJIA
MOy ‘ Jemudparop KoMaHbI
MO; MOy MO4 MOs5 MOg MOg l l
ot t t [
aparypa
ITyck AmnmnapaTypa peanu3anuu
aBTOMATHYECKOTO
QJITOPUTMA [JIABHOTO LIHKJIA OcraHoB
(yyABH) HUCIIOJTHCHUS KOMAaHAbL
(YYABK)
A
o b o |
MO MOy ...
- Lonepere? .
TAaKTOBBIX Miukpoornepanuu
HUMIIYJIbCOB HUCIIOJIHCHUS KOMaHIbL

Pucynok II-1. CxeMoTexHHYecKasi peajn3anus yCTpoiicTBa ynpaBJjeHHs
KOMIBIOTEPOM

1.3 MuxkponporpaMMHas peaJn3anns yIpaBJICHUsS

Bei11e MBI paccMOTpEITN CXEMOTEXHHYECKYIO PEaIn3alfio allrOpuT™Ma
YIpaBJIeHUs! KOMITBIOTEPOM B BHAE 3JIeKTpoHHON cxeMbl (Pucynok II-1). Oc-
HOBHOI HEZOCTATOK 3TOTO CII0C00a - YPE3BBIYANHO CII0XKHASI U HEOJHOPOIHAS
JIEKTPOHHAs cXeMa yrnpasieHus. OJJHaKO0, yIIPaBIEHHE NEPBBIX KOMIBIOTEPOB
OCYIIECTBIISIIOCH BBIIEU3II0KEHHBIM CIIOCOO0M, 10 TeX TOP, TOKa HE MEePEIuIn
K OoJiee SKOHOMHOH ¥ THOKOM METOJMKE MUKPOIIPOTPaMMHOTO YIPaBICHHUS.

MuxponporpaMMHpoOBaHHe OCHOBAaHO Ha IPEACTABICHUN KOMaH/IbI
B BHUJIE NTOCTIE0BATEIbHOCTH MUKPOKOMAH/I, Ka)K/1asi U3 KOTOPBIX, IIPH CBOEM
BBITIOJTHEHUH T€HEPUPYET MOCIEA0BaATENBHOCTS MUKpoonepanuit (I'masa I1.1.1).
Kaxnoi#t komaH/1e KOMITBIOTEpA MIOCTABJICHA B COOTBETCTBHE MUKPONPOrpam-
Ma, COCTOsIIIas U3 MOCJIEJOBATEIbHOCTH MUKPOKOMaH/I, CIIOCOOHBIX CreHEpH-
pOBaTh HEOOXOAUMYIO JUTS UCIIOJHEHHST KOMaHIbI TI0CIIeI0BATEIbHOCTh MUK-
pooreparuii.

YerpoiictBo Mukponporpammuoro ynpasiaenusi (MITY) npen-
CTaBIISIET COO0M BCTPOCHHEIM B OCHOBHOI KOMITBIOTED CIICIIHATN3NPOBAHHBIH
YIPABJISIOINUNA KOMIIBIOTEP, B KAUECTBE ONEPATUBHON MAaMSATH MCIOIb3YOIIMH
mocTostHHOE 3armomuHaromeM ycrpoiictso (II3Y). B MI3Y xpanstcs MUKpo-
MIPOTPaMMBbI, COOTBETCTBYIOIE KOMaH/IaM OCHOBHOTO KOMIIBIOTEPA.

o cytu nena, ucrionHeHNE KOMaHIbl OCHOBHOTO KOMIIBIOTEPA PEAH-
3yeTcsl MOCPEICTBOM HCIOIHEHHSI COOTBETCTBYIOIIEH €l MUKPOIIPOTpaMMBbl
YCTPOMCTBOM MUKPOIIPOTPaMMHOI0O yrpasieHus. [Ipy BeIIIONIHEHUN MUKPO-
MIPOrpaMMBbl I'€HEPUPYETCs OCIIEI0BATEILHOCTh MUKPOOTIepalnii, Heo0X0oau-
Mas 11l UCTTIOJIHCHUA KOMaHAbl OCHOBHOI'O KOMITBIOTEPA. AJIFOpl/ITM TJIaBHOT'O
LIMKJIA BBIYUCIIMTEILHON MAIIMHBI TAK)KE MPECTABIISICTCS B BUAE MUKPOIIPO-
IpaMMBI.
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Bce MUKpOKOMAaHABI HMEIOT OAMHAKOBLIN hopmart

Anpec crnenyrouen Yhpanstone OUThI
MUKPOKOMAaH/IbI MUKpOOTEpai
AMK .
(
Pucynoxk II-2):
Anpec crenyronen Yhpanstonige OUThI
MUKPOKOMAaH/IbI MUKpOOTEpaNi
AMK .

Pucynok I1-2. @opMaT MUKPOKOMAH/IBI

Uwcno ynpapIisomuX OUT B MUKPOKOMAHIE PABHO YHCITy BCEX MHUK-
poomnepanuii, HeOOXOAMMBIX IS pearu3aliu yrnpasieHus. Hamomamm, aro
MHKPOOTIEPALKs - 3TO IBOMYHBIN CUTHAJI, OCYIIECTBIIIONINH BKIIFOYCHNE - BbI-
KIIIOYEHHE BIIOJIHE ONPEAETICHHOTO JIEMEHTa AIIEKTPOHHOH cxembl. Eciu He-
KOTOPBIN YIpaBIsronuid OuT nmeet 3HayeHue "1", To 3To 03Ha4aeT reHepanuio
COOTBETCTBYIOLIEH MUKPOOIIEPALMHU IIPU BBIIIOJHEHUU MUKPOKOMaHAbl. Ta-
KUM 00pa3oM, MUKPOKOMAH/Ibl OTIIMYAIOTCS APYT OT IPyra KOJIUYESCTBOM
YIPaBISIOMMX OUT, B KOTOPHIX HAXOJSITCS €IMHUILIBL.

Oco0eHHOCTBI0 MUKPOKOMAH/IbI SIBIISIETCS] HAUIMYME B HEW 1OJIs ajpeca
cienyromeid MUKpokoMaH bl Takum 00pa3oM, MUKpOIIpOrpaMma MpeacTaBis-
€T co00i1 CBS3HBIN CIIICOK MIUKPOKOMAH]T

IocnenoBarenpHOCTh MUKpOKOMaH (Tabnmma 11-1) HazoBeM MUKPO-
mporpamMmoii riraBHoro mukia. [lociegoBaTenbHOCTh MUKpokoMaHy (Tabnmma
11I-2) Ha3oBeM MUKpPOTIPOTPaMMON KOMaH/Ibl CIIOKESHHsI. AHAJTOTHYHO, JUTSI KaXK-
JIOW KOMaHJBI KOMITBIOTEPA CYIIECTBYET COOTBETCTBYIOIIAs MUKPOIIPOTpaMMa.

ApPXUTEKTypa yCTpoiicTBa MUKPOIIPOTPaMMHOTO YIIpaBIeHHS H300pa-
xeHa Ha PucyHok I1-3.PaboTy ycrpoiicTBa MUKPOIIPOrpPaMMHOTO YIIPaBICHHS
CHUHXPOHM3YET N'EHEPATOP TAKTOBBIX UMITYJIHCOB.

[Tyctp Haxopsasics Ha peructpe mukpokoMan (PMK) mukpoko-
MaH[a UMEEeT SAMHHILIBI B § yIpaBistonmx ourax. Torna sta MUKpOKOMaHaa
BhINOJHsAETCA 32 (s+1) TakT. [IepBhIe § TAKTOB MMOPOXKIAIOT MUKPOOTIEPALHH,
COOTBETCTBYIOIINE €JMHUYHBIM yIPABISIIOLIMM OUTaM, a MOCIESTHUN TaKT
obecrnieunBaeT npreM Ha peructp Mukpokomana PMK crenyromeir MEKpOKO-
MaHns! (¢ anpecom AMK).
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MBI IO-NIPEXXHEMY CUHUTAEM, YTO KOMaH/1a KOMIIBIOTEPA SBIISIETCSI
TpexaapecHoi. Tonpko, BMecTo mois kofa oneparmu (KOII) ucronszyercs
IoJIe apeca Havyajia COOTBETCTBYoIel Mukponporpammsl B II3Y (PucyHok
II-3).

EctecTBeHHO, YTO MpOrpaMMy COCTaBJIAET NPOrPAMMHUCT, & MUKPOIPO-
rpaMma CO34aeTcsl KOHCTPYKTOPOM Ha CTaJUU NPOEKTUPOBAHUS KOMIIBIOTEPA.
MHO0kecTBO MUKPOIIPOrpaMM (TIPEJICTABIISIOINX CHCTEMY KOMaH/I KOMIIbIOTe-
pa) "3ammBaercs" B [13Y npu U3roToBIeHNN KOMITBIOTEPA U 3TO MHOXECTBO
OJIMHAKOBO JUIS BCEX MAIIMH OJHOTO THIIA.

/— anpec Havyara MUKporiporpammel B [13Y

Pervictp Komat A0’ Al | A2 | A3 |

TocrosiHHOE 3anomuHaroIee Y-Bo
CU MK MHKPOIPOrpamMMa [IIaBHOTO KA
MHKPOIIPOTPaMMa CITOMKEHHST
MUKPOIPOTrpaMMa BBIMUTAHHUS

‘Yerpoiicto
MUKPOIIPOrPaMMHOIO
YIpaBJICHH

Perricrp MimkpoKowar| &% 1€ MK‘ OWTBI MEKPOOTIEpAIit

Lo

MUKPOOTIEPAIIHH -
HMITYJIECBI

Pucynoxk II-3. CTpykTypa MEUKPONPOrpaMMHOI0 YIIPABJICHUS

Ecnm MukporporpaMmMHOe yIipaBieHHe SBISIET OO0 MpOrpaMMHO -
YIpaBIsieMbIid KOMIBIOTED, TO CYIIECTBYET aJITOPUTM IJIABHOTO IIUKJIA MUKPO-
nporpaMMHOro yrpasienus (Tabmmmna I1-3).

Tabéauua I1-3. MukponporpaMma riiapHoro ukJja
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I: CUMK = a

2: PMK :=I13Y(CUMK)

3: MCHOJIHEHHE MUKPOKOMAHBI - TeHEepaLis MUKPOOTIepalnii
4: PMK := AMK.PMK

5: [ToBTOpeHue 2

ANTOPHTM TTIABHOTO IMKJIA YCTPOWCTBA MHUKPOIIPOIPaMMHOTO YIIPaB-
JICHUSI PeaIN3yeTCsl ANEKTPOHHON CXEMOH, KOTOpasi ropaszio MPOIIe 3IEKTPOH-
HOW CXEMBI alllapaTHOTO yTpaBiieHust komnbioTepoM (Pucynok 11-1). ®yHK-
IIHNOHUPOBAHNE YCTPOIICTBA MUKPOIIPOTPAMMHOTO yNIPABIECHHUsI 00eCIIeunBacT
WCTIOJTHEHUE 000 mporpamMmbl 00pabOTKHM JTaHHBIX, BBEJICHHOW B OTIEpaTHB-
HYIO TIaMsITh KOMITBIOTEPA.

Conepxxumoe [13Y MuxkponporpaMMHOTO YIpaBlIeHUs] TPUBEIECHO B
Ta6nuua 11-4 , npuMep nporpamMMbl B ONIEPaTUBHOI MaMsTH KOMITBIOTEpA — B
Ta6muna I1-5. TpaccupoBka UCTIONHEHUsI TPOTrpaMMBbI ITokazaHa B Tabmuna
I1-6.
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Taoauna I1-4. Coaep:kumoe NOCTOSIHHOTO 3alIOMHMHAIOIIET0 YCTPOiicTBa

aZpec TYEUKU | COIEpPKUMOE SIYEUKH - MUKPOKOMaHa MHUKPOIPO-
I3y rpaMma
o CUK := agpec mepBoii BRIIOITHIEMON TJ1aBHOT'O
KOMaH/Ibl LIUKJIA
o+l PK = ITAM(CYK) "
o+2 CUK :=CUK + A "
a+3 ECJIN KOII(PK) = "CTOII" TO oc- "
TaHOB
o+4 CUMK:= PK.A0 "
B R1:=[TAM(A1) CJIOKEHUS
B+1 R2:=[TAM(A2) "
B+2 R3:=R1+R2 "
B+3 IMTAM(A3):=R3 "
B+4 CUMK:= a+1 "
Y R1:=ITAM(A1) BBIYHTAHUS
y+1 R2:=[TAM(A2) "
y+2 R3:=R1-R2 "
y+3 IMTAM(A3):=R3 "
y+4 CUMK:= a+1 "
Taosuna II-5. IlporpaMma 0CHOBHOT0 KOMIILIOTEPA B ONePaTHBHOI
naMsaTH
aJipec B aJipec TepBbIN aj- BTOpO# TpeTuit
OI1 MHUKpPOIPO- pec azpec azpec
1 IpagMbl Al A2 A3
2 Y Al A2 A3
3 B Al A2 A3

Ta6auna I1-6. McrioiHeHHe MporpaMMbl OCHOBHOTO KOMIIbIOTEpa

(Ta6auna I1-6)

CUK CUMK PK PMK
a CUK:=1
1 ot PK=ITAM(CUK)
1 at+2 B,A1,A2,A3 CYUK:=CYK+1
2 ot+3 B,A1,A2,A3 HE OCTAaHOB
2 a+4 B,A1,A2,A3 CUMK:=
2 B B,AILA2,A3 RI=TIAM(AI)
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2 B+1 B,AI,A2,A3 R2:=TTAM(A2)
2 B+2 B,AI,A2,A3 R3:=RI+R2
2 B+3 B,A1,A2,A3 IMAM(A3):=R3
2 B+4 B,A1,A2,A3 CUMK:= a+1
2 o+l B,AI,A2,A3 PK:=I[TAM(CUK)
2 o+2 v,A1LA2,A3 CUK:=CUK+1
3 ot3 v,A1LA2 A3 HE OCTaHOB

3 at+4 v,A1,A2,A3 CUMK:=y

3 y 7,A1,A2,A3 R1:=TTAM(A1)
3 y+1 v,A1LA2,A3 R2:=ITAM(A2)
3 42 v,A1,A2,A3 R3:=R1-R2

3 v+3 v,A1LA2,A3 TIAM(A3):=R3
3 y+4 v,A1,A2,A3 CUMK:= a+1

MpI yrke TOBOPHIIH, YTO MUKPOIIPOTPAMMHAS pealTU3alisl YIPABICHUS
KOMIBIOTEPOM OoJree pocTasi U JelieBas, 10 CPAaBHEHHIO CO CXEMOTEXHUYe-
cKoM peanuzanueil. IMeroTes enle 1Ba NperuMyIlecTBa MUKPOIPOTPaMMHOTO
ynpasieHus. BcmoMHNM, 9TO cricTeMa KOMaH]I KOMITBIOTEpa OTIPEIEIIIeTCS
Hab0OPOM MHKPOIIPOTPaMM, KOTOPBIE XPAHATCS, KaK IMPABHIIIO, B TIOCTOSHHOM
3anomuHatonieM ycrpoiictse (II3Y). Huuto He MemraeT ucmoas30BaTh npu
paboTe Ha OJHOM M TOM K€ KoMITbtoTepe paznuanbie II3Y.

OT0 MO3BOJISET:

® Ha COBPEMEHHOM KOMIIBIOTEPE - IMYJIMPOBATH KOMaH/Ibl CTAPOr0 KOM-
nbIOTEpa, 0OecreunBas MPeeMCTBEHHOCTh ITPOrPaMMHOTO 00€CIICYECHUS;

®  Ha COBPEMEHHOM - KOMIIBIOTEPE - 3MYJIMPOBATh KOMaH (bl BHOBb pa3pa-
6aTHIBAEMOr0 KOMIbIOTEPA, 00ecIieunBasi OJTHOBPEMEHHYIO pa3paboTKy
TEXHUYECKOTO H MIPOTPAMMHOTO 00ECTICUeHHS BHOBb CO3/1aBaeMOT0 KOM-
BIOTEPA.

MOo>KHO BO3Pa3HTh, YTO CXEMOTEXHUIECKAs pean3allis alropuTMa
obecrieunBaeT OOJIBIIYI0 CKOPOCTH ero ucrosiHenus. Ho ObicTposelicTBue co-
BPEMEHHBIX MUKPOJIEKTPOHHBIX JJIEMEHTOB IT03BOJISIET MPEHEOpedb ATUM (ak-
TOPOM B TOJIB3Y THOKOCTH U JCTIEBU3HBI PeATN3aIliH YIIPABICHUS.

1.4  KoHTpoJsbHBIE BOIPOCHI

KomaHnna, MUKpOKOMaHAa 1 MUKPOOTIEPALIHSL.

DNeKTpOHHAs pean3alisl yIpaBiIeHUs

ITonsiTE MUKPOIIPOIPaMMBI

MuxkponporpaMMHOe yTpaBlieHHE

MuxkponporpaMMHas peaau3alys anropuT™Ma IIaBHOTO LUKIIAa KOMIIBbIO-
Tepa.

SNk W=

88



2 Hepapxus namamu Komnoviomepa

ITpakTryeckn ¢ MOMEHTa Hadaa 3KCIUTyaTalluH MEPBBIX CEPUIHBIX
BBIYHMCIUTENLHBIX MalllH BO3HHUKIIA TIpo0ieMa JeuIuTa o0beMa ornepaTiB-
HOH maMsaTi. EMKOCTh ONIepaTHBHOM MaMsITH OT OJHOTO J0 YEThIPEeX KUI00aNT
He I03BOJIsUIAa pa3MelIaTh B Hell NporpaMMbl HY)KHOT'O pa3Mepa U JaHHbIE Tpe-
Oyemoro oobema. Pacimpenne oobema onepaTuBHOI aMATH OrPaHHYMBAIOCH
KaK TCXHUYCCKUMU CJIOKHOCTIAMHU, TaK U BBICOKOIH CTOMMOCTBIO M3TOTOBJICHHS
onHoro perucrpa. Kak nepBoe, Tak 1 BTOpoe ONpeessuioch HCIO0Ib3YeMbIMU
(U3MYECKUMH TPOLIECCaMH 3aIIOMHUHAHUS U TEXHOJIOTUSIMUA U3TOTOBJICHUS HJIe-
MEHTapHOH 0a3bl paBHOIOCTYITHBIX 3aIIOMUHAIOLINX YCTPOMCTB.

Jlonroe BpeMs U1 KOHCTPYHUPOBAHUSI OTIEPATUBHON ITAMSTH HCIIOJb-
30BalNCh (hEPPUTOBBIE KOJIBIIA, IPOIIUTHIC IPOBOIAMH aIPECALIH, YTCHUS U
3armcH. IJis pearn3aiiy 3alIOMHHAIOIINX YCTPOUCTB OOIBIIOI EMKOCTH H C
ropaszio MEHbIIEH CTOMMOCTBIO U3TOTOBJICHUS OHOTO PETUCTPA OBbLI UCIIOJIb-
30BaH NPHUHIMII 3aIMCH CUTHAJIA Ha JBIDKYIINIACS MAarHUTHBIA HOCUTENb, KOTO-
PpBIF HcTIONB30BaAJICS B ayAuMaruuTodonax. CHayasga 3To ObUTH MarHUTHBIE
JICHTBI U MarHuTHBIC 6apa6aﬂm, 3aTEM INOSIBUIIMCHh MAarHUTHbBIC JUCKH. Takoi
KJIacC YCTPOMCTB MOJTy4YHJI Ha3BaHUe BHENITHHE 3alIOMUHAIOIINE YCTPOiicTBa
(110 OTHOWLIEHUIO K OIIEPATHBHOM MaMsTH). ['pymIibl JaHHBIX, pa3MellleHHbIE Ha
BHEIIIHUX YCTPOMCTBAX, HA3bIBAIOTCA (pailaamu.

[Tpexxne Bcero, Moe3HOCTh BHEIIHUX 3aIIOMHUHAIOLINX YCTPOMCTB 3a-
KIIFOYAeTCs B TOM, UTO OHH, SIBJISIOTCS JOJITOBPEMEHHBIMH 3aIIOMHHAIOIIMHA
ycTpoicTBaMu. B oTiuuue ot onepaTUBHON aMsTH, B KOTOPOM IpU OTKIIIOYE-
HUHM HJIEKTPHUYECKOTO MTUTAHNS JaHHbBIE HCYE3AIO0T.

Bropoe e cBOHCTBO BHEIIHUX 3alIOMUHAIOLINX YCTPOHUCTB, KaK yxkKe
OTMEUaJIOCh BBIIIE — OOJIBIIAs EMKOCTh U ACIIEBU3HA XPAHEHHNS IaHHBIX. 32
BCE HaJI0 IUIATHUTh, U TUIATOH 32 3TU JIOCTOMHCTBA SIBIIAETCS OOJBIIOE BpEMs
JIOCTYyIa, T.€. MaJjloe OBICTPOAEHCTBHE BHEITHUX 3aIIOMUHAIOLINX YCTPOWCTB.

Jleno B TOM, 4TO BHEIIHKE 3alIOMUHAIOIINE YCTPOMCTBA HA MarHUTHBIX
Jckax (Tem Oojiee — Ha MarHUTHBIX JICHTaX) HE SIBJISIOTCS PaBHOAOCTYITHBIMH.
Bpemst noctyna K yqacTKy MarHUTHOTO HOCHUTEJISI, T/I€ JIOKAIN3YETCsl KOHKpET-
HBIN OaiiT Qaiina, BapbupyeTcst B 04eHb OOJNBIINX MPEAEax U B CPEHEM SIBIISI-
€TCsl HeM3MEPHMO OOJIBIINM I10 CPAaBHEHHIO C BpEMEHEM JI0CTyIIa K OalTy ome-
patuBHOI mamsTh. [losTOMY TpsiMoif "I0OaHTOBEIH" 0OMEH IEHTPaTHHOTO
MIpoIIeccopa ¢ BHELIHUM 3alIOMHHAIOIINM YCTPOHCTBOM HEIOITYCTHM.

OO6mas crpaterust paboTHI C 3aAIIOMHHAIOIIAMH YCTPOWCTBAMH Ha JIBU-
AKYIIUXCSI MATHUTHBIX HOCUTEJISIX — IPYNIIOBOI 00MEH AaHHbIMU. JlocTym K
JTaHHBIM Ha BHEIIHUX YCTPOHCTBAaX ILIEHTPAIbHBIH IPOLECCOP MOIYJaeT HE He-
MOCPEACTBEHHO, a Yepe3 ONEPATUBHYIO MaMsTh. [ pyIna JaHHbBIX, KOTOPBIMH 32
OJIMH ceaHc 0OMEHHMBAIOTCS BHEIIIHEE 3aTIOMHHAIOIIEE YCTPOHUCTBO U OIepa-
THUBHAs IaMATb HA3bIBACTCA 6J'IOKOM JaHHBIX.
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Briroma ooMeHa 610kamMu 3aKII09a€TCS B TOM, YTO OCHOBHOE BpeMs
JIOCTYIa 3aHUMAET T10/IBOJI UM TAIOIINX/3aHChIBAIOIINX TOJOBOK K MECTY HOCH-
TeJs JAHHBIX, [JI€ JIOKAIN3YeTCs epBhiid 0aiT Ooka (Pucynok 11-4). Cre-
JyOIUe OafThl 3aMMCH YUTAIOTCS/3aMUCHIBAIOTCS rOPa3io ObICTpee.

I'pynmoBoii 0OMeH JaHHBIMHU OpeIeNsieT CrenupUIecKuii crocod 00-
paboTKHU OONBIINX MACCUBOB JIAHHBIX, XPAHAIIUXCS HA BHEIIHEH MaMsaTH. Xpa-
HSIIUECs HAa BHEIIHUX YCTPONCTBAX JaHHbIC pa30MBAIOTCS HA OJIOKH, KOTOPBIE
MOOYEPETHO BBI3BIBAIOTCS B ONIEPATUBHYIO MaMsTh Juist 00pabotku. ITocie 06-
paboTKH TeKyIero 0JI0Ka B ONEPATHBHOM MaMITH OH BO3BPAI[AETCS HA MECTO,
a M3 BHEIIHEH MaMsITH B OMEPATHBHYIO

Kak y»e roBopuiioch BbIlII€, TOrU4eCcKas ANHHIA TAHHBIX, XPAHSI-
IIasICs HA BHEIITHEM YCTPOMCTBE, Ha3biBaeTcs (aiiiom, Kaxpiit daiin nnentu-
(unupyercs: yHUKaIbHBIM UMEHEM U TPEJCTABIISIET CO00I COBOKYITHOCTh KOM-
MOHEHT OJIHOTO THMA, K&KAasi U3 KOTOPBIX HAa3bIBACTCSI 3aNMUCHIO.

a
T
t0 tl
<
Hanpasnenue npwxenus  3amucu daitia
MarHUTHOTO HOCUTEIS
b
enTpanbHbIit
poLECCop
OrnepaTuBHast
T ¢ aMATh
| | | | | | Buemmnsasa

naMAThb

Pucynok I1-4. Cnenuguka goctyna Kk BHellIHeil IaMATH HA MATHUTHOM
HocuTeJe (a): t0 —Havaua goctyna, t1 — HayaJ0 YTeHus nepBoro daiira
(aiisa, T - BpeMs M0ABOAA r0JIOBKH K HavyaJuy ¢aiina. TexHosorns
0104HOM 00padoTKHU 60JBLLIOT0 MaccuBa JaHHBIX (b).

90



IMocienoBaTeabHBIN (aiil COCTOMT U3 MHOXKECTBA JIMHEWHO YHOPS-
JTOYEHHBIX KOMITOHEHT - 3anmuceid. HopmanpHas paboTa ¢ mociie1oBaTeIbHBIM
(¢aiinom — 1o0aBIeHNE B KOHELl HOBOW 3aIIUCH, T.€. MOCJIEA0BATENbHBIH (haiin
OTJIMYAETCS] U3MEHSIEMOU JINHOM.

[Tpu BBITOIHEHUH OTIEpaALMd YTSHUS/3aIMCH UCTIONB3YETCs TIOCIIe0-
BaTEJbHBIN I0CTYN K KOMITIOHEHTaM (aiiia. st 3Toro BBOIUTCS yKa3aTedb
TEKylIeH MO3ULUH B (aiiie.

OCHOBHBIE Ollepalyy HaJl OCIIeI0BATEbHBIM (haiijIoM TaKOBBI:

Omxpovimue. [1o nmenn ¢aiina morp30BaTeNb MOTyYaeT JOCTYI K 3aKa-
3aHHOMY (aiiiy.

3axpeimue. Tlpexpamaer 1ocTyn K Qaiiy.

3anuce. BeraBnsier HOBYO 3anuch B KoHel| (aiina, nepenaer el 3Ha-
YeHHE U3 MIEPEMEHHON CBSI3U MPOTPaMMBI.

Ymenue .Ilepenaet 3HaueHue TeKyIIel 3anucy (aiiia B IEpEMEHHYIO
cBsi3u nporpammel. [lepenBuraer ykaszaTesb TeKylleil 3aicy BIIPaBo (aenaeT
TEKYILIEH CIEAYIOULYIO 3aIUCh).

Iposepra xonya ¢atina. Jlornueckas TecToBast QyHKIMS NPUHUMAET
3HaueHHe "MCTUHA", KOT/Ia yKa3aTeib TeKyIeH NO3UIMH JOCTHT KOHIA (aiina.
IMockonbky nnvHa aiina He puKCHpoBaHa, HEOOXOIUMO BEIYHUCIIATE 3TY QYHK-
LU0 TIepest KaXKA0H olepayeil YTeHusl.

OOBIYHO B BHJE MTOCTIEIOBATENBHBIX (pailiioB XpaHAT Tabiawnbl. B aToM
CiTy4ae B Ka4eCTBE 3alMCH BBICTyIaeT CTpoka Tabmuibl. OXHU U3 CTOIOLOB
TaOIUIIBI COAEPIKUT KITFOYN — HEITOBTOPSIOINECS SINHHUIBI TAaHHBIX, KOKIas U3
KOTOPBIX OJHO3HAYHO HJICHTU(OUIIPYET OTHY CTPOKY Tabsmisl. Daiin ¢ Tabd-
TUnen GopMHEpyeTCs IMyTeM MOCIeJ0BATEIbHON 3aiICH B HETO CTPOK (orepa-
uust 3anuck). llraTHas pabora ¢ TabuIel — MOMCK CTPOKH IO 331aHHOMY
Kitovy. Takod MOUCK peau3yeTrcs MyTeM MOCJIeI0BATEIbHOIO YTEHUS 3alucei
(HaunHas C MepBoii) MOKa He BCTPETUTCS 3aIIUCh C 3aJIlaHHBIM Kilto4oM. Oue-
BUJIHO, YTO TIOCIIEIOBATEIbHBIN (aiiil uieaIbHO MTPUCIIOCOOIIEH IS TaKoH pa-
OOTHI.

TexcToBbIii (haiia — yacTHBIH cityyaii ociieoBaTebHOTO (haiina rue
B Ka4eCTBE 3aIHCEH HCIIOMB3YIOTCS CUMBOJIEL.

®Dajiija npsiMoro A0CTYNa MPEACTaBIsIET COO0H MHOXKECTBO 3aIUCEH,
KaXK/1ast U3 KOTOPHIX CHaO)KeHa YHUKAJIBHBIM HMeHeM. Takim 00pa3oM, BO3MO-
KEH MPSIMOiA AOCTYII 110 MIMEHU K KOMIIOHEeHTaM (aitna. Bo MHOTuX cityyasx
(aiia mpsAMOro T0CTyra COCTOUT U3 OJHOMU 3aIUCHIO

[pumeyanue. B cuity criennuky BHEUIHUX YCTPOUCTB NPSMOI JOC-
TYyT He SIBJISETCS] PaBHOAOCTYIIHBIM MJIM CIIy4aifHbIM (KaK JUIs OlepaTUBHON
MaMsTH).

HNupexcHo-moc/eM0BaTeILHBIN (paiiir npecTasisieT co00i KoMOU-
HAIHUIO NPSIMOTO U MOCIIEA0BATEIFHOTO IOCTYIIA: PEaTM30BaB MPSIMOH JOCTYII K
KaKoii 1100 3armcy , ClieIyolHe 3a Hell 3ancH MO>KHO 00pabaTthiBaTh B pe-
KM€ TIOCIIeJOBATEIIFHOTO AOCTYIIA.
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Cremyer 3aMEeTHTh, YTO Ha3BaHHBIC BBIIIE TUIIHI (ailsIOB peaan3yroTcs
B CHCTEMax MPOrPaMMUPOBAHMSI COBMECTHO CPEICTBAMU anmaparypsl U orepa-
IIUOHHOW crcTeMbl. Ha anmapatHoM ypoBHE (aiin npeacTaBiseT mociieaoBa-
TENBHOCTH OAUT omnpeiesicHHOM UIMHBL. C KaXKIbIM OTKPBITHIM (aiijioM CBsI3aH
yKa3aTellb Ha TeKYIIHi OaiT, KOTOPBINA HAJI0 CUATATh MM 3amucath. KoMaH bl
YTEHUsI — 3aMUCH ONEPALIMOHHOM CUCTEMBbI CUMTHIBAIOT WM 3aMUCHIBAIOT 3a-
JTAHHOE YUCIIO0 OalT N, HAYMHAS C TO3UIIMHU OMpeesieMoi ykazarteneMm. Bos-
MOJKHA MPEIBAPUTEIIFHAS YCTAHOBKA YKa3aTells Ha 3aJlaHHbIH Oaift. [Tocie 3to-
To yKa3aTeJb IepeMeriaeTcs Ha n Oaifr. Takum 00pa3om, Ha MAIITMHHOM ypPOB-
HE UMEETCsI HEKOTOpOe MoI00Me WHAECKCHO MOCIIEI0BATEIBHOTO (aiiia, 3am-
CSIMHU KOTOPOTO CITy>KaT OaiTHI.

Hepapxudeckas CTpyKTypa IaMATH KOMITBIOTEpa H300pakeHa Ha
(Pucynok II-5)

Peructpsr
Komr-nmamsite
OnepartuBHas-NaMATh
MarHutHbIE TUCKU

JlazepHbie nuCKH

Pucynoxk II-5. Hepapxuyeckasi CTpyKTypa NaMATH KOMIIbIOTepa

PerucTpsl BBITOIHEHBI HA TPAH3UCTOPHBIX JBOMYHBIX 3AIIOMUHAFOIIHX
3JIEMEHTAaX, PACIIOJIOKEHBI HETTOCPEACTBEHHO B IIEHTPAILHOM MPOLIECCOPE U, B
CHITY STOTO, SBIITIOTCS CBEPXOBICTpoeiicTByomunMu. EMKocTs 10 128 GaifTos.

Komi-namsaTh, Ha3HaUYE€HUE KOTOPOH TOAPOOHEE pacCMaTPUBAETCS HU-
e, TAKXKE BBITIOJIHACTCS HA TPAH3UCTOPHBIX JIBONYHBIX 3aIIOMHHAIOIINX 3JIe-
MEHTaX, pacnonaraercs 0JM3K0 K MPOLECCOPY U SIBISIETCS] CBEPXOBICTPOACHCT-
Byromiei. [lnara 3a ObICTpOJEHICTBHE PETUCTPOB U KAII-TIAMSTH - BHICOKAs
CcTOMMOCTh. EMKOCTB 10 HECKOJIBKUX METa0aiir.

OHeDaTI/lBHaSI NaMAThL CTPOUTCA Ha OCHOBEC TMHAMHWYCCKHUX KOHJACHCA-
TOPHBIX JIBONYHBIX 3aIIOMHHAIOIIUX 3JIEMEHTaX, CBA3aHa C LIEHTPAIBHBIM IIPO-
LIECCOPOM LIMHOM Tepeaadn JaHHbIX U UMEET cpeaHee ObicTponeiicTBie. Em-
KOCTb JIO TBICSTYH MeTalaiT.
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MarsuTHbIC AUCKH (AUCKETHI, BAHYECTEPHI) XPAHAT JBOMYHBIE KOJIBI B
BHJIe HAMarHMYEHHBIX (€IMHHIA) U HE HAMarHU4eHHBIX (HOJIb) YYaCTKOB Mar-
HUTHOT'O HOCHUTEJISl, KOTOpBIE 00pa3yroTCsl KOIrja y4acTKU MarHUTHOTO IMCKa
MIPOXOAAT O] 3aMUCHIBAIOIIECH To0BKOM. CUMThIBAaHNE OCHOBAHO HAa BO3HUK-
HoBeHuu DJIC, xorja HaMarHMYEHHbIM y9acTOK MPOXOAUT MO/ CUUTHIBAIOLIEH
TOJIOBKOH. XapaKTepu3yrTCsl MAJIBIM OBICTPOJCHCTBHEM, HO OOJIBIION eMKO-
CTBIO (IeCSATKN MerabaiT). 3annucanHble JaHHBIE MOTYT HCKa)KaThCs C TEUCHH-
€M BPEMEHH I0J] BO3/I€HICTBUEM MATrHUTHBIX MOJIEH.

JIBoM4HBIC KO/l HA TIOBEPXHOCTH JIA3€PHOTO IUCKA (KOMIAKT-IUCK,
CD —guck, DVD —nuck) npencTaBistoTcs B BUAE YIITyOJIeHUN (eIMHHLIB) 1
TUTOMIAIOK (HYJIN), BBDKUTAEMBIX JIy9OM JIa3epa Bo Bpemst 3anucu. [Ipu cautsl-
BaHUM "NOBUTCA" OTPaKEHHBIN OT YIIIyOJIEHHH U IJIOMIAI0K JIa3E€PHBIN Iy,
KOTOPBIN Ipeo0pas3yercs B AIEeKTpHIECKHe UMITyJIbehl. Emie Ooree MeieHHbIe
ycrpoiicTBa. [1o eMKOCTH cpaBHUBAIOTCSI ¢ MarHUTHBIMU AucKamu. [Ipenmyie-
CTBO — CMEHHBIE HOCUTEIIH JJaHHBIX 0€3 ONAaCHOCTH UCKAXEHUsI HHPOPMALIUH C
TEYEHHUEM BPEMEHHU.

O4eBHHO, YTO IPHU NPOIBIKEHUH 10 HEPAPXUUECKOM CTPYKTYpe Ma-
mstH BHU3 (PucyHok 11-5) yBennuuBaeTcst 00beM U BpeMsl 10CTyIa, HO
YMEHBIIAETCS] CTOMMOCTB OJHOTO Oaiira.

B 3Ty nepapxuro namsaTH KOMIBIOTEPA HE BXOIUT MOCTOSIHHOE 3aIl0-
MHHAIOIIEE YCTPOHCTBO (TOIBKO JUTSA 3aIMCH) XPAHSIEe KOIbl MHKPOIIPO-
IPaMMHOTO YTIPaBJICHUS M IPOrpaMMy NEpBOHAYAIbHOM 3arpy3Ky ONepanuoH-
HOW CHUCTEMBI.

2.1  KoHTposibHBIE BONIPOCHI

1. 3adeM Hy’XHbI BHEIITHHE 3aTIOMHUHAIOIINE YCTPOHCTBA

2. Cnenu¢uka 10CTyNna B 3aIIOMUHAIOIINX yCTPOHCTBAX Ha ABMKYILUXCS
MarHUTHBIX HOCHTENAX

3. @aiinbl ¥ criocoObI IocTyNa K (aiinam

4. llenecooOpa3HOCTh HEPAPXUH 3AIIOMUHAIOLINX YCTPOICTB
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3 Onepayuonnvie cucmemvl u cucmemul
npOZPAMMUPOCAHUS

HecMoTpst Ha GOJBIIYIO CIOKHOCTD ariaparypbl KOMIIbIOTEPa, OHA
HecriocoOHa obecneunTs "koM(OpTHBIE" yCIOBHS AJsl pabOThI ¢ HEel 1MoJIb30Ba-
TeJIs - IPOrPaMMHCTA.

[epBas npodema - TeXHOJIOTHUSI IPOrPAMMHUPOBAHHUS B IBOUYHBIX KO-
Jax, A3bIK KOTOPBIX TOJIBKO U TIOHUMACT alllaparypa BBIYMCIIMTEILHON Malllu-
HBI, YPE3BBIYAHHO TPYAOEMKA M IOTCHIHAIBHO COAEPIKUT OOJIbILINE BO3MOXK-
HOCTH JIJIsl COBEPLICHHsI OLTMOOK B 3aIUCH KOJIa.

Bropas npo6ieMa - TeXHOJIOTHS MOrOTOBKH POTPAMMBI U IPOITyCKa
ee yepe3 KOMITBIOTEP COCTOUT U3 MHOTHX 3TaIlOB, KOTOPbIE MOT'YyT KOMOMHHUPO-
BaThCS B PA3JIMYHBIX KOMOMHAIIUSX.

Pemenne nmepBoit mpo0IeMbI COCTOUT B pa3pabOTKe CPEACTB aBTOMA-
THU3AIMHU TPOrPAMMHUPOBAHUS, OPUCHTHPOBAHHBIX HA (PPEKTUBHOCTD U Ha-
JISKHOCTh TIPOrPAMMHUPOBAHHSI.

SI3bIKM MPOrpaMMMPOBAHHUS BHICOKOTO YPOBHS, MTO3BOJISIOLINE 3aITH-
CBIBaTh AJITOPUTMBI B IOCTATOYHO MMOHSATHOM BHUJIE HE TOJIBKO JJIsl CHCTEMHOTO
MPOrpaMMHUCTA, HO U YISl POOJIEMHOT0 CrielinanncTa (MHxXeHepa, Gpusnka u
T.21.). KpoMe Toro, 3TH s13bIKH OCBOOOXKJAIOT IPOrpaMMUCTa OT PyYHOI'O pac-
Npe/ieieHHs NaMsTH 3a CYET MEXaHHU3MOB €€ aBTOMaTH4YeCKOI0 pacrpesese-
HUSL, @ TAKKE COJIEp KaT CPEACTBA KOHCTPYHPOBAHUS CI0XKHON IMPOTPaMMBbl U3
Gostee MPOCTHIX KOMITOHEHT (TIOIIPOrPaMMBbI, COTIPOTPAMMBbI, MOJYJIU H T.11.).

TpaHcaAITOPHI (KOMITWIATOPBI, HHTEPIIPETATOPHI) MPEICTABISIIOT CO-
0011 mporpaMmbl — MEPEBOIYMKH C SI3bIKA BEICOKOT'O YPOBHSI, HA SI3bIK JBOUY-
HBIX KOJ10B. KpoMe TOro, TpaHCasITOpbl IPOU3BOIAT CHHTAKCUYIECKUI KOHTPOITh
MPOTPaMMBbI U Peau3yIOT COOPKY CIIOKHO# MpOrpamMMbl U3 00Jiee POCThIX
KOMITOHEHT.

BubanoTeKH CTAHJAPTHBIX MPOTPAMM COJIEPIKAT CHEUAbHBIM 00-
pa3oM oopMIIEHHBIE TIPOrPAMMHbIE Pean3aliii 00Ie3HAYNMbIX AIITOPUTMOB,
KOTOPBIMU MOKHO I1OJIb30BAaThHCA, HC BJAaBasACh B JACTAJIN UX (byHKIJ,l/IOHI/IpOBa-
HUsL. BuOnnorexy crenupuYHbI ISl KaKI0T0 KOHKPETHOTO s13bIKa MPOTrpaMMHU-
POBaHMS ¥ IOCTOSIHHO PACIIUPSIOTCS (PUPMaMH, BBITYCKAIOIMU Ha PBIHOK
TPaHCISATOPEI.

Pemenne Bropoii mpobieMbl COCTOUT B pa3paboTKe CpeICTB aBTOMa-
TH3ALMH [TPOITyCKa IPOTpaMM Yepe3 BBIYNCIUTENbHYI0 MaluHy. Jlist 9ToH 1e-
T pa3pabaTbiBalOTCS CreUU(pUISCKUe MPOrPaMMBbI, KOTOPHIC HA3BIBAIOT OIe-
PALIMOHHBLIMHU CHCTEMAMHU.

OrnepaiMoHHbIe CUCTEMbI PACIIHPSIIOT CEPBUCHBIE U (PYHKIIMOHAIbHbIC
BO3MOXKHOCTH aIllapaTypbl KOMIIBIOTEpA 33 CUET Pa3padOTKH CUCTEMHBIX MPO-
rpamM. Takum 00pa3om, MoJIb30BATENb YIPABISET JSUCTBUIMHE alnapaTypbl
KOMIBIOTEPA HE HAMIPSAMYIO, a 9epe3 J0CTATOYHO "HHTEIIeKTYaJIbHOTO" T10-
CpeIHUKa.
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Hpumeuanue. [TonoGHOE pazaeneHrne GyHKIUN YIIPABICHUS MEXTY
annapaTypoi ¥ KOMIBIOTEPOM ONPENENACTCS TEMH COOOPaKEHUAMH, YTO pea-
JIN30BATh MPUEMJIIEMbBIC JIJI1 YCJIOBEKA aJITOPUTMbI YIIPABJICHUA BbIYHUCIIUTECIIb-
HOMW CHCTEMOH TOJIBKO armapaTHbIMKU CPEACTBAMU JIMOO NPAKTHYECKH HEBO3-
MOJKHO, JIN0O HEOMpaBaaHHO fA0poro. (BecnoMuuTe 0 ABYX criocodax peasmsa-
LM JITOPUTMA TJIABHOTO LIUKJIA BHIYUCIUTEILHON MAIIMHbL: alllapaTHOE U
MHKpOIIpOrpaMMHoe penieHue). OnHako, yemeBIeHne 1 MUHUATIOpU3aLHs
MHUKPO3JIEKTPOHHBIX TEXHOJIOTMI UMEET CJICICTBUEM TEHCHIHIO OCTOSHHOTO
pacmmpeHust 00beMa anmapaTHhIX peaan3anuil QYHKIMHA yIIpaBICHHS.

OmneparioHHast CHCTEMa TIPEICTABISIET CO00i OOJBIIYIO U CIIOKHYIO
CHCTEMHYIO IIPOrpaMMy, COCTOSIIYIO U3 OBYX YacTeld. OTHOCHTEIBHO HEOOIb-
m1asi, pe3uAeHTHasI 4acTh (11P0) ONePAHOHHON CHCTeMbI TOCTOSIHHO pa3-
MEIIEHA B ONIEPATUBHON MaMATH KOMIIBIOTEPA U Pealu3yeT QyHKIUH, BPEeMs
BBINTOJIHEHHSI KOTOPBIX JOJIKHO OBITh MHHHMAJIBHO (pacIpeieieHe BpeMEH!
LEHTPAIBHOTO MPOLECCOPa, aHAIU3 MPepbIBaHuii u T.1.). ['opa3no Goibiuast mo
00beMy Hepe3nIeHTHAsI YaCcTh ONEPANMOHHON CHCTEMBI PacIiojio)KeHa Ha

Beienstorcest Tpu OCHOBHBIX (DYHKIMH ONEPALlMOHHON CUCTEMBI:

1. Pacmipenenenue pecypcoB BEIYHCIUTENBHON CHCTEMbBI MEXKITY MHOXKECT-
BOM BBITIOJHSIEMBIX (TIporpamm). K uncity Takux pecypcoB OTHOCSTCS: OTie-
paTuBHas NaMsATh, BpeMsI LEHTPAIBHOTO MPOLIECCOPa, BHEITHUE YCTPOHCTBA
(mucKku, IPUHTEPY | T.1I.), CACTEMHBIE IPOTPaMMEBI 0OIIIeTr0 Ha3HAYCHUS
(TmporpaMMBI BBOJIA, TPOTPAMMEI BRIBOJIA | T.JI.). DTH (PYHKIMH BHITIOIHSAET
yIpaBisifolIas IporpaMMa MVIAHUPOBIIMK U YIIPABIISIONIAst IporpaMma
cynepBHU30p

2. VYmnpaBneHue JaHHBIMH (KaTaloru3anusi, XpaHeHHe, ITOUCK, 3aIlInTa JaH-
HbIX). OTH QYHKIMK peanu3yeT (aiiaoBasi moacucrema.

3. Peanuzauus "npyxxectBeHHoro" nnrepdelica (cBs3M) yeroBeka ¢ arma-
paTypoii koMmmbroTepa. Jloiroe BpeMs Ha BOIPOCH! "ApyKeCTBEHHOT 0" WH-
Tepdeiica He 0OpaIIaIOCh JOJHKHOTO BHUMaHuUs. B cuity aToro ¢ oneparm-
OHHBIMH CHCTEMaMH MOTJIH O0IIATHCS TOJIBKO CHCTEMHBIE TPOTPAMMHUCTEHI.
[IpopsIB B 3TOM BOTpOCe MPOM30ILEN 1Tocie (OPMUPOBAHUS KOHIEIIINT
mporeccopa yrpasnerus ¢aitnamu (Norton Commander) u Tem 6osee mo-
cie co3manus rpagdudeckoro uaTepdeiica (Macintosh,Microsoft).

TaxuMm 06pa3om, IpUeMIIEMBIE JUIS TI0JIb30BATENSI METO/IBI IPOTpaM-
MHUPOBAHHS U ITOPUTMBI YIIPABIECHUS TEXHOIOTHYECKHM IIPOLIECCOM MPOILyC-
Ka IIPOrpaMM 4Yepe3 BBIYUCIUTENIbHYIO MAIIMHY PEaTn3y0TCs YaCTUYHO ala-
paTypoi, 9aCTUYHO CUCTEMHBIMU IporpaMmamu. Y nmonp3oBaTens UMEET JEI0
C BUPTYaJIbHOI MalINHOI (COBOKYITHOCTH almapaTHBIX U IPOrpPaMMHBIX
CPEICTB) 00ECIeYNBAONIUX JOCTATOUHO "KOMGBOPTHYIO" paboTy yeoBeka ¢
komnbioTepoM (Pucynok 11-6). MaminHa Ha3pIBaeTCsl BUPTYaIbHOW (M3MEHYH-
BOIf) B CHIIY TOTO, UTO €€ CEPBHUCHBIE U (YHKIIMOHAIBHbIE BO3MOKHOCTH 3aBH-
CSIT OT TOTO CHCTEMHOTO TIPOrPaMMHOT0 00ecTieueHH s, KOTOPOE YCTaHOBJICHO
Ha Hell B HacTos1Iee BpeMsl.
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S3bIK Cucrema
HP0FpaMMﬂpOBE‘HI’I’I> HPOrPaMMUPOBAHUS
/ < > OnepannonHas
SI3BIK ynpaBiieHUs crucrema
Arnmnaparypa
KOMIIbIOTEPA

Pucynoxk I1-6. BuptyanbHasi BBIYMCIUTEIbHASI MAIIHHA

OO01eHne ¢ BUPTYaIbHOW BEIYUCIUTEIFHON MAIITIHOMN pean3yeTrcs
MTOCPENICTBOM JIBYX SI3BIKOB. SI3bIK porpamMmupoBanus (ITackans, C++ u T.1.)
SIBIIICTCSI CPEJICTBOM 3aIIMCH aJITOPUTMOB B BUJI€ IPOTPaMMBI. SI3bIK yIpaBe-
Hust 3aganusiMu (S1Y3) sBisiercst cpeacTBoM GopMHUpOBaHHUs ClieHAPHS TIPO-
ITycKa MIPOTrpaMM 4epe3 BBIYUCIUTENbHYIO MAIINHY.

IIpuBenemM OCHOBHYIO TEPMHUHOJIOTHUIO, CBSI3aHHYIO C ON€PallMOHHBIMU
CUCTEMaMH.

PaGora - neiicTBus o npeoOpa30BaHMIO JaHHBIX, IPUBOJIIHE K pe-
IICHUIO puKiIagHoi 3anayun. [lpouecc (3aaava) — enuHAUIA PaOOTHI, CYIIECT-
ByIolas B TuHamuKe. [Iporiecc pyHKINOHUPYET B COOTBETCTBHH C HEKOTOPOH
IPOrpaMMOil, SIBJISIFOIIEICS €ro CTaTUHYECKUM onrcaHueM ['oBops 1pyruMu
CJIOBaMH, POLIECC BO3HUKAET, KOTJja MPOrpaMMa 3arpy>kacTcsi B ONIEPaTHBHYIO
MaMATh ¥ HAYMHACET MPETEH/I0BAaTh HA PECYPC BPEMEHHN IIEHTPATBHOTO TIPOIIEC-
copa. [Iporecc nmpekpamiaercs, Korja mporpaMmma 0cBoO0XKIaeT ONEPATHBHYTO
MaMSATh U IEHTPAJIBHBIA MTPOIECCOpP OT CBOETO MPUCYTCTBHUS.

Cy1IeCTBEHHO, YTO HECKOJIBKO MPOIIECCOB, TOPOXKICHHBIX OJHOII Ipo-
rpaMMOH, MOTYT CyIIIECTBOBaTh HE3aBUCHMO, BBIIIOIHSASACH IIOCIIEI0BATEILHO
WK NapaniensHo. B mocneaneM ciyuae, mporpaMMa, Noposkaaroiias mporecc,
Ha3bIBACTCS pEEHTEPa0ETHHOM.

[pomuecc siBisieTcs enMHMLIEH pabOTHI, IpeTeHAyonel Ha pecypebl. K
YHCIy PECypCOB OTHOCATCS: OIE€paTHBHAs NaMsTh, BpEMsI LIEHTPAIBHOIO MIPO-
1ieccopa, BHEIIHUE YCTPOWCTBA, CHCTEMHBIE IPOTPaMMBI 00IIET0 Ha3HAYEHHS.

[lepBbIe BHIYNCIUTENBHBIC MAIIMHBI MOTJIN BBITTOJIHSTE JIUIIbL OJHY
MIPOTpamMMy, 3arpy’KEHHYIO B ONIEPAaTHBHYIO MTaMSTh — PEAM30BbIBATh OJIHY
3aj1ady, 3arpyKEHHYIO B IIaMATh, C Hadajla 1o KOHI[A. B 3THX KoMmmbIoTepax
MPUMEHSUINCH IPUMHUTUBHBIC YIIPABIIAIONINE IPOTPAMMBI — TUCIIETUEPHI. A
CaMH MalllMHbI, [10 CYTH J€Na, PEACTaBIIsUIN cOO0N MPUMUTHBHBIC, OTPOMHBIC
U JIOPOTOCTOSIINE NIEPCOHABHBIE KOMITBIOTEPHI KOJIIEKTUBHOTO MOJIb30BAHUS:
KaX[IbIil TPOTPaMMHUCT IOJTy4all BeCbMa HeOOJIbIIONH OTPE30K BPEMEHH, B TeUe-
HUH KOTOPOT'O OH MOT €JMHOJIMYHO OTJIA)KUBATh WJIH BHITIOJIHATE CBOIO MPO-
rpammy.
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OcraHaBiMBas IPOrpaMmy A Pa3gyMH, TPOTPAMMHUCT OCTaHABIIH-
BaJI IIEHTPaJIbHBIN nponeccop. [1o craTucTrke NpoCTON JOPOTOCTOSILETO LEH-
TpanpHOro npoueccopa gocturanu 70% -80%.

Crpemiierne 3¢ (GeKTHBHO KCIOIb30BaTh LIEHTPAIBHBIH IPOLECCOP
NpUBelia K CO3/IaHMI0 MAKETHOT0 peskuMa o0paboTku nporpamMm. Bee uTo Ha-
J10 OBLIO clienaTh C MpOorpaMMoi, KaKkyto HH()OPMAIUIO BEIJATh U KOT/1a €€ BbI-
JIaThb, IPOTPaMMHPOBAII TI0JIb30BATEINb HA SI3BIKE yIpaBiieHus 3aganusmu (1Y 3)
onepauroHHoi cuctemsl. [Ipemioxenus Y3, nporpaMmbl U UICXOAHbIE 1aH-
HBIE TICPEHOCUIIUCH Ha TIEpGOKAPTHI, KOJOABI KOTOPHIX(3adaHus) CaBAUCh
JICIIETYEPY, TTOCIIE Yero MPOrPaMMHUCT TEPsUT KOHTPOJIb HaJl CBOEH IIporpam-
Moii. Jlucnerdep popMHUpOBaN MAaKET 3aJaHI MHOTHX TI0JIb30BaTeNeH, a ome-
paunoHHas CHCTEMA, UCXOSl U3 CBOMX IIPUOPHUTETOB, CO3JaBaia U3 3aJaHUH
MIaKeTa 3aJ[a4¥, BBIMIOJIHSIA X U BbIAABAJIA PE3YIIbTaThI.

JIJ1st TEeXHUYECKOM MOICPIKKY ITAKSTHOW TEXHOJOTHH 00pabOTKH IPO-
rpamMM ObLT H300PETEH MHOT03a1auyHbIi (MYyJIbTHIIPOIPAMMHBII) PEXKUM Pabo-
ThI BRIYUCIUTEIBHON cucTeMbl. OH JIOMyCKall OJJHOBPEMEHHOE CYIIIECTBOBAHUE
HECKOJIbKUX 33ja4. 1 eciu, Mo kakoi-1u0o npuuuHe, padoTaroiias 3aaqa
BPEMEHHO He MOTJIa ITPOIOJDKAThCS, 3allyCKallach 33/1a4a TOTOBast K UCIIOJIHE-
HU0. TeM caMbIM ITPOCTON LEHTPAJIBLHOTO IpoLieccopa MPaKTHYECKH CKITIoYa-
JIUCB.

Taxum 06pa3om, 0OCHOBHOE TpeOOBaHNE MMAKETHOTO PeXXUMa — IPOLECce
00pabOTKH IPOTPaMMBI CO BCEMH €€ ICTANISIMH JTOJDKEH OBITh IPEIyCMOTPEH C
HauaJa U 10 KOHLA. HeKOHCTPYKTHBHOCTH TAKOTO NMOJX0/1a CKa3bIBAJIACH 0CO-
OeHHO BO BpeMs oTinanku. Ho Taroke Hepenku 3a1adu, X0 peleHs KOTOPBIX
1100 CIIOXKHO, TMOO0 HEBO3MOXHO NPEZCcKa3aTh 3apaHee. B cuity crnoxHOCTH
TaKOTO MpeJICKa3aHus, OTIa/lKa U pellieHHe 3a]jaui POBOAUINCE HEOOIBIIUMHU
MopuHsAMHU, YTO BbBI3bIBAJIO HEOIIPAaBAaHHO 60nbmne 3aTpaTbl BDEMCHH Ha I10-
Jy4eHue pesysbrata. O4eBHIHO, YTO aKeTHAsl TEXHOJIOTHsl 00paboTKH 1po-
rpamMM HEBO3MO)KHa 0€3 MOLIHOW YNPaBIISIIOIIEH TPOrpaMM - OTIIepallMOHHON
CHCTEMBI.

AJNbTEepHAaTUBOM NMaKETHOW TEXHOJIOTHH 00PaOOTKH MPOTpaMM SIBHIICS
JAUATOTOBBIN (MHTEPAKTHBHBII) pe:KuM (YHKIIMOHUPOBAHUS ONEPAIlHOHHOMN
CHCTEMBI, KOTOPBIH HEe TpeOyeT 3HaHUs BCEX 0COOEHHOCTEH BBEIYMCIUTEILHOTO
Iporecca ¢ Hayala 1 10 KOHIA. B crity 3Toro, BEIMHCINTENBHBIN MPOLIECC Mpe-
PBIBAETCS B TOYKAX BO3MOXKHOTO Pa3BETBIICHUS U 3aMPALINBACT y HOJIb30BATE-
JIs yKa3aHue AJ1s AAJbHEHIIEro NpoaoKeHus. st TeEXHUUeCKON NoAAEepKKU
JINAJIOrOBOTO PEKMMa 0BT M300PETEH PEKUM Pa3/IeICHUs] BDEMEHH LIEHTPallb-
Horo mporieccopa. [Ipu coxpaHeHHH MHOT0331a4HOT0 peXXUMa, MHOTHE I0JIb-
30BareNy paboTaroT 32 CBOMMHU aDOHEHTCKUMH ITyJIbTaMH (TepMHUHAIAMH),
BO3MOXXHO YJaJICHHBIMU OT BBIYMCIIMTEILHON MAIIMHEI Ha 3HAYNUTEIHLHOE pac-
CTOSIHUE.
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Bpewmst ieHTpanbHOTo Ipoleccopa ACIUTCS MeXILy a00HEHTCKUMHU
MyJIbTaMH IIyTEM BBLACJICHUS K KIOMY HEOOJIBbIIOTO KBaHTa BpeMEHH (KaK Je-
JIUT PECYpPC CBOETO BPEMEHH I'POCCMENCTEP MEXTy JTFOOUTENSIMHE [IPU CeaHce
OJTHOBPEMEHHOM HMIpHI B IaxMaThl). [Ipu 3TOM co3aeTcs KBa3uOAHOBPEMEH-
HBIH 3¢ PeKT paboThl MHOTHX TOJIB30BATEIIEH C OJHOW BHIYMCIUTEILHON Ma-
LIMHOM.

CkazaHHOE BBIIIE OTHOCHUTCS K OOJIBIINM BBIYMCIIUTEIBHBIM MalllMHAM
KOJUIEKTHBHOTO T0JIb30BaHus. CoyeTaHne MHOT'0331a9HOTO PEXXUMA U PEKIMA
pasieseHus] BpEMEeHH MO3BOJIIIO B IIEPCOHANBHBIX KOMITBIOTEpax Pealli30BaTh
JHAJIOTOBBIA PEXUM pabOTHI OJJHOTO IOJIb30BATENSI KBA3HOJHOBPEMEHHO €
MHOTHMH 33/1a49aMU.

3.1  KOHTpOJIbHBIE BOIIPOCHI

1. CpenctBa aBTOMaTH3aIMN IPOrPAMMHUPOBAHHS M CPEACTBA ABTOMATH3a-
LM YIIPABJIECHHS BEIYUCINTEIBHBIM IPOILIECCOM

2. OcHOBHBIE (PYHKITH OTIEPALIMOHHON CHCTEMBI

3. TloHsTHe BUPTYaIbHOHN BEIYMUCINTEIFHON MAIITIHEIL.

4. TIporpamma u mpoiiecc (3aaaua)

5. IlakeTHbIi U TUAJIOTOBBII PeXUM pabOThI ONEPALIMOHHON CUCTEMBI.
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4 Cosepwencmeosanue aopecayuu onepamuHoul
namamu

4.1 Onepauuu, TaHHBIE U KOMaHIbl

I[To cBOEMy CyLIECTBY aJIrOPUTM MPEACTABISIET COO0H COBOKYITHOCTh
JIeHCTBUH, UCIIOJIHEHNE KOTOPBIX ITPeo0pa3yeT UCXOIHbIE JaHHbIE B Pe3yJIbTH-
pymolye JaHHele. JIeHCTBHSA CITy>KaT JOMOJHEHUEM K IaHHBIM: JaHHbIe [Ipe]-
CTaBJIAIOT TACCUBHYIO KOMIIOHEHTY, a e CTBUSA PEICTABISIOT aKTUBHYIO
KOMITOHEHTY, KOTOpasi II03BOJISIET CO3/1aBaTh, YHHUYTOXKATh M PE0OpPa30BHIBATH
JIaHHBIE.

Nmeercs aBa Tuna AelcTBUNA: AEHCTBUS HAll JAHHBIMH, ONPEEISIEMbI-
MU IIPOTPaMMHUCTOM U ACUCTBHS HaJ JAaHHBIMHU, ONpeAensieMbIMU cucTeMoil. K
MIEPBOMY THITy OTHOCSITCS IeHCTBHS 00paO0TKN NaHHBIX — CII0’KEHHE, BEIUHMTA-
HHeE, IEPEChUIKa, IPOBEPKA HA PABEHCTBO U T.4. Ko BTOpOoMy THITy OTHOCSITCS
JIEUCTBHA , KOTOPBIE OOBIYHO CYUTAIOTCS YaCThIO YIPABILIIOMIEH CTPYKTYPBI
sA3BbIKa IMMPOrpaMMUPOBAHUA: IEPEXOABI YCJIOBHBIC U 6e3ycn03Hme, BBI3OBEI
MOJANpOrpaMM, MPUCBAMBAHUE UMEH CTPYKTypaM JaHHBIX U T.J.

EctecTBeHHO paccMaTpuBaTh eiicTBHE 00paOOTKU TaHHBIX B SI3bIKE
IIPOTrPaMMHUPOBAHUS KaK MaTeMaTHUECKYI0 (QYHKIHIO: U JaHHOTO MHOXKECTBa
OIEpaHJIOB OHA BBIJAET BIOJHE ONPEAEICHHBIE U €JUHCTBEHHBII pe3ybTar.
O01miee uucio onepaHaoB + pe3ysbTar Oy eM Ha3bIBaTh YUCIOM I1apaMeTpOB
neiictBus. Hammpumep, apudmMeTnaeckre JeHCTBUS SBISTIOTCS TpeXmapaMeTpH-
YeCKUM (/1Ba OIIepaHia M Pe3yJIbTaT), AeHCTBUE NEPECHIIKH — JBYXIIapaMeTpH-
yeckue (ONepaH]] NCTOUYHHK U Pe3yIbTaT NPHEMHHK), ISHCTBHE TepeJaun
YIpaBJICHUS — OAHONIApaMeTpUIecKHe (Pe3yJIbTaT ONpPEAEIIeT aApec Iepexo-
J1a), OTIepaLisl OCTAaHOBA — HyJIb[IapaAMETPUUECKOE JEHCTBHE.

[Mporpamma siBiisieT co60# COBOKYITHOCTh KOMaH/ HEKOTOPOH BbIYHC-
JIUTEJILHON MAIlMHbI U MPEJCTaBIIsIeT CO00M OJIMH U3 BO3MOKHBIX CLIOCOO0B
3alrcu aJiropurMa. KOMaH}]a BBIYMCIIMTEIILHOM MAIIMHBI CBSA3LIBACT JaHHbIC U
MaIIMHHBIE OTIEPALMH TAKMUM 00pa3oM, 4TO KaXKasl orepanus IpuMeHseTcs K
COOTBETCTBYIOLIUM JaHHBIM B COOTBETCTBYMOLIEE BpeMsl. '0Bops Apyrumu
CJIOBaMH, KOMaH/1a — MpeJrcanue (MMIepaTuB) BEIYUCIUTEILHON MallliHe
BBINOJIHUTB ONPEAEICHHYI0 MAIMHHYIO ONEPALHIO C ONPEACICHHBIMH JAHHBI-
MHU.

Takxum 00pa3oM, MBI pa3TryaeM MOHATHS: IeHicTBUE anropuTMa (Iei-
CTBHE) M MallTUHHAS orepanus (omneparus). Takke O4eBUAHO, YTO MPH
MPOrpaMMHUPOBAHUH (3AIKCH AITOPUTMa Ha allTOPUTMHUYECKOM SI3bIKE)
BO3HMKaET MpobJieMa NPOEKINH ACHCTBUI alropuT™Ma Ha KOMaH Ibl
BBIYMCJIMTEILHON MAIlIMHBI.
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B o6mem cirydae koMaHAa COCTOUT U3 ONEPAIMOHHON U aIpeCHOM
gacTei, KaXaas U3 KOTOPBIX, B CBOIO OUEPEIb, MOKET COCTOSITh U3 HECKOIBKIX
nosiert. OnepanmonHas 4yacTb coaepxkut kof onepanuu (KOIT), koTopslit 3a1a-
€T BHJI MAIIMHHOW omepanuu. AapecHas 4acTh COACPKUT uH(pOpMaIHo 00
ajpecax UCXOJHBIX JaHHBIX U aJipecax pe3yJIbTUPYIOIINX JaHHbBIX, & B HEKO-
TOPBIX CIyYasx Takke HH(QOpMAIHIO 00 aapece CIeAyoneld KOMaH bl (KOMaH-
IIbI TIepeiaun yrupanieHus ). Komanaa, uMeromast B apecHOi YacTy n moJeH
Ha3bIBaeTCs N — aapecHoi komannoi (Pucynoxk I1-7).

OriepaloHHast 4acTh AnpecHas yacTb
[lomnst xona oneparyn Ione anpeca 1 [one anpeca n
KOIT Al An

Pucynok I1-7. ®@opmaTt n aapecHoii KoMaHbI

3ameuanue. OOpaiiaeM BHUMaHHUE, YTO aJIpeCHasi 4acThb, B OOIIEM CITy-
yae, COJIEpKUT He ajipeca IaHHBIX, HO MH(OPMAIHIO, HA OCHOBAaHUHM KOTOPOH
9TH a/ipeca MOTYT OBITh BBIYHCIICHBI B IIPOLIECCE BBIMOIHEHNS KoMaHabl. Cro-
cOOBI 3a7JaHNS M HCIIOJIB30BAHMUS TaKOH HH(OpMAIK 00YCITaBIMBACT PA3INd-
HBIE CIIOCOOBI afipecarui JaHHBIX.

CocraB, Ha3HAYCHNE U PACIIONOKEHHE TIOJIEeH B KOMaH/E C pa3MEeTKON
HOMEPOB pa3psA0B (OHUT), ONpEeAEISIOMNX IPAHHUIIBI OT/ICIBHBIX TTOJICH, Ha3bI-
Baetcsi popMaToM KoMaH/ibl. BeiOop Gopmara koMaHIbI SBISIETCS OJTHOM U3
BaKHEHIIMX MPOOJIeM MPOeKTUPOBaHus KoMmibloTepa. Koman/a, kak npasuio,
corylacyercst ¢ JUIMHON 00pabaThIBaeMbIX JIaHHBIX (SUEeK XpaHEHHs JaHHBIX ),
4TO 103BOJIsieT AP PEKTUBHO HUCIIOIB30BATH OJTHU U T€ YK€ MaMsITh, IINHBI ITepe-
Jlau¥l JJaHHBIX ¥ [IPOYHE amlapaTHbIe CPENICTBA, KaK IS TAaHHBIX, TaK U JUIS
KOMaH/I.

Xots HanboJee MPOCTHIM CIIOCOOOM yKa3aHHS a/ipeca SBIIETCS BKIIO-
YEHHUE €ro B COCTaB KOMaH bl (TOYHEE, B IOJIE aApeca KOMaHIbl), MAaHHITYJIs-
IIMH aJIPECOM, B KOTOPBIX OOBIYHO BO3HUKAET HEOOXOUMOCTbD, IPEANONIAraloT
JIOTIOJTHUTEJIbHBIE OoJiee ya0o0HbIe n\ uian Ooliee 3G ekTHBHBIEC CIOCOOBI aipe-
caru. Crioco0 yKa3aHUsi MECTOIOJIOKEHHSI TAHHBIX (OIICPaH/IOB) B TIOJIC ajipe-
ca KOMaH/Ibl IPUHSTO Ha3bIBATh CIIOCOOOM apecalyu.

PaznuyHble criocoObl apecalii UMEIOT CieyIollee Ha3HaYeHHe:

® YKa3bIBATh ITOJHBIN a/ipec MaMsITH HAUMEHBIINM KOJIMYECTBOM paspsi-
JIOB B TIOJIE apeca, CIEA0BATENIFHO, JeJlaTh KOMaHIy KOpoUe;

e paspemnath KOMaH/AE OCYIIECTBISTD AOCTYII K TYCHKE IaMsITH, aapec Ko-
TOPO# BBIYUCIISIETCSI BO BPEMS HCIIOIHEHHMS IPOrpaMMBbl, oOecTieunBast mpu
3TOM 3(p(PEeKTUBHBIN JOCTYI K MACCHBAM U CIIHCKaM;

® BBIYHCIATH 3APECAa OTHOCUTEIHHO MECTONOIO0KEHHS KOMaH/IbI, YTOOBI
00eCIIeUnTh 3arpy3Ky MPOrpaMMbI B JIFOOYIO 00JIACTh MaMsITH 0€3 H3MEHe-
HHUS IPOIPaMMBI.
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4.2  TpexangpecHas cucteMa KOMaHA,.

[TepBbie BEIUMCIUTENBHBIE MAIIMHBI HE UMEH OaHTOBOM CTPYKTYpHI
MaMSTH CTPYKTYPbI IAMSATH, T.€. SIMEHKU BBIYUCIUTEIBHON MAIIMHBI COCTOSIN
13 GUKCUPOBAHHOTO YKCIIA Pa3psaoB. B kaxa0i Takol siueiike Moria xpa-
HUTHCS MO0 KOMaH 1a, MO0 eANHHUNA JaHHBIX. B crity 3ToT0, Bce KOMaH/IbI
BBIYHMCIIUTENLHON MallIMHBI OBUTH OIMHAKOBOH JTHHEI.

Yucio anpecoB KOMaH b B 3HAYUTEIHHON CTEIIEHHU OTIPEEIsIeT apXu-
TEKTypy KomIbioTepa. [lepBble BEIYUCINTEIbHBIE MAIINHBI HCIIOIB30BAIH
TpexaJpecHble KOMaHbI CIEAYIOIEro opmaTa:

KOIN A1 A2 A3,

rae KOII — none kona mammuHO#M onepanuu; Al, A2, A3 — mons aj-
pecos. [Ipuuem, B mosie ajipeca 3amucbiBaeTcs GU3MYECKUI afpec onepaTuBHON
namsTa. Crioco0 agpecaruu, Koria B MoJjie ajpeca 3anuchiBacTcs (GU3nIecKui
ajipec MaMsATH, Ha3bIBaeTCs MPAMON agpecanueil. B tanHOM ciaydae Mbl IMe-
€M JIeJIO C IPSIMOM afipecalieil onepaTuBHON NaMsITH.

[t mpuMmepa, 1r00ast KOMaH/1a BEIYMCIUTEIFHON MaluHb! THa M-20
(M-222, M-222, BBOCM-3, BOCM-4) nmena nnuny B 48 6ut u 12-1H pazpsa-
Hoe mosie anpeca (Pucynok I1-8):

KOII Al A2 A3

12 our—> <12 our—> 12 our—> <12 our—

Pucynoxk I1-8. Tpexaapecnas koMmanja

[Ipoexmus TpexnapaMeTpHIecKix AeHCTBHH (apupmMeTndecKkne 1 Jo-
THYECKUE) HAa TPEXAIPECHYIO CHCTEMY KOMAaH]I IIPOUCXOIUT €CTECTBEHHBIM
00pa3oM: TepBbIE JBa MO aIpeca COAeprKaT afpeca NCXOJHbIX TaHHBIX,
TpeThE MOJIE aJ[peca — aipec pe3ybTara.

IIpoexiust AByXmapamMeTpuyecKux AeHCTBUM (TIepechUIka) Ha Tpexa-
PECHYIO CHCTEMY KOMaH/I IIPOUCXOIMT CIISIYIOIINM 00pa3oM: IepBOe MoJe
ajzipeca —MCTOYHHK JJAaHHBIX, TPEThE MOJIe afpeca —IPUEMHHUK JaHHBIX, BTOPOE
T0JIe aJpeca He UCTIOJIb3yeTCs.

[Tpoekuus oxHONMapaMeTpUUECKUX NeWCTBHH (IIepexo) Ha Tpexaapec-
HYIO CHCTEMY KOMaH]I IIPOUCXOANT CIEAYIOINM 00pa3oM: BTOPOE T0JIE ajpeca
ajipec nepexoja, NEPBOE U TPEThE MO afjpeca He UCIOIb3YOTC.

TpexanpecHast cuctemMa KoMaHz ynoOHa st "pydHOTro" MporpaMMHu-
pOBaHMs, T.K. TO3BOJISICT B IIPUBBIYHOM IS YenoBeka (popme 3anmceBaTh
MIPEANUCAaHIE Ha BBITOJHEHUE TPEXIIAPAMETPHIECKOTO ACHCTBUS B BUAE OTHON
koMaH 6. HanpuMmep, B3Th UCXO/IHBIE TaHHBIE U3 siueek ¢ aapecamu Al u A2,
BBITIOJIHUTH CJI0KEHUE, OTTIPABUTh PE3YNbTAT B AUEHKY C afgpecoM A3
(Pucynok I1-9).
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ADD Al A2 A3

Al A2 A3

Pucynox I1-9. BeinojiHeHne TpexonepaHaHOi onepanuu NocpeacTBoM
OJIHOI TpexajpecHO KOMAaH/IbI

B paccmaTpuBaemom cirydae Bce KOMaHIbl UMEIOT (PMKCHPOBAHHYIO
OJIMHAKOBYIO JUIMHY, U TIPH XPaHEHNH ITPOTPAMMBI B OTIEPATHBHON IaMsTH Of1-
HO ¥ JIBYX a/IpeCHbIC KOMaH/Ibl 3aHUMAIOT 3HAYMTEILHOE KOJIMIECTBO OUT IS
MpeaCcTaBIeHNs "MyCTHIX'" OTEPaHI0B. A ONIEpaTUBHBIEC TAMSTH IIEPBBIX BHI-
YHCIUTENbHBIX MAIIMH UMETH HEOOIbIION 00beM M OONBIIYI0 CTOMMOCTD H3-
roToBiieHus. OTCIO/Ia MOHSITHO CTPEMJICHUE ONITHMHU3UPOBATh (POpMAaThI KO-
MaHQ BBIYHMCJIMTEIILHON MAIITUHBI.

CyI1ecTBOBaI €Il1e OJJUH CEePbe3HbIH (HaKTOpP, TPEOYIOIIHIA ONITUMH3a-
K (pOpMaTOB MAIIMHHBIX KOMaH/A. BCIIOMHUM COOTHOIIIEHHE YuCiia pa3psiioB
aznpeca k u pa3mepa anpecHOro NpocTpaHCTBa ONEPaTHBHON ITaMSTH q:

q=2"

XKenanne pacmmpuTh 00bEM ONIEPATUBHON MAMATH BCTYIAET B IPOTH-
BOpEUHE C 3THM COOTHOmEeHNEeM. Tak, [t 12—Tu pa3psaHoro aapeca BEIYHCIH-
TeJIbHOM MammuHbl THIa M-20 pazmep aapecHOro IpOCTPAHCTBA COCTABIISII
4096 sraeex, HE OobIIe U HE MeHbINE. ECiN jke YBETMUUTD YHCIIO pa3psiioB
azpeca, TO yBeIMYMBACTCS JJIFHA KOMaHBI M OHA "He yoepetcs" B 48-mu pas-
PSAOHYIO SIUEHKY OllepaTUBHON NaMSTH.

4.3  VYBenuyeHHe aApeCcHOro NPOCTPAHCTBA 32 CUET
YMEHBIIEHUS YKCIIa aJpeCOB KOMaH/Ibl

31ech MBI paCCMOTPHM TEHACHINIO YMEHBIIEHHS YNCIIa apECOB KO-
MaH/Ibl, 9TO MTO3BOJISET N30EeKaTh "MyCTHIX aApecoB” 1, B HEKOTOPOH CTETIeHH,
pemiaer npoOiieMy pacUIMPEHUs aAPECHOTO IPOCTPAHCTBA.

BospmeM i Havasa TpexaipecHylo KOMaHIy, B OJSIX ajpeca KOTo-
poii 3ammuceIBaeTcs (GU3MUECKui afapec onepaTuBHON namstu. [IycTs, Hanpu-
Mmep, nmeeM 48-Mu OMTOBYIO TpexaapecHyto komanny (Pucynoxk I1-10), mone
ajipeca KOTOpoi uMeeT pasmep B 12 6ut. B aToM ciaydae nmeem pasmep aape-
CYEMOro IIPOCTPAHCTBA ONepaTuBHOl mamatu: Q = 2'% = 1024 = 4 k6.
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48 pa3psno
< pa3ps10B >
12 12 12 12
KOII Al A2 A3
12 18 18
KOIT Awucr Anp
12 36
KOIT addr
AJIY ¢ omHuM R
pETUcTpOM
AKKyMYJISITOPOM
R AJTY

A3 :=F(A1,A2)

Q =2"2=4096

Anp := F(Aucr,Anp)

Q :218

Q=2%

R :=F(addr,R)

Pucynoxk II-10. PaciuupeHnue aapecHOro npocTpaHcTBa 3a cuet
YMeHbLICHHUS YHCJIA a[PecOB B KOMaH/e

‘YMEHBILINM YKCIIO aAPECOB B 3TOI KOMaHJE 10 ABYX. AJpeca Takoi
KOMAaH[IBI IPUHATO HAa3bIBaTh AHCT — a[Ipec NCTOYHNKA TAaHHBIX U ANP — agpec
MpUEeMHIKA TaHHEIX. [loydaem pacuimpeHne aipecHOro MpOCTPaHCTBa 10
Q =2""=256 k6. [[yxaapecHas KOMaH/a IEPECHLIKH HE COAEPIKHUT "MyCThIX
anpecoB" (MOV Auct Anp). /IByxagpecHas KOMaHa epeaadu yIpaBiIeHUs
COJIEP>KUT OJIMH "TycToM azapec” (BMECTO IBYX B TPEXaJpECHOW KOMaHJIE).

A kak 00eCTICUNTh UCTIOJIHCHUE TPEXIapaMeTPUICCKOTO ICHCTBHS 00-

pabOTKK JAaHHBIX, HAIPUMED JCUCTBUS ciokeHus? Onpenenum GopMat mMa-
IIMHHON KOMaHbI clioxkeHus:: ADD Auct Amp, U yCTaHOBUM CIIEIYIONLYIO

cxemy ee BoimonHeHus (Pucynok I1-11).

ADD Awuct Anp

e

Awunct

Pucynoxk II-11. ®opMmaT AByXapecHOl KOMAHABI CI0KEHHS U cXeMa ee

BbIITOJTHCHU A
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Toraa, 1 pea3anuy TpexnapaMeTpUIecKoro AeCTBUS He0OX0I1-
MO BBITIOJTHUTH ITOCJIEA0BATEIIBHOCTD U3 TPEX ,Z[ByXElI[pQCHBIX KOMaHAO:
MOV A2 addr; ADD A1 addr; MOV addr A3.

31ech UCIOJIb3YETCsl BCIIOMOTaTelbHas sTYeiKa OllepaTHBHON TaMSITH C
anpecom addr, a Taxxe komanga MOV - niepecbUlKi MKy sueiikaMu ornepa-
TUBHOH NaMsATH (M3 NCTOYHHKA B IIPHEMHHK).

Takast cxema HCHOJHEHHs] KOMaH bl TpeOyeT OoJiee CII0KHOI opraHu-
3aI[M BBIYHCIIUTEIBHOTO TIPOIECcCca, 10 CPABHEHHMIO C TPEXaAPECHBIMI KOMaH-
nmamu. [pu "pyqroM" porpaMMUpPOBAHHAHN 3TO BEI3BIBACT ONPEICIICHHEIC
CIOXKHOCTH. HO K MOMEHTY TOSIBIICHHSI IBYXaIPECHBIX KOMaH/ "'py4yHOe" Tpo-
TpaMMHUPOBAaHUE OCYIIECTBIISUIOCH JINIIB HEOOIBIINM YHCIIOM CHCTEMHBIX TIPO-
rpaMMucToB. OCHOBHAsI Macca IPOTPaMMHPOBAJIa Ha SI3BIKAX BHICOKOTO YPOB-
Hsl, TJI€ MAIIMHHBIX KOMaH/ HE ObLIO BOOOIIE, U CI0)KHOCTH BBIYHCIICHHS
apu(PpMETHIECKUX BHIPAXKCHHH "JIeTJIN Ha TUIeYH" TPAHCISTOPOB.

Oxa3bIBaeTCsl MOYKHO MCIIOJIB30BATh U OJJHOAJPECHbIE KOMaH/Ibl. B
3TOM Clly4yae OJJHOIIapaMeTpHUYECKOe ACHCTBUE Nepeiaun YIpaBIeHUs peau-
3yeTcst oHoaipecHor koman1oit: (Hampumep, JMP addr), kotopas He coaep-
KUT "mycThIX aapecoB'. Ho as obecriedeHusl BO3MOKHOCTH HCIIOTHEHUS IBYX
U TpeX MapaMeTPUIecKHX JeHCTBUH HE0OOXOIMMO H3MEHNTh aPXUTEKTYPY
apugmernueckoro ycrpoiictsa (Pucynok I1-10). Bmecto Tpex peructpos (aBa
BXOJIHBIX PETHCTPA U OAWH PETHCTP PE3yIbTaTa) HCIOIb3yETCsl €AMHCTBEHHBIN
HaKOIHUTEJBHBIN perucTp R wim peructp — akkymyJasrop.

B kadecTBe mIaThl 32 OAHOAAPECHOCTD, BBOASTCS JBE CHIELU(PUIECCKUE
OJIHOA/IPECHbIE KOMaH/Ibl 0OMEHA JAHHBIMH MEXy ONEPaTUBHON MaMSTBHIO U
PETHCTPOM-aKKYMYJISITOPOM:

LOAD addr - nepecbuika Ha akkyMyJsITop R conepxumoro sueixu
olepaTHBHOM mamsTH ¢ ajapecoM addr;

STORY addr — nepecsiika B ssueiiKy ornepaTUBHON MaMATH C aAPECOM
addr copepxumoro akkymyisropa R.

BrinonHenue AByXnapaMeTpUUecKOro JeHCTBHS EPECHIIKH PEeAIU3y-
eTcsl ABYMs OJJHOAJPECHBIMU KOMaHIaMHU:

LOAD AucT; STORY Anp.

BerinonHeHNe TpexmapaMeTpUIecKoro JeHCTBHS CIO0XKEHHS OCYIIECT-
BIISIETCSI CIIEAYIOIIMM 00pa3oM:

LOAD A1; ADD A2; STORY A3.

B aToMm cityuyae ojiHOapecHas KOMaHIa CIIOXeHHs nmeeT Gopmar:
ADD addr u ee ucnonHenne peanusyercs no cxeme (Pucynok I1-12):
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A 4
addr R

Pucynoxk I1-12. BoinoJiHeHue TexonepaHAHO onepaiuu ¢
HCMOJIb30BAHHEM OTHOAAPECHOI KOMAH/IbI

KOMaH}Ia I/ICHOHL3yeT ABEC €AUHUIIBI HCXOAHBIX JAaHHBIX: HepBaH Xpa-
HUTCA B OHepaTHBHOﬁ naMsATH, a BTOpasd ABJIACT C060ﬁ PE3YyJIbTAT BBIIIOJTHCHUA
r[pem)mymeﬁ ornepanry U XpaHUTCA Ha aKKyMYJIATOPHOM PErUcCTpe. Pe3yJ’II)TaT
HCIOJHCHHUSA KOMaH/Ibl OCTACTCA HAa AKKYMYJIATOPHOM PETUCTPE.
PaCCMOTpI/IM MIPUMEP BBIYHCIICHUA apI/Iq)MeTI/I‘ICCKOFO BbIPAKCHUS:
z := a+b+c+d.

C HUCII0Ip30BaHNEM TPEXaAPECHBIX KOMaH I IIpOrpaMMa ero BbIUHcie-
HUS BBITJISIAAT CIEAYIOMNM 00pa3oM 1 TpedyeTt 9 oOpameHnii K orepaTHBHON
mamsATH (Tpu oOpaleHust Ha KOMaHAY):

ADD ab z
ADD zc z;
ADD zd z.

C ucnojp30BaHUEM ABYXaApE€CHBIX KOMaH/ ITpOrpaMMa BbIUYHCIICHUA
BBITISANT CIEAYIOIUM 00pa3oM u Tpedyer 12 obpaieHuii k onepaTHuBHOH Ia-
MSTH (TpH 0OpalieHusl Ha KOMaHAy):

ADD a z;
ADDD z;
ADD c z;
ADDd z.

C ucronp30BaHUEM OHOAIPECHBIX KOMaH] MPOrpaMMa 3aliChIBACTCS
B CIIC/IyIOIIEM BHJE:

LOAD a;
ADD b;
ADD c;
ADD d;

STORY z.
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IIpu sToMm, komaraer LOAD u1 STORY wucnons3yro mo ogHoMy 00-
pamenmio kK oneparuBHOH nmamsatu. Komanna ADD ucnons3yeT ogHO obpare-
HHUE K OIICPATHBHOM MaMSTH U J1Ba OOPAIIEHUS K PETUCTPY — aKKYMYJISTOPY.
Ho B kauecTBe perucrpa akKyMyJsiTOpa UCIOJIb3YeTCsl CBEpXOBICTPOCHCT-
BYIOIIUH PErucTp, BpeMs oOpalieHust K KOTOPOMY 3HAUUTENIbHO MEHbIIIE, YeM
BpeMsi 00palieHust K orepaTHBHON mamsTu. CxeMa BBIYUCIICHUH, IPH KOTOPOH
MIPOMEXXKYTOUYHBIA PE3yJIbTaT OCTAeTCs Ha CBEPXOBICTPOAEHCTBYOLIEM PETrUCT-
pe, CyIECTBEHHBIM 00pa30M IMOBBIIIAET CKOPOCTh BEIYMCICHHS apupMeTHye-
ckoro BeIpaxkeHus. (Bcero tpebyercs 5 oOparieHuii K onepaTHBHON MaMSITH. )

Taxkum obpazom, ucnonv3oeanue aKKyMyasamopa He moJibKo no360-
asem pacuiupums adpecHoe nPOCMpanHcmeo u ycmpansaem npoonemy ""'nyc-
mbix adpecog'’, HO maKsice n0O3601Aen, RPU COOMEEMCMEYIOUell OPZanU3a-
YU GLIYUCTUMENILHOZ0 RPOUECCA YEeIUYU UMb €20 CKOPOCHb 3a CYem Om-
cymcmeus Heo0X00uMOCHu OMCHLIAMb RPOMENCYMOUHbIE PE3)IbINANbL 6
"mednennyr' onepamusHyo namame.

4.4  Komanael 1 0aiiTOBast CTpPYKTypa ONepaTUuBHOU
aMATH

BaiitoBas CTpyKTypa onepaTUBHON NaMsTH IO3BOJISET UCIONIb30BaTh
KOMaH/ibl TIEPEMEHHOM JUIMHBL. B 3TOM cilyyae KOMaHJja COCTOUT U3 OJIHOTO
wim GoJee Oaiit, mpuyeM nepBblid OalT NpeicTaBiIsieT Ko onepauuu. B apxu-
TEKTypaX COBPEMEHHBIX KOMIIBIOTEPOB OIIPEIEISIOTCS 0e3apecHbIe, OTHOAT-
pecHble 1 AByXanpecHble komaHasl (Pucynok I1-13).

IIpumeps! KoMaH:

o Oezaapecubie: HLT (ocrano), RET (Bo3Bpar u3 npepeIBaHms);

o oxpHoanpecusie: DEC addr (ymeHbIIeHHE 3HAYCHHS TYCHKHA TAMITH Ha
enuauiy), JMP addr (6e3yciioBHEII epexo]] Ha KOMaHIy C 3aJaHHBIM ajl-
pecom);

e MOV Auct Anp (mepecsiika 3HaYSHHUS U3 UICTOYHUKA B IPHEMHUK),
ADD Auct Anp (crnoxeHre 3HaYeHUS ICTOYHHNKA C 3HAYEHHUEM ITPHEMHHUKA
— pe3yNbTaT B IPUEMHHUK).
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bezanpecnas komanaa
KOI1
OnHoaapecHas KOMaH/1a

| | | |

KOI1 addr

JIByxaapecHasi koMaH/1a

| | . | |

KOII Awucr Anp

Pucynoxk I1-13. ®opmaThl KOMaHJ COBPEMEHHBIX KOMNILIOTEPOB

Ilone anpeca B Takoil KOMaHJE MOXKET COCTOSATh U3 IPOU3BOIBHOTO
yrcina 6aiT, 9TO MO3BOJISIET B 3TOM MOJIE XPAHUTH aPeC C HyKHBIM YHCIOM
paspsnoB. Tak, Hanpumep, 4deTeIpe 6aiiTa axpeca MO3BOJIIOT aAPECOBATH MPO-
CTPAHCTBO ONEPATHBHOI namsTH B 2°7 GaiiT (4 TepaGaiita). TeopeTHUCCKH 3TO
pemiaer npodieMy axpecanny olepaTUBHON MaMsITH OOJIBIIOTO 00beMa.

Ho ecth npaxTuyeckas cTopoHa Bonpoca. BcmomHuM, 4To BpeMs BbI-
MOJIHEHHMS TIPOTPaMMBbI B 3HAYNTEIILHOM CTEIIEHH OIPEJIEIISeTCs] CKOPOCTHIO
oOMeHa OorepaTHBHON IMaMSTH C LEHTPAIBHBIM ITponeccopoM. [imHa aByxan-
pecHoli KomaHzp! coctaBiseT: (1+4+4) =9 6aiit. Eciin oOMen onepaTtuBHON
MaMATH ¢ IEHTPAIBHBIM IIPOIIECCOPOM OCYIIECTBIISETCS TOOANTHO, TO AT
YTEHHsI KOMaH/Ibl Ha PETUCTP KOMaHA TpeOyeTcs AeBATh 0OpaIneHni K onepa-
TUBHOH nmaMsaTh. I1o3ToMy, IIMHHBIE KOMAH/IbI CYIIECTBEHHBIM 00pa3oM 3a-
MEJUISIOT CKOPOCTh 00pabOTKU IaHHBIX ITPOTPAMMOIA.

[pumeuanue. B coBpeMEeHHBIX apXUTEKTypax KOJINYECTBO OaiT, 3a
OJTHO O0OpalleHre U3BJIEKAEMbIX U3 ONIEPaTHBHOM MamsTH (BO3BpaIl[aeMBbIX B
OTIEpaTHBHYIO MAMSTh), ONIPEEISIeTCs] IIMPUHON IIMHBI JaHHBIX. Tak, mecTHa-
JIIaTH pa3psiiHas MIMHA JaHHBIX 00ECIIeYMBacT 3a OJHO OOpallleHHe Nepeaady
JBYX OalT M T.1. DTO YaCTHYHO penraeT npodiemy "IIMHHON "KOMaHIIbI, HO HE
CHHMAET €€ COBCEM.

4.5 Hcrnonap30BaHHE CTEKOBOU MaMATH

[Ipu aBTOMaTHYECKOM BBHIITOTHEHUN IPOTPAMMBI, 3aIICAHHON Ha S3bI-
K€ BBICOKOTO YPOBHS, BO3HHUKAIOT ABE MPOOIEMBI, KOTOPBIE IS CBOETO pelIe-
HUS TPEOYIOT MCIIOIb30BAHMSI CTEKOBOM MaMSITH.

CrexoBast (Mara3uHHast) HaMsTh IPEACTABIACT COO0I TUHAMUYCCKUN
MacCHB, AUCIMIUINHA 0OCITY)KUBAHHUS JIJII KOTOPOTO (hopMyInpyercst Cieayro-
M 00pa3oM: ROCIEOHUTL 80ULeNl — NEPBDLIL GbILULEIN.
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Hocwurens Tekcra, Ha OCHOBAaHUU KOTOPOTO CTPOUTCS CTEKOBAs Ia-
MSTb, TAKXKE KaK M AJIs1 CITy4ast OIepaTUBHON MaMSITH, IPEACTABISET COOOH
MocJe10BaTeNbHOCTh CTpoK. Ho 4ncino cTpok B 3TOil nmocneoBaTenbHOCTH U3-
MEHSIETCS TPH BBIIOJIHEHUHU OIEPallvii BKIFOUSHHUs/ HCKIFOUESHUSI.

[Ipu BBINIONIHEHUH OTNlEpalliid CO CTEKOM HCIIOJIb3YETCS PETUCTP CBSI3U
X. Onepauust BKIIIOYEHHS J00ABIISICT PETHCTP B BEPLUIMHY CTEKA M IPHUCBaUBAET
9TOMY perucTpy 3HaueHue perucrpa cssizu X (Pucynok 11-14).

X X

3HaueHue 3HaueHue 3HayeHme

Bepimna creka

Bxi(X)

JIHO cTeKka—

Pucynok I1-14. Onepanus BKJIOYEHHS B CTEK

Ormepanus HCKIIFOYESHHS IIPUCBANBAET PETUCTPY CBsI3H X 3HAYCHHE pe-
THCTpa-BEPUIMHBI CTEKAa M MCKII0YaeT mocieauii u3 creka (Pucynok II-15).

X X
3HayeHue 3HayeHune

<4 Bepmmna crekad

Uckn(X)

JIHO cTeka—w

Pucynoxk II-15. Onepanys HCK/II0YEeHHUS U3 CTeKa

4.5.1  Asmomamuueckoe gvluucieHUe TH0O020 APUPMEMULECKO2O
BbIPAIICEHUSL.

Cucrema KOMaHI KOMITbIOTEpA HE COACPIKUT KOMaHAbI BBIYUCIICHUA
JII000r0 apu(pMETHIECKOE BhIpaKeHU. Ero BeIYKCICHHE HEOOXOUMO ajro-
PUTMHU3MPOBATh, HCIOJIB3Ysl JIMIIb YEThIpe apu(pMETHUECKHUX ONEpaIiu, KOTO-
pBle peann3yroTcsi KoMaHaaMu 00pabOTKH JaHHBIX KoMIbloTepa. T.e. HeoOxo-
JIM aJTOPUTM, KOTOPBIH, OJyYast HAa BXOJ apu(METHIECKOE BBIPAKEHHUE JTO-
0011 COXXHOCTH, 00CCIIEUNBACT MOCICIOBATEIBHOCTD BBITOIHEHUS apupMeTu-
YECKHX Olepanuii, 00eCeYrBaOIINX BHIYUCICHHUE €ro 3HAYCHHSI.
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AJNTOPUTM, O4EBHIHO, IOJDKEH YUUTHIBATh KaK IIPHOPHUTETHI BHIIIOJIHE-
HUA apu()METHIECKHUX Ollepaliid, TaK U H3MEHEHHUE 3THX PHOPUTETOB IIPH
HaJIMYUE CKOOOYHOU CTPYKTYpPhI IPOU3BOJIBHOM TTyOUHBI.

[Mepen BoruncieHneM apupmMeTHIECKOe BEIpaXKEHUE peodpasyeTcs U3
nH}UKCHOHN popmbl B mocThukcHyto Gpopmy. MHbukcHas Gopma (mpuBbIYHAS
JUIS 9eJI0BEKA) MIPEATIoIaraeT 3annch 3HaKa OMHApHOHN OTepaliii MEX/1y Orle-
pannaMu otoi oneparuu. Hanpumep: (3+7)*5+(4+6)*3 = 80. Beruncnenue
BBIPa)KEHUS! BEJIETCSI B COOTBETCTBHHU C IPUOPUTETAMH, TTOPSIOK ITPUMEHEHHS
KOTOPBIX HU3MEHSETCS CKOOKaMHU.

Hoctdukcnas ¢popma apuhMeTHIECKOTO BEIPKEHHS MIPEAIOTaraeT
3aIIMCh 3HAKa OIepaliy MOCIIe ONePaHIoB dTOM onepauuy. Hike npuBoauTcs
He()OPMAaTTLHBIN aJTOPUTM MEPEBOIA BRIPAKEHHUS U3 HHOUKCHON (OPMBI B
NOCTHUKCHYIO GOPMY, KOTOPBII MOXKET HCIOJIHATHCS TOJIBKO YETOBEKOM:

e OmepaH/bl BEIPAXKEHHS NIEPENUCHIBAIOTCS B TOM XK€ IIOPsIKe, B KAKOM
OHU MPUCYTCTBYIOT B BHIPQKEHUHU, CKOOKH UTHOPHPYIOTCS;

®  PACCTaBIISIOTCS 3HAKH ONEpalyii MOcie TeX ONEePaHaA0B, K KOTOPHIM OHU
MOTYT OBITH IPUMEHEHBI.

st Hatero npuMepa nosydaeM noctukcHyro Gopmy apudmernye-
CKOTO BBIPXKEHHS:

3.7 +5*46+3* +

[pumevanue 1. CymecTByeT pOpMaIbHBIA aNrOpUTM IIEpEeBOIa 13
WHOPUKCHOH B MOCTPUKCHYIO (POpMY, UCTIONB3YIOMINNA CTEKOBYIO ITaMSITh.

[pumeuanue 2. [Tocthukcuyro Gopmy apuhMeTHIECKOrO BHIPAKEHHS
Ha3bIBAIOT Taoke "'0ecckobounoi" mwn "nonbekoit”. Ilonbpekas — mo nmeHn
HOJIBCKOTO MaTeMaTHka JlykaimeBnya, BIepBble PEATOKUBLIET0 3Ty GopMy
3aIKCH.

[MocrdukcHas popma 3anucy apupMeTHIECKOTO BEIPAYKEHHUS HE HC-
MOJIb3YET CKOOKH U He TpeOyeT yCTaHOBKH IIPHOPUTETOB BBINIOJIHEHHUS ONiepa-
1uid. [To3ToMy anropuT™ BHIYMCICHHUS BRIPQKEHHSI OYEHB ITPOCT M CBOJUTCS K
MIOCJIEA0BATEIILHOMY IIPOCMOTPY MOCT(UKCHOM 3aIIMCH U K BBIIIOJIHEHUIO OIe-
pauwuii o Mepe ux obHapysxenus. bonee crporo:

® [IOCJIEIOBATENIFHO MPOCMATPUBATH IIOCT(HUKCHYIO 3aIHCh;

o ECJIM Texymuii >IeMeHT — OTlepaH/
TO BKJI(onepanm)
NHAYE NCKIJI(X); UCKII(Y); X:=X<3Hak>Y;
BKJI(X);

o [locie oxoHYaHKs TPOCMOTPA MOCT(HUKCHOW 3aIHMCH Ha JJHE CTEKa OCTa-

€TCA pe3yJIbTaT BLIYUCIICHUA apI/l(l)MeTl/I‘-IeCKOFO BbIPAXKCHMUS.

Jliist Hatlero nmpuMepa COCTOSIHUS CTeKa U3MEHSIOTCS, KaK M0Ka3aHo Ha
(Pucynok 11-16).
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Al

Pucynox II-16. Padora cTexka npu BeIYHCICHUH apH(PMETHYECKOT0
BBIPaKCHUSA

4.5.2  Vnpasenenue gvinonnenuem npospammul, COCmosuell u3
noonpozpamim
[Mporpamma, 3armcanHasi Ha sI3bIKE BHICOKOT'O YPOBHSI, COCTOUT U3 TO-

JIOBHOH IPOrpaMMBbI U IOANPOrpaMM M UMEET CTPYKTYypY nepesa (PucyHok
1I-17)

T'omoBHas
nporpamMma

Pucynoxk I1-17. /IpeBoBuaHasi CTPYKTypa NPorpaMMbl

[Topsiiok BBIMONHEHHMS IPOTPAMMBI OIIPENIENIeTCs 00X0I0M JiepeBa
(TyHKTUpHAS! JTUHUS).
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Ta6auna I1-7. [Topsaok BHINOJHEHUS POTrPAMMBI

Brmonaenue I'T1 go agpeca "a";

[cTex]=mycTO

Oo6paienue k IT/T1,: [CUK]=a
BKJI(CUK+1); 6e3ycnoBHBbIi Tie- [cTex]=a+1
pexon Ha Havaio [1/T1,
Beimonnenue [1/T1, 1o agpeca "¢ [cTek]=at1
Ooparenue k [1/T14;: CUK=c

BKJI(CUK+1); 6e3ycnoBHbIi Ie-
pexox Ha Havayo [1/T1,,

[cTrek]=a+1,c+1

Brmonunenue I1/115; 1o RETURN;

[anpec_Bo3Bpara]=c+1

Bosspat Ha nponomkenne [1/T1,5: [cTex]=at1;
NCKJI(anpec Bo3Bpata); besyc-
JIOBHBIH IIepexo]] Ha ajpec BO3Bpa-
Ta T.€. Ha c+1
Bemomnaenne [1/114 mo agpeca d [cTex]=a+1;
Oo6pamenue k [1/T14,: [CUK]=d

BKJI(CYK+1); 6e3ycnoBHBII Tie-
pexon Ha Havano [1/11,,

[crex]=a+1;d+1

Brimonuenue I1/11,, 1o RETURN;
Bosspar Ha npogosmkerue IT/T1,:
NCKJI(anpec Bo3Bpata); besyc-

JIOBHBIN NIEPEX0/] Ha aJipec BO3Bpa-

Ta T.¢. Ha d+1

[anpec_BozBpara]=d+1
[cTex]=at1;

Brmoanenue IT/T11, 1o RETURN;
Bosspat Ha npogomxenue I'TI:
NCKIJI(anpec Bo3Bpata); besyc-
JIOBHBIH IIepexo]] Ha ajpec BO3Bpa-
Ta T.€. Ha a+l

[cTex]=mycTO

Bremomnaenue I'TI no agpeca "B";

[cTex]=nycTO

O6pamenmne k [1/T15:
BKJI(CYK+1); 6e3ycnoBHBII Tie-
pexox Ha Havaio 1/

[CUK]=b
[cTex]=b+1

Brimonuenue [1/11z 1o RETURN;
Bo3sspar Ha nponomkenue 'TI:
NCKJI(anpec Bo3Bpata); besyc-
JIOBHBIH MIEPEX0/1 Ha aJpec BO3Bpa-
Ta T.¢. Ha b+1

[anpec_Bo3Bparal=b
[cTex]=mycTO

3asepmenue ['T1

VYcnoBHbIe 0003HAUEHUS: [X] — comepkuMoe stuekiku/peructpa x; CUK

— CUCTYHUK KOMaH/.
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Takum 06pa3oM, CTEKOBasl MaMATh PeIIaeT Kak MpoOIeMy BEIYHCICHUS
apu(MeTHIECKOro BRIpaKEHUS. TaK M MPOoOIeMy YIpaBIeHHS IPOTPaMMOHN.
DTO omnpenenseT HaTuIKue CTEKOBOM MaMsTH B JIIOOOM COBPEMEHHOM KOMITBIO-
Tepe.

4.6 OAHOKOMITIOHEHTHBIE CIIOCOOBI aipecalnu
4.6.1  Ilpsmas u Henocpedcmeennas aopecayus

Kak ye roBopuiioch HEOJAHOKPATHO, CAMBIM MPOCTHIM U OYEBUIHBIM
CHoCcoO0M yKa3aHHsi MECTOIOJIOKEHH S OTIepaH/Ia SBJISIETCS PACIIONIOKEHUE B
ToJIe aJpeca KOMaHbI MOTHOTO ((PU3NIECKOT0) ajpeca ornepaHa B OTiepaTHB-
HOW MaMsITH, T.€. HCIOJIb30BaHue MpAMoii anpecauuu (Pucynok I1-18-a). Cu-
HOHHUM TPsAMOIt aapecauu — aGcooTHas aapecanus. [lo cux nop npu pac-
CMOTPCHUHN KOMaH BBIYHCJIUTEIILHON MAIIMHBI Mbl UCITOJIL30BaJIN MpsAMY1o
aJIpecalmio.

KOIT
Abc. [MamsTe KOIT KOIT
| Adpec | S ~—] Onepaun 0
- Omepany —|
p| Omnepann
~—
a b

Pucynoxk I11-18. IIpsimas anpecanus onepaTuBHON NaMATH (a)u
HenocpeacTBeHHAas ajgpecanus onepanaa(b)

Henocpencrennas anpecanyst o3BOISET 331aBaTh KOHCTAHTY Kak
COCTaBHYIO 9acTh KOMaH/IbI. B agpecHOM mosie KOMaHAbI 3aIIChIBACTCST KOH-
CTaHTa, KOTOpas BRICTYHAeT B KauecTBe ornepanaa koMauasl (Pucynok II-18-b).
Hanpumep, MOKHO 3armicaTth YUCIIO T WIH KaKyro 00 pU3NIeCKyI0 KOHCTaH-
Ty. BOJIBIIMHCTBO HEMOCPEICTBEHHBIX ONIEPAHAOB MPECTABIET COO0I He-
OoJIbIIIMe BETMYHMHBI CO 3HAKOM, JUTS Pa3MEIICHHUS] KOTOPBIX TPeOyeTCsl OuH
OaiiT mamsaTu (peako nBa Gaiira). Onepany nmepeaaeTcs B EHTPAIbHBINA TIPO-
LIECCOp BO BPeMs YTEHHUsI KOMaHAbI U3 onepaTuBHOi namaru. Hemocpencreen-
Hasl aipecalys He SIBJISIeTCs He0OOXOIMMOI, HO €€ MCII0JIb30BaHNE YMEHbBIIAET
06’beM IporpaMMbl U COKpallacT BPpEMs €€ BbIIIOJTHCHU.

4.6.2  Pecucmpvl 0bwe20 HaA3HAUEHUS U peUCmposas aopecayus

Eme pa3 noguepkHeM, 4TO JI0 CHX ITOP MBI IMEJH JIEJIO TOJIBKO C TIpsi-
MOH ajpecalyiell onepaTuBHOM MaMsTH, T.€. BCE aApECHBIE OISl KOMaH I CO-
Jiep Kanu pU3nYecKue ajpeca ornepaTiuBHOM naMsaTi. Ho Taxke ncnons3oBa-
JIMCh J1BA BHJA AMATH, KOTOPBIE a{peCOBAIMCH M0 YMOITYAHUIO: PETHCTP-
AaKKyMyJnsiTop R 1 cTexoBast mamsTs.
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Kpome Bcero npodero, perucTp akKyMyJIATOp, BHIIOIHEHHBIN Kak
CBEpXOBICTPOACHCTBYIOMIAS sTUCHKA TaMSTH, TIPH ONPEeICHHON TEXHOIOTHI
BBIUMCIICHHUH 00ecieunBall OOJIbIIee OBICTPOCHCTBUE 3a CYET BO3MOKHOCTH
HE IEpEChUIaTh MPOMEKYTOYHBIE PE3YJIbTAThI B OIIEPATUBHYIO IIaMATh, a Xpa-
HUTB MX Ha pErUCTpe akKyMmyJssTope. B nanpHeiem okas3anoch Lenecoodpas-
HBIM BBECTH B COCTaB LIEHTPAIBHOTO IPOIECCOPa MAacCHB CBEPXOBICTpOAEHCT-
Byrouux siueek (Pucynok I1-19-a), koTopsle nmony4nian Ha3BaHUE PETHCTPOB
o6Owero Haznauenust (POH).

] Homep peructpa
s E KOI1
o
% an
d » >
Rk-1 § L—p Onepanyg
aw
LlenTpanbHbIii 5
nporeccop > Rk-1
a b

Pucynoxk II-19. ApxutekTypa npoueccopa ¢ perucTpaMu o01ero
Ha3HayveHus (a) U peructponas aapecauus (b)

Ha perucrpax o0miero Ha3HaueHUsI MOKHO XPaHUTh Pa3IndHbIE ITPO-
MEXYTOYHBIE Pe3yJIbTaThl, TEKYIIYIO UCTIONHIEMYIO KOMaHy, aJpeca CTeKa 1
MacCHBOB JIaHHBIX H T.I.

Io cytu nena, B apXUTEKType KOMITBIOTEpa, KpOMe OIepaTUBHOM Ia-
MSITH, TIOSIBISIETCS €IlIe OJTUH KJIacC MaMsATH — CBEpXOBICTPOACHCTBYOMIAs pe-
rucTpoBas. Takasi mamsTh UMeeT HeOOoIbIIoi 00beM (8 mwim 16 perucTpo) u
HMeeT CBOIO CHCTEMY aJIpecalii. Alpec perucrpa ooIero Ha3HaueHUs IPUHS-
TO Ha3bIBaTh HOMEPOM PErUcTpa.

PeructpoBas anpecarus sBiIsgeTcss HHUEM HHBIM Kak MPsIMOH axpeca-
nueit POH. B cuty Toro, 4to /i XpaHSHUST HOMEpa PErucTpa TpedyeTcs He-
3HAYUTEIBHOE YUCIIO Pa3psioB, M0JIe afpeca KOMaH/Ibl U BCS KOMaH/a B 11eJI0M
nMeeT HeOobIyIo AuHy. Kak roBopuiioch paHee, KOMaH/ia MOXKET BKJIFOUYATh
B ce0s HECKOJIBKO apecHBIX Nosel. BriosiHe nomycTuMo, 4To Kaskaoe nose
MOXET UMETh CBOIO cliennpuueckyto aapecaruo. Hanpumep, nepsoe mojue —
PETHCTPOBas aJpecanus, BTOPOe MoJIe — npsiMasi aapecarys.

B cuity Toro, 4to Tenepb UMeeTCs ABa Kilacca IaMsTH, BOSHHKACT He-
MaJIOBaXKHBIH BOIIPOC paclo3HaBaHUs CIoco0a axpecalii, KOTOPBIH HCIIONb-
3yeTcs B Ka)XKIOM II0Jie afpeca. 31ech HCTIOIb3YIOTCS B OCHOBHBIX MOIXO0/A.
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IlepBoiit moaxon. Crocod aapecanuu 3aaaeTcss KOJOM OMNepaiuud Ko-
MaHjbl. Harmpumep, koMaHa nepecbuiku Oaiita u3 peructpa POH B oneparus-
HYIO aMsITh 3aITUCHIBACTCS HA SI3BIKE acceMOiiepa B BHJIE:

MOV mem_byte, R1;

u uMmeeT koj oneparuu (88)6. Torma kak komaHa epecbUIKK OaifTa U3 onepa-
TUBHOI namstu Ha peructp POH 3amuceiBaeTcs Ha si3bIke acceMOuiepa B BUjE:
MOV BL, mem_byte;

U UMeeT KoJ oneparm (8A)q.

Bropoii noaxon. IIpu3Hak perucTpoBoi agpeca MOXXHO TakkKe
yKa3bIBaTh B I0JIE a7[peca, KOTOPOE B 3TOM CJIydae COCTOUT U3 JIBYX YaCTCH:

<mpedukc crocoda anpecanur> <HOMEp perucTpa™.

Crioco0OsI afipecanuy CoOBpeMeHHOTo KoMmmbioTepa (ocobenHo PC)
4Ype3BbIYAHO pa3Ho0Opa3Hbl. [10poOHOE HX MepeunCIeHHue BBIXOINT 32 PaM-
KU HacTosero u3aanus. CKakeM TOJIBKO, YTO B CHCTEME KOMaH/I COBPEMEH-
HOT'O KOMIIBIOTEpA HUCIIOJIb3YIOTCSl 00€ BO3MOKHOCTH: YTO-TO ONPENEIISeTCs
KOJIOM OIlepalli, 4TO-TO IpeuKCOoM criocoba aapecaluy B mMoJie ajapeca.

4.6.3  Koceennas pecucmpogas adpecayus

Kocsennas peructpoBas ajgpecalys NOSIBUIACH BIEPBLIE B IIECTHA-
JIIaTHUPa3psAHBIX MAIIMHAX KAaK CPEJICTBO, O3BOJISIONIEE HEOOIBIINM YHCIOM
PpaspsI0B OIS aipeca apecoBaTh OOJIbIIOE KOJINYECTBO PETHCTPOB Olepa-
TUBHOM MaMSITH.

B ciyuae KOCBEHHOW peErucTpoBOi aipecalyy, NoJe apeca KOMaH bl
COJICPIKUT a/IpeC PErucTpa OOIIET0 Ha3HAUYEHMSI, KOTOPBIH SIBIISCTCS HCIONIHU-
TENBHBIM aJPECOM JUTSI JOCTYIIA K stueiike onepaTuBHOM mamsatu (PucyHok
11-20).

KocBeHnnas perucTpoBasi aapecanus UCIOJIb3yeT NOHATHE UCTIOIHU-
TENBHOTO ajpeca (AMeM), KOTOPOE MPUCYTCTBYET BO MHOTHX CJIOKHBIX CIIOCO-
6ax agpecaruu. [Ipu aToMm anpec noctyna K namstiu (AMCH) yKa3bIBaeTcs He
HEMOCPEJCTBEHHO B I0JI€ aApeca KOMaH/bl, a BEIUUCIISETCS MO ONPENEIEHHOMY
3aKOHY B IIpoLiecce JOCTyIa K onepaTUBHOM nmaMsaTu. bonee crporo, ncnoJnn-
TeJbHBII agpec - QyHKIUS, apryMEHTaMHi KOTOPOH CIy»KaT 3Ha4eHHe HoJeit
KOMAaH[IBI W/UITN COAEPKUMOE PETHCTPOB. B ciIydae KOCBEHHOH PerHCTPOBOMA
anpecanuu nmeeM: Aucn = (RI). 3xecs - RI HOMep peructpa obmero HazHa-
yenus, (RI) -cogepxumoe 3Toro perucrpa.

IIpumeuyanne. OueBUIHO, YTO eCiid 00BEM ONIEPATUBHOIN MaMATH PaBEH
2%, T0 umCIO PaspAIOB AMCH JOKHO PaBHATHCS K.

Hanpumep, cienyromast KoMaHaa ONpPEAEAeT NEPECHUTKY COAEPKH-
Moro onepatuBHoi namsitu aapecom 1040H B peructp oOuiero HazHauenus R1
(pu ycnoBuw, uto Ha peructpe R2 Haxoautcs nsonunsiii kog 1040H). B atoit
KOMaH/Ie MepBBI ONepaHa UMEET MPSAMYIO PETHCTPOBYIO aIpecaliuio, BTOPOn
oIepaH]] — PErUCTPOBYIO KOCBEHHYIO apECalltIO.

MOV R1, (R2);
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UcnonuurensHbI aapec

> RO\| 9999H naMsATh
—>> R1 ['1040H 4[
R2 1040H | 9999H

‘ MOV‘ R, ‘ (R2) ‘ R3 1041H

R4 1042H
RS
R6
R7

Pucynoxk I1-20. KocBennasi perncrpoBas aapecanus
4.6.4  AsmounkpemeHmHAs U ABMOOEKPEMEHMHASA a0pecayust

KocBeHHas perucTpoBas aapecanus no3Bosster 3pQpeKTHBHO peantn3o-
BaTh MOCJIEA0BATENBLHBIH JOCTYII K sUSHKaM MacCHBa 3a CUET I10CIIeJ0BaTENb-
HOTO MPUOABJICHISI KOHCTAHTHI (SIUHHUIIBI) K COACPKUMOMY PETUCTPA, COEp-
JKalero UCIOJHUTENbHBIN (KocBeHHBIH) aapec. [Jis Oonee adpdexTuBHOrO HC-
MIOJI30BAHMS 3TOT'O CBOMCTBA BBE/ICHBI JIBE Pa3HOBHHOCTH KOCBEHHOMN peru-
CTPOBOH afipecaliy.

ABTOMHKpeMeHTHasl aipecanusi 00eCIeYyrBaeT BEIYUCIICHHE UCIION-
HUTEJBHOTO aJpeca, Kak U MPH KOCBEHHOM PETHCTPOBOM CIIOco0e, a 3aTeM aB-
TOMAaTHUYECKH YBEIMUYMBAET UCIIOJIHUTENbHBIN anpec, Xxpansawmuiics B POH, na
JUTHHY orepaHpa B Oairax (Pucynok II-21).

[Mpedukc HOMep| perucrpa

KO | [ 1] POH
T T~

Ucnonnur agpec T T—
T —— Onepanp

b

+ T

y

Pa3mep onepanza B Oaitrax

Pucynok I1-21. ABTOMHKpeMeHTHas ajpecanus

ABTO/leKpeMeHTHAas aJpecalis aHAIOTMYHA aBTONHKPEMEHTHOM 1
obecriednBaeT BEIYUTaHHUE pa3Mepa oliepana B 6aiiTax U3 HCIOIHUTEIEHOTO
azpeca.
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4.7  MHOTOKOMIIOHEHTHBIE CIIOCOOBI aJPECaALNH

YMeHbIlIeHHE YUCia aJipecoB KOMaH bl IO3BOJIIIIO, 10 HEKOTOPOU
CTETICHHU, PACUIUPUTH aJPECHOE MPOCTPAHCTBO OnepaTUBHON mamsitu. Ho He
CTOJIb PAJIMKAIILHO, KaK TOro TpeboBau nmporpaMmucTbl. HeobxoaumocTs pa-
JIMKAITBEHOTO PACIIMPEHHUS aIPECHOTO MMPOCTPAHCTBA Oe3 3aMeIICHHS BBITTOJHE-
HUS KOMAaHJI, 8 TAKKe CIer(prKa MyIbTHIIPOTPAMMHOTO pekrMa (OYHKITHOHH-
POBaHUSI BEIYHCIIATEILHON MAIIMHbBI IPUBENH K Pa3paboTKe MHOTOKOMITIOHEHT-
HBIX CITOCOOOB apecalinu, MPEXkIe BCEro MPHUCOSANHEHHON apecaliy u OT-
HOCHUTENBHOM ajjpecanuu 1o Oase.

4.7.1  Cmpanuunas opeanuzayus namsamu u NPUCOeOUHEHHAs
aopecayus

[TpooOpa3 cTpaHNYHON OpraHU3alUy TAMSITH TTOSIBUICS B TpeXajpec-
HbIX MammHax tuna M-20. Kak ckazano Beiie, 12 pa3psgoB mnoiie aapeca J1o-
IIyCKAIIH aJpecaluio 6J10Ka IaMaTH (CTpaHuILy) pasmepom 2'2 = 4096 peruct-
POB. MOXHO MOCTaBUTH €IIe OANH OJIOK (CTpaHHILy) ITaMsTH, HO KaK aJ[peco-
BaTh ATy PACHINPEHHYIO MaMATh? YTOOBI pa3pemuTh 3Ty KOJUTU3HIO, OBIIIO
MPEUIOKEHO Pa30MBaTh OIIEPATUBHYIO MAMATh HA OJIOKK M BBECTH B COCTaB
APXUTEKTYPbI BEIUHUCIUTEIFHON MAITMHBI perucTp mpupameHus. B xaxaprit
MOMEHT BpEMEHH IIEHTPAIBHBIN Mpolieccop padoTan ¢ 0JI0KOM OIepaTHBHOM
MaMsTH, HOMEp KOTOPOTO XpaHHUJICS B JIByXOUTOBOM peructpe npupaiieHuii. B
CUCTEMY KOMaH/ BEIYUCIUTENbHOW MallIMHBI ObLIH BBE/ICHBI CIIEIUAIBHBIE KO-
MaH/1bl YCTAaHOBKH U 3alIOMUHAHUA 3HAYEHUS perucTpa npupaiieHuil. Takum
00pazoM, apecHoe MPOCTPAHCTBO PACLIUPSUIOCH JI0 YeThIpeX OJI0KOB (cTpa-
HUII) OTIEPATUBHON NaMSTH

B o0mmem cirygae cTpaHndHast OpraHU3aIisl TaMsATH IIPEAIosaraeTt
pa3OueHne orepaTHBHON MaMATH Ha paBHBIE IO pa3Mepy CTpaHUIbI (OJI0KH).
[Tycts umeercs N cTpaHun, kaxaas u3 KOTOpeIx umeet Juyuny L. Mcnonnu-
TENBHBINA apec MPEACTaBIACTCS B BIIE IBYX KOMIIOHEHT:

A ncn = <Homep CTpaHULbI><HOMEpP CTPOKU>.

VcnonHuTeNnbHEIN afgpec 00pa3yercs Mpu KaKIoM O0pallieHnH K ore-
PATHBHOI MaMSTH ITyTEM MPUCOSANHEHHS (OTepaIiisi KOHKaTeHAInN @) HoMe-
pa CTpOKH K HOMepy cTpaHHUIBl. CxeMa 00pa3oBaHHs HCIOJHUTEIEHOTO afpeca
npusenena Ha (Pucynoxk 11-22).
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Howmep crpannmsr

Nctp: HOMEp CTpaHHUIIBI

1: HOMEp cTpOKH

AJzpecHoe 1oJie KOMaH IbI

OnepatvBHas MamsTh

/"

.

Nerp

\ A, e ciomHUTENBHBIN apec

Omneparysi KOHKaTSHAIIN
(IpricoeuHEHNs )

Pucynoxk I1-22. BprunciieHre HCIOJHUTEIBHOTO ajpeca NPU CTPAHUYHOMI
agpecanMy OoNepaTUBHON NaMATH

[Ipu 3TOM B afpecHOM IoJie KOMaHIbl 3alIMChIBAETCS TOJIBKO HOMEP
cTpoku. Toraa kak B KauecTBE HOMepa CTPAHHUIIBI MOXKET UCIIOJIb30BaThCSI HO-
Mep 06a30BOi CTpaHUIIBI, HOMEpP TEKyIIel CTPaHHIBI MIIH HOMED, XpaHsLIeHcs

Ha cnenuainbHoM peructpe crpanul (Pucynox 11-23).

Crpanna 0 b |Ne CTpaHI/IuLI| Ne crpoku |
VcnonnurensHbIi anpec
Crpanuua 1
Kon IMamsaTs
| 0 | Nectpoxu —~___
v
c | 0 | Ne cTpoku |—> Onepann
/‘\/ HcnonnurensHblil aapec
/\_
CyeTyuk KOMaH] KOII
Crpanuna L-1
|N9 CTpaHI/ILIBI| | Necrpoxu INamsTs
v ﬁ' T ~—__
a d [Ne CTpaHI/ILILI| Ne crpokn »| Orepann
McnonuuTenbHbli axpec
/—\__
Peructp ctpanuig KOIl [MaMsTh
e |Ne CTpaHI/llIbI| Nectpoku —
v
Ne CTpaHI/IL[LI| Ne ctpoku |_> Onepann
WcnonnurensHblit anpec
/\_

Pucynok I1-23. Pa3HOBUAHOCTH NPUCOETUHEHHOH aipecaniiu: a — eJieHue
aJpecHOro NPOCTPAHCTBA; b — HCMOMHUTEILHBIN ajgpec; ¢ —
HCNO/Ib30BaHue 0a30B0M cTpaHNIbI; d — HCMOIB30BaHUE TeKyIIeil
CTPAHHUIIBI; € - HCII0JIb30BAHUE PErUCTPA CTPAHMII.
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OueBHAHO, YTO pa3Mep aJpecyeMoro IpoCTpaHCTBA ONEPaTHBHOI Ma-
MSTH HE 3aBHCHUT OT AJMHBI [I0JIA apeca KOMaH/bI - OH OIpeesseT IHHY
CTPAHHUIIBL, & ONIPEAEIIACTCS YUCIOM CTPAHHUL], Ha KOTOPOE «Hape3aHay» oIlepa-
TUBHAs TIAMSITb.

B cuity Toro, 4TO HCHOHUTENBHBIN aJpec BEIYUCIISETCS TIOCPEICTBOM
(bYyHKIMM KOHKaTeHanuu (IPUCOCUMHEHNS ), TaKasl aJ{pecaliisi Ha3bIBaeTCs
NPHUCOCIMHEHHOI afpecanueii.

4.7.2  Aodpecayus c undexcupogaruem

[Ipwn agpecanny ¢ HHASKCHPOBAHUEM J[Ba KOMITIOHEHTA ajjpeca o0be-
TUHSIOTCS ITyTEM CIOXKEHHS. DTOT CIIOCO0 SBISACTCS YAOOHBIM CPEICTBOM Op-
TaHW3aIMH JIOCTyIa K MaccuBaM | Tabumiam. Kak nokazano Ha (PucyHok
11-24), cocraBHOIi 4acThIO KOMaHIbI sIBIIsieTCs 6a30BbIi ajpec B, koTopkIii Bee-
ria sBisiercst GU3NUECKUM aJpecoB oneparuBHOM naMsat. Muaekc I xpanurcs
B CIIELMAIHOM HHJEKCHOM PETUCTPE, KOTOPBIN JINOO CYIIECTBYET OTAENIBHO,
6o siBisiercst ogHUM u3 peructpoB POH. Tlpy BeIYKCIEHNH UCTIOTHUTEIBHO-
ro ajipeca UHAEKC npubapiseTcs K 0a30BOMY ajipecy:

Awvicn = B+l

WHaekcHbIi peructp

/\/ ITamsTs

bazoBsrit anpec I
B: 6a30Bb1it
| xon | B [ R | anpec
Homep :pCFI/ICTpa I: wrzexe
Awucn ’
'\i_/ OnepaHII

Pucynox I1-24. BolunciieHue HCIOJHUTEIBHOTO a/ipeca NpH ajpecanuu ¢
HHAECKCHPOBAHHEM

Ha Pucynok II-25 npencrasiena mpoieaypa nepenucH 3JIeMEHTOB U3
Maccusa 1 B MaccuB2, ucronb3yromas aipecaluio ¢ UHAEKCUPOBAaHUEM U aB-
TOMHKPEMEHTHYIO aJ[pECaIHio.

3neck, Bl — 6a30BbIi anpec nepBoro Maccupa; B2 —0a30BkIii ajgpec
BTOpOro MaccuBa; Ry — nHnekcHbl peructp. Komaunsl: 1- 3aneceHue Hero-
CPEACTBEHHON KOHCTAHTHI (€MHUIIBI) Ha PErucTp 0as3sl; 2- ycIoBHE OKOHYaHNE
TIepenncH; 3 —TIepechUIKa 3JIeMEHTa U3 MacCHBa B MacCHB; 4 — yBeNW4eHHUE MH-
JIEKCHOT'O PETHCTPa Ha SIMHUITY (aBTOMHKPEMEHTHAS a/IpeCcallvs).
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[Tamats
®

1:MOV #I,RI B2 ‘ B1

Awncil Maccusl

| 3:MOV B1,RI, B2, RI |
T r—> (Ry)
Apcr  Anp

r
| 4ADDARI)" | | Aucm2 M Maccus2

]
—

Pucynoxk II-25. Tlepenuck 371eMEHTOB MaCCHBA C HCNOJIb30BAHUEM
ajpecanuy 10 HHIEKCY.

4.7.3  Adpecayus no basze

Crioco6 anpecanuu 1o 6aze CX0X Co COCOO00M aIpecaliii ¢ UHCKCHU-
pOBaHUEM, U IO 3TOM IMPUYMHE UX 4acTO MyTaroT. ba3oBblil agpec Bceraa sBis-
eTcsl GU3MIECKUM afpecoM onepaTUBHOU namsaTH. CMeneHre MOXKeT ObITh KaK
TI0JIOKUTEIIBHBIM, TaK M OTPULATENILHBIM U YKa3bIBAeT TOJIOKEHUE OTepaH/ia
OTHOCHUTEJIBHO 0a30BOTO ajpeca.

[Tpu criocobe aspecanyy ¢ MHACKCUPOBAaHUEM KOMaH A COJICPIKUT Oa-
30BBIH ajipec, a B MHAEKCHOM peTHcTpe HaxonuTes cMenenue. Eme pas moa-
YEepKHEM, YTO 0a30BBIM aJpecoM SIBIIETCs (GU3MUYECKU afpec onepaTnBHON
[aMATH, 4TO JienaeT kKoManay "nHHOK". [loaToMy, HHAEKCHAs aJipecalus He
mpecienyer neib dhGHEeKTUBHON anpecaliii maMsITi O0JIBIIoro o0beMa, HO To-
3BOJISIET AP PEKTHBHO MPOTPAMMHPOBATE TPOLIEAYPEI pabOTHI ¢ MaCCUBaMH H
CHHMCKaMH.
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ITpu axpecanuu o 6a3e cuTyanust oOpaTHas — KOMaHIa COACPIKUT
CMEILICHHUE, a B CHELHAIbHOM 0a30BOM PETHCTPE pa3MelleH 0a30BbIi axpec.
Kax 1 B cityqae HHIEKCHOTO perucrpa, 6a30Bblil peructp Jimbo cyuecTByeT
OTJEJBHO, MO0 siBiseTcs oguuM u3 peructpoB POH. I1pu aTom komanaa mo-
Jy4aeTcs: "KOpoTKon", 4To 1o3BoJsieT 3 (PEeKTUBHO paboTaTh C ONEPATUBHOM
MaMATBIO OOJIBIIOTO 00beMa.

VcnonuurensHbIA afpec B cirydae aapecanuu rno 6asze (Pucynoxk I1-26)

BEIYUCIIACTCS 0 (popMyIIe:
Ancn = (R)+D.

basoBsslii peructp

TN [amsTs

N
Cwmenenue
|—P B
i B: 0a3o0BbIit
| xom | D [ R | anpec
Howmep berncrpa .
Ancn D: cmemenue
" " Onepanz

Pucynok I1-26. Belunciienue ucnoTHUTEILHOTO ajpeca B ciayyae
ajgpecanuu mno 6ase

4.74  Ceemenmmuas op2anusayuy OnepamusHOU RAMAMU U
aopecayusi no 6ase ¢ UHOEKCUPOBAHUEM.

CrpaHn4Has opraHu3alys ONepaTUBHON NaMITH U CBSI3aHHAs C Hell
MIPUCOETMHEHHAS aJipecalisi MOKET HUCIOIb30BATHCS MPU MYJIBTHUIIPOTPaMM-
HOM pEXUME PabOThl BEIYUCIUTEIBHOM CHCTEMBL. B 3TOM cityuae HECKOJIBKO
3a7a4 (IporpaMM BMECTE C JaHHBIMH) PacIiojlararoTcsi B ONEpaTHBHON MaMsTH
OHOBPEMEHHO M KaXIOW 3aJjauil BBIAEIAETCS LEJI0e YHCIO cTpaHul. O4eBuI-
HO, 4TO OIEpaTUBHAs MAMATh PACXOLyETCsl HEPALlMOHAIBHO: 3a/1a4e, 3aHH-
MAIOIIel BCETO HECKOIBKO CTPOK B CTPAHHUIIE, OTBOAUTCS CTPAHUIIA LIETTHKOM.

DTOro HeIOCTaTKA JIUIICH CII0CO0 ajpecanui, KOTOPBIH HCIIOIb3yeT
CerMeHThbI OIIePaTUBHOMN MaMATH (CTPaHHIBI TPOM3BOIbHON AMHHEL). [1o cyTH
Jienia 5T0 MOIUQHUKAIKsI CTPAHUYHOW OpraHU3alliy NaMsITH, P KOTOPOi
CTPaHUIIBI MOTYT UMETh PA3JIUYHYIO UTUHY.

B stoMm cniydyae 3anaue (mporpaMme, BMECTE C JAaHHBIMH) BBIACISETCS
BCEr0 OJIMH CETMEHT, HO JocTaTouHol JmnHbl (PucyHok 11-28). Hauano cer-
MEHTa B ONIEpaTHBHOM MaMsITH Ha3bIBaeTCsl 0301 3a/1auu (TOUHee, 6a30BBIM
aJIpecoM 3a/1a4M) U XpaHHUTCS Ha perucTpe 6as3nl Rp.
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Bce agpeca B mporpamme 3a/1a4u 3armchbIBalOTCS TaK, Kak Obl MPO-
rpaMma pa3Melajach B OIIEpaTUBHON MaMsITH, HAYMHAS C HYJIEBOTO agpeca
(oTHOCHUTENBHAS ajipecaltus). Torma HCOMTHUTENBHBIA apec TEKYIIeH KOMaH-
JIbI BBIYMCIISIETCS 110 CIIeAyroLel hopmyIie:

Auncn.komaHga = 6a30BbIN agpec +CHeTYNK KOMaHA,

Takas agpecaryist KOMaH MO3BOJISIET PEATM30BaTh EPEMEIAeMOCTh
IIPOTPaMM B OIIEPaTUBHOM ITaMATH. ITO HEOOXOMMO MIPU MYJIBTUIIPOTPaMM-
HOM pEXUME PabOThI BEIYUCINTEIBHON CHCTEMBI, IIOCKOJIBKY TIPU Pa3InIHBIX
CeaHcax MCIOJHEHHUS IPOTPaMMBbI CYIIEPBU30P 3arpy>kKacT COOTBETCTBYIOLIYIO
eif 3amady B pa3nuvHble 00JaCcTH MaMATH U3 ""cO00paXeHNH" HAIMIHs CBOOOI-
HOM maMsTH B JaHHBIA MOMEHT. [lpu 3arpy3ke 3a1auu cynepBU30p NepelacT Ha
peructp 6a3bl 6a30BbIN anpec 3a1auu, 1 0a30Bas aapecaiys odecreunBaeT
IIPaBUJIBHYIO 110CJIE0OBATEIbHOCTh UCIIONHEHHUSI KOMaH/ BHE 3aBUCHMOCTH OT
MECTOIOJIOKEHHS IPOTPaMMBI.

AJpec KOMIIOHEHTHI 33,124 (HarpuMep, MaccuBa JaHHBIX) OTIpeie-
nsiercst cMenenneM D 1 XpaHuTCs B moe ajgpeca KoMaHibl. TakuM o0pa3om,
WCIIOJTHUTEINIBHBIHA a/Ipec Hayasa KOMIOHEHTHI (MacCHBa) ONpeIeNseTcs 10
bopmye:

AncCn.KOMNOHEHT = 6a30BbLIN agpec + cMmelleHue.

MecTomonoxeHue dJIeMeHTa KOMIIOHEHTA OIIPCALCIIACTCA NHACKCOM,
KOTOPBII XpaHUTCS HA UHAEKCHOM PETUCTPE:
Auvcn.anemeHT = 6a30BbIN agpec + cMmeLleHue + HOEKC.

Takum 00pa3oM, UCTIOTHUTENBHBIN aipec AUCH 00pa3yercs myTteM apudpme-
THUYECKOTO CIIOKeHHs cMeleHus: D u3 mouist agpeca koMaH b, coepxumoro B
eructpa 6a3sl Ry 1 cogepxkumoro I nagexcHoro peructpa (Pucynok I1-27).

bazoBblii peructp  MHIEKCHBIN peructp

B

ITamaTe

I i
I I i B: 6a3oBbIit
azpec

CwMmerenne

[Kon | D [RB | RI]
: D: cmemenne

Howmepa perucrpos I: Urexe

:\i_j ............ Omnepann

Pucynoxk I1-27. BolunciieHue HCIOJTHUTEILHOTO a/ipeca B ciayyae
ajgpecanuy no 0ase ¢ MHAEKCUPOBaAHHEM
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Pucynoxk I11-28. 3agaua, 3arpy:keHHasi B oiepaTHBHYI0 IaMATh

Kak cka3zaHo BbIIIe, COlepKUMOE perrcTpa 0a3sl apecyeT Hadajio
CerMeHTa MPOrpaMMBbI B OIlepaTuBHOM namstu. it 32-X pa3psaHOTO perucTpa
0a3s1 PC 710 3HaYeHne MOKET U3MeHITLCS OT 0 110 2%, JmHa cermeHTa onpe-
JIENSIETCS] CMEILICHUEM, T.€. PAa3MEPOM aJIPECHOTO MO KOMaH/IBI.

IIpumeuanue. [IpucoennaenHas u 6a30B0— HHIAEKCHAsI aApecayuu Obl-
JIX U300PETEHBI JI0 TOSBICHUS KOCBEHHOM PErHMCTPOBOi aapecanuu. [locnen-
HsIs TO3BOJISIET CYILIECTBEHHBIM 00pa30oM pacUIMPHUTh apecyeMoe IPOCTPAHCT-
BO OTIEPATHBHOM ITaMSTH, HCIIOJIB3YS CPABHUTEIILHO KOPOTKOE TOJIE ajjpeca B
koMauze. /st 16-Tu pa3psaHbIX MalllMH pa3Mep apecyeMoro NpoCcTpaHCcTBa q
= 2'=64xunoGaiira, 1 32-X paspsaaHbIX MaumH -q=2""=22*%23'=4 repaGaiira.

Ecnu nuist 16-T1 pa3psaHbIX MaIIuH pa3Mep apecyeMoro mpocTpaHCT-
Ba OIIEPATUBHOMN MAMATH OBLI IBHO HEJOCTATOYCH, TO JUIS 32-X pa3psIHBIX
MaIyH (IIePCOHATBHBIX ) 3TOTO pa3Mepa XBaTaeT ¢ M30BITKOM (TI0 KpaliHeH Me-
pe, oKa). MoXeT CIOXKUThCS MHEHHE, YTO B ApXUTEKTYPE COBPEMEHHBIX BbI-
YUCIUTETIbHBIX MAIIMH OT PUCOECANHEHHON M OTHOCUTENIFHOM afpecanu
MOXXHO oKa3atbes. Ho nmerotest mpoGiieMbl, KoTopble 3((HEeKTHBHO PEIaloTes C
MMPUMEHCHUEM 3TUX METO0OB aJApeCaliun: Oprannu3anusi BI/IpTyaﬂbHOﬁ " KOII
MaMSTH, OPraHU3alKsl MyJIbTHIIPOTPAMMHOTO peXXuMa padoThI.

4.7.5  Omnocumenvnas aopecayus

Anpecanuo, Ipu pean3alii KOTOPOH UCIOTHUTENBHBIA aapec
BBIYHCIIAETCA KaK CyMMa (PUKCHPOBAHHOTO CMELIEHUs B KOMAHJIE U TEKYIIETo
3HAa4YEHUs CUETUYMKA KOMaHJ, Ha3bIBalOT OTHOCUTEJILHOM agpecanmeii. [Tpu
3TOM, CMEIIEHUE MOXKET OBITh KaK TOJIOKUTEIBHBIM, TAK U OTPHLIATEIBHBIM:

Auncn = cyeTYUK KOMaHA + cMeLleHue.

IIpu KOPOTKOI OTHOCUTENBHOM aipecally UCIIOJIb3YETCSl CMEIIEHUE
HEOOIBIION BENWYMHBI UIA YKa3aHUA aipeca KOMaH 1, HaXOIIIIUXCs HEeaJIeKo
0T TeKy1el koMaH1el. Hanbosee mupokoe pacnpocTpaHeHHe KOPOTKast OTHO-
CHUTeNbHAs aJipecaliys Modyduia B KoMaHax nepexona. (CTaTUCTHKa TOKa3bl-
Baet, uTo 80% KoMaH[ repexojia HaxoaaTcs B rpeaenax 127 6aiit ot mecto-
MOJIOKEHHS TEKYILeH KOMaHIBI. )

JmMHHAsT OTHOCHUTENbHAS a/ipecanys (CMenIeHNe OOJIBIION BETMYMHE)
UCTIONB3yeTCs KaK B KOMaHAaX Mepexo/ia, Tak ¥ B 00X KOMaHaax 00paboTku
JTAaHHBIX.
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OTHOCUTENBHBIN CIIOCO0 apecaliu, TaKkKe Kak 1 0a30BbIil cI0CO0
aJpecaliy Mo3BOJISIET CO3/1aBaTh MepeMeIaeMbie (TI03UIMOHHO-HE3aBUCHMBIE)
MPOTrPaMMBI.

4.8 CroeuuanbHbIC BUIBI ITaMITH
4.8.1  Opeanuzayus 6upmyanrbHoU namsImu.

[TaMATh BBIYMCIAUTENBHON MALIMHBI SBJSETCSI MHOTOYPOBHEBOI. Pac-
CMOTPHM JIBa OCHOBHBIX YPOBHS: OIIEpaTHBHAsI M BHEIIHSS (ANCKOBAs) aMSTh.
OmnepaTuBHas NaMATh OoJiee OBICTPOACHCTBYIOIIA, IO CPAaBHEHUIO C BHEIIHEH
MaMsThI0, HO UMEET ropas3io MeHblIni 00beM. B cuiy cnienuduku GpyHkimo-
HHUPOBaHUs, 0OMEH JaHHBIMU MEXly ONIEPATHBHOI U BHELIHEH MaMsAThIO OCY-
mecTBisercs 6iokamu. B pesynbrate nossnsgercs npodieMa IporpaMMHUpOBa-
HUst 00paboTKH "1o yacTsM" OOJIBIINX 0OBEMOB JAHHBIX, pa3MeLIaeMbIX Ha
BHEIITHUX YCTPOHUCTBAX.

[TpuBnekaTenpHa Wes OpraHU3alMU a0CTPAKTHOTO aAPECHOTO IIPOo-
CTpaHCTBa MaMATH OOJIBIIOT0 00beMa, OTHOCHTEIBHO KOTOPOTO 3aIIUCHIBACTCS
nporpamma o0paOoTKH aHHBIX. [Ipy 3TOM noapasymeBaeTcs, 4TO CyIIECTBYET
CHCTEMa YIIpaBIeHHs aOCTPaKTHOW MaMsIThI0, KoTopasi OepeT Ha ceds Bce
TPYIHOCTH OpraHU3aIu 00padOTKH B IBYXypOBHEBOH mamsTu. Takast abct-
PaKTHas MaMsTh MOJyIHiIa Ha3BaHUE BUPTYaIbHOH mamsTu. Paccmotpum
IIPUHLIMIBI €€ OPraHu3altu.

B onepaTuBHO aMATH BBIAENACTCS KaKOE TO YUCIIO CTPaHHL (PUKCH-
POBaHHOM JTMHBL. BHeNIHsS namsTh (MK YacTh ee) Hape3aeTcst Ha CTPaHUIIbI
Takoi sxe JuHbl (Pucynok 11-29). [Ipeamnonaraercsi, 4T0 YUCIIO CTPAHUL]
BHEIITHEH IMaMsITH 3HAYUTENILHO OOJIbIIIE YHCIIA CTPAHHL ONIEPATUBHOM MaMSITH.

Buemmsas naMarb

| 0 | |/2/45J‘313 | 244| | |

- Buptyanenslit agpec

245 Loy

v C
o 112 ] (010l vupmmons
\/ Auen Bupryansnoi
TIaMSITHIO

Pucynoxk I1-29. Opranusanus BUPTyaJbHOI NaMATH

BBoautcs moHsiTHE BUPTYaAILHOTO (a0CTPaKTHOTO) ajipeca, KOTOPBIH
COCTOUT M3 JABYX MOJIEH:
BupTtyanbHbin agpec = VOp,

rae V - HoMep CTpaHHUIBl BHEITHEH MaMsITH, p - HOMEP CTPOKH B CTPaHHIIE.
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Korna B mose agpeca KoMaHbl BCTPEYaeTCsl BUPTYaIbHBIH axpec
V©®p, cucrema ynpasieHust BuptyansHoi namsteio (CYBII) o6pabateiBaeT

€ro MOCPEACTBOM CIEAYIONIeH mporeypsl (HoTauus s3p1ka [lackans):
Procedure CYBII(V, p; var A,¢);
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HeT aa
—<not Ol(V;varNon)

OCBOBOX [, (Non)

|

T

noa KAYKA(V,Non)

T

Aucn:=Non+p
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31ech UCTIONB3YIOTCS JIOTHYECKHEe (PyHKIHN.

Function Cmpanuya_OII(V; var N,,): Boolean;

KOTOpas BblJIaeT 3Ha4eHue True, ecim cTpaHula BHEIIHEW TaMsITH V niepenu-
caHa B cTpaHuiy N,, OllepaTHBHOW MaMsATH U BblJaeT 3HaueHue False B mpo-
TUBHOM CIIy4ae.

Function Ilepenonnenue: Boolean;

KOTOpast BbIIaeT 3Ha4eHue True, ecim HeT CBOOOAHBIX CTPAHUI] B OTIEPATHBHOMN
MaMsATH.

Taxske UCTIONB3YIOTCS MIPOLEAYPHI.

Procedure OcBoboxaenue(N,,);
0CBOOOYK/ICHNE CTPAHHILIBI ONICPATUBHOM MTAMSTH B COOTBETCTBHH C KAKUM JIOO
npasuiioM. [Ipocreiiiee npaBuiio - 0CBOO0XKAATH CTPAHHUILY, K KOTOPOU J10JIb-
1Ie Bcero He Obu10 oOparuenus. [1pu 3ToM pazaugaroTcs JBa BapuaHTa OCBO-
Oo>xneHns ctpanunsl. Ecian B ocBoOOXKIaeMyro CTpaHHIly He OBLIO 3alUCH, TO
HOMEp CTPaHHIIbI 3aHOCHUTCSI B CIIUCOK IYCTHIX CTPaHHUI], NHAYe CTPAHULIA 13
OTIEpaTHBHOM IaMSTH TIEPENUChIBACOTCSI HAa CBOE MECTO BO BHEIIHEH MaMSTH
TOJIBKO TIOCJIE ITOTO €€ HOMEP 3aHOCUTCS B CITUCOK CBOOOJHBIX CTPAHHII.

Procedure ITooxkauxa(V;N,y),

MIepeTrCh COAEP)KUMOTO CTPAHHUIIBI BHEIIHEH NaMATH V B CTPAHUILy OTIEpaTHB-
HOM maMsaTH Ng,.

Takum 06pa3oM, cucTemMa yIpaBlieHIsI BUPTYalbHOU TAMATHIO 00ecC-
MeYnBaeT paboTy HEMOCPEACTBEHHO CO CTPAHHULIAMHU ONIEPaTUBHOM MTaMATH,
MOJIKaunBasl B Hee HEOOXOJUMbIE CTPAHUILIBI U3 BHEIIHEH AMSATH B CIIydae He-
00XOUMOCTH.

Kax y»xe roBopuiiock, 310 obecrieurBaet 3p(QeKTHBHOCTh TPOTPaMMH-
POBaHMSI C UCIIOJIL30BAHUEM aJJPECOB OOJIBLIOTO aIPECHOT0 MPOCTPAHCTBA BHUP-
TyanbpHOU mamsTu. Kpome Toro, MCIosIpb30BaHNe BUPTYaIbHOW ITaMSITH TI03BO-
JISIeT KOHCTPYUPOBATh MH(POPMALIMOHHBIE CHCTEMbI 00pa00TKU TaHHBIX JIFOOOTO
oObeMa (B mpezenax pasmMepa BUPTyaibHOH namsth). [Ipnuem, HeOonbmoi
00bEM JTaHHBIX, KOTOPBIIl MOXKET pa3MECTHTLCSI B ONIEPAaTUBHOM MamsITH, 00pa-
OatbIBaeTCst OBICTPO, a JaHHBIC OOJIBIIET0 00heMa 00PadATHIBAIOTCS MEICH-
Hee, HO Bce ke 00pabaThIBatoTCs.

BricTponeiicTBre 00pabOTKH TaHHBIX C HCIIOIB30BAHUEM BHPTYAITBHON
MaMATH 3aBUCHT OT YaCTOTHI CMEHBI CTPAHUI] B OIIEPATHBHOM MaMsTH (Masast
CKOPOCTb OOMEHa MEXIy BHEITHEH MaMsIThI0 U ONepaTHBHOMN MaMAThi0). B
OOJIBILIMHCTBE CIIy4aeB BEPOATHOCTH TOTO, YTO IIPOrpamMMa, 3aTpedoBaB HOCTYII
K crpanuiie Nom, cliefyrouuii 10CTyn 3aTpedyeT K TOM ke CTpaHHILEe T0CTa-
TOYHO BEJIMKa (FMIT0TE3a KOMIIAKTHOTO JIOCTYTIA K JaHHBIM). [loaToMy BUpTY-
aypHas NaMsTh 00eCTIeYnBacT HE TOJILKO AP (PEKTHBHOCTD MPOrPaMMHUPOBAHHMS
B BUPTYaJIBHBIX aJpecax, HO TaKkKe ObICTpoielicTBHE OOMEHa JaHHBIMU B CUC-
TEMEe BHEUIHSIS TaMsTh — ONlepaTHBHAs aMsTh.
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4.8.2  Opeanusayus xau namsmu

CB0eo0Opa3HBIM BAPHAHTOM BUPTYILHOHM NMaMSTH CIIY>KUT Pacrpo-
CTpaHEHHAasl B COBPEMEHHBIX KOMITBIOTEPAX cHCTeMa 0OMEHA TaHHBIMHU MEXIY
LEHTPAIBHBIM NTPOIIECCOPOM U OIIEPATHBHON MAMATHIO C HCTIOJIB30BAHUEM KA
NaMsATH.

Kaxk rosopuiock paHee, OCHOBHOE BpeMsl BBIIIOJTHEHHsI KOMaH[IbI CO-
CTaBJIAeT BpeMs 0OMeHa JaHHBIMH MEXKIY ONEPaTUBHON MaMATHIO M LIEHTPalb-
HBIM IporieccopoM. Kol namaTh ciry’KUT cBepXObICTPOAEHCTBYIOLIMM MTOCPE-
HUKOM MEXJy HUMHU. SIBISISICH OTHOCUTEJIBHO JJOPOTOCTOSIIIUM YCTPOUCTBOM,
K31 TaMsITh UMEET HeOOoJIbIION 00BEM 110 CPABHEHUIO C ONIEPATUBHOMN MaMSTHIO
W XpaHWT JIaHHbIE, K KOTOPBIM LIEHTPAJIbHBIN MpOIeccop o0palnaeTcs: 1ocTa-
TOYHO 4acTo.

IenTpanbHblit ” OneparuBHas
HPOLIECCOP 1 HTAMATE HaMsTh

A 4

Pucynoxk I11-30. B3aumogeiicTBre HeHTPAJIBLHOIO Ipoueccopa u
ONepPaTHUBHOM MAMSATH C HCIOJIb30BAHHEM MOCPEIHNKA - K3 NaMATH

31ecs yMecTHaA cieaytomas aHainorus. LlenTpanbsHelil nponeccop —
HAy4HBIH paOOTHHUK, OIlepaTUBHAS MAMSTh — KHIDKHBIN IIKad, KA MaMsITh —
pabouwnii cron. B mporecce moCTOSHHON pabOTHI C TUTEPATyPOil HA MTUCEMEH-
HOM CTOJIC PAcIONIaraloTCs KHUTH, K KOTOPBIM HAayJHBIH paOOTHHUK oOpamaercs
noctaTodHo yacto. Ho ecnm moTpeboBaiack KHATa, KOTOPOI HET Ha MICHMEH-
HOM CTOJIe, OHA BCET/1a MOXET OBITh ITepeMeIIeHa U3 KHIDKHOTO mrkada Ha
MUCBMEHHBIN cToJ (JINOO HA CBOOOAHOW MECTO, TMO0 BMECTO KHUTH, KOTOPasi B
JTAaHHBII MOMEHT He HYXHa).

CaMoit mpocCToit opraHu3anueit 00aamIacT K3l MaMsITh C IPSAMBIM OTO-
Opa’keHHeM CTPaHUI] OTIEPaTHBHOW MTaMSTH Ha CTPOKH K3II NaMsATH. B aTom
clly4yae B aJjpece ONepaTuBHOM MaMsITH BBIIENSETCS TPH TIOJIsI: HOMep ToMa
(T3r), HOMep CTPaHULbI B TOME M CMellleHHe B CTPaHulle.

I1ycTh, HAMPHMEP, HMEETCs ONEPATHBHAS MaMATh pazMepom 2'0 =
4096 GaiiT. ciomHATENBHBIN aipec B 3TOM ciry4ae cofepkuT 10 pa3psaos
[TycTh Takke K3II TaMsSTh COCTOUT U3 BOCBMH CTPOK, KaXKast U3 KOTOPBIX MO-
JKEeT XpaHUTh BOCEMB CTPAHUI] ONIEPATHBHON MaMsATH. B 3ToM citydae ucmod-
HUTEIBHBIN apec MoApa3AesieTcs Ha TPH MOJ: Ter (TOM), CTpaHHIIA B TATE,
cMmemenue B ctpanune (Pucynok I1-31). Beero umeercss 16 taros (ToMmoB), B
Ka)JIOM TOME COJICPXHTCSI 8 CTpaHHUI] [UIMHO# B 8 cTpok kaxkaas. Takum obpa-
30M (Bcero 2'° = 1024 Gaiir).
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st mo6oro Tara crpanuna I otodpaxaercs B crpoky I kain namsr.
Takum o6pa3om, B ctpoky I kaur namsaru oroOpaxaercsi 16 cTpanull onepa-
TUBHOH NaMsTH (110 OTHON M3 KaX0ro Tara). J{jist Toro, 4ToObI ONpEeNeHTh,
CTpaHUIa KaKOTO TOMa XpaHUTCS B cTpoke I Kaur mamsaTH, ucrosb3yercst 10-
TIOJTHUTEIBHOE TI0JIE CTPOKH KAIII ITAMSITH, XpaHsIiee HOMEp ToMa.

[TycTb, B KaKoii TO MOMEHT BpEMEHH NporpamMmMa TpedyeT AOCTYII K
GaiiTy oneparuBHoii mamsatu ¢ agpecom 0010 001001.Cucrema ynpasieHus
MaMATBIO CHavajia MpoBepsIieT TUIOTE3Y, YTO 3TOT OaifT Xxpanurcs B ctpoke 001
K3II TaMATH. [|JIs1 3TOr0 CpaBHUBAETCS TAT aIpeEca C COAEPKUMBIM II0JIS TATa B
ctpoke 001 xam mamsiti. Eciii cpaBHEHNE IPOXOINT, pean3yeTcs JOCTYT K
anementy 100 (cmemenwne) crpoku 001 ko mamstu. Ha (Pucynok 11-31.2)
n300paxkeH 3ToT ciaydaid. Ecin ke, HanpuMmep, TpeOyeTcst ZOCTYI IO aapecy
1001 001 100, To Takoe cpaBHEHHE HE MPOXOAUT U B cTpoKy 001 K311 mamsitu
nepenuceiBaercs crpaauna 001 u3 roma (1ara) 1001 oneparuBHOM mamsTu
(Pucynok 11-31.b).

Ter Crpannna CwmeneHue
| 0010 | 001 I 100 | Anpec Gaiita onepaTHBHOM MaMATH
4eTBEPTHIiT OAlT nepBoii crpanuip! Toma 0010
|

Q
00043
p 0010 001 E
010| 5
a 011| S
100 \:l
101 §
Tern 110 %
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Ter Crpannna Cwmerenue
| 1010 | 001 I 100 | Anpec Gaiita onepaTUBHON MaMATH
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00045
1010 001| £
010| 5
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<« Cmelenne—

Pucynok II-31. Kom namMsTh ¢ IpsIMBIM 0TO0paxeHNeM
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ITpenMy1iecTBOM OpraHU3alUy K311 HaMATH C IPSIMBIM OTOOpaXeHH-
eM SIBIISIeTCS JOCTaTOYHO BBICOKOE OBICTPOJEHCTBHE, TOCKOIBKY TPeOyeTCs
BCETO JIMIIb OJIHA OTepaLusi cpaBHEeHUs Juist (TaroB). HenocraTkom siBisieTcst
MHO’KECTBEHHOE 0TOOpa)kKeHHEe CTPAHUIL OTICPATHBHOM MaMsITH Ha OJHY U Ty XKe
CTPOKY Ka31I naMsiTi. Hanpumep, eciu ABe CTpaHULIbI OTIEPaTHBHOW MaMSITH C
OJIMHAKOBBIMH HOMEPAaMH, HO M3 Pa3HbIX TATOB , HCIIOJIB3YIOTCS] OMHAKOBO
4acTo, IPOUCXOJUT MOCTOSHHAS CMEHA COAEPKUMOr0 OJJHOM U TOM 7K€ CTPOKH
K3III TAMSTH, YTO CYIIECTBEHHO YBEINYNBACT BPEMsI JOCTYTIA K JAaHHBIM.

Kpome mpsimoro oToOpaxeHus NCIIONB3YIOTCS JPyTHE CITOCOOBI opra-
HHU3aIUH K3II TaMATH, KOTOPbIE UIMEIOT KaK CBOM HEOCTaTKH, TaK M CBOM IIpe-
nmymectsa. Ho Ha3HaueHMe KA MaMsITH HE 3aBHCHT OT criocoba ee OpraHusa-
UM

B cuity Toro, 4to neHTpabHbI IpoLeccop padoTaeT He HEMOCPEACT-
BEHHO C ONEPaTUBHOH MaMAThIO, & UCIOJIb3YET IOCPETHUKA B BUIE KAIII MaMsl-
TH, BO3HHKAET Npo0IieMa NOoAep KaHHsl COOTBETCTBHS OJJHUX U TEX )K€ CMHUII
JIAHHBIX XPAHSIIMXCS B IOCPEJHUKE U B OTIEPaTHBHOW MaMsTH (Tipobiema 1e-
JIOCTHOCTH JIaHHBIX ).

Orta npo0iieMa BO3HUKACT P 3aMEICHUH CTPAHUIIBI ONIEPATHBHOM
MaMsATH, XpaHaLencs B cTpoke I kamr namstu, HOBOH CTpaHHULEH ¢ TEM Ke HO-
MepoM, HO u3 Jipyroro 1ara. CMeHa copep>KuMoro cTpoku I kamr mamsitu pea-
JMU3YETCs CICAYIOMNM 00pa3oM:
®  eCIH B CTPOKY K3III TaMSTH | 3ammcH HE MPOM3BOAMIOCH, B HEE MOXKHO
MIePENUCHIBATh HOBYIO CTpaHMIly oniepaTuBHOM mamstu I u3 tara T2;

e B IIPOTHBHOM Clly4ae, lepeji Iepenuchbio HOBOM cTpaHULbl 3 Tora T2 B
ctpoky I xam mamsatu, crpanuiia oneparuBHoi namsitu I u3 tara T1 3amens-
eTCsl COIePKUMBIM cTpokH I ka1 namsiTu.

Beimie Mbl 00cy/1aiii cioco0 MOBBIIIEHUS OBICTPOACHCTBUSI KOMITBIO-
Tepa 3a CUeT UCIOJIB30BAHUS KAIII TAMATH JUISL JaHHBIX. UTO KacaeTcs KoMaH[,
B IIPOrpaMMax 4acTo BCTPEUAIOTCSl YHaCTKH, MHOTOKPATHO BBINOJTHIIEMBIC B
mukiie. [Tpy 5ToM 1eHTpanbHbIH PoIeccop MHOTOKPATHO CYMTHIBACT U3 OIe-
pPaTUBHOH NMaMATH OJTHH U T€ K€ KOMaH/Ibl. Ecin ncnonb30Bath K3l NaMsaTh
JUTS IPOMEKYTOYHOTO 3aIIOMUHAHNS KOMaH]] M €CJIH 3Ta MaMSITh JOCTATOYHOTO
00beMa, 9T00BI XPaHUTh BCE KOMaHbI OTHOTO IIUKJIA, BEIYMCICHUS OYAyT BbI-
MIOTHATHCA ¢ OOJIbIIEH CKOPOCThIO. bosee Toro, It KaXkJ0ro THIa KOMIBIOTE-
POB MOKHO pa3pabaTsiBaTh ONTUMU3HPYIOIINE KOMIMIATOPBI, KOTOPBIC aHAIH-
3UPYIOT 33AaHHBIE IPOTrPAMMHCTOM IIMKIIBI ¥ Pa30UBAIOT HX HA LUKJIBI MEHb-
LIEro pa3Mepa, LEIUKOM Pa3MELIAIOIUEcs B KOIII TaMsITH KOMaH[I,.

Bonee Toro, nCnoib3yoTCs K31 MaMATH U AUCKOBOW NaMsITH, YTO
TIO3BOJISIET CYIIECTBEHHBIM 00pa3oM CHATh MPoOJIeMy 3aMeJICHHUS! BEIUUCTIE-
HUI TIpy paboTe ¢ BHEIIHEH NaMsAThIO.

129



4.9  KoHTpoJibHBIE BONPOCHI

1. TpoGnema aapecanyu onepaTUBHON NaMsATH OOJIBIIOTO 00beMa

2. Pacmmpenue pa3mMepoB alpeCHOTO IPOCTPAHCTBA 3a CYET yMCHBIICHUS
YHCIIa aPecoB KOMaH/IbI

3. Cxema BBINOJHEHUs TPeXMapaMeTPUIECKUX JICHCTBUI IBYyXalpECHBIMU
1 OIHOAJPECHBIMH KOMaHAaMH

[ToHsiTHE UCHIONMHUTENBEHOTO aJpeca

5. OnHOKOMITOHEHTHBIE CIIOCOOBI apecaryy.

6. IlpucoenuHeHHas axpecanus

7. Anpecanus 1o 6aze
8
9
1

>

CrekoBas agpecanus
. BuptyanbHast namarthb
0. Kamr-nmamste Kak pa3HOBHAHOCTh BUPTYaIbHON ITaMSITH
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5 Cmpykmypuas opzanusayus epl4uciumenbHou
Mawunl

PaccmoTpenne ¢yHIaMEHTAIBHBIX TPUHIAIIOB aBTOMAaTHYECKOH 00-
PabOTKH TaHHBIX MTO3BOJIMIIO BEIABUTE (JOPMBI IPEACTAaBICHHS JaHHBIX U HO-
MEHKJIaTypy AEHCTBUI, HEOOXOIUMBIX JUIs PEIlICHUs IMUPOKOTO KpyTa 3ajad.
UroObl peann30oBath 3a/IlaHHbIA HA0OP JeHCTBUI, HE0OOXOIMMa COOTBETCTBYIO-
1asi CTPYKTypa — ONpeJleNIeHHbIH Ha00p YCTPONCTB, 00BEIMHEHHBIX ITOCPECT-
BOM JIMHHI CBSI3M B OJIHO 1ieJIoe. BhIenstoTest Tpy THIIa yCTPOKMCTB, 00pa3yro-
LIUX BBIYUCIUTENBHYIO MAIMHY: LIEHTPAJIbHBIN IpoLeccop, onepaTuBHas ma-
MSITh, YCTpoO#cTBa BBoa — BeIBoa (YBB). K ycrpoiictBam BBO#a — BEIBOJA
(TepMHUHAIBHBIM YCTPOICTBaM) OTHOCSTCS: YCTPOHCTBA BBOAA (KJIaBHATYpa,
CKaHep M T.J.); yCTPOWCTBA BbIBOJIAa (MOHUTOD, IPUHTED H T.11.); YCTPOIicTBa
JIOJTOBPEMEHHOTO XPAHEHNUS TaHHBIX (MArHUTHBIE AUCKH U JIa3€PHbIE IUCKU U
T.0.).

OOuM [UTS BHEITHUX YCTPOICTB SABISACTCS:
e 00OMEH JaHHBIMHU MEX/y OIIepaTUBHOM namsThio U YBB;
® HEoOX0AMMOCTb Ipeodpa3oBanus GopmMaroB "lEeHTpa" — LEHTPATbHBIN
MPOIIECCOP B COBOKYITHOCTH C OIIEPAaTUBHOM MaMAThIO, K Pa3IUYHbIM Clie-
duueckuM popmaTaM YCTPOHCTB BBOJA - BEIBOJIA.

BHemrHee ycTpoicTBO OOBIYHO COCTOMT M3 MEXaHUYECKOTO H JIeK-
TPOHHOTO KOMIOHEHTA. DJIEKTPOHHBII KOMITOHEHT Ha3bIBAETCS yCTPOHCTBOM
YIpaBIIeHUs! BBOAOM — BEIBOJIOM — Y YBB (KOHTpOJUIEpOM HITH a1alTEPOM).
MexaHU4ecKHH KOMIIOHEHT NPEJCTaBIIsIeT COOCTBEHHO ycTpoicTBo. HekoTo-
PpBI€ KOHTPOJIIEPHI MOTYT YIIPABISTH HECKOJIBKHMH YCTPOHCTBAMHU.

B 1952 ronmy 6plia 3amymiieHa B KCIDTyaTalld0 BEIYUCITUTEIbHAS Ma-
mrHa (QyHKIMOHHUPYIOIIAs B COOTBETCTBHUH C ITpuHIMNaMu GpoH Helimana.
OTOT MPOEKT 0 CUX IOP UCHONB3YETCs B OOJIBIIMHCTBE COBPEMEHHBIX KOMIIb-
I0TEpOB. BrImyckaromuecs ¢ TeX Nop BEIYUCINTEIbHbIE MAIIUHBI IOCTATOYHO
YCIIOBHO MO>KHO Pa3[eNuTh Ha YEThIPE TPYIIIBI: CYHEPKOMIIBIOTEPHI, O0IbIINE
KOMITBIOTEPBI,MUHUKOMITBIOTEPHI U TIEPCOHANIbHBIE KOMITBIOTEpHI. [TokazaTenu
BBIYHCIIUTENILHOM MOIIHOCTH ¥ 00BbeMa 3aIIOMUHAIOIINX YCTPOUCTB ISl KaXK-
JIOTO KJlacca IOCTOSTHHO YBEJIMYHBAINCH, HO COOTHOILIEHUE "0O0JIBbIION — Cpe-
HUH — ManbIi" ocTaeTcd 10 cux nop. IlepBbie BBIYMCIUTENBHBIE MAIIUHBI ClIE-
JIyeT OTHECTH K OOJIBIINM KOMITBIOTEpaM, JIpyTruX MpocTo He Obuto (M — 220,
BOCM —4). K 70-M rojiaM npouuioro Beka, napauieibHo ¢ OOIBIINMH BbI-
guciutenbHpIMU MammmHaMu (IBM-370, EC — 3BM, BOCM-6) nosiBuiach
KOHIICTIIINS CPeIHUX WM MUHU KomribiotepoB (PDP-11, CM,
OJIEKTPOHUKA). B 1981 roay Hauamack 3pa epcoHaIbHBIX KOMITBIOTEPOB
(IBM PC, EC 18**, DJIEKTPOHUKA 88).
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B 1974 rony ObL1 co3/1aH NEPBBIN BEKTOPHBINA CYNEPKOMIBIOTED
CRAY -1, nepBblii cynepcKaysipHbIil KoMIbIoTep OblI co3aaH B 1990 roxy.
IlepBblit 0TeUeCTBEHHBIN CyNepKOMIIBIOTEDP (MHOTONPOLIECCOPHBIN BEIUMCIIHU-
TEJIbHBII KOMIUTIEKC DIIbOpyc-1 cO CKOPOCTHIO BBITIOJIHEHUS onlepauuii 15 MitH.
omeparuii/cex) 0bu1 pazpadotan B 1980 roxy. Cnemxyromast Bepcus (Dnb0pyc-2,
ovIcTponeiicTBre 125 mitH. onepanmii/cex)— B 1985 romy.

Brimyckanucs B orpaHndeHHOM KonndecTse. [locienuss Bepeust (Dib-
Opyc 3.1) peann3oBaHa B BHJE YETHIpEX IK3eMIUBIPOB B 1990 — 95 romax.

Co BpeMeHH TOSIBIICHHS TIEPBBIX BHIYMCIUTEIBHBIX MAIlIMH OPraHu3a-
IIUsI BBOJIA BBIBO/IA TIPETEPIIENa 3HAUUTENbHBIE H3MeHeH!sL. [Ipon3omnuio 3To
OTYACTH NOTOMY, YTO BBIYHCIUTEIbHbBIE MAIIMHBI HAYAIN UCTIOIB30BATHCS IS
peleHus 3a1a4, TpeOyonmx 00IbIIoro o0bemMa namsarH, B cBsi3u ¢ 3Tum, B
COCTaB BBIYMCIIUTEIBHON MAIIHMHBI, HAPSIAY C ONEPaTUBHON MaMAThIO, CTAIN
MOJIKJIF0YATh B KAYECTBE YCTPOMCTB BBOJA — BBIBOJA BHEIITHHE 3aIIOMUHAIOIINE
ycrpoiicTBa OonblIoi eMkocTd. Kpome TOro, Ha OpraHu3aiyio yrpaBieHuUs
VBB nosnusizio 60mbioe pa3inaue B CKopocTd pabotsl YBB u BHyTpeHHNM
ObICTpO/IeiiCTBEM KOMIIBIOTEPA.

3ameuanue. [To cyTn nena Teneps cieayer roBOPUTH He 00 OTIEIbHOM
BBIYHCIIUTEIILHON MAIMHE, 3 O BHIYMCIHTEILHOI cUcTeMe, COCTOSIIEH 13
MHOTHX CIIEIHAIN3HPOBAaHHBIX MPOLIECCOPOB BBOJIA — BBIBOJIA U OHOTO HIIH
HECKOJIBKUX IICHTPAJIBHBIX IPOIIECCOPOB.

3ameuanue. Takke N3MEHWIACH CEMAHTHKA HEKOTOPBIX TEPMHHOB.
Tak, Hartpumep, 1oz nHTepdeiicoM paHee TOHUMAITUCh YCTPOUCTBA, KOTOPbIE
celfuac IPUHATO HA3bIBAaTh IIMHAMU. A HHTepQeiic B HACTOAIIEM IIOHUMAaHUH —
KOHTPOJLIEP, KOTOPBIN yIpasisieT AehcTBUAMUA Y BB B COOTBETCTBUM ¢ KOMaH-
JlaMU TIporieccopa, npeodpasyeT NaHHbIE U3 BHYTPEHHETO MPECTaBICHUS B
(opMaThl KOHKPETHBIX BHEITHUX YCTPOMCTB U BBINOJIHAET 00paTHOE rnpeobpa-
30BaHUeE.

Hwxe paccmaTprBaroTcs BO3MOKHBIE CXEMBbI MOKIIIOYEHHS YCTPOWCTB
— BBOJIa BBIBOJIa K IICHTPAILHOMY IIPOLIECCOPY U ONEPaTUBHOM MaMsTH.

5.1 Ilpsamoe yrpaBiieHHE HEHTPAIBHBIM IIPOLIECCOPOM

IIpu ncnonabp30BaHUM NPSIMOTO YIPABIEHUS B COCTAB yCTPOUCTBA
YIPaBJICHUS KOMIIBIOTEPA, HAPSILy € YCTPOMCTBOM aBTOMAaTHUECKOTO UCIIOJIHE-
HUs porpammel (YY), BXOANUT TaKKe YCTPOWCTBO YIIPABIICHHS BBOIOM — BBI-
BogoM YVYBB (Pucynok I1-32).

[IpsMoe ynpaBiieHHe MOAPa3yMEBaeT HATMYIHNE CIICIIMAIBHBIX KOMaH/T
JUIsl TIPOrpaMMHUPOBaHUs BBOJA U BbIBOAA. CyIllECTBEHHO, YTO TAKHE KOMAH/IbI
BBINOJIHAIOTCSI HETIOCPEACTBEHHO LIEHTPAIBHBIM ITPOLIECCOPOM. DTO HE BBI3bI-
BacT BOIIPOCOB € TOUKHU 3PEHMs JIOTUKH MPOrpaMMUPOBAHUS, HO IPUBOJIUT K
4ype3BbIYaiiHO Hea(pheKTHBHON paboTe BHIYUCIUTENEHON CUCTEMBI.
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Apudmeruko Jlornueckoe
Ycrpoiicteo (AJIY)

YcerporictBo YpaBiieHus
(YY)

LenTpanbHbIit
IpoLeccop

IIEWRIT
geHauredanQ

Y CTpONCTBO yIIpaBiIeHUs
BBOJIOM — BbIBOZIOM (YYBB)

vy vy

Pucynoxk I1-32. IIpsimoe ynpaBJiieHne yCcTpoiicTBaMH BBO/JIa — BHIBO/AA
KOMIIbIOTEPOB MEPBOro MOKOJIeHHS

Jleno B ToM, UTO [UIsl peasi3aliy BBOJIA — BEIBO/IA HCIIONIB30BAIIChH
9NIEKTPOMEXaHUUECKUE YCTPOICTBA: YUTAIOLIee YCTPOHCTBO ¢ epdoxapr; a-
(baBuUTHO-IIM(POBOE NeyaTaroLIee yCTPOHCTBO; HAKOIMTEIN HA MAaTHUTHBIX
JIeHTax, OapabaHax U Auckax. M oTH aeKkTpoMexaHU4ecKue yCTpoicTBa pado-
TaJIM HEU3MEPHMO MeJUICHHEE JJIEKTPOHHBIX YCTPOUCTB HEHTPAILHOTO ITPO-
neccopa. ([Toka MOJIOTOUYEK C TUTEPON YCTPOMCTBA BBIBOJIA OBET 1O OyMare,
LEHTPAIBHBIH ITpolieccop npoctanBaeT. Ho 3a 310 BpeMst OH criocoOeH BHIITON-
HUTB OO0JIBIIOE YHCIIO KOMaH ] 00paboTKH U ynpasieHus.) B pesynsrare, B
Cllyyae IporpamMM, COJIep KaIliX 3HAYUTEIbHOE YMCII0 KOMaH ] BBOJIA BBIBO/IA,
LICHTPAIBHBIN ITPOIIECCOP B OCHOBHOM IpocTanBaeT. Hakonurenu Ha MaranT-
HBIX HOCHUTEJISIX, & TAKKE KJIaBHATYPbl 1 MOHUTOPBI, KOTOPbIE 100aBHINCH
BITOCIICICTBUY, PabOTAIOT ropa3fo OkicTpee, HO MpodiemMa mo-IpeKHEMY OC-
TaeTcsl.

Jlnist perieHust 3Toi mpo0ieMbl KOHCTPYKTOPBI MPEITIOKUIIN BbINOJI-
HSTh YCTPOWCTBO YIPaBIEHUS BBOJOM — BBIBOJIOM B BUJIE OT/IEJIBFHOTO CIielna-
JIM3UPOBAHHOTO Tpolieccopa (MM HECKOJIBKO CIIeHaIM3UPOBAHHBIX MPOLIEC-
COpPOB), peasTM3YIOIIEro TOJIbKO KOMaH bl BBOJA M BbIBOJIA. [ J1aBHAast nyest 3Toro
HOBOBBEJICHHUS] COCTOUT B CJICTYIOLIEM: BBITIOJIHSSI KOMaH/Iy BBOJIa — BEIBO/IA
LEHTPAIBHBIHN ITPOIIECCOp HE 3aHMMAETCs Iepeiaueii JaHHBIX MEX/Ty orepa-
THBHOW NaMSTHIO U BHEITHUMH yCTPOIICTBaMu, a JIMIIb 3amyckaeT YYBB u
MIPOJIOIKAET BBIIOJIHATD CIICIYIOUINE KOMaHIbI IPOTPaMMBl. Ycmpoiicmeo
66004 - 6616004 6bINOJIHAEH PAOOMY RO NEPECHLIKE U NPeoOdPA308AHUI0 OAH-
HbIX, QYHKYUOHUPYA RAPANTIEILHO C YEHMPATIbHLIM RPOUECCOPOM.
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5.2  Bbydepuzanus 1aHHBIX OT BBOJa — BEIBOJIA

[lepBBIM mIarom B 3TOM HalpaBJIeHUH SBISIIACH opraHu3anus oygdepa
BBOJIa — BBIBO/IA, PEAIM30BAHHOIO B BU/IE JIOO OJJHOTO Oy(EepHOTO PErucTpa,
60 MaccuBa OypepHBIX PETHCTPOB ¢ COOCTBEHHBIM YITPABICHHEM.

BeImonHeHre KOMaHABl BBIBOJIA - BEIBOJIA LIEHTPAIBEHBIM IPOLIECCOPOM
3aKJII0YAETCSI B TOM, YTO OH IIepeliacT B YCTPOMCTBO yrpaBieHus Oydepom
ajZipec TYCHKH OTIePaTUBHON MaMSITH U cUTHAN 3amycka. [locie storo Oydep
BBO/JIa — BBIBOJIa U LICHTPAJIbHBIH IpoLieccop paboTaloT MapajyieibHO: EPBBIi
— 3aHMMaeTCs peanu3alyel BBIBOAA, BTOPOH — NPOAODKAET BBIIIOIHATE ClIe-
JyIOIIe KOMaH/Ibl 33 KOMaHA0! BBIBOJA.

5.3  CtpykTypHas opraHuzaius 00JbIINX
KOMITbIOTEPOB.

C nenbio emie 0ombLICH CTENEHH Hapalienu3Ma (QyHKIHOHUPOBAHUS LIEH-
TpajibHOTO nporeccopa 1 YBB Obl1 pa3paboTan Tak Ha3bIBACMbIN KaHAI JIaH-
HbIX. KaHan gaHHbIX npeacraBisieT co00il crienuaaIn3upoOBaHHbIN MPOIEccop,
CO3JTaHHBIH JUIsl BBITIOJIHEHHUS TOJIBKO Ollepalyii BBO/ia — BEIBOAA (

Pucynoxk I1-33). Korna B ieHTpasbHOM IpOIeCcCOpE BBIIOIHIETCS KO-
MaH/ia BBOJIa — BBIBOJA, TO CaM MPOLIECCOP ONEPALHIO BBOA — BEIBOAA HE BhI-
HOJIHSET, a TOJIbKO MHULIMKAPYET €€ BBIIOIHEHUE B KaHAJE U MIePEeNacT KaHaLy
yIpaBJeHUe 3ToH onepanueil. Eciu B cucteMe MMeeTcsl HECKOJIbKO KaHANOB,
TO OJTHOBPEMEHHO MOTYT BBIIOJIHATHCS HECKOIBKO OIEpPaLiii BBOIa — BEIBOJIA.

Kanai BBoga
BBIBOJIA | |

= o YVBY VVBY

é §. . 5 oo

=) é’ 33 e VBB VBB| [YBB VBB
= T

[SR=]

= & Kanan BBO7a

BbIBOJA

YVYBB - ycrpoiicTBo | |
YIPaBICHUS BBOJIOM YVBY YVBY

BBIBOJIOM (KOHTPOJLIED) — L — -

VBB —ycrpoiictso VBB vBB| |VBB| |VBB
BBOJA BbIBOJA

Pucynoxk I1-33. CtpykTypHas opranu3anus ¢ KaHaJaaMH BBOJa — BbIBO/A

IIpu Taxoil KaHATBEHOM OpraHU3aluy BBO/A — BBIBOAA B CUCTEMY KO-
MaH]I BBIYUCIUTCIFHOM MAIlIMHBI BXOASAT CHeI[HalbHbIE KOMaHIbl BBOIA — BhI-
BOJIa, KOTOPBIE 33/1af0T KaK HAYaJI0 00JIacTH ONIEPaTUBHOM IMaMATH, TaK U aApeC
YCTPOMCTBa BBOJIA BBIBOJA.
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Kak ysxe roBopmiiock, KaHaJ SIBIISICTCS CHEIMATU3UPOBAHHBIM IpoIiec-
COpoM co cBoeit cucrtemoit koman. [lociaenoBaTenbHOCTh TAKMX KOMaH 00pa-
3yeT mporpaMmy KaHajia, KOTOpasi U BBITIOJHSETCS MPU pealu3aliy onepaiuii
BBOJIa — BbIBOJIA. [Ipu BHINIOJTHEHHH KOMaH/Ibl BEIBOJIA KaHAJ MOCIIEI0OBATEIbHO
BBIOMPAET CJIOBA U3 ONCPATUBHOMN MAMSTH M IEPEHOCUT UX HA YCTPOWCTBO BhI-
Boja. [Ipu BbINOJIHEHNN KOMaH/Ibl BBO/IA KaHAJ MOCJIEI0BATENILHO 3aIIUChIBAET
MOCTYMAIOLIUE C YCTPOICTBA BBOJIA CJIOBA B ONEPATUBHYIO NMAMSTh.

Kanan, koTopbIit MOXKET BBIIOJIHATH OJTHOBPEMEHHO C LIEHTPAJIbHBIM
MIPOIIECCOPOM TOIBKO OJIHY OTIEPALIMIO BBOJIA — BBIBO/IA IPHUHSTO HA3HIBATH Ce-
JIEKTOPHBIM KaHAaJI0M. Takol KaHal o0ecriednBaeT OOBIIYIO0 CKOPOCTh Mepe-
JTa9{ JaHHBIX U UCTIONB3YeTCs s paboTHI ¢ BRBICOKOCKOPOCTHRIMU Y BB,
MIpEe’KIe BCETO C MAaTHUTHBIMH AUCKAMHU.

MyabTHILUIEKCHBII KaHAJ MOXET paboTaTh OJHOBPEMEHHO € 00JIb-
IIMM KOJINYECTBOM HU3KOCKOPOCTHBIX ¥ BB, Takux Kak IPUHTEPHI, CKAHEPHI U
T.I.

5.4 CrpyKTypHas opraHu3auys MUHUKOMIIBIOTEPOB U
IIEPCOHAIBHBIX KOMITBIOTEPOB.

5.4.1  Ilopmul 6800a — 6vi800a.

ITopt BBOIA — BEIBOJA (PETUCTpP BBOJA — BHIBOAA) SBIISIETCS YACTHIO
nHTepdeiica (KOHTpoIIIepa) yCTpoiicTBa BBOIA — BBIBO/IA U IIPEIICTABIISET CO-
0ol rpymIy pa3psaoB, 3HAYEHHE KOTOPBIX JJOCTYIHO LEHTPaIbHOMY IIPOLIEC-
COpY BO BpeMs HCIIOJIHEHUs Ollepalyii BBO/A — BBIBOA.

Ha Pucynok 11-34 u300paxxeHa cTpyKTypa opTa, UCIOJIb3yeMOro JUIs
BBOJIa ¢ Ki1aBuatypsl. OH COCTOUT U3 JIBYX PETHCTPOB: PETUCTP JAHHBIX
KBDATA u ynpasnstonmii peructp KBCS. Ha peructp naHHbIX 3aHOCUTCS
KOJ1 HAXKaTOW KJIABUIIH, KOTOPBIA CUUTHIBACTCS LEHTPAIBLHBIM MTPOLIECCOPOM
IIPY B3aMMOJICHCTBHH C YIIPABJISIOLINM PETUCTPOM.

7654 10 KBCS 76 54 1 0 KBDATA
I_ GO \—ﬂaHHLIeBKOZ[e ASSIT
ov
IEN L Bcermal
READY

Pucynoxk I1-34. CtpykTypa nopra /sl BBOJIa C KJIaBHATYPbI.

135



B paspsn GO neHTpaibHBIM mporieccop 3aHocUT "1" B cityyae roToB-
HOCTH IPUHATH CUMBOJI C KJIaBUaTyphl. [Ipu 3TOM cOpacsiBaeTcs pas3psin
READY u axtuBusupyercs omnepaius Boja. s k1aBuaTypbl aKTHBU3AIUS
OTIepaly COCTOUT B cOpOCE pa3psiIoB PErUCTpa AaHHBIX M B OXKHUIaHUH HaXKa-
Tus KnaBumu. Ilpu HaXkaTUX KIIaBUIIM COOTBETCTBYIOLIUI €l KOJ 3aHOCUTCS
Ha peructp AaHHbIX U pa3psa READY ycranasnuBaercs B "1". paspsang OV
YKa3bIBaeT Ha COCTOSIHUE MEPENONIHEHN U yCTaHaBauBaeTcs B '1", korga ¢
KJIaBHATYPhI IOCTYTIAIOT JiBa CUMBOJIa MOAPSA 0€3 IPOMEXYTOYHOTO UTECHHUS
npoueccopom nopra KBDATA.

5.4.2  Paszoenvhvie wiunbl OGHHbIX

B aTOM cityuae ornepaTuBHas HaMATh MOKIIIOYAETCS K IIEHTPAIbHOMY
MPOLIECCOPY MOCPEICTBOM LIMHBI ITAMSITH, a TIOJICUCTEMA BBOJIA — BBIBOJIA TO/I-
KJIFOYAETCs K EHTPAIbHOMY MPOIECCOPY IMOCPEICTBOM IIIUHBI BBOJIAa — BBIBOJIA
(Pucynok II-35). Kak mmHa maMsTH, Tak ¥ [IIMHA BBOJIa-BBIBOJIa BKIIIOYAIOT B
ceOs: IMHUHA agpeca, JMHUM TAHHBIX, ITHHAH YIPABJICHHS.

Jlunun ynpaBnenus

D

=]
LI JIuHny na”HHBIX E T E
o =
g X =
s ® e

Jlunuu agpeca

[IIunaa
aMsITH V v

Omnepar. ||UuTepd. |[HuTepd. Wutepd.
[aMSTh BBOJIA BBOJIA . BBOJIA
BBIBOZIA || BBIBO/IA BEIBO/IA

VY-Bo V¥-Bo VY-Bo

BBOJIA BBOJIA . BBOJIA
BBIBOZIA || BBIBO/IA BBIBOJIA

Pucynoxk II-35. CTpykTypHasi opranu3anus ¢ INMHON NaMsTH ¥ IIUHOM
BBO/1a — BBIBOJA
Tak kak OCHOBHas OllepaTHBHAsI NaMATh W MOPTHI BBOJIA BBIBOAA (B CO-
CTaBe MHTEep(EHCOB BBOJA — BBIBOJIA) MOAKIIIOUCHBI K Pa3HBIM LIIMHAM, aJ[pec-
HBIE IIPOCTPAHCTBA JUIs KOMaH[| BBOJA — BBIBOJIA H JUISL OCTAJIbHBIX KOMaH[
pa3IUYHBbIL.
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AJipecHble JIMHUY [IMHBI BBO/IA — BHIBO/IA IO3BOJISIIOT BHIOMPATh KOH-
KPETHBIH MOPT, TOT/1a KaK aipeCHbIC JIMHUH LIIHMHBI TaMSITH — KOHKPETHYIO
SIYCHKY OMepaTUBHOW MaMsTH. BEIOOp THITA IIMHBI ONPEIENISICTCS TUTIOM BBI-
TIOJTHSIEMOI KOMaH/Ibl: TO JIM 9TO KOMaH/ia BBOJa — BBIBOJIA, TO JIM JIF00ast apy-
ras kKomaHja. B ciydae Takoil opraHusanuu JOCTYI K OpTaM OCYIIECTBIISIETCS
MOCPEJCTBOM CIIEUUAIBHBIX KOMaHJ] BBOJIa — BbIBO/IA, AaHAJIOTMYHBIX KOMaH1aM
3arpy3ku LOAD u coxpanenust STORY:

INB R, pu; REGIR] :=IPORT|p,l;
OUTB R, p,; OPORT]|p,] := REGI[R].

3necs, [IPORT — maccuB Bxonubix moptoB, OPORT — MaccuB BBIXOJ-
HbIX 10pToB, REG — MaccuB perucTpoB o0I1ero Ha3HaueHUs, P, — apec mopTa,
R- HOMEp peructpa o01ero Ha3HaYEHUS.

5.4.3  Eoumas wiuna OaHHbIX.

B sTOM ciyuae, kak ycTpoiicTBa BBOJIa — BBIBO/IA, TAK U ONEpaTHUBHAS
MaMATh MOJKIIOYEHBI K eauHoM muHe gaHHbIX (Pucynok 11-36). 'oBopst npy-
TMMH CJIOBaMH, 3TO BBOJI — BBIBO/JI, OPTaHM30BaHHBIH 110 aHAJIOTUH 00OparieHus
K ITaMSATH.

JIuHum yripaBieHus =
It > = E
WHHUH JIaHHBIX 5

am - A {> g 4 ;
N E5
|| Jlunuum agpeca S
=

Omepar. ||HUurepd. |[MaTepd. Hurepd.

aMATh BBOJA || BBOzA o BBOJIA

BBIBOJIA || BBIBOZIA BBIBOZIA

VY-Bo ¥-Bo VY-Bo

BBOJa || BBOAA . BBOJIA

BBIBOJIA || BBIBOZIA BBIBOJIA

Pucynoxk I1-36. CTpykTypHas opranu3anus ¢ eANHOIl muHOM

KaxnpIil mopT BBOJA — BBIBOJIa UMEET aJpeC B IPOCTPAHCTBE aJ[PECOB
orepaTuBHOU mamsTh. [IopT BBOJIa OMyCKAET BBINOJIHEHUE JTF000H KOMaH/IbI,
KOTOpasi OCYILECTBIISIET YTEHHE T10 €ro ajpecy, MOPT BHIBOAA — JIF000I KOMaH-
JIbl, KOTOpasi MPOU3BOAMT 3aIHCh IO €0 aJpecy.

MOYV addr_mem, addr_mem - KOMaH/1a IEPECBUIKH B ONIEPATUBHON
IaMsITH;

MOY addr_mem, r, — KOMaH/a BEIBOJIA,;

MOV r,, addr_mem — xomanza BBOJA.
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B 3aBucuMocCTH OT TOTrO, KAKOE YCTPOUCTBO MOJICOEIUHEHO K TIOPTY C
aJIPECOM Ip, BBOJ MJIH BBIBOJ OYJET OCYLIECTBIATBCSA HA 3TO YCTPOKUCTBO.

5.4.4  paiisepvl ycmpoiicme

Jlo cux mop Mbl TOBOPMJIN O KOMaHJax BBOJa — BBIBOJIA HA YPOBHE
CHUMBOJIBHOTO sI3bIKa IporpamMMupoBanus. Ha camoM aene peanusanus Kaxaou
13 3TUX KOMaH] Ha S3bIKE JBOMYHBIX KOJIOB IIPEJICTABISET COOOM JOCTATOYHO
CJIOKHYIO TTOIIIPOTPaMMy, BKITIOYAIOIIYIO B ce0s1 KaK OOBIYHBIC KOMaH/IbI BbI-
YHCIUTENFHOM MaIlIMHBL, TaK ¥ CHEHU(PHUIECKUEe KOMaHIbl yIIPAaBICHHUS BBOJIOM
— BBIBOZIOM. U CITO’KHOCTB €€ He CTOJIBKO B pazMepax, CKOJIbKO B HEOOXOANMO-
CTH XOPOIIO MPEACTABIATH BCIO TEXHOJIOTHIO PEaIN3alliy BBOJA — BBIBOJIA Ha
YPOBHE aImaparypsbl.

B cuity storo, mo6as onepanyionHas CUCTeMa BKJIIoYaeT B cedsl BCTpo-
€HHbIE IIPOrPaMMBbI YIIPaBJICHHUS BBOJIOM — BBIBOJIOM, K KOTOPBIM MO>KHO 00pa-
IIATHCS, HEe BHUKAA B cleU(UKY UX QyHKIHOHUpoBaHHUs. [Ipryem TH mpo-
rpaMMBbI YIIPaBIISIIOT BBOJIOM — BBIBOJIOM Ha JIBYX YPOBHSX. Y POBEHB, 00CITy-
KUBAIOIUI IMHY TaHHBIX, HE 3aBUCUT OT TUIIA YCTPOHCTB, MOJKITIOUEHHBIX K
9TOM MKHE. DTU MPOrpaMMbl, 00pa3yrOT CUCTEMY yIIPaBJIEHHs BBOJIOM — BBIBO-
oM BIOS, xotopast B HacTosiIee BpeMsi, Kak IPABUIIO0, pa3MEIAETCs B IOCTO-
STHHOM 3armoMuHaromeM ycrpoiictse (II3Y).

Becs 3aBrucHMBIH OT ycTpoiicTBa Ko oopMIIsieTcs B BUIE apaiiBepa
KOHKpeTHOro ycTpoiicTBa. Kaxxplii qpaiiBep ynpasisieT yCTpOlCTBaMHU OAHOIO
THIIA WIH, MOXET OBITh, OZJHOTO Ki1acca. B omeparirioHHoi cucTeMe TOIbKO
JipaiiBep ycTpoiicTBa 3HAET O KOHKPETHBIX OCOOEHHOCTAX KaKoro-Jmbo ycr-
poiictBa. Hanmpumep, TONbKO apaiBep AUCKA UMEET JENI0 C JOPOKKAMMU, CEKTO-
paMiy, OWINHAPaMH, BpEMEHEM yCTaHOBIICHHUS TOJIOBKU U APYTUMH (aKTOpaMH,
o0ecrieunBaroIIMMU MPABUIILHYIO paboTy AKCKa.

[paiiep ycTpoiicTBa NPUHUMAET 3apocC OT U PEIaeT, Kak €ro BbI-
MOJHUTH. TUINMYHBIM 3aTIPOCOM SIBIISIETCSI YTEHHE N OJIOKOB JIaHHBIX. Ecin
JipaiiBep ObLT CBOOOICH BO BpEMSI ITOCTYIUICHHS 3a1IpOca, TO OH HAaUMHACT BbI-
MIOJHATH 3anpoc HeMeieHHo. Eciu ke oH ObLT 3aHST 00CTy’)KHUBaHUEM JPYTo-
0 3aIpoca, TO BHOBb MOCTYNUBIINN 3aIIPOC MPUCOECTUHSIETCS K OUEpPEnU YxKe
MMEIOIINXCS 3aIPOCOB, X OH OYZAET BBIOJIHEH, KOTJa HACTYIIUT €T0 OYEPEb.

5.5 KoHTpoabHBIE BOIPOCHI

1. IIpsamoe ynpaBieHHE BBOJAOM-BBIBOJIOM

2. llenecooOpa3HOCTh MapaIbIeNsHON pabOTHI IEHTPATBHOTO MpoIeccopa 1
YCTPOMCTB BBO/Ia-BbIBOJIA

Hcnonp3oBaHue KaHajla BBOJA-BbIBOJIA

ITonsTHE TOpPTa BBOJA-BBIBOIA

ApxuTeKTypa ¢ pa3feabHbIMH HIMHAMU JaHHBIX

ApxuTeKTypa ¢ 00IIeH UHOI JaHHBIX

ARl g
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6 Ynpaenenue 66000M - 8b16000M

"[IpepBeM mporpaMmy, 4ToObI ClIeJIaTh BAXKHOE COOOIIEHHE. . ." 3HAKO-
Mas BceM (hpaza oInpesesnsieT OCHOBHYIO (DYHKIIMIO CHCTEMBI IPEPhIBAHUIL: 13-
BEIlIEHHUE IPOrPaMMbl O BOSHUKHOBEHUH B YCTPONUCTBAX BBIYUCIUTEIBHON Ma-
LIMHBI KaKoH 00 3apaHee MpeayCMOTPeHHON cuTyanuu. [Ipexae Bcero, He-
00X0IMMOCTb MPEPHIBaHNI BO3HUKAET MPU YIIPABICHUU BBOJIOM — BBIBOJIOM.

[Tpearonoxum, 4To BBIOJIHSEMAsk IPOrPaMMa COJICPIKUT LIUKII, BKITIO-
YalonMi B ce0s1 KOMaH/Iy BBIBOJA "MeUaTh CTPOKH''. BEIONHSIS 3Ty KOMaHay,
LEHTPAIBHBIH ITpo1ieccop 3amnoiHsieT Oydep BbIBOIa CHMBOJIAMH CTPOKH U 3a-
myckaet yctpoiictso BeiBoza (BY). IToka BY ocymiectsisier BeiBozt Oydepa,
LEHTPAIBHBIN MTPOIIECCOP MOXKET MTPOIOIHKATH BHITIOIHEHHE OCHOBHOM MPO-
rpaMMBl M TOTOBHTB JUIS TIEYATH CIEAYIONIYIO CTPOKY. Ilenmpanshutii npo-
yeccop u ycmpoiicmeo 6vi600a pabomarom napanienvro. Ho moaroroka
CIIEAYIOIIEH CTPOKH JUIsl TIeYaTH, KaK MPaBUIIO, BBIIONIHAETCS OBICTpEE, UeEM
peanu3yeTcs BbIBOA Npeablayieii ctpoku. T.e. cienyromas koMania "nedaTsb
CTPOKH" HE MOXKET OBITh BBIIIOJIHEHA 10 3aBEPILICHNS BHIBOJA MTPEABIAYIIEH
CTpOKH. W 1IeHTpaIbHbIH IpoLIeCCop MPOCTAUBAET, T.€. OBICTPOACHCTBUE LICH-
TPaJIBHOTO MPOIECCOPa BCE PABHO OIPAaHUYMBACTCS ME/IIIEHHBIM DJIEKTpOMEXa-
HUYECKHM YCTPOHCTBOM.

CTONMOCTB IIEHTPAJILHOTO MPOLIECCOpa ropas o BBIIIE CTOMMOCTH
BHeITHero ycrpoiictBa. [Toaromy npobiema paboTsl HEHTPATBHOTO IPOIECCO-
pa 6e3 mpocToeB Upe3BbIYAHO aKTyalbHA. DTO BO3MOKHO PEATM30BaTh IIyTEM
BKJIFOUCHHS B COCTaB BBIYMCINTEIHHON MAIIMHBI HECKOJIBKUX BHEITHHUX YCT-
POWCTB M OpTaHU3AINH MTAPAIICIIEHON Pa0OTHI ATHX YCTPOUCTB M IEHTPAITBEHO-
IO nporeccopa. YpasiieHHEe BBOAOM — BBIBOJIOM B 3TOM CIIy4yac OCYIIECTBIIA-
€TCsl MEXaHH3MOM IpepbIBaHHMN.

Paccmorpum noapoGHee paboTy MexaHn3Ma MpepbIBaHUM B CIydae
HAJIMYHS B IPOrpaMMe IMKJIA BRIBOJIA HECKOJIBLKUX cTpoK (Pucynok 11-37).

3anaya > _Bamava _3amasa
tl 2 t3 t4 t5t6_t7 t8 9 tl0
=
= | AIl
oI -y
BY
¥ CurHabl
.. IPEPBIBAHMS

Pucynox I1-37. IIpepsiBanne 32124 BHEIIHUM YCTPOHCTBOM: HET
MPOCTOsI MpoIeccopa
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ITycTb 3aa4a Mos1b30BaTENs BBIIOJIHIETCS B IPOMEXYTKE BpeMeHH t1
—t2. (3agaya - mporpaMma MoJib30BaTeNs, 3arpy’KeHHas B OTIEPATUBHYIO Ma-
MSTh U [TOCTaBJICHHAs MO/ KOHTPOJIb IEHTPAJIBHOTO nporeccopa.) K MmomenTy
t2 OHa MOAroTaBIMBAET CTPOKY TeKCTa B Oy(epHOM mamsITh U AaeT CUrHaj 3a-
IycKa ycTpoiicTBa BbiBojia. [Tocie 3Toro neHTpasIbHbIN MPOLECCOp | BHELIHEE
ycrpoiictBo (BY) QpyHKINOHUPYIOT MapaisieabHO B IPOMEKYTKE BpeMeHH t2 —
t3: ycTpoiicTBO BBIBOJA pasrpyxaer Oydep BbIBoja (BEIBOAUT CTPOKY), a IICH-
TPaIBHBIN MPOIECCOP MPOJOIDKAET BEIYUCIICHUS X TOTOBUT K BBIBOLY CIIE/IYIO-
mIyto cTpoky. B MmomeHT t3 BHemHee ycTpoiictBo (BY) 3akaHumBaeT BEIBO
CTPOKH ¥ BBIPa0aThIBACT CUTHAJ NMpepbIBaHus. [Toqydus 5TOT curHai, 1eH-
TPaIBHBIN MPOIECCOP MPEKPAIIAET BHIIOIHEHNE 3aJa4H [0Ib30BaTEN 1 3a-
myckaeT cucteMHylo 3ana4dy All - ananuza npepoiBanuii (t3 — t4). [locnennss
3armyckaer 3aaauy oopadotku npepbiBanus (OIT), KOTOPYIO BBIMOJIHSET 1IeH-
TpaJbHBIHN mporeccop (t4 — t5). 3agaya 06paboTKM MpepHIBaHUS TPOUZBOIUT
HEOOXOANMBIE NEWCTBHS AJIsI 3aBEPIICHHS BBIBOJIA CTPOKH 1 B MOMEHT CBOETO
OKOHYAHMS t5 BBIIAET CHUTHAJI MPOTrPaMMHOTO TIPEPBIBAHMS, KOTOPBIN aHAIIU3H-
pyeTcsl aHaIM3aTOpOM TIpepbIBaHuil (t5 — t6) 1 MHUIMUPYET MPOAOJIKEHHE 3a-
Jlaud rojp3oBarens (t6). B MmomeHT t8 3ajaua mosk30BaTens BhIIACT KOMaHIY
Ha BBIBOJI CJICTyIOLIEH CTPOKH U BCE TIOBTOPSIETCSI.

IIpepbiBanmne — peakiys HEHTPATFHOTO ITPOIECCOpa Ha HEKOTOPOE
coOBITHE, PUBOSMIAS K IPEKPAIIECHHIO BBIIOIHEHMS TEKYIIEH 3a/1a4u C Iie-
JIBIO BBITOJTHEHUS KaKo# — b0 apyroii, 6oiee BaxkHOH, 3anaun. CoOBITHS,
TpeOylommue npepbIBaHKs MOI'YT IPOU30IMTH Kak BHYTPH KOMIIbIoTepa (cOou B
paboTe OTAEIbHBIX YCTPOUCTB, MONBITKA JeJIeHHS Ha HYJIb, KOJUIU3UHU B yCT-
poiicTBaxX BBOJA — BBIBOJIA U T.J.), TAK U BHE €0 (Ha)KaTue KIJIABUIIN IPH BBOJIE
CHMBOJIa, 3aIIPOC Ha COBMECTHYIO PabOTy C APYT'MM KOMIBIOTEPOM | T.1.). Bo
BCEX CIIy4asX MOMEHTbl BOSHUKHOBEHUS COOBITHI 3apaHee HEM3BECTHEI U HE
MOTYT OBITh YUYTEHBI IIPH IPOTPAMMHUPOBAHHH.

B 3aBucuMocTH OT XapakTepa IpepbIBaHNs U PE3yJILTaTOB €ro 00pa-
OOTKH, BHITIOJIHEHUE ITPEPBAHHOM 3a7a4y Yepe3 HEKOTOPOe BPEMsI MOXKET IIpo-
JIOJDKUTHCS WK OyJIeT IPEKpaIeHo.

6.1 KoHTpoJbHbBIE BOIPOCHI

1. HeoOxoamMocCTh mapauienTsHON paOoOTHI IICHTPATBHOTO MPOoIeccopa 1
YCTpOMCTB BBO/Ia-BbIBOJIA
2. TlpepbIBaHUS KaK CPEACTBO YIPABICHHUS BBOJOM-BBIBOIOM
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7 Mynsmunpozpammuustil pexcum padomaol
GbIYUCTUMENbHOU CUCHIEMDbL

7.1  PazneneHue BpeMEHU MEXAY 3ajlauaMu

B OospuHCTBE cIyyaeB IMEET MECTO CUTYalMs, KOTr/ia [ocie 3aIyc-
Ka BHEILIHETO yCTPOMCTBA 3a/1a4a I10JIb30BATEIs HE MOKET IPOJOIIKATECS 10
3aBepuIeHus ero padoTsl. Harpumep, ciemyromas cTpoka i1t BEIBOJA ITOT0-
TaBJIMBACTCS IEHTPAIBHBIM MPOLIECCOPOM TOpas3fo OBbICTpee peali3alliy BIBO-
na ripeapirynieit crpoku (Pucynoxk 11-38). B aTom cityyae nieHTpaibHbIH 1Ipo-
LIECCOp MPOCTANBACT B OKHMJAHUH 3aBEPIICHHSI PA0OTHI BHEITHETO YCTPOHCTRA.

3ajaya 3ggaqa' 3anaua >
tl 3 t4 51617 8 19 t10
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. TIpEpBIBAHHS

Pucynoxk I1-38. IIpepriBaHue 0T BHELIHEr0 YCTPOiicTBa: mMpocToi
npoueccopa.

J1J1st TONTHO¥ 3arpy3KH IEHTPAILHOTO MIPOIIeccopa ¢ ebi0 HanOoIIb-
et 3¢ (eKTUBHOCTH €ro UCTIONb30BaHUS UCIIOIb3YETCSl MyJIbTUIPOTPAMMHBIH
pexuM (QYHKIIMOHUPOBAHUS BHIUUCIUTEILHON CUCTEMBI.

B sTOM ciiyuae B onepaTuBHON MaMATH OJHOBPEMEHHO MPUCYTCTBYIOT
HECKOJIBKO 3a]1a4 N0JIb30BaTeNsd, HanpuMep, 3agadal u 3agaua2. Koraa, otnas
IIpYKa3 Ha BBIBOJ (t2) M MOATrOTOBHB BBIBOJI CIEAYIOIIMI CTpOKH, 3agaual He
MOYET IPOA0IIKATh padoTy, OHA BBIZAET CUTHAJ ITPEPHIBAHUS, KOTOPBIN 3a-
myckaeT Ha BeimosnHeHne 3aga4y?2 (t3). (a1 npocToTsl pucyHka, pabora aHa-
JM3aTopa MpepbIBaHUN 37eCh 1 lanee He MpecTaBieHa). Teneps curnai mnpe-
PBIBaHUS OT BHELIHETO YCTPOICTBa NpephIBacT 3agauy2 B MOMEHT BpeMeHH t3'
u 3armyckaeT 3aaavylna nponomkenue. [lociaenHss, BbIIAET MPUKa3 Ha BEIBOJ
B MOMEHT t4 ¥ T.]I.

IIpumeuyanne. OOBIMHO MPEPHIBAHUS JOIYCKAIOTCS TOIBKO MEXKIY KO-
MaH/JlaMH, a He BO BPeMsI BBIIIOJTHEHHs] KOMaH/IbI.
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Pucynoxk I1-39. MyjbTHIPOrpAMMHBII PesKHM Pa0d0Thl BLIYHCIHTEIbHOM
CHCTEMBI

7.2 TlpepbiBanus u ux oOpaboTKa

B ciyyae yuie 0AHOTO IPEPHIBAIOLIET0 YCTPOHCTBA UM COOBITUS Jie-
J1a 00CTOSIT CpaBHUTENBHO MpocTo. OHAKO MPY HATWYUU MHOTHX TaKHX YCT-
POWCTB WM COOBITHI Cpa3y BO3HHKAET BOIPOC MPHOPUTETHOCTH O0CITY)KHBa-
Hus. Kaxkioe npepeiBatolnee ycTpoicTBO TODKHO KaK-TO UICHTU(DHIIMPOBATH
cebs1. Ota naeHTudUKays 10JbKHA OBITh HOAPOOHOM: TPyIIa, K KOTOPOH OT-
HOCHTCS YCTPOWUCTBO; yKa3aTelIb KOHKPETHOIO yCTPOMCTBA; MPU3HAK MPEPhI-
BaloIIero coObITHsl. Tak, HapuMep, KaXKIOMY MPUHTEPY MOXET OBITh OIpe/ie-
JIEHO HECKOJIBKO IIpepbIBaHmii: "padoTa okoHueHa'"; "HeT Oymarn"; "pa3zopBana
Oymara"; "HEHCIIPaBHOCTH B 3JICKTPOHMKE"; "HEHOpMaJIbHAsI TeMIeparypa’ u
T.1.

CyIIecTBEHHO, YTO BBI3BIBAIOIINE ITPEPHIBAHMS COOBITHS B BEIYUCIIH-
TEJIBHOM CUCTEME BO3HUKAIOT HE3aBUCHUMO JIPYT OT Apyra. 1 B KaxIIblil MOMEHT
BPEMEHH MOXKET BO3HUKHYTh HECKOJIBKO Pa3JIMUHbIX IpephIBaHui. i1 nc-
KJIIOUEHUS KOJUIM3UM, KaXKI0MY TUITY IPEPBIBAHUI PUCBOEH ONPEEICHHBII
MIPUOPUTET U B KK/l MOMEHT BPEMEHH BBINOIHSETCS 3a7a4a 00paboTKu
MIPEPHIBAHUS ¢ HAUBBICIINM IpHopuTeToM. OTCIO[a CIEAYET, YTO BBINOIHSIE-
Mad 3a/1a4a 00padOTKH NpephIBaHUI MOXKET IPEPHIBATHCSA C LIENBIO 3aIIyCcKa
Oonee npuopuTeTHOU 3agaun. Hampumep, BceM AuCKaM MOXKET OBbITh IPHUCBOCH
MIPUOPUTET OJTHOTO YPOBHS, a BCEM YCTPOMCTBaM BBIBOJIA — IPYTOTr0 YPOBHS,
TOr/1a MporpaMma o0padOTKH NpephIBaHMs OT MIPUHTEPa MOXKET OBITh ITpEepBaHa
3aIIpOCOM OT KOHTPOJIIEPa MaTrHUTHOI'O AUCKA, HY KJAIOIIErocs B 00CILyKUBa-
HUM.
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ITpakTHuecku Takas NIPUOPUTETHOCTh PEATU3YETCsI allapaTHO-
IIPOrPaMMHBIM MEXaHU3MOM IPEPHIBAHUIM, B COCTAB KOTOPOT'O BXOJUT PETUCTP
MIpepbIBaHui U perucTp Macku npepbiBanuii (Pucynok 11-40). Peructp npe-
PhIBaHMii sIBISICT COOOH ABOMYHBINA PErUCTp, KAXKIBIA pa3psii KOTOPOTO COOT-
BETCTBYET KaKoMy-JI00 TpepbiBanuio. Koraa ot anmaparypsl pepbIBaHUMI
MIPUXOJUT CUTHAJI IPEPhIBAHUSA, COOTBETCTBYIOIIMI pa3psii PErucTpa mpephl-
BaHMH ycraHaBnuBaeTcs B "1". Ilociie okoHuaHust 00pabOTKH MpephIBaHUS STOT
paspsn ycranasnusaeTcs B "0".

B cuiy acHHXpOHHOCTH TIpEpPBIBaHMH, B OOIIEM CITydae, Ha pETHCTpe
NPEPHIBAHUI B KaXK/Iblil MOMEHT BPEMEHU HAXOAUTCS HECKOJIBKO eauHuLl. U
BCTaeT BOIPOC, KaKOe MpephIBaHNEe 00padaThIBaTh HEIOCPEACTBEHHO, a 00pa-
00TKy KOTOPOT'0 MOXHO OTJIOXHUTb. 17151 COPTHPOBKH ITOCTYIHBILINX IIPEPHIBa-
HUH UCIIOTIB3YETCs IBOMYHBIN PETUCTP MACKHU MpepbIBAHUS, KX OUT KO-
TOPOT'O COOTBETCTBYET ONpPEIEIEeHHOMY OUTy perucrtpa npepsiBanuid. Eciau our
perucTpa npephrIBaHuil YCTAaHOBIIEH B €JMHUIY U TAKXKE B €JMHHUILY YCTAaHOBJICH
COOTBETCTBYIOUIMH OUT Macku — CUTHAJI TIPEPBIBAHMS TIPOXO/UT Ha aHAJIM3aTOP
KOTOPBIH 3aITycKaeT nporpamMMmy 00pabOoTKH 3TOTO TIpEepHIBAHUSI.

VYcranoBkoii B "1" u "0" perucTpoB Macku ynpasisieT ONepaliOHHast
CHCTEMa U3 MPEZCTaBIsIeT CO00M CBOCOOpa3HOE PELIETO C yIPABISIEMBIMH
siueiikamu. Ka

Bekrtopa
OnepanuoHHas cuctemMa pepHIBAHHi

[IpepriBanne I

Ananuzarop /

MpEpPBIBAHUI v
~ Anipec mporpaMmsI
Ympasnenue acKon T 00paboTku mpepbiBaHus |

ool ollololollo]  Macka npepsisarmit

ololol1lololololifolololofilolo| Peructp mpepeisanmit

[ JPle]
=
g <
s B
= A
= &
= & .
< E Curnainsl npepbIBaHUuN

Pucynok I1-40. MackupoBanue u 06padoTKa npepsIBaHMii.

OOBIYHO BBIIETSIOTCS IATH THIIOB IPEPHIBAHUIH:
1. mpepbIBaHUS OT CXEM alNapaTHOrO KOHTPOJISI BEIYMCIUTEIBHON
MaIIMHbI BOHUKAET B CIIy4ae HEHCIPABHOCTU 000PYyIOBaHNS;

143



2. BHEIIHHE MPEPBIBAHUS AT BO3MOKHOCTb LIEHTPAJIbHOMY IIpO-
LIECCOPY pearupoBaTh Ha CUTHAJIBI OT TAKMX UCTOUYHHKOB Kak
TaiiMep, KHOIIKa NpephIBaHKs Ha KJIaBUaType, BHEITHHE JIaTYH-
KU H T.JI.

3. mpephIBaHUSA OT BBOJA — BBIBOJIA TIO3BOJIAIOT LIEHTPATIBHOMY
TIPOLIECCOPY PearnpoBaTh Ha COOBITHSI, BOSHUKAOIIE B KOH-
TpOJUIEpax U yCTpOIcTBaxX BBOA — BBIBOJA

4. mporpaMMHBIE IPEPHIBAHMS IIPOUCXOAAT B TEX CIydasx, KOr/a B
HCTIOJTHAEMON IPOTpaMMe BOSHUKAET KaKOW — OO0 0COOBIiA
ciryvaii (TIepermoTHeHne Pa3psTHON CETKH, AeTICHNE Ha HyJIb ’
T.0I.)

5. mpepbiBaHHe PU 0OPAIIEHHIO K ONEPAIlMOHHON CUCTEME BO3-
HUKAIOT, KOTJa B UCIOJIHAEMOI! IIporpaMme BCTpeyaeTcst Ko-
MaH/1a iepexo/ia B "3aIUIIeHHBIA pexuM".

7.3  COBO COCTOSIHMS IPOTPaMMBI U LIUKJI
MpepbIBAHU M

ITpu npepsiBaHuM nporpamMMsl Py, 1 3amycka BMECTO Hee IPOrpaMMBbl
Pj, nnst obecrievueHus BO3MOXKHOCTH TPOAOIDKEHHS HOPMalIbHOM paboThl Py,
HEOOXOAMMO 3aIIOMHHATH JIaHHBIE, KOTOPbIE MOXKET UCIIOPTHUTH Mporpamma Pj.
K 4ncny Takux HaHHBIX OTHOCATCS: COAEPIKUMOE CUETUMKA KOMaH — aJipec
KOMaH/Ibl, COAEP>KAMOE PErUCTPA MPEPhIBAHUI U PETUCTPA MACKU IIPEphIBa-
HUMH, QIary yrnpasieHus yCIOBHBIMH IIEPEX0AaMHt, KITI0Y 3aIUTHI mamsTu. Bee
9TH JAHHBIE CBOJATCS B OHO CJI0BO COCTOSIHMSA MPOTrPAMMBI 1 B MOMEHT
MIpepBIBAHIS 3aIIOMHHAIOTCS B CTeKOBOM mamsiti Pucynok 11-41. B Toit e ma-
MSTH 3aIIOMHHAIOTCS 3HAYEHHUSI PETHCTPOB. JJuciumninHa o0cTyKUBaHUs CTe-
KOBOH NaMsITH ITO3BOJISET MPOJIOKUTE 3a/1ady Py ¢ TOUKH MPEphIBaHMS ITyTeM
BbI30Ba U3 CTEKA €€ CJI0BA COCTOSHMUS.

Anpec | HnuHa Peructp |Peructp| ®naru |Kirou 3ammrsl
KOMaH/Ipl | KOMaH/Ibl | IpEphIBAaHUN | MAaCKU |yCIIOBHH|  MamsTH

Pucynox I1-41. ®@opmat cjioBa cocTosiHusi nporpammel (PSW)

B xaxIpIit MOMEHT BpeMeHH 3aJja4a HaXOUTCS B OJHOM M3 TPEX CO-
crosiauil (Pucynok 11-42). CocTosiHMe HCHIOMHEHUS TTOCIIE IPEPHIBAHUS CMEHS-
€TCsl COCTOSTHIEM 00paboTKu npepriBanus. [locne okoruanus 00paboTKy mpe-
pBIBaHHUS 3a/1a4a EPEXOTUT B COCTOSIHUE TOTOBHOCTH, OKHIasl, KOT/Ia orepa-
IIMOHHAS CUCTEMaA PAa3PEeIlUT LIEHTPAIbHOMY IPOLECCOpPY NPOLOIKUTH €€ Hc-
TIOJIHEHHE.
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CocrosHue
UCIIOJIHEHUS
CocrosiHue CocTossHue
00paboTKH TOTOBHOCTH
IPEPBIBAHUA

Pucynok I1-42. Tpu cocTosiHus 3aJa4i B MyJIbTHIPOrPaAMMHOIM
BBIYMCJINTEJILHON cucTeMe

Iuka npepbiBaHuA.
1. Curnan npepsIiBaHus IPUHUMAETCS OJIOKOM YIIPaBJICHHS IIPEPhIBAHUS-
MU.
2. Hcnone3yemas B JaHHBI MOMEHT BPEMEHU KOMaH/a JOBOJUTCA 10 3a-
BEPIIIEHNS B YCTAHOBIEHHOM IOPSIIKE.
3. CocrosHHE CUETYNKA KOMaH/ ¥ PETHCTPOB IIEHTPAIBHOTO MpoLeccopa
3aIIOMHHAETCS B CTEKE.
4. Peanm3syercs nepexoi Ha Mporpammy oOpadOTKH COOTBETCTBYIOIIETO
MpEpLIBAHUA.
5. Tlpu 3aBepuieHun nporpamMmbl 00pabOTKH NPEPHIBAHUS YIIPaBIICHHE T1e-
penaercst 1100 Ha IPEPHIBAIOIIYIO 33/1a4y (€CiIM OHa FOTOBA ITPOIOIDKATH-
cs1), 0o Apyroi nporpamMMe, rOTOBOH K MpojoipkeHuto. [Ipu atom Boc-
CTaHABIMBAIOTCS 3HAYEHUE CUETYMKA KOMaH]{ ¥ COJIEpKaHUE PETHCTPOB
MPOJIOJKAEMON TPOrPaMMBI.
MynbTHnporpaMmMHast paboTa KOMIbIOTEpa 00ECTIEYNBAETCS OTIEPALIH-
OHHOM cucteMoil. OCHOBHOHM COCTaBIISIOIINI OMIEPAITMOHHON CHCTEMBI SIBIISCT-
Csl yIpaBIIsIoLIas IporpaMma - cynepBu3op. Beimonuss con GpyHKIMH, Cy-
HEPBU30P KOHTPOJIUPYET COCTOSTHUE U YIIPaBIIsET paboTol BCeX YCTPOMCTB:
LEHTPAJILHOT'O ITPOLIECCOPa, ONEPATUBHON MaMATH, BHEIIIHUX 3aIlIOMUHAOLINX
YCTPONCTB U yCTPOICTB BBO/IA — BBIBOAA.
VYnpaBieHrne MylIbTUIIPOrPAMMHBIM PEXKUMOM 3aKJIF0YAETCs B 3aKpell-
JICHUH YCTPOMCTB M 0bJacTel maMsTH 3a 3a/lauaMi, HHUIMUPOBAHNH PabOTHI
YCTPOHCTB a Takke B OCBOOOXKIECHUH yCTPOWUCTB U 00JIacTel MaMsATH 10 OKOH-
YaHWU UX UCIIOJIb30BaHMs IPOrpaMMaMHu.
Jpyro# ynpapistoliei nporpaMMoii SBIISETCS NJIAHHPOBINMK, QYHK-
LIMM KOTOPOTO — BBOJ 331aHUI 1 00ECIICUeHNE UX PECYPCAMHU C IIENbIO CO3/a-
HUS 3a7ad.
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He Hazio myTaTh NOHATHE OJJHO WJIM MHOTO IIPOrPaMMHOM ONepaIioH-
HOH CHCTEeMBI U MYJIbTHIIPOIPAMMHOTO PEXHUMa PAOOTHI BEIYUCIUTEILHON CUC-
Tembl. OTHONPOrpaMMHasl OTEpaIlIOHHAS! CUCTEMa CIIOCOOHA BBITIOJHSTH TOJIb-
KO OJIHO 3a/laHKe 1oJb30BaTensl. HarpoTus, MHOronporpaMmMHasi OlepanyoH-
Hasl ccTeMa criocoOHa OJTHOBPEMEHHO BBITIOJIHATH HECKOJIBKO 33/1aHHH, BO3-
MOJKHO Pa3JIMYHBIX Nosb3oBaTeneil. Ho gaxe ogHomporpaMmHast onepanyuoH-
Hasl CHCTEMa MCIOIb3YeT MyJIBTHIIPOTPAMMHBINA PEXXUM PaOOTHI BHIYUCIIUTEIb-
HOW CHCTEMBIL: BpeMs LIEHTPAIBHOI0 IIPOLIECCOPA ACTUTCS MEKIY ONEpalioH-
HOM cHCTEMOM U 3aJ1aueil 10JIb30BAaTENsl, KOTOPask BHIIOJHAETCS MO YIIpaBJie-
HHEM ONEPaMOHHOI CHCTEMBI.

7.4  KoHTpOJbHBIE BOIPOCHI

1. IlemecooOpazHOCTH MyIBTUIIPOTPAMMHOTO PEKIMA

2. Crpaterus pacnpeneneHns BpEMEHH HEHTPAIBHOTO MPOIIECCOPa MEXKILY
HECKOJIbKUMH 33/1a4aMH

3. TlousiTue npepbIBaHusi 1 00PaOOTKH MPEPbIBAHMS

4. Peructp npepsiBaHUIl 1 MacKa IpephIBaHUIMA

5. CnoBO COCTOSHUS 3a/1a41 U LIUKJI IPEPHIBAHUS
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8 Komnvromepwl napannenvnozo oeiicmeus

CyniecTBeHHass 0COOEHHOCTh apXUTEKTYPhl KOMIIBIOTEPOB, OCHOBAH-
HBIX Ha npuHIunax Gon HeliMaHa — mocienoBaTeIbHOE UCIIOTHEHUE KOMaH/
nporpaMmbl. bopr0a 3a OBICTpoIeCTBHE B 3TOM CIydae 3aKJII0uaeTcs B pa3pa-
00TKe Bce Oosee U 0oJiee OBICTPOICHCTBYIOIIUX ICKTPOHHBIX CXEM. DTH CXe-
MBI COCTOSIT U3 OJIOKOB, 00BEMHEHHBIX JTMHUSIMU CBS3H, CKOPOCTh IIepeiaun
CUTHAJIOB 110 KOTOPBIM CYIIIECTBEHHBIM 00pa3oM BIIHMSIET Ha ObICTpOAeHCTBHE
cucTeMbl B 1ie1oM. [TocTosiHHAS TeHICHIUS K MUKPO MUHHATIOPH3ALIMA
YMEHBLIACT JUIMHY JIMHUH CBSI3H, T.€. BpeMsl Iepeayi CUTHAJIOB, YTO TAKKe
MOBBIIIAET OBICTPOJICHCTBIE BEIYMCIUTEIEHON CHCTEMBI.

B 80-x rojax mpomuioro cTojeTHs NOsIBUJIOCh MHEHHE, YTO TEOPETHU-
geckoe ObICTPOAEHCTBIE MOCTIeIOBATENFHBIX KOMITEIOTEpOB (poH Hefimana,
OIIpe/IeNIIeMOe CKOPOCTBIO NIEPEAav ISKTPOHHBIX CUTHAJIOB I10 JIMHUSM CBS3H
(cxOpOCTH cBeTa), MPAKTUUECKH TOCTUTHYTO. DTOT Oaphep Ha3bIBAJICA I'lie TO B
palioHe OZJHOTO MIJUTHOHA ONepaluii EHTPaIbHOTO MpoLeccopa B CEKYHY.

3HauuTeNbHBIC YCUIIUS KOHCTPYKTOPOB CKOHIIEHTPUPOBAIUCH Ha pe-
LIEHUH TPOOJIEMBI CYIIECTBEHHOT'O YBEJIMUYEHHUS OBICTPOACHCTBUS KOMIIBIOTE-
POB 3a CYET OpraHHM3alMK HapauleNIbHON 00pabOTKH AaHHBIX. 3/1€Ch MOKHO
Ha3BaTh JIBa OCHOBHBIX MMOAX0/a [].

OIUH MOIX0J] PACCMATPUBACT KOMITBIOTEPHI MTAPAJUICIIBHOIO ICHCTBUS
Kak Habop MHUKPOCXEM, KOTOPBIE COCIMHEHBI IPYT C APYTOM OIPEAEICHHBIM
obpasom. [Ipu 1pyrom nopxone BO3HHKAET BOIPOC, KAKUE MPOLECCHI BHIIOJI-
HSFOTCSI TapaJUICNBHO. 371eCh UMEETCsl Ba KpalHHUX BapHaHTa.

st perieHus 3a1a4 Ha ypOBHE KPYITHBIX CTPYKTYPHBIX €AWHHMIL. HC-
HOJB3YIOTCS BBIYMCIUTENBHbIE CUCTEMBI CO CTa00H CBA3BIO — MHOXKECTBO IPO-
LIECCOPOB, KOTOPBIE B3aUMOACHCTBYIOT 110 CXeMaM C HU3KOH CKOPOCTHIO Iepe-
Jla4y JaHHBIX.

Jliist perieHnst 3a1a4 Ha YpOBHE MEJIKHX CTPYKTYPHBIX €HHUIL. HC-
TIOJIb3YIOTCS CUCTEMBI C TECHOW CBSI3bIO — KOMITOHEHTBI allliapaTypbl MEHBIILIE,
pacIioyoKeHbl OJIMKE IPYT K IPYry U B3aUMOACHCTBYIOT Yepe3 ClelHatbHbIe
KOMMYHUKAIIMOHHBIE CETH C BBICOKOM MPOITYCKHOHN CIIOCOOHOCTBIO.

8.1  Ilapannenn3M Ha ypoBHE OAHOU KOMAaH/IBI.

Kak y»e HeoTHOKpaTHO TOBOPHIIOCH, OCHOBHBIM 0aphepoM yBeJIiye-
HUSI OBICTPO/ICHCTBYS KOMITBIOTEPA SIBISICTCS BPEMsI IOCTYTIA K OTIEPATHBHOM
naMATH (Kak IpH BBIOOPKE oepaHa, Tak ¥ PU YTeHUH KoMaHbl). st cHU-
JKEHHS 9TOTO Oapbepa B COBPEMEHHBIX KOMIBIOTEPHBIX apXUTEKTypax UCIOJb-
3yeTcs cBoeoOpas3Has "moakadka' KOMaH]I B CBEpXOBICTPOICHCTRYIOMHAM OY-
(dep BHIOOPKH € ynpe:KIeHHEM.
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CMBICTI 3TOT0 YCOBEPIICHCTBOBAHMSA B CIIEAYIOIIEM: TIOKa HCIIONHIETCS
TeKyllas KOMaH/a (XpaHsascs Ha perucTpe KOMaHa) U3 OIepaTUBHOM aMATH
B 3TOT Oy(dep — pa3HOBUAHOCTH K3III MAMSTH, YATAOTCS KOMAH/IbI CICAYIOLIHE
3a Tekymiei. Takum o6pa3oM, korja TpedyeTcs cIeayromas KOMaHaa, OHa YH-
TAeTCs Ha PETHCTP KOMaH] ¢ MUHUMABHOM 3aTpaToil BpeMeHH HEMOCPeCT-
BEHHO 13 Oydepa. (3Ta Hies UCIOIb30BaIaCh CIIe B HAILICH OTEYCCTBCHHOM
3BM B3CM-6.)

[pouecc BBIOOpa ¢ YIPEkKICHHEM MTO3BOJISET PAa3ACIUTh BBINOIHCHUE
KOMAaH/IbI Ha JIBa dTala: BHI30B M HCIOJNHEeHHE. Viest koHBeliepa pa3BUBaeT oTy
UJICIO: TIPOLIECC BBIIOJIHEHHST KOMAH/IBI ITOIpa3ielisieTcs Ha HECKOJIBKO JTaIloB,
KKIBIH M3 KOTOPBIX HAa3bIBACTCS CTAAMEH U BBITOJHACTCS CBOMM alllapaTHBIM
Os10KOM, TIpHYEM, 3TH OJIOKH (PYHKIIMOHUPYIOT napasuiensHo. Ha PucyHnok 11-43
BBEPXY M300pakeH KOHBeHep MATUCTaIUITHON KOMaHAbI U BKJIIOYAIOIININ B
ce0st mATh OJIOKOB anmnaparypabl.

Cl Cc2 C3 C4 C5
Biok Biok Brnok urenus Biox Bnok
YTEHUSI ™ nemmdpposku [P omepammo [P Bbmonmenus [P 3ammcu
KOMaH[bI KoJia omeparuu orepanyu pesysbrara

Cl|1]|2|3|4|5]6|7]|8]9
1C2 ] 1(2]3[4]5]6]7|8
1C3 | 11234567
1C4 | 1[2]3]4]5]6
1C5 | 1({2]3[4]5

1 2 3 4 5 6 7 8 9
TaKThl BpDEMEHH —>

Pucynoxk 11-43. Konseiiepnasi 00padoTka KOMaH/

Ha ToMm ke prcyHKe BHHM3Y ITpHBEIcHa BpEMEHHAs! JrarpaMMa paboThl
KoHBelepa komanA. [TopsakoBbIe HOMEpa KOMaH]I IPUBEICHbI Ha IEPECCUCHUH
ctpok u croibios. Cromberr I oToOpaxaer koMaHABI, KOTOpBIE 0OpabaThIBa-
I0TCSI KOHBEHEPOM B MOMEHT - TaKT ty: YTEHHE KOMaH bl U3 TAMATH, ACIN}-
POBKa KOJia OIlepalliy, YTEHUE ONIEPAHIO0B U3 MaMATH, BBINOJHEHUE ONEpalty,
3anuch pesyabrara. CTpoka J oToOpaxkaeT HoMepa KOMaH/, KOTOpble o0pada-
ThIBatOTCA 010K0M Cj B K@)KABIH TaKT BPEMEHH.

W3 nnarpammel BuiHO, uTO 010K C; IOCIIeA0BaTENIbHO BHIOUPAET U3
namsati komauasl 1..9, 6ok C,, co CIBUTOM Ha OJIMH TaKT, JACIUPPYET KOJIBI
onepauuii komanz 1..8, 6110k C; O CABUIOM €llle Ha OJUH TaKT, YUTAET Olle-
paHIpl U3 HaMsITH U T.JI.

[Tpu xoHBeliepHOl 00paboTKE CyMMapHOE BpeMsl BBHITIOJIHEHHUS OTHON
KOMaH/Ibl He yMeHbIaeTcst. Ho 3a To jxe BpeMs BBIIOHAETCS. N KOMaH, T/e
— YUCIIO CTAANH BBINOTHEHUSI KOMAH/BL.
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Crenag miar B OHY CTOPOHY, H yOSIUBIIINCH, YTO ATO XOPOIIO, XOUeT-
Cs1 CHIeNaTh eIlle OJIUH IIar B Ty e CTOPOHY. TOYHO Tak 0Opasyercst Cynepcka-
JISIpHAst ApXUTEKTypa KOMITBIOTEPA, UCIOJIb3YIOIIHE HECKOJIBKO KOHBEHEPOB,
o Apo6OHOE ONMUCAHNE KOTOPOM BBIXOJIWT 3@ PAMKH HACTOSIIETO Y4eOHOTO 10~
coous.

[Mapamienu3M Ha YpOBHE KOMaH/] IOMOTAET B KAKOI-TO CTEIEHH, HO
KOHBEHEpBI U CYNepCKasIpHast apXUTEKTypa YBEIMIUBAIOT CKOPOCTH 00paboT-
KU JIAHHBIX BCEro Juiib B 5 — 10 pa3. UToObI yBETHYUTH POU3BOIUTEILHOCTD
Ha HECKOJIBKO JICCATHYHBIX TIOPSIKOB, HYXKHO pa3pabaTsiBaTh MHOTOITPOIIEC-
COPHBIE CHCTEMBI.

8.2  Ilapamnenu3M Ha ypoOBHE JAHHBIX

J10CTaTOYHO YacTo MpH HAYYHO-TEXHUUYECKHUX PAcUeTax HEOOXOIUMO
BBINOJIHATH OTIEPALMH HaJl BEKTOPaAMU M MaTpULIaMU O4Y€Hb OOJIBIIOTO pa3Mepa.
[pakTHyeckn Beera Takue JaHHBIE MOXKHO Pa3OUTh Ha CEIrMEHTHI, YUCIIO KO-
TOPBIX OIPEAENIACTCS YHUCIOM IIPOLIECCOPOB, U OAHOBPEMEHHO BBINOJIHATH 00-
paboTKy BCEX CErMEHTOB JAaHHBIX. TaKKe MPOoLEecCOpPbl UMEIOT OOLIYIO aMsITh
1 Ha3bIBAIOTCS] MYJILTHIIPOLleCCOPAMH. XapaKTEPHBIM IPUMEPOM SBIISETCS
orepanys clioxeHust 1ByX BektopoB (Pucynok 11-44).

p p p p
A AA AA
% I I %_ Vi
|
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¥ ¥
M M V1+V2

Pucynoxk I1-44. Ciio:xeHne BeKTOPOB, peajJM30BaHHOE HA YeThIpex
napaJuieJIbHbIX MPOLECCopax.

Jlnist MaTpUYHBIX ONepanuii Takke CyIeCTBYIOT OJIOUHBIE aJITOPUTMBI
UX BBITIOJTHEHMS.

KoMmIteroTepsl, COCTOSIIIIE U3 HECKOIBKUX MPOLIECCOPOB M BBITOI-
HSIOIUE OJHM M TE XK€ BBIYHCICHNS HAJ| Pa3HBIMH CETMEHTaMH OZJHOTO Habopa
JTAaHHBIX B OJTHO U TO YK€ BPEMsI, Ha3bIBAIOTCSI BEKTOPHBIMH KOMIMbIOTEPaMH.

8.3  KnonupoBaHue 33J]a4¥ B BUJI€ IOTOKA
yIIpaBJICHUS

Hpyras cnennguka o0pabOTKH JaHHBIX — 3alIPOCH] Ha BHITOITHCHHS
paboT, Kax/ast k3 KOTOPBIX BBITIOJIHIETCS 110 OJJHOMY H TOMY K€ alIrOpUTMY,
MOCTYIAIOT He3aBUCUMO. TaKoM IMOIX0/1 ONpaB/iaH [Uisl peau3aliu ObICTPOro
o0ciyuBaHKs aOOHEHTOB B CHCTEMaX KOJUIEKTHBHOTO 1oJib3oBaHus. (Cucre-
MBI PE3epBUPOBAHHS HA ABUAJMHUSIX, HE3aBUCUMBbIEC TIPOTOHBI MOJICITUPYIOINX
MIPOrpaMM C MCIIOJIb30BAaHUEM HECKOJILKMX HA0OPOB IapaMeTpoB | T.11.).
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HanomunM, uto 3aaava (mpouecc) t(w) onpenensercs Kak THHaAMU9e-
cKasl elMHUIA PaboThl W, KOTopasi 00pa3yercst B MOMEHT Haualia paboThl 1
ucye3aeT B MOMEHT ee OKoH4YaHus. OnucanueM paboThl CITy>KUT IIporpamMMa p.

[Tpu Havane paboOTHI W IO 3aIPOCy OHOTO IOJIb30BATENS 3aIlyCKaeT-
cs1 3aa4a t(w), KoTopas HOPOXKAaeT CBOW KJIOH B BHIE TIOTOKA YIPaBICHUS
s(t(w)), d1)) mo o6pabotke nanubIX d1. [Ipu mocTyIIICHNH 3ampoca Ha BHITIOJ-
HEeHHe ToM ke paboThl W ¢ IpyriuM HaOopoM AaHHbIX d2 (Ipyroii moiab3oBa-
TeNb) 3aa4a t(W) opoXKIacT eie ouH KIoH s(t(w),d2) B BuIe MOTOKA
ynpasieHus s(t(w),d2), BRITOTHSIOMIETO 3a1a9y t AT BTOPOTO MOJIE30BATENS
mo 0o6paboTke JaHHBIX d2 ¥ T.1I..

JomryckaeTcs MHOJKECTBO KJIOHOB — IIOTOKOB YIIPaBJICHHUS OHOM 3a/1a-
YH, ¥ K&KIBIH KJIOH BBIIOJIHAETCS HA CBOEM IIpolieccope. Brurpeii Bo Bpeme-
HU OYEBHJICH.

8.4 Ilapannenusm BHYTPU OJHOIO IMOTOKA
YIPABJICHHUS

[1py BHIIOJTHEHHUH [TOTOKA YIIPABJICHUS HA OZHOM IIPOLIECCOPE MOTYT
BO3HHUKATh CUTYallUH, KOTJa ero JajbHelIee IPOIOoHKeHHE HEBO3MOXKHO /10
HACTYIJIGHHS BIIOJIHE ONPEAEIICHHOTO COOBITHS B BEIYUCIUTEILHON CUCTEME,
HarpHuMep — JI0 3aBepIICHHs OTlepalliy BBO/IA TaHHBIX. B cirydae MynbTHnpo-
rpaMMHUPOBaHUs, €IMHCTBEHHBIH MIPOLIECCOP MEPEKIIOYACTCS Ha BHIMOIHEHUE
Jpyroi 3amauu. B ciydyae MHOronpoueccopHoii CHCTEMBI 3aITyCK HOBOH 3a/1aui
WJIN JIpyTOro IIOTOKA YNPaBJIEHUs JajeKo HE BCera esecooopaseH u Jisl ycT-
paHeHHsI IPOCTOS MPOIIECCOPa B HEKOTOPHIX CIIyYasX MOXHO HCIIOJIb30BaTh
napajuiesn3M Ha ypOBHE OJHOTO IIOTOKA yrpasieHus. Ecian nporpamma BbI-
NOJTHEHUS pabOTHI Takasi, YTO B HEH MOKHO BBIACIUTH HECKOJIBKO YYaCTKOB,
KOTOPBIE MOKHO BEITIOJHATH HE3aBUCUMO JAPYT OT ApyTa (7100 Beerna, oo
IPY HEKOTOPBIX YCIOBHAX), TO AJIsI KaXKAOI0 TAaKOTO y4acTKa co3JaeTcs Jac-
TUYHBIA TOTOK ynpaBieHus — HUTh (Pucynok 11-45). Bce HUTH BBITOTHAIOTCS
Ha OJTHOM IIPOLIECCOPE B PEKUME TPAAULMOHHOTO MYJIbTHIIPOrPaMMHUPOBAHHS.

OueBUIHO, YTO BO3HHUKAET CJIOXKHASI TIPOOJIeMa CHHXPOHU3AIMHY BbI-
TIOJTHEHHSI MHOKECTBA IOTOKOB M MHOKECTBA HUTEH, KOTOPYIO PEIIaeT orepa-
IIIOHHAs CUCTEMa.

E1me pa3 nmoguepkHeMm, 9To B pacCMaTpUBaEMOM ClTydae TIOTOKH CyIIe-
CTBYIOT HE3aBHCUMO U JIAHHBIMU HE OOMEHHBAIOTCSI.
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IIpoueccop;

IToToK;

[Tpoueccopy
Hurtp,

[Ipouecc —» Ilorox; —» Huth;

Hutbx

IIpoueccop,

ITotok,

Pucynoxk I1-45. IIponecc noposkaaeT NOTOKH, Kaxk/Ablil IOTOK MOPOKIAET
HUTH

8.5 Ilapamnenusm Ha ypoBHE MPOIECCOB

Bo MHOrux ciiy4asx oiHy cynep padboTy 1no o0paboTKe JaHHBIX LieJie-
€000pa3HO NPEICTaBUTh B BU/IE HECKOJBKHX CJIa00 CBA3aHHBIX 110 JaHHBIM pa-
00T, Ka)K/1as U3 KOTOPBIX MOXKET BBIMOJHATHCS HA CBOEM MpoLieccope, 0OMEHHU-
BasiCh TAaHHBIMU C IpyruMu padotamu. OOMEH JaHHBIMH MEX/Y MPOLIECCOPAMH
MPOUCXOJIUT TI0 CETH MEKCOCANHEHHI U BBIYMCIUTENIbHAS CHCTEMA MPeBpalia-
ercsi B MyJabTukoMnbioTep (Pucynok 11-46).

T
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Pucynok 11-46. MyabTHKOMIBIOTEP, COCTOAIMI U3 16 — TH NpoIeccopos,
KaKIbIil 13 KOTOPBIX HMeeT COOCTBEHHYI0 MaMSTh
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CkopocTh 00MEHa TAaHHBIMH B CETH MEXCOEJANHEHUI OTHOCUTEIBLHO
HeOoJIbIast, B CUITy 4ero 4yactorta 0OMeHa JAHHBIMH MEXY ITPOIIecCaMu He
JTOJDKHA OBITH upe3mMepHoit (Crtadast CBI3aHHOCTH IMPOIIECCOB).

KiroueBoe oTin4ne MyJIbTHIIPOLIECCOpPa OT MYJIBTUKOMIIBIOTEPA CO-
CTOUT B TOM, 4TO KaXKIBIH MPOIECCOP B MYJIBTHKOMITBIOTEPE UMEET COOCTBEH-
HYIO MTaMsTh, K KOTOPOI HUKaKO# JpyToi MpoIieccop He MOXKET 00pamarbest
HETNOCPeCTBEHHO. [10CKOIBKY MPOIECCOPHI B MYJTBTHKOMITBIOTEPE HE MOTYT
B3aMMOJICHICTBOBATH JPYT C IPYTOM ITyTEM YTCHHS U3 OOIICH MaMsTH, OHH TI0-
CBUTAIOT JPYT JPYTY COOOIICHUS, UCIIOIB3Ys CETh MeXcoeAnHeHuit. [1pu sTom
OCHOBHOU MPOOJIEMOIi CTAHOBUTCS TMPABUIILHOE pa3/ie/iCHHE JIaHHBIX U pa3yM-
HOE MX pa3MeEIlIeHHe, TOT/Ia KaK B MYJIbTHIIPOIIECCOPE pa3MelIeHHEe CETMEHTOB
JIAaHHBIX HE BJIMSET HA MPAaBUIILHOCTD BBIIIOJIHEHUS 32/1a4UH.

Takum 006pa3oM, MyJIETHKOMITBIOTED POIPAMMHUPOBATh TOPa3io
CJIOJKHEE, YeM MYJIbTHIIPOLIECCOP. 3aueM ke CO34aBaTh ITH MYJIbTHUKOMITBIOTE-
pbl. [leso B TOM, 4TO ropaszio Mpolle MHOXKECTBO MPOLECCOPOB C JIOKAJIbHBIMU
0JIOKaMH TTAMSITH COCAMHUTH CEThIO MEKCOCINHCHHH, YeM pealli30BaTh 00-
LIYIO MaMSTh, Pa3esieMyl0 MHO)KECTBOM IIPOLIECCOPOB.

8.6  KoHTponpHBIE BOIIPOCHI

1. Tlapamienu3m Kak NPUHIUITHAIBLHOE CPEICTBO YBEIUYCHUS OBICTPOICH-
CTBUSI BEIYMCIIUTEILHON CUCTEMEI

2. KonsetiepHas 00paboTKa KOMaH]T

3. TMapamrennsm B Cilydae BEKTOPHBIX BBIYHCICHUH

4. TloHsATHE IOTOKA YIPABICHUS U €T0 POJIb B OPTaHMU3AIUH MTAPaJUICIEHBIX
BBIYMCIICHUH

5. HuTn u napamienusm BHYTPU OJHOTO IIOTOKA yIIPaBICHUS

6. Ilapamrenusm Ha ypoBHE IIPOIIECCOB
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9 Asmomamuszayus npozpamMmupoeanus

Amnmaparypa KOMITbIOTEpa IIPOEKTHPYETCS U3 COOOpaKEHHUI ONTH-
MaJIbHOCTH TEXHUYECKHUX pPeLIeHU U 3 HeKTUBHOCTH 00pabOTKH IaHHBIX. B
CHITY 3TOTO, KaK CaMmble IIEPBbIE, TAK U COBPEMEHHbIE KOMIIBIOTEPBI, TPEOYIOT
MIPEJICTABIICHUS JAHHBIX U KOMaH/] IPOrPaMMBbI B BHJIC JIBOMYHBIX KOJIOB, T.€.
MocJIeIoBaTeIbHOCTEH Hyel U euHuUI. OYSBHUIIHO, YTO MPOTPAMMHUPOBAHKE B
JIBOMYHBIX KOJIaX SBJISICTCS BEChMa KPOIOTIMBBIM M MaJI03()()EKTUBHBIM 3aHS-
TreM. B crity 3TOr0, pa3BUTHE BEIYUCITUTECILHBIX TEXHOJIOTHA, TIPAKTHICCKH C
€aMoro TIEpBOTO JHS U300pETEHUS KOMITBIOTEPOB, UJICT 110 IBYM HATIPABJICHU-
sIM: COBEPIIICHCTBOBAHIE aIIapaTyphl BEIYACIUTEIFHBIX YCTPOUCTB; COBEP-
LICHCTBOBAHUE CPE/ICTB ABTOMATHU3AIINHU Pa3pabOTKU U UCTIOTHEHHS POTPaMM.

[peacTaBneHne JaHHBIX U KOMAH/I B AMSITH KOMIBIOTEPA OJNHAKOBO
(IBOMYHAS TTOCTIEIOBATEIBHOCTD), IIO3TOMY HHOTAA MBI OyZE€M TOBOPUTH 00
nH(OpMaIKH, C KOTOPOH UMEET JeJI0 KOMITBIOTEp, MOAPa3yMeBast M0/l 3TUM
KaK JaHHbIC, TaK U [IPOrpamMmy.

9.1 Ot ABOUYHBIX KOJIOB K SI3bIKAM CHUMBOJILHOI'O
KOJIUPOBaHUS
9.1.1  Ilpobaema 6600a - 66186000 OAHHBIX.

B xoHIIe KOHIIOB, C1TOCO0 MpECTaBICHNS JaHHBIX B ONIEPAaTHBHOH I1a-
MSITH KOMIIBIOTEpA IIpOrpaMMucTa He BosHyeT. Ho emy He Oe3pasznuyHo, B Ka-
KOM BHUJIE€ OH JIOJDKECH BBOAWTH HCXOJHBIC JAHHBIE U MTOIYYaTh PE3YJIbTAThI BbI-
YHCIICHUN.

Hanutuces "pedopmaropsl”, MpeasioxKuBIINE IEPEBECTH LIKOIBHOE
o0y4eHHe Ha ABOMYHYIO CUCTEMY NpeICTaBIeHus yncen. 1x aprymeHTanus
ObLJIa IpoCTa U MPUBJIEKATEIbHA:

®  C TOYKH 3PEHUsI TEOPUH BBIUMCICHUH COBEPIICHHO Oe3pa3IniHO B Ka-
KO cCHCTeMe KOAMPOBATh YnCIIa;

® MBI, CTAPUKH, Xy/I0 - OETHO IIepeMydaeMcs, 3aT0 HaIlK JIETH OYAyT C
KOMIIBIOTEPOM "Ha ThI".

OpHako, eciy MoLyMaTh, TO 3Ty MPOOIEMy MOXKHO PEHINTh O3 peBo-
monuu B o0pazoBanun. Hazo mpocTo y4yecTs, 4TO MepeBo/L YUCEN U3 ACCITHY-
HOMW CHCTEMBI B JBOMYHYIO 1 OOPAaTHO peann3yeTcst Mo (OpMabHBIM alnrOpuT-
MaMm. Crre1oBaTenbHO, MOXKHO CAETATh TPOTPAMMBI IIEPEBOA U3 IECATUIHOMN
CHCTEMBI B IBOMYHYIO CUCTEMY M OOpaTHO, KOTOPBIE OyAET BBIITOIHATH KOM-
MIBIOTEP U KOTOPBIE TIO3BOJISIT BBOJUTH U BBIBOJUTH YUCIA B IECSITUYHON CUC-
TeME CUUCIICHUSI.

Vike 311ech NOSBIISIETCS Crielu(rKa JBYXYPOBHEBOTO MIPEICTABICHUS
JIAHHBIX ¥ [IPOTPaMM B CUCTEME YEJIOBEK - KOMIIBIOTED:

®  Ha BHEUIHEM YPOBHE HEOOXOJMMO NPE/ICTABIIAThH JIaHHBIE ¥ POTPAMMEI
B BUJIE, MAKCUMAJILHO YZOOHOM JUIsl Y€JI0OBEYECKOT0 BOCHpHTHS (Tpaduka,
TEKCTHI, TAOIHUIIB U T.]I.);
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e  TaKoe IpeJCTaBleHHE JaHHBIX M POTrpaMM, KaK MpaBuio, Headdexk-
THUBHO C TOYKHU 3pEHHS e 00pab0TKA KOMIIBIOTEPOM;
e Ha BHYTPEHHEM ypOBHE JaHHBIE U MPOrPaMMBbI IIPEICTABIISIOTCS B BHIE
3¢ PEeKTUBHOM 115t X 00pabOTKH (IIBONYHBIE KOABI, CIIUCKOBBIE CTPYKTY-
PBI, CTPYKTYPbI JaHHBIX);
®  Kak cJeJCTBUE, HeOOXOIUMBI ClIEU(PHIECKUE ITPOTPAMMBI —
TPAHCIISITOPHI , PEATN3YIONINE aBTOMAaTHYECKOE PeoOpa3oBaHue MPECTaB-
JICHUS IAHHBIX U IIPOTPaMM C YEJIOBEYECKOTO YPOBHS Ha MAIIMHHBII ypo-
BEHB M 00paTHO.

3ameuanue. [IporpaMMBI TPAHCISATOPHI paCCMaTPUBAIOT U 00padaThI-

BAIOT IIPOTrPAMMBI BBIYHCIICHUH KaK TaHHBIE.

9.1.2  Accembnepol

3nech U Jasee, TOBOps O SA3bIKe, MbI OyJeM MOHUMATh MPOLeAYPHBIi
SI3bIK NPOrPAMMHPOBaHMs, T.. (OPMaIBLHYIO 3HAKOBYIO CHCTEMY, I03BO-
JISIOLIYIO OIMCHIBATH MOCIIEIOBATENILHOCTD 1IAaroB JII000ro ajiropurMa odpa-
OOTKM JaHHBIX.

Jlnst KoMmploTepa KaXJ10To TUIIA, Ha CTaJANH pa3pabOTKH €ro apXUTeK-
TYpHI, (UKCHPYETCs] CHCTEMa MAalllMHHBIX (JBONYHBIX) TBONYHBIX KOMaH/I.
Kaxnas Takast koMaH/1a IpeACTaBIsieT cOO0i orpeaeneHHbpIM 00pa3oM dopma-
THUPOBAHHYIO IBONYHYIO MOCIIEIOBATENHLHOCTD — MIPEANUCAHUE [UIST KOMIIBIOTE-
pa Ha BBIITOJTHEHHE BIOJIHE ONPEAEICHHOTO0 AeiicTBrsA. CrcTeMa KOMaH[ BbI-
YHCIUTENHHON MaIlIMHBI HA3bIBAETCS TAK)KE MAIIUHHBIM (JIBOMYHBIM) SI3bI-
KOM NporpaMMupoBaHusi. MammmHHasi(1BOMYHAsT) MPOrpaMMa, COCTOUT U3
MIOCJIEI0BATEIbHOCTY MAIIMHHBIX KOMaH]I, ¥ TOJbKO TaKasi MaIllMHHAS 11PO-
rpamMMa HEIOCPEICTBEHHO MHTEPIPETUPYETCS, T.€. UCTIONHSAETCA annapaTypon
KOMITBIOTEPA.

"PyuHoe" KoqupOBaHUE MAIIIMHHON POTrpaMMBbl Ype3BbIYaHO TPYI0-
€MKO M CBSI3aHO C TIOSIBJICHHEM OOJIBIIOTO YHCIIA MOTEHINAIBHBIX OMINOOK.
[TosTomy mpobiiema co3iaHus CpeCTB aBTOMATH3AIMH IPOTPaMMHUPOBAHUS B
BUJIE SI3BIKOB OOJIee BEICOKOTO YPOBHS YeM MAIMHHBIH S3bIK BO3HHUKJIA Ha TIep-
BBIX JK€ I1arax pa3BUTHS BBIYUCINTEIBHON TEXHUKH.

B camoMm mpocreiinem BapuaHTe perieHne ObII0 OYEBHIHBIM - 000-
3HAYUTh NOJISA KOMAH (bl CHMBOJIAMH, IOHSTHBIMH YEJIOBEKY, M TIOIyYHUTh B pe-
3yJIbTaTe MPEANNCAHIE Ha BBIMIOJIHEHHUE ICHCTBHUS B BUJIE CHMBOJIBHOM CTPOKH.

Harnpumep, KOMaH1y CIIOXEHHSI MOKHO 0003HAYHTh CIIEIYIOIUM 00-
pasom:

ADD 1001B,1010B,1011B (1

rae B - mpu3Hak ABOMYHOTO YMCIa.

Takast koMaH/a IPEANUCHIBACT BEIYMCIUTEILHON MAIIHE CIIEAYIOIIHE
JIEMCTBHSA: IPOYHUTATH COAECPIKMMOE SUEEK OIEPATUBHOM NaMSTH C JBOUYHBIMH
anpecamu 1001 1 1010, mpon3BecTH HaJL UX CONEPKUMBIM ONEPALHIO apudme-
THUYECKOTO CIIOKEHHMS M 3aIMCaTh PE3yJIbTAT B STUCHKY ONepaTHBHOM MaMsTH ¢
JIBOMYHBIM aapecom 1011.
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[t Gonee KOPOTKOH 3aIIMCH KOMaH/Ibl, aapeca Jydlle MPeCTaBIATh B
LIECTHAALATEPUIHOM KOJIE:

ADD 9H,AH,BH, (2)

rae H - npu3sHak mecTHaIIaTepuIHOro Koja.

Kaxxiast cHMBOJIBHAS CTPOKA, 0003HAYAOIIAS] MAIIIMHHYI0 KOMaHITY,
HA3bIBACTCSI MHEMOKOMAH/IO0H, 2 COBOKYITHOCTh TAKHX KOMaH/I 00pa3yeT sI3bIK
aBTOKOJ (S13bIK aBTOMAaTHYECKOTO KOAUPOBAHUS IIPOTPAMMEI).

JlampHEHIITM pa3BUTHEM SI3bIKa aBTOKOJI SBIISICTCS BBEACHHUE B €T0
onmcaTebHBIE BO3MOXKHOCTH CPEICTB YIIPABICHUS MTOTyaBTOMATHIECKUM pac-
TpeesieHreM orepatuBHON aMATh. CyTh TaKOTO paclpe/IeIeHUs] TaMsITH CO-
CTOUT B CIIETYIOIIEM:

®  JYEHKH U MAaCCHUBBI TUEEK MOKHO 0003Ha4YaTh CUMBOJILHBIMA UMEHAMHU
(ampecamn);

® B Q/IPECHBIX MOJIAX KOMaH/Ibl MOJKHO HCIIOJIB30BaTh 3TH CUMBOJILHBIE
uMeHa (ampeca).

e umMmeercs niceBnokoMania MEM, mo3Bosisitonias yCTaHOBUTh COOTBETCT-
BHE CHMBOJIGHOTO ajjpeca U (GU3NIECKOTO aapeca;

e umeerca ncesgokomanga CONST, no3Bossitoniasi IpUCBOUTH STUEHKe
TAMSTH C 33IaHHBIM CHMBOJIFHBIM aJIpeCOM KOHKPETHOE CHMBOJIEHOE 3HA-
YeHHeE.

Takxum obpazom, npearnrcanne (2) MOKHO 3aITUCATh B CIEAYIONIEM BH-

ne:
MEM Maia 9H;
MEM Kons AH;
MEM JIro608s BH;
CONST Maia,12;
CONST Koms,15;
ADD Maira, Koz, JTio60Bb

Ton9koM K IaNbHEHIIIEMY Pa3BUTHIO SI3BIKA aBTOKOJI TTOCTYKIJIO YBE-
JIUYEHUE Pa3MePOB MPOrpamMM. BoIbIIyI0 MporpaMMy MOXKHO OBICTpee U Kade-
CTBEHHEE CKOHCTPYHPOBATH, pa30HB ¢ Ha HCKOTOPOE KOJIIMIECTBO OOJIee MITH
MeHee He3aBUCHMBIX CETMEHTOB. JTO JaeT BO3MOXHOCTH Pa3padaThIBaTh U
OTIIAXKHBATh CIOXKHYIO IIporpaMMy "o JacTsaM'", a TakyKe HCIIONB30BaTh PU
pa3paboTke HOBOM MPOTrpaMMBbl yke arpoOUpPOBaHHbBIE CETMEHTHI paHee pa3pa-
0oTaHHBIX MporpaMm. Pazymeercsi, Mex1y CErMEHTaMu JIOMyCKaoTCs Gop-
MaJlbHbIE EPEKPECTHBIE CCHUIKH, (PAKTHUECKUH B KOTOPBIX HE U3BECTEH BO
BpEMsI HAITCAHUS CCKIIUH.

Bornee pa3BUTHIN S3bIK aBTOKOJ] KPOME MHO>KECTBA MHEMOKOMAH]T CO-
JICPXKUT TAKXKE TMCEBIOKOMAHABI, KOTOPBIC 00CCIICYHBAIOT MOTyaBTOMATHYC-
CKO€ pacripe/ielicHUE MTaMsITH, CBI3bIBAHUC B SIMHYIO IIPOTPaMMYy COBOKYITHO-
CTH CErMEHTOB, BBOJI ICXOTHBIX JaHHBIX U APYTHE MOJIe3HbIC neiicTBus. [lceB-
JTOKOMaH/IbI HE MIMEIOT aHaJIOTa B CHCTEME MAIIMHHBIX KOMAH]T ¥ PEalTU3yI0TCs
MIPOTPAaMMHBIM ITyTEM B acCeMOIHMPYIOIeH cucTeMe (CM. HIKE).
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Takum 00pa3oM, A3bIK aBTOKOJI TO3BOJISIET UCTIOIB30BATh IPH IPO-
rpaMMHUPOBAaHUH BCE BO3MOKHOCTH MAIIMHHOTO s13bIKa. Ero ocHOBY cocTaBiis-
10T TEpPMUHBI MHEMOHUUYECKHX 0003HaYeHHU onepanuii 1 ux ornepaHioB (s1po
S3bIKa), @ TAKXKE APYTHX BBINOJIHIAEMBIX Ollepanuii (ICeBIOKOMaHIbI). JTO I10-
3BOJISIET IPOTPAMMHUCTY CChUIAThCA HAa BHYTPEHHHUE PErHCTPhI MAIIMHBL U aJipe
ca OIepaTHBHON MaMSTH, UCIOJIB3Ys NX CHMBOJIbHOE 0003HaueHue. CymiecT-
BEHHO, YTO aBTOKOJIbI ITO3BOJISIIOT OTMCHIBATh Pa3InYHbIe OPMBI IIpeJICTaBIIC-
HUSI JaHHBIX, 00ECTIEYNBAIOT aBTOHOMHOE IIPe0Opa3oBaHNe HX, TIO3BOJISIOT He-
3aBHCHMO TPAHCIMPOBATh OTACIbHBIE IPOTPAMMHBIE MOLYJIH U COCIMHATD UX B
€IMHYIO POTPaMMy, a TAKXKE YIPABISTH PACIPEACICHIEM aIpEcOB MaMsITU 1
JIOKyMEHTAIHEH TPOrpaMMBbl.

OueBHUIHO, YTO VIS KaXKI0TO CEMECTBA KOMIIBIOTEPOB CYILLIECTBYET
CBOM YHUKAJIbHBIN A3BIK aBTOKOJ, OIPEAEIIIEMbII CUCTEMOM MAIIMHHBIX KO-
MaHJI 3TOTO0 CEMENCTBA.

[Tporpamma, 3amucanHasi Ha sI3bIKE aBTOKO/, 00Jiee TIOHATHA YEJIOBEKY,
4yeM MallliHHas IPorpaMMa, HO KOMIIBIOTEP TaKyl0 MPOrpaMMy HHTEPIPETHPO-
BaTh (BBINOJIHATE) HE MOKeT. [103TOMY Hy’)keH MepeBOAYHK, IPeoOpa3yIomuii
(TpaHCIMpYIONIMI) TEKCT aBTOKOAHOW IPOrpaMMBbI B TEKCT MAaIIMHON IIPO-
rpammbl. Ha nepBBIX mopax B Ka4eCTBE TAKHUX IIEPEBOAYUKOB BBICTYIAIH JIE-
BOYKH - JJADOPaHTHI, KOTOPBIE 3HAIH COBOKYITHOCTh (DOPMaJIbHBIX HPaBHJI (aJl-
TOpUTM) IPeoOpa30BaHMsI CHMBOJIBHBIX TEKCTOB B ABOoM4YHBIE. Ho mocTtarouno
OBICTPO OBUIM CO3/IaHBI acceMOJiepsl (IPOrPaMMHBIE ACCEMOIMPYIOIINAE CHC-
TEMBI), KOTOPbIE HE MEHEe YCIEIIHO CIIPABISUINCH C 3TOW PYTUHHOU pabOTOM.

IIpesxne Bcero, accemOiep peanusyeT QyHKIMU TPaHCIALMH (TIEpeBo-
Jla) C s3bIKa aBTOKOJI Ha A3bIK MAIIMHHBIX KOMaH/. B kadecTBe BxoxHOro Habo-
pa JaHHBIX AJsl acceMOJiepa BBICTYIIAeT IPOrpaMMa, 3allCaHHas Ha SI3bIKE
aBTOKOJI, KOTOpasi IEPEBOIUTCA B IIepeMellaeMyo IporpaMMy Ha MaIllMHHOM
s3bIKe. OOBIYHO TaKMM SI3BIKOM SIBIISICTCS SI3BIK 3arpy34nka. PasnnuHele cexiun
ABTOKOJHOH NMpOrpaMMbl TPAaHCIUPYIOTCS HE3aBUCUMO APYT OT ApYyra, B pe-
3yJIbTaTe YETO MOJIy4aeTCss MHOXKECTBO 00BEKTHBIX MOYJIEH, KaXKAbIi 13 KO-
TOPBIX MPENCTABIICH HA SI3bIKE 3arPy34HKa.

ITocne TpaHCISIIIMK BCeX MOAYIEH paboTaeT mporpaMma 3arpy3ku, Ko-
TOpast CBSI3bIBAET MHOKECTBO OOBEKTHBIX MOYJIEH B TOTOBYIO MAallIMHHYIO
MIPOTpamMMy, 3arpy’KacT €€ B ONEPATUBHYIO MAaMSTh U 3aIlyCKacT Ha BBITIOJIHE-
HHE.

SI3BIK aBTOKOJ, BKITIOYAIOIIMH B ce0sI CpelIcTBA COOPKH IPOTPaMM M3
CEeKLHI, TPUHATO Ha3bIBATH TAKXKE SA3BIKOM acceMoiepa.
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[ToxBoIst UTOT, MOKHO CKa3aTh 4TO acceMOiepoM (aHri. assembler, oT
assemble - codupaTh, MOHTHPOBATh) HA3bIBACTCSI KOMIIOHEHTA CUCTEMHOTO
MIPOrPaMMHOTO 00ECIICYeHU s, IEPEBO/ISIIIAs IPOrPaMMy HaIMCaHHYO Ha aBTO-
Ko/ie (CUMBOJIBHBIH MOYJIb) B MAIIMHHYIO [TPOTpamMMy (3arpy304HbIA MOAYJIb).
[Tporpamma Ha aBTOKOZIE TIPENCTABISAETCS B KOMaH[ax, OTPAXKAIOIINX apXUTEK-
Typy KOHKPETHOTO THIa KomIbloTepa. [lomuMo Tpancisnun (iepeBojia) Bax-
Helmel GpyHKunel accembiepa sBisieTcst COOpKa MM CBSA3bIBAHHE MHOTHX
00BEKTHBIX MOAYJIEH B CMHBIN 3arpy30YHBIH MOTYJIb.

3amevanue. YacTo MOXKHO CIBIIIATE OT TOTO MIIX HHOTO IPOTPaMMH-
CTa, 9TO OH "mporpaMmMupyet Ha accembiepe". bonee mpaBmIbEHO TOBOPUTH O
NpOrpaMMHPOBAaHHHU Ha AaBTOKOJIE MIIM Ha s3bIKE acceMOuiepa, Torna Kak ac-
cemMOJepoM Ha3bIBAETCS MPOrpamMmMa, "'MOHUMAIOIIAs" ITOT SI3BIK.

9.1.3  [lpoepammsi - 3aepy3uuxu

Hasnauenue 3arpy3unka onpeznensercs ero umeHeM. OH 3arpyxaer
IporpamMmy B ONIEPaTHBHYIO IIaMsTh MAIIMHBL. Paznuuarorcst Tpu Tna 3arpys-
YHMKOB.: IBOMYHBIC, HACTPAMBAIOIINE U CBS3bIBAIOIINE.

JIBOMYHBIH 3arpy34rK 3arpy’aeT MallMHHYIO POrpamMMy, 3aliCaH-
HYIO B JIBONYHOM BHJIE OTHOCHTEIEHO (PMKCHPOBAHHBIX aJIPECOB, C KAaKOTO-
00 BHEIITHETO YCTPOKCTBA. .

HacrpauBaronmii 3arpy34uK 1Mojy4aeT MporpaMmmy B IiepeMeriaeMoi
IBOMYHOH (popMe (3amrcaHHyI0 B OTHOCHUTENBHBIX afpecax) BMecTe ¢ HHPOop-
Manueil 0 HaCTPOHKE ee 0 MECTY M pa3MeIlaeT ee B aMATH, IPEABAPUTEIILHO
HACTPOUB OTHOCUTENBHBIE ajpeca.

CBA3BIBAIOLINIT 3arpy3UMK MOJTy4aeT HaOop 0OBEKTHBIX MOAYJIEH, 3a-
IIMCaHHBIX B IBOMYHO-CUMBOJILHON (hopMe, U 3arpyskaeT UxX B ONEPATUBHYIO
MaMATh KaK eANHYIO IPOrpaMMy, 3aIl0JIHUB IIEPEKPECTHBIE CCHUTKH MEXIY HHU-
MU U HACTPOUB HX IO MECTY.

CBsi3bIBaHNE OOBEKTHBIX MOJyJIel B TOTOBYIO IPOTPaMMy MOXET OBITh
BBIJIEJICHA B OT/EIILHYIO OTIEPALMIO, KOTOPAsl BHIIOIHSIETCS TPOTPaMMOH — pe-
JakTop cBszell. OueBUIIHO, B ATOM Cllydae, 3arpy3ulK paboTaeT 1mocie peaak-
TOpa CBA3€H U pean3yeT TOJIBKO pa3MelleHHUE TPOrPaMMBbl B OTIEPaTHBHON
MaMSATH.

9.1.4  Makpocpeocmsa

Yacro ciydaercs, 94TO OJJHA U Ta XKe TPYIa KOMaH ¢ HeOOIbIIHMH
N3MEHEHUSAMH BCTPEYAETCs B HECKOIBKHX MECTaX IPOorpaMMel. [1Jist Toro, 4To-
OBI IIpH COCTaBJIEHUHU NIPOTrPAMMBl MHOI'OKPATHO HE MEPENHUCHIBATE OJUH U TOT
ke (WM, TIOYTH OJIVH U TOT Ke) TeKCT ObLT M300peTeH anmnapar MaKpocoB -
MaKpOKOMAHJ1 OIpeeIsIeMbIX [10Ib30BaTENEM.

Maxpoonpe/e/eHue CIIy>XUT UL KOHCTPYHPOBAHUS II0JIb30BaTENIeM
cBOEH cOOCTBEHHOM MaKpOKOMaH/Ibl, 00Jiee KPYITHOM, 110 CPaBHEHUIO C Ma-
IIMHHOM. MakpoorpeaeneHre COCTOUT U3 3aroJIOBKa U Tela.

3aroyIoBOK MaKkpOOIIPEAEICHHS TPEACTABILIET COOOH TpeIoKeHNnE
BUJA:
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<umsA MaKp0>:MaKpO,<CI1MCOK (*)OpMaanbIX napameTtpoB>

Makpo - 510 1ICEBIOKOMaH1a accemOuiepa, coo0IaroIas emy, 4To
JTAHHOE MPEIUIOKEHHUE SIBIIACTCS 3ar0JI0BKOM MaKpooIpeaeicHus. MMs makpo
UCIOJIB3YETCsI IS TIOCICYIONINX CCHUIOK Ha 3TO MaKpPOOTIPEICICHHUE, a CITH-
COK (pOpMaIbHBIX MTAPAMETPOB OIMPEICIIACT KAHAIBI CBSI3H MaKPOOIIPEICIICHUS
C OCHOBHOI1 ITpOrpamMMoil.

Temo MakpooTpeneIeHus, KOTOPOE CISIYET 3a 3aT0JIOBKOM, TIPE/ICTaB-
nsieT co0oii (hparMeHT OOBIYHOM aBTOKOIHOM MPOrpaMMBI - UMCHHO OH U OTIpe-
JIeIIsieT CYIIECTBO BBOIUMOM Makpooreparuu. CIeoM 3a TeJIOM CIeayeT
niceBokoMania Konm xoHIia MaKpOOIpe Ie/IeHuSI.

[puBeneM mpumMep MaKpOOIpeIe/iCH s, KOTOPOE BBOJHT B YIIOTPeO-
JICHWE KOMaHIy HaXOXKACHUS HanOOJIBIIETO U3 ABYX 3HAYCHUH: zZ=max(X,y):

Max2:  maxpo, X,Y,Z, 3aroJIOBOK Makx-
poomnpeneneHus
ITepecwinka X,Z; TEJO
Berunranue X,Y; TEJO
Ilepenaua ynpasnenus KOHM; TENo
Ilepecpinka Y,Z; TEINO
Konm; MIPHU3HAK KOHIIA
MaKpOOTIPEICIICHUS

B Tene MakpoKoMaHABI TPOrPaMMHPYETCs alIPUOPHAS TIepe-
CBIIKA B STYCHKY pe3ynbTaTa Z COAEepKUMOTo sT9eikn X. 3aTeM IMPOU3BOAUTCS
CpaBHEHME COACPAKUMOro X U COAEPKUMOro Y, U eciiu Y>X peanusyercs Ie-
PECBUIKA COMEPKUMOTO TUCHKH Y B sTUeiKy pe3yibTara Z. CylniecTBeHHO, YTO
00paboTKa JaHHBIX B TeJle MAKPOOIIPEAEICHUS ONPEAENACTCS BHE 3aBHCHMO-
CTH OT €T0 HCIOJIb30BaHUS OTHOCUTENBHO (POPMaNIbHBIX ITApaMeTPOB.

Teneps NporpaMMHCT MOXKET HCIIOJIB30BaTh 3TO MAKPO B CBOEH
nporpamme, yKa3aB €ro UMsl U CIIMCOK (haKTUYECKHX MapaMeTpoB (MaKpOBbI-
30B).

Tak, ¢ UCIIOJIB30BaHUEM JAAHHOTO PAHEE MAKPOONPEAEIECHUS AT BbI-
YHUCIICHUS MAaKCUMyMa JIByX YHCEIl, MOXKHO 3alUCaTh TaKyH MaKpOIpOrpaMMy:
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[Ipenmonaraercs, 4To Mepea 3aycKoM accemMOiiepa OyIeT UCIOJIb30-
BaThCs MAKPOTreHepaTop, KOTOPBII B MpoLiecce MPOCMOTPa MaKpOIIPOrpaMMbl
KaXIIblil pa3, Kor/ia BCTPETUT MaKpPOBBI30B, OyIET OCYIIECTBIISITH MAKPOTIO-
CTaHOBKY. T.e. B Ipoliecce MakporeHepanuy Kax/iasi MaKpoBBI30B OyeT 3a-
MEHEH Ha TeJI0 COOTBETCTBYIONIEro MakpoonpeaeneHus. [Ipudem, nmena ¢op-
MaJIbHBIX TTapaMeTpoB OyIyT 3aMEHEHBI Ha IMEHA (h)aKTHUYECKHX ITapaMeTPOB.
B wacTHOCTH, TIPHBENCHHBIH BhIIIE (hparMEeHT MaKpOIPOTPaMMEI MTOCIIE MaKpoO-
MIOJICTAHOBKH OYZET MMETh BHJI OOBIYHOM aBTOKOIHOI MPOTrpaMMBbl:

L:ITepecpuika A,C;
Brruurtanne A,B;
[lepen.ynp. L1;
Ilepecrika B,C;

Ll

M:ITepecsuika U,W;
Brrunranne U,V;
Ilepen.ynp. M1;
ITepecbuika V,W;

Ml

IMocne paboTel MakporeHepaTopa 3aIrycKkaeTcsi OObIYHBIN accemMOep,
KOTOPBIH POpPMHUPYET OOBEKTHBIN MOIYIIb.

BozMmorkHa npyras cxema 00paboTKH MaKpOIpOTrpaMMBI, KOTAa MaKpo-
accemOiep coBMemaer B cede (hyHKIUM MaKporeHepaTopa 1 00bIYHOTO ac-
cembiepa.

Takum oOpa3oM, anmapaTr MakpocOB IO3BOJIET I10JIb30BATEIO PACIIH-
PHUTBH 0A30BBIi S3bIK ABTOKOJMPOBAHMS 32 CUET BBEACHHS MPOOJIEMHO - OpUEH-
TUPOBAaHHBIX MAKPOKOMAH]I M, TEM CaMbIM, CIIEJIaTh €ro 0oJiee yI00HBIM /ISt
MIPUMEHEHHSI.

[Mpumeyanue. B coBpeMeHHBIX acceMOiiepax HCIOIb3YeTCs TAKXKE Me-
XaHHU3M IOJIPOTrPaMM, HO O HEM ITOIpoOHee B CIEAYIOIIEM pa3ere.

9.2 SI3bIKM IpPOTrpaMMHPOBAHUS BBICOKOTO YPOBHS

Co3zaHre MallMHO - OPUEHTUPOBAHHBIX S3bIKOB IPOTPAMMUPOBAHMUS -
aBTOKO/IOB, TTO3BOJIMJIO CYIIECTBEHHBIM 00pa3oM HOBBICHTH 3(h()EKTHBHOCTD
MIPOTPaMMHUPOBAHUS, N30€rast MPOLELyPHI TOJTHOCTHIO PYYHOTO PACTIPEACTICHUS
OTIEpPaTHBHON MaMSATH, a TAKKE HEOOXOANMOCTH 3aIHCHIBATh IPOTPaMMBI B
BH/JIE TIOCJIEAOBATENBHOCTEN HYJIEH U €AMHMII.

Ho, xak y>xe roBopuiocs, MalliiHO - OPUEHTUPOBAHHBIN SI3BIK (aBTO-
KOJI) cO3/1aeTcsl JUIsl KasKA0To TUIIA KOMITBIOTEpA U JUIsl €T0 HCIOIb30BaHUs He-
00X0ZMMO 3HATh APXUTEKTYPY U CHEU(UKY IPOrpaMMHUPOBAHUS UMEHHO 3TO-
ro TUIa KOMIbloTepa. bosee Toro, B cuily 37€MEHTapHOCTH MAIIMHHBIX KO-
MaHJ1, IPOrpaMMHUPOBAHKE aXke IPOCTOr0 MaTEMATUYECKOTO BHIYHUCICHUS
CBOJMJIOCH K BBINKCBIBAHUIO MHOTHX aBTOKOJHBIX KOMaHJ.
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Mo>KHO cKa3aTh, YTO MEXKy ITOTCHLHATBHBIMH ITPOOJIEMHBIMH I10JIb-
30BaTEIAMHU KOMIIBIOTEPA, KOTOPBIE MPUBBIKIN OMEPUPOBATH MATEMATHUECKH-
MU popmynamu (puznkamu, OMOIOTaMH, SKOHOMUCTAMH U T.J. U T.II.), CyIlle-
CTBOB&JI BEChbMa BBICOKHII SI3BIKOBBIN Oapbep. bonee Toro, nporpamma, 3anu-
CaHHasl Ha aBTOKOJIE JUIsl OHOTO THIIA MAILIFH, HE MOIJIa BBITIOJIHATHCS Ha JIpY-
TOM THIIe MamH. Bee 3To cymecTBeHHBIM 00pa3oM 3aTpYIHSIIO BHEAPCHUE
BBIYHCIINTEIILHOM TEXHUKU B HAyKy U TeXHHUKY. He roBops yxe o Gosee npu-
KJIaJHbIX chepax 4ermoBeuecKoH AesTebHOCTH.

JanbHeiimee pa3BUTHE CPEICTB aBTOMATH3ALMH IPOTPaMMHPOBAHUS
CBSI3aHO C CO3[]AHMEM MAIIMHO - HE3aBUCHMBIX S3BIKOB IIPOTPaMMHUPOBAHUS
BBICOKOTO ypoBHsL. [lepBbM Takum s361k0M 0BT 51361k @OPTPAH -Bx0aHOIM
SI3BIK (QOPMYIIBHOTO TPAHCIISATOPA, CO3IAHHOTO criernanuctamu pupmsl IBM.
Kax cnemyeT n3 Ha3BaHUsA, €r0 CO3JATENHN, HE 3ayMbIBasCh 00 OUEHb BEICOKUX
TEOPHUsIX, TIOCTABHIIN CBOECH LIENIBI0 PACHIMPUTBH A3bIK aBTOKOJA JI0 SI3bIKA, [10-
3BOJISIFOILIETO JIOCTATOYHO MPOCTO MPOrpaMMHUPOBaTh (hOPMYJIbHBIE BBIYHCIIE-
Hust. U Taxoke - Onarast 1enb, cesath 3TOT S3bIK MAIIMHO - HE3aBUCHMBIM.

OnHako, uneu, 3anoxeHabic B ®OPTPAH, oka3anuck HacTONBKO TUI0-
JIOTBOPHBIMH, 4TO, 32 PEIKUMHU HCKIFOUCHUSIMH, BOIUIOTHIIICH BO BCEX Jajlb-
HEHWIINX BEICOKOYPOBHEBBIX SI3bIKaX MPOrpaMMHUpoBaHus. [lepeuncium stn
OCHOBHBIE HJIEH.

9.2.1  Ilepemennas u mun nepemeHnHoll

[Ipexne Bcero, ObIIIO BBEJEHO MOHITHE IEPEMEHHOI 1 TIOHATHE THIIA
nepemMeHHO. C oHON CTOPOHBI, IEPEMEHHAs - 3TO CUMBOJIBHOE 0003HaUeHHE
o0JacTu onepaTuBHOM NMaMsTH, Kak B aBTokojie. Ho "npuBsizbiBaHue" K KaK10i
MEPEMEHHOI! ONIPEIETIEHHOT 0 TUIIa 03HAYACT OIPEEICHHE IIpaBuila HHTEpIIpe-
TalMU TEKYLIETo 3HaYEeHUsI U 00J1acTH JOMYCTUMBIX 3HAYCHUH ATOH NepeMeH-
HOH. DTO MO3BOJISIET PEILIUTD, 10 KpaliHel Mepe, Be Mpo0IeMbl aBTOMAaTH3a-
UM IPOrPaMMHUPOBAHUS:

® MOJHOCTBIO ABTOMATUYECKOE PACIPEIeIICHUE NaMATH AJIs1 XPAHEHUS
3HAYCHHH TTEPEMEHHBIX;

®  aBTOMATHUYECKHUI KOHTPOJIb KOPPEKTHOCTH UCIOIb30BAHUS ONIEPAHIOB
B OIICpaIUsX.

B nepBom citydae aeknapanus TUIIA IEPEMEHHOM 1aeT TPAHCISTOPY
JIOCTATOYHO MH(OPMAINH O pa3Mepe 00JacTH MaMATH I XPaHEHHUS 3HAUCHHS.

Bo BTrOpoMm cityuae, 3HaHUE THIIA IEPEMEHHOM MMO3BOJISIET N30€XKATh
TaKHX OLIMOOK KaK CIOXKEHHE YHMCIIA U CHMBOJIBHON CTPOKH.

ITpaBna, Ha epBBIX ITOpax BBeAeHUE TUIIOB B DopTpane npecienona-
710 O0JIee CKPOMHBIE U TIPAKTUYECKHE 33/1a41 - DKOHOMHIO ONIEpaTHBHOM Mamsi-
TU. B nepBoii Bepcuu sA3bIKa 1OMyCKaIOCh BCETO JIBA TUIIA IEPEMEHHBIX: LIENIbIe
U BEILECTBEHHBIE. BBl BBEJICH Jake CIEUAIbHBIN ONEPaTOp SKBUBANIEHTHO-
CTH, TTO3BOJISIBIIMI Ha Pa3IMYHBIX TANax BHIMOIHEHUS MIPOTPaMMBbI B OJJTHOH U
TOM ke 00TaCTH NaMSATH XPaHNUTh 3HAUCHHUS Pa3INIHBIX IEPEMEHHBIX.
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CrienaiibHOTO OIlepaTopa JeKJIapaliyl TUIIA IepeMEeHHON He ObLIO.
bb110 npuHATO, Ka3aBlIeecs CHavYaaa IPOCThIM, HO B JalbHEHIIEM IPUBOINB-
11ee K MHOTMM HENPHUSITHOCTSIM PEIICHHE: eCIIN UMsl IIEPEMEHHON HaunHAeTCs C
cumBoJioB [LJ,K,L,M,N - nepemeHHas 11e10ro TUIa, B IPOTUBHOM Cllydae - I1e-
pEeMEHHas BELIECTBEHHOT'O TUIIA.

JlocTaToyHO OBICTPO BHISBIIINCH HEYAOOCTBO M HEJOCTATOYHOCTH Ta-
KOTO Croc00a THIH3aLliH:

®  BO3HUKIJIA HEOOXOJMMOCTh HCIIOJIb30BAHUS APYTHX TUIIOB, IPEXIE BCE-
O JIOTHYECKOTO;

e  OIpejeNeHNE THIA M0 IEPBOMY CHMBOJY MPOTHBOPEUIIIO OJHOMY U3
OCHOBHBIX IIPaBHJI IIPOTPAMMHPOBAHNS - HA3HAYATh EPEMEHHBIM COAEP-
JKaTellbHbIE, OCMBICIICHHBIC HUMEHA.

[TosToMy C 11eNIBIO ONUCAaHKS TUIA IEPEMEHHOM ObUIH BBEJCHBI CIELH-
aNbHbIE MPEIJIOKEHHS - IeKIIapalliy TUIa TiepeMeHHol (integer, real, logical u
T.11.).

Oco00 cieyeT OTMETUTD CTPYKTYPHYIO IIEPEMEHHYIO THIIA MACCHB,
KOTOpasi TaKKe BIIEpBEIE ompeaeneHa B Poprpane.

BBenenue Tunmu3anny nepeMeHHbBIX TO3BOJIMIIO PEaTM30BaTh MOIHO-
CTBIO ABTOMAaTHUECKOE YIPABIICHUE PACIPEICIICHUEM OTIEPATHBHON aMsITH
JUIS XpaHEHUS UX 3HaueHUH. YyThb MO3Ke MOSIBUIOCH Pa3ZeICHHUE S3bIKOB MPO-
rpaMMHPOBaHHE Ha cJIab0 THIN3UPOBAHHBIE U CHIIBHO TUIIM3HpOBaHHbIE. Ecin
B IIEPBBIX JOITYCKAETCS ONPEACICHIE THIIA HEKOTOPBIX IIEPEMEHHBIX 110 YMOJI-
yaauio (DoptpaH), TO BO BTOPHIX JIEKIapanys THIIa IEpEMEHHON 00s3aTeNIbHa
U KOHTPOJIMPYETCS] TPAHCIISITOPOM.

ITosiBUIIOCH TakXke MOApa3/IelICHNE SI3bIKOB IPOrPaMMHUPOBAHUSI Ha
CTaTUYECKHE U AUHAMUYECKHE.

CraTtnyeckuii si3bIK iporpammupoBanus (ITackaie) npeamnonaraer
aBTOMATHUYECKOE paclpeeieHie IaMsITH BO BpeMsl TPAHCILILUU JI0 BBITIOJIHE-
HUSI IPOTPaMMBL. JTO KacaeTcsi, MPEekIe BCET0 MacCHBOB. TpaHCIATOPHI IS
TaKUX SI3BIKOB YCTPOEHBI IOCTATOYHO MPOCTO, HO 3(h(HEKTUBHOCTH MOTydaeMOH
JIBOMYHON IPOrpaMMBbI (BpeMsi pabOThI, HCIIOJIB3yEMBIE PECYPCHI TTaMsITH)
OIM3Ka K aBTOKOIHOM MPOTpaMMe, peaTu3yIomInil TOT e alrOpuT™M. B 0CHOB-
HOM I10 TOH MPUYKHE JOIT0E BpeMs He MOTIIH ''CITUCaTh" TaKOH JPEBHUI S3BIK
mporpaMMupoBaHus Kak @opTpaH, 3QPEKTHBHOCTH MPOTPaMM KOTOPOTO ObIIa
MIPaKTHYECKH paBHA IPOrpaMMaM Py4HOI'O U3TOTOBJICHHUSL.

Junamuyeckuii A3bIK nporpammupoBanus (belicuk) nomyckaer uc-
M0JIb30BaHKE TUHAMHUYECKUX MACCHUBOB, pa3Mep KOTOPBIX OINPEAEIAETCS U Me-
HSIETCS B IIPOLIECCE BBITIOIHEHUS TPOTrpaMMbl. bosiee Toro, nepeMeHHbIE MOTYT
CO3/1aBaThCsl U YHHUTOXKATHCS BO BPEMsI €€ UCIIOJHEHHS. Y JOOCTBO /ISt po-
rpaMMHCTa OUYEBUIHOE, HO CJIOKHOCTh TPAHCISTOPOB U MAJIO3((EKTHBHOCTD
JIBOMYHBIX IIPOTPaMM HE CIIOCOOCTBOBAIIO MOAABIISIIOIEMY PACIIPOCTPAHEHHIO
JMHAMHYECKUX S3bIKOB.
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Kaxk Bcerna uctrHa - B 30J10TOM cepeairHe. SI3bIK CTPOUTCS KaKk CTaTu-
yeckuit (ITACKAJIb, CH), HO B HETO BKIIIOYAETCS BO3MOXKHOCTh JMHAMUYE-
CKOTO YIPABJICHUS KBAHTAMH OINICPATUBHOMN MaMATH. UTO MO3BOJISIET B IOJTyaB-
TOMaTHYECKOM PEIKUME CO31aBaTh TUHAMHYCCKIE MACCHBEI.

9.2.2  Onepamopbl 06pabomKu OaHHBIX

Omneparopsl 00pabOTKH AaHHBIX IOPA3/CISIOT Ha TPH Kilacca: orepa-
TOPHI BBO/IA IAHHBIX, OTIEPAaTOPHI BBIBOA JAHHBIX, OTIEPATOPHI IPUCBANBAHMSI.

Omneparop BBOJIa ITO3BOJISET YCTAaHABINBATH U3BHE (C IOMOIIBIO YCT-
POWCTB BBOJa) 3HAUCHUE BXOTHON IIEPEeMEHHONW. AHAJIOTHYHO, OTIEPaTOp BHIBO-
J1a TI03BOJISICT BEIBOJUTH HA BHEITHEE YCTPOMCTBO 3HAYCHHE BBIXOIHOM Iepe-
MeHHOH. TyT BO3HHKaeT mpodieMa mpeoOdpa3oBaHUs BHEIIHETO MPEICTABICHHS
€/IMHUIIBI JIaHHBIX BO BHYTPEHHEE MpelcTaBieHne u oopatHo. B doprpane
BIIEpBbIC OBUIM KCIOJIb30BaHbl CBOCOOpa3HbIC MIA0JIOHBI - JOPMAThI, KOTOPbIE
MO3BOJISUIM TPOrPAMMHUPOBATh 3TH TpeodpazoBanus. Hapsity ¢ npyrumu crio-
cobamu, (hopMaTHBIH BBOJ - BBIBOJ] COXPAHUIICSI BO MHOTHX COBPEMEHHBIX SI3bI-
Kax.

Omneparop npucBanBaHHs MOXKHO Ha3BaTh OCHOBHBIM OIEPaTOPOM
SI3bIKa [TPOTPaMMHPOBAHUS BEICOKOTO YPOBHS, M YTBEP)KAATh, YTO OCTAJIbHBIC
oreparopkl ToJbKO "o0cmyxuBaroT" ero. Ha camoM niene, TONBKO orepaTop
NIPUCBAaNBAHMS T03BOJISIET YCTAHABIMBATH 3HAUCHHE TIEPEMEHHOH JICBOHM YacTH
B 3aBUCUMOCTH OT 3HaYEHUU NepeMeHHbIX npaBoil yactu. [lo cytu nena, one-
Pamop nPpUCeAUEaAHUA ACNACMCA UMNEPAMUBCOM (npeonucanuem) 0 6bl-
yucnenua yynkuyuu F, 3a0aunoii apugpmemuueckum gvipasrcenuem F':

y= F'( X1,X2,...,Xn)

brnaronaps onepatopy npucBanBaHusL, IPOOIEMHBIH CIIELHATHCT MO-
KET 3aIUCHIBATH MPEIIMCAHNS Ha BBIYMCICHUE MATEMaTHIECKUX GOpMYJI B
TIOYTH TPUBBIYHOM €MY BHJIE.

3ameuanue. He cnuimkoM yaqyHbIM oKasajicsi BHIOOp 3HaKa paBEeHCTBA
Jutsl 0003HaYeHNS oTepaluy npucBanBanus. Hanpumep, Buzs 3anuck x = x+1
HEOIBITHBIN IPOrPaMMUCT FOBOPUT: " MKC PABHAETCS MKC IUTIOC €AMHULA", 4TO
C MaTeMaTHYEeCKOW TOUKHU 3pPEHHMS 3BYUHUT COBEPILCHHO Helero. B HekoTophIx
s3bIKax nporpammupoBanns (ITackans) ucnonb3yercs: cnennanbHbIA 3HAK MPH-
cBamBaHuiA. Hanpumep, Bus 3amuch X:=x+1, MOXKHO CKa3aTh JIAIIb: "HOBOE
3HAUEHHE X YCTAHABIIMBACTCS PABHBIM CTAPOMY 3HAYECHHIO X yBEIMICHHOMY Ha
emuuuiyy". K coxxaneHuio, He Bce COBPEMEHHBIE SI3bIKH UCTIONB3YIOT B KAUeCTBE
3HaKa OIepaluy MPUCBANBAHUA CUMBOJ OTJIMYHBIN OT 3HaKa PaBEHCTBA.

MO’KHO TOBOPHTE, YTO OIIEPATOp MPUCBaBaHKA 0003HAUaeT MOCIe0-
BaTEJIbHOCTh JBOMYHBIX KOMaH]I (MJIM MHEMOKOMAaH/I aBTOKO/1a), MCIIOJTHEHHE
KOTOpBIX oOecrieunBaeT Boraucienue Gpynkuun F B 3anannoi Touke. Hamnpu-
Mep, OIepaTop MprcBanBanus y = a+b*c-d 0003HaYaeT CICTYIONIYIO
MIOCIIEI0BATEILHOCTD TPEXaIPECHBIX KOMaH]| aBTOKOJ1a:
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YMHO:KeHue a,b,u
CJIOKEHHE a,u,V
BbIYUTaHUe V,d,y
TouHo Takke, orepaTopsl BBOJA - BBIBOJIA SI3bIKA POTPAMMHUPOBAHUS
BBICOKOT'O YPOBHsI 0003HAYAIOT IMOCIICIOBATCIBHOCTH JBOMYHBIX KOMaHI, pea-
JIM3YIOLIUE 33]aBacMble IEUCTBUSA 110 BBOY - BEIBOJLY.

9.2.3  Onepamopbl 6e3ycio8H020 U YCI08HO20 Nepexood

[Tporpammy, npenCTaBIAIONIYI0 cOOOH IOCIIEN0BAaTEILHOCTD Ollepa-
TOpOB 00pabOTKH JaHHBIX M TOIBKO 00pabOTKM JaHHBIX, IPUHATO HA3BIBATh
JTUHEWHOU mporpaMMoit. OHAKO, TMHEHHBIX IPOTPaMM MPAKTUIECKU He Obl-
BaeT. Jlemo B TOM, 9TO B 00O IporpaMMe KOHKPETHBIA X0/ BEIYUCIUTEIHHO-
ro npotecca (MopAI0K UCTIOIHEHHUS ONepaTopoB 00pabOTKH AaHHBIX) 3aBHCUT
0T KOHKPETHOro Habopa MCXOJHBIX JaHHBIX. [IpeacTaBbTe, HaImpuMep, mpo-
rpaMMy BbIYMCIIEHHS KOPHEN KBaJpaTHOro ypaBHeHus1. Kpome Toro, cokpa-
LIEHHAs 3aIUCh NEPUOANYECKON TIOCIIeI0BAaTEIbHOCTH BEIYMCICHHUH B BHIE
LUKJIA TPEOYET TaK)Ke CPEACTB U3MEHEHHSI JIMHEWHOTO MOPsI/IKa BHITIOIHEHUS
KOMaH/I IPOTPaMMBEI.
Jy1st I3MEHEHUsI TTOPSIJIKa BHITOTHEHUSI OTIEPaTOPOB IIPHUCBANBAHMS
OBLT BBEJICH OTIEPATOP:
GOTON
KOTOPBIN Kak ObI MOBTOPSUT MAIIMHHYIO KOMaH/Iy O€3yCIOBHOTO IIEPEX0/a.
IIpeamnonaranock, 9T0 HEKOTOPHIE ONIEPATOPHI OIKHBI OBITH IPOHYMEPOBAHBI
(umeTh MeTkH) U N - 0JIHA U3 METOK.
Orot oneparop nosBuicsa B DOPTPAHE, kak ObI ceifuac cka3any, B
YKOpO4EHHO# (hopme:
IF (<ycnosue>) THEN <anpTepHaTuBa 12>,
rae <ajJpTepHaTHBa Ja> - IPOU3BOJIBHBIN omnepatop, yaiie scero GO TO.
B xauecTBe ycII0BHS HCIIOJIB3YETCS 3aITUCh JIOTHUECKOH (DYHKIUH B
BHUJIE JIOTHYECKOTO BBIPAKCHUSL.
ITo cyTtu nena, oneparop ycIoOBHOTO Iiepexoa 0003HadaeT HOoCe10Ba-
TEJIFHOCTH IBOMYHBIX KOMaH/:
{BBIYNCIIEHNE 3HAYCHUS JIOTUIECKOTO BRIPAKCHUS }
YO N KOMaHOA yClo6H020 nepexooa Ha N no Hymo cym-
mamopa
<aJbTCpHATHBA 12>

9Ta MOCIeI0BATEILHOCTD:
e TlomyuaeT 3HaU€HHUE JIOTMUECKOTO BBIPAXKEHUS HA CyMMAaTopE;
e eciu 3TO 3HadYeHue paBHO "JIokp" - peanusyeT nepexoj Ha MeTKy N: -
<aJpTEpPHATUBA J1a> HE BHIMOITHACTCS,
e ecnu 910 3HaueHue "VctuHa " - BhINONHsETCS <aJlbTEpHATHBA Ja>.
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JlOCTOMHCTBOM TaKOT0 PeIIeHNUs ObLIa BO3MOXKHOCTD 3aaBaTh 10CTa-
TOYHO CJIO’KHBIC YCIIOBUSI IIEPEX0/ia, TI0 CPABHEHHUIO C YCIOBHEM PaBEHCTBA -
HEpPaBEHCTBA HYJIIO ISl MAaIIMHHON KOMaH bl YCIIOBHOTO TIepexo/ia.

HenocrarkoB 0bu10, 10 KpaiiHeit Mepe 1Ba. Bo nepBbIX, anbTepHaTHBA
COCTOsJIa TOJIBKO U3 OJIHOTO OIepaTopa. DTOT HEAOCTATOK ObLI UCIIPABIIEH yXkKe
B AJII'OJle, Tae ompeaenniy coCTaBHOM orepaTop Kak JII0OYIo MociIeoBa-
TEJIFHOCTB OIIEpaTopoB, 3aKIIOUCHHYIO B OIlepaTOpHBIE CKOOKH:

IF(ycnoBue) THEN begin

S1
<aJpTCpHATHBA _J1a>

Sn

end;

BTopoii HegocTaToK CBsI3aH C HECUMMETPUEN OIIEpaTopa yCI0BHOIO
nepexozia, ¥ 3TOT HeJOCTATOK ObLI yCTpaHEH BBEJCHHEM B IIOCIEAYIOLINX SA3bI-
Kax NMporpaMMHpPOBaHUS "CTPYKTYpHOro" onepaTopa yCJIOBHOTO IEpexoa:

IF(ycnosue) THEN <anbrepHarusa na>ELSE<anbrepHatuBa HeT>;

Taroke B IOCJIEIYIONIMX SI3bIKaX, KPOME YCIOBHOTO OIepaTopa JIBOUY-
HOTO BBIOOpa, OBLT BBE/ICH OIEepaTop MHOXKeCTBEHHOTO BhiOOpa Case. [o-
CJIC/IHUH SIBIISIETCSl 0003HAYCHNEM CHCTEMBI BIIO>KEHHBIX orepaTopos IF, ompe-
JIETISIFOIIMX MHOXECTBEHHBIH BBIOOD.

9.2.4  Onepamopwi yuxia.

[IpakTruecku B 1000 IporpaMMe CyIeCTBYIOT IMKINIECKHE KOHCT-
pykuu. Jjis MX peanuzanuy 10CTaTOYHO OIEPaTOpPOB MPHCBAUBAHUS U OIlepa-
TopoB nepexona. Hanpumep, nuki, peanusyromuil nopropenne M pa3 onepa-
TopoB S1,...,Sk, MOKeT ObITh 3amncaH B BUJIE:

I=1
NIL:IF(I>M) THEH GO TO N
S1
Sk
I=1+1
GO TO NI
N: ...

B s3p1xe @opTpaH OBLT BBEICH ONEpaTOp HUKIIA, KOTOPHIiA, IO CYTH
JeT1a, SABJISIICS YCIOBHBIM 0003HaYE€HHEM BBIICTIPUBEICHHOM [IUKIMYECKOH
KOHCTPYKLIUU:

DONI=1.M
S1

N: CONTINUE
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Tak xax B @opTpane He ObLIO OHATHSA COCTABHOTO OIIEPAaTOpa, TEJIO LKA
orpannuuBajocs crnernuaasHeM onepatopomM CONTINUE, Ha KoTOpBIif nMe-
JIaCh CCHUIKA B 3ar0JIOBKE LIUKJIA.

Hcnonp3oBaHue TaKOTO IUKIIA YIIPOIIAIO MPOrpaMMUpOBaHue 00paboTKH
MIOCJIEI0BATEILHOCTH IAHHBIX 0€3 3aITOMUHaHKs U 00pa0OTKH MOCIIEA0BATEIb-
HOCTH JaHHBIX C 3alIOMHHAHKEM (MCIIOJIb30BaHNE ITIEPEMEHHOM THITa MACCHB).
Kak BBIsSICHHIIOCH, TaKue 4acTO BCTPEUAIOIINECs [IUKIIbI HE SIBIISIOTCS €IMHCT-
BEHHbIMHU. B nanpHeinieM, B S3bIKaX CTPYKTYPHOTO NPOTPaMMHUPOBAHUS ObLT
ompeneseH yHuBepcanbHbIi ik wile (ukin [IOKA), koTopelii B kadecTBe
YCIIOBHSI OKOHYAHUSI UCTIONB3YET JIOTHYECKOe BEIpaKeHHe. bplia axe ImorbIT-
Ka cZeNaTh ero eAMHCTBEHHBIM BO3MOKHBIM HUKIOM. Ho mpakTrka 3actaBmia
BEPHYTH B A3BIKU IIPOrPAMMHUPOBAHMS (POPTPAHOBCKHUI LUKJI 110 HA3BaHHEM
For u no6asuts uukin repeat (uxi J1O).

9.2.5  Ioonpoepammoi

B paznene "MakpokomaHibl" paccMaTpUBaICs anmapaTr MakpOCoOB,
obecrieunBaronuii acceMOmpoBanue (COOPKyY) IpOrpaMMBbI C UCIIOJIb30BAHHEM
3apaHee U3rOTOBJICHHBIX Ia0JIOHOB - MaKpOOIpeeIeHUH. DTo yxe Obuin 3a-
YaTKH HEKOTOPOH TEXHOJIOTHUH MPOTPaMMHUPOBAHUS, TIO3BOJISIONICH:

®  HE IepEeruChIBaTh MHOTOKPATHO ITOBTOPSIONIMECS B ITPOTrpaMMe Hocie-
JOBATENILHOCTH KOMaHI, 3aMEHsI IX MAaKpOKOMAaHIaMH;

e coOupaTh OOJBLIYIO IPOrPaMMy U3 MOANPOrpaMM, Kakaast U3 KOTOPBIX
MOXKET pa3pabaThIBaThCS U OTIAKUBATHCS HE3aBUCHMO OT APYTHX MOIPO-
rpaMm.

[TocnenHee CBOMCTBO MakpOCOB 0KA3aJIOCh BECbMa II0JIE3HBIM, KOTa
HOSABHIIACH HEOOXOMMOCTE pa3padaThIBaTh OOJIBIINE IPOTPAMMBI U TTOSBUIIOCH
MMOHUMaHKE TOTO, YTO OJIMH YEJIOBEK 32 MIPUEMIIEMOE BPEMsI TaKyl0 IPOrpaMMy
paspabotaTh He B cocTostHuM. HeoOxonmuma TeXHOIOTHsl IPOrpaMMHUPOBaHHUS,
oOecrieunBaroas KOJUIEKTHBHYIO (KOPIIOPATUBHYIO) Pa3pabOTKy OOJIBIINX
TIPOTPaMM.

Hapsiny ¢ nocTomHCcTBaMH Makpoc, Kak IOANpOorpaMMa, UMell CyIecT-
BEHHBIH HEJJOCTATOK: MaKpOIOJICTAHOBKA KOHKPETHOTO MAaKpPOOIIPEAEIECHUS
MPOU3BOAMIIACE CTOJIBKO Pa3, CKOJIBKO pa3 BCTpeyanach B IPOrpaMMe COOTBET-
CTBYIOLIAs €My MaKpOKOMaHZa (CTaTHYeCKasi MOACTAHOBKA). DTO PUBOIIIO
K OOJIBLIINM pa3MepaM 3arpy304HOT0 MOIYJIs, TPEOYIOLIEro IS CBOETO pa3Me-
LIeHHst OONIBIIOro 00beMa orepaTUBHON mamsaTu. OCOOEHHO 3TO ObLJIO HENPH-
eMJIEMO UL KOMIIBIOTEPOB MEPBBIX MMOKOJICHUH C HEOOIIBIINM PECYPCOM OIle-
PaTUBHON NaMSTH.
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[TosTOMY TEOPETHKH U MPAKTUKK IPOrPaMMHUPOBAHHUS H300peH Me-
XaHHU3M NOANporpamMmel. BmecTo cTaTHyeckoii MoaACTaHOBKH, PAa3MHOXKAIO-
el TeKCT MakpooIpeeIeHus, ObUIO NPEATIOKEHO UCI0JIb30BaTh JHHAMUYe-
CKYI0 MOACTaHOBKY. CyTh €€ COCTOHT B TOM, YTO MOJIPOrpaMMma CyecTByeT
B €IMHCTBEHHOM 3K3EMIUIIPE M IIPU KAXIOM K HEil 00pallieHHn B TEKCTE OC-
HOBHOH IPOTpaMMBbl IIPOMCXOANT TUHAMHYECKas 1MoAcTaHoBKa. [Ipn aTom
yIpaBJeHHE NIepeacTcsl Ha Ha4alo MOIIpOorpaMMbl M 00ecIieunBaeTCsl BO3BPAT
B OCHOBHYIO IIPOTPaMM I10CJI€ OKOHYaHUS pabOTHI ITOANPOrPaMMEL.

Konnenuus moamnporpamMmsl (II0IIPOTPaMMBI-TIPOLIEAYPHI U MOAIPO-
TpaMMBI-()YHKIIMN ) JOCTATOYHO XOPOIIIO H3BECTHA U 3[IECh MTOIPOOHO HE pac-
CMaTpHBAETCSL.

OTMETHM TOJIBKO, YTO MOANPOrPaMMBI B A3bIKaX POTPAMMHPOBAHHSA
BBICOKOTO YPOBHA OBIBAIOT IBYX THIOB. IloanporpaMmMsl (pyHKIMH peoc-
TaBJIOT VIS IPOTPAMMHUCTa CPEACTBA KOHCTPYHUPOBAHHUS COOCTBEHHBIX CTaH-
JIAPTHBIX (PYyHKLMI, KOTOPBIE 3aTEM MOXKHO HCIIOJIb30BATh B BRIPAKCHUSAX
(aprdmMeTniecKux ¥ JOTUUECKHX ). AHAIOTHYHO, MOAMPOTrPAMMBI TPOLIETYPHI
SIBJISIFOTCSL CPEJICTBOM KOHCTPYHPOBaHHSI BEKTOPHBIX OIIEPaTOpOB IIPHUCBaNBa-
HUSL.

[oamporpaMMbl 35KOHOMSIT ONIEPAaTUBHYIO MAMSTh, HO yBEININBAIOT
BpeMsi pabOTHI TTOANIPOTPaMMBI 32 CUET JAOIOJHUTENBHBIX onepanuii ooparie-
HUA 1 Bo3BpaTa. [Ipu paGoTe Ha COBpEMEHHBIX KOMIBIOTEpaX 3TH (HaKTOPEI
UTPalOT He3HAYHUTEIBbHYIO poiib. [103TOMY B COBpEMEHHOM MPOrPaMMUPOBaHHI
UCIIONB3YeTCs CMENIaHHas TAKTHUKA MCIIOIB30BAaHNS MAaKPOCOB U IOAIPOTPaMM,
JuKTyemas 3¢ QeKTHBHOCTBIO Ipoliecca mporpaMmmupoBanus. Hanpumep, uc-
HOJIb3YEMBbIH B s3bIKe porpamMmmupoBanusa Cu oneparop #Define sBisercs
aHaJIOrOM BBEJICHHOTO BbIlLIE onepaTtopa Makpo

9.3  Tpancasauus nporpamm

M5l y>ke rOBOPHIIH, YTO NPE/ICTaBIEHUE JaHHBIX 1 KOMaH/ B KOMIIBIOTEpE
11e71eco00pa3Ho JesIaTh MHOTOYPOBHEBBIM: C OJTHOM CTOPOHBI - BHEILIHEE IIpeji-
CTaBJIeHUE, YA0OHOE JUI YeJIOBeKa, C IPyroil CTOPOHBI - BHYTpPEHHEE Ipel-
cTaBienue, 3phexTrBHOE 111 00paboTKN KoMIbIoTepoM. [Jist urcen 3To ove-
BUIHAS JUJIEMMa JECATHYHON 1 IBONYHON CHCTEMBI KOJUPOBAHUS, ISl SI3BIKOB
0OIIIEHNS YeIOBEKA C KOMITBIOTEPOM - HEPAPXHS S3bIKOB ITPOrPaMMHPOBaHUS.

MBpI TakKe 3HaeM, YTO KOMIIBIOTEP MOYKET UCIIONHATE IPOrpaMMy,
NPENCTaBICHHYIO B IBONYHBIX KOJIaxX, 3arPyKEHHYIO B OIIEPATUBHYIO aMSATh U
HACTPOCHHYIO [0 MECTY 3arpy3kd. Takue nporpaMMbl BpyYHYIO HE H3TOTaBIIHU-
BaroTcst. OHM HOJIy4aloTCs B Pe3ysbTaTe PabOThl CUCTEMHBIX IPOTPaMM -
TPAHCIATOPOB U3 TEKCTOB MPOrPaMM, 3allCAHHBIX HA CUMBOJIBHBIX SI3BIKAX
Pa3IMYHOTO YPOBHS.

TpaHcasiTOpOM NPUHSTO HAa3bIBATh CHCTEMHYIO IIPOrpaMMmy, peodpasyro-
LIYIO TEKCT IPOrpaMMbI TIOJIb30BATENISI B CEMaHTHYECKH TOXK/IECTBEHHBIH TEKCT
3aIMCaHHBINA Ha S3bIKE 00JIee HU3KOTO YPOBHSI.
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CkazaHHOE BBIIIIE MOXKHO NPE/ICTABUTH B BUJIE CIICAYIOIIEH AUarpam-
MelI (Pucynok 11-47).

SI3bIK BBICOKOTO YPOBHS
CHMBOJBHBIE MOTYITH
v
TpaHcaaTop - KOMIWIATOP
SI3bIK aBTOKOX
CeKIiy aBTOKO/A $
Accembiiep
SI3bIK pemakTopa
v ¢ CBsI3eH
OOBEKTHBIE MOTYITH v
PenaxTop cBszeit
(uHKEp)
. SI3BIK IBOMYHBIX KOJIOB
3arpy304Hbli MOYJb 12
v
3arpy3duk
. SI3BIK ABOMYHBIX KOJOB
AOCOIIOTHBII, v
(ucnonHseMslil) MOIYIb

Pucynoxk 11-47. Mepapxus si3p1K0B NPOrpaMMHUPOBAHNS H TPAHCJIATOPOB

Haunewm c aBToKo1a. Kaskmas cexiyst mporpaMMBl, 3alicanHast Ha
SI3BIKE aBTOKOJ, TIPEe00pa3yeTcst TPaHCIATOPOM acCeMOTMPYIOMIETO THTIA B 00B-
€KTHBII MOJyJIb, 3alMCaHHBIA HAa JIBOMYHO - CUMBOJIBHOM SI3BIKE, KOTOPBIA
"moHMMAaeT" pernakTop CBA3ei. DTOT pedakTop CBsA3EH M3 HECKOIBKAX OOBEKT-
HBIX MOJIyJIei (GOPMHPYET eIUHBIH 3arPy304YHbIH MOAYIIb - TIEPEMEIAEMYIO
JIBOUYHYIO IIporpamMMy. OTa IporpaMMa 3aricaHa B OTHOCUTENIBHBIX aJ[pecax,
Kak Obl IIpeHa3HAYeHHas IS 3arpy3KH ¢ HyJIEBOTO a/ipeca OepaTUBHOM ma-
MSTH. 3arpy34nK HaX0AUT CBOOOJHOE MECTO B ONEPATHBHOW MaMSITH, B KOTO-
poe pa3MelIaeT 3arpy304Hbli MOyJIb, HACTpauBas €ro o MEeCTOPacIoIoxkKe-
HUi0. B pe3ysbrare nomyyaercst abCOMIOTHBINA MOJTYJ1b, KOTOPBIA MOYKET BbI-
TIOJTHSATHCA.

Ecnu nporpamMa cocTONUT U3 MOAYJICH, HAITMCAHHBIX HA SI3BIKE BBICO-
KOTO ypOBH:I, BMECTO acceMOiiepa OHa 00padaThiBaeTcsi KOMIMIATOpoM. B
pe3ynbTaTe MoMy4atoTcsi 00BEKTHBIE MOIYIIHN, KOTOPBIE MPE0Opa3yroTcs B 3a-
IPYXECHHYIO IBONYHYIO IPOTPaMMYy BBIIIEONMCAHHBIM 00pa3oM.

OO0paTiM BHUMAaHUE, YTO OOBEKTHBIA MOIYIIH, TIOTY4ICHHBIC U3 CHM-
BOJIBHBIX MOJyJIEH sI3bIKA BHICOKOTO YPOBHS M CUMBOJIBHBIX CEKIHH aBTOKOa,
3aIicaHbl HAa OJTHOM M TOM K€ SI3bIKE PEIAKTOpa CBSI3CH, T.€. HEOTIMYHMBI APYT
0T Apyra. 9To Ba)KHOE CBOMCTBO IO3BOJISIET IPU POrPaMMHUPOBAHUH Ha SI3bIKE
BBICOKOT'O YPOBHSI HCIIOJIb30BaTh aBTOKO/IHBIE BCTaBKH. PelakTop cBsizeil He
WHTEPECYET MPEAbICTOPHSI OOBEKTHBIX MOJTYJICH.
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TexHomornyeckast cxeMa KOMIWILINY H300paxeHa Ha (PucyHOK
[1-48). Tpu xommsioTepa (K1, K2, K3) BBIIONHSAIOT CHCTEMHBIE ITPOrPaMMBbI
KOMITWJIITOPA, pelakTopa CBsA3eil n 3arpy3uunka. Yaie Bcero, B Ka4eCTBE ATUX
KOMITBIOTEPOB MCIIOJIB3YETCS OJIMH U TOT )K€ peabHbId KoMIbloTep. B pesyib-
TaTe MOJTy4aeTcst aOCOMIOTHBIN MOJIYJIb IPOTPaMMBI MOJIB30BaTEIs, KOTOPBINA
ucrionHsiercst Ha komneiotepe K0, peannzyst npeoOpa3oBaHie HCXOIHBIX JaH-
HBIX d B pe3yJIbTHPYIOIINE JaHHBIE I

K P 3 ‘1 Tr
Ucxonnbiit 0 OOBekTHRIH| | © a
MOJIY b M MOy B 1 r | | Komnerorep

1| a P

" « Ly] 3arpy30UH. y AGCOMOTH.

. T MOJYJIb 3 MOJYJIb
Wcxonnbrii s OOBEKTHBIN| | O q KO
MOJIYJTh T MOJIYJb P u

0 K

p

Kommerorep Kowmmsrorep Kommsrorep
K1 K2 K3

Pucynok I1-48. TexHonoruueckas cxeMa KOMIMJIAIUAH

TpaHcHATOPHI MOAPA3AEIAIOTCS Ha Ba Kiacca: KOMITHIISTOPHI U WH-
TepIpeTaTopbl. Beime Mbl onucany padoTy TpaHCIATOpa KOMITHIHPYIOLIETro
TUNa (KOMIMJIATOPA).

TpaHcnATOp HHTEPIPETUPYIOIIETO THIA (HHTEPNIPETaToP), IO CyTH
Jieria MpeACTaBIsIeT CO00H BUPTYAbHYIO MAIIUHY "TIOHUMAFOIIYIO" SI3bIK TIPO-
rpaMMHUpoBaHus Beicokoro ypoBHs (Pucynok 11-49). Takast BupTyansHas Ma-
IIMHA COCTOUT U3 almnapaTypbl KOMIBIOTEpPA U TPAHCIATOPA HHTEPIPETUPYIO-
IIETO THIA, PACIIUPSIOMIEr0 BO3MOKHOCTH annapaTypsl 10 "MOHUMaHUs" S3bI-
Ka IpOrpaMMUPOBAHMS BEICOKOTO YPOBHSL.

TpancnaTop - UHTEpPHIpPETATOP

d — — T

Arnmaparypa KoMIObloTepa

Pucynok I1-49. TpancasiTop - HHTEPIPETATOP KaK BUPTyaJIbHAs
BBIYMCJIUTEIBHAS] MALINHA
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ITpu pa3zpaboTke HEOONBIINX IIPOTPAMM HHTEPIPETATOP UMEET IIpe-
HMYILECTBO IIE€pe/l KOMIMIISITOPOM B CMBICIIE ITPOCTOTHI HCIOIb30BaHus. Oc-
HOBHBIE €TI0 HEJIOCTaTKH, MPOSBIISIOIINECS TIPH KOHCTPYUPOBAHUH OOJIBIINX
IporpaMm: Iporpamma padoTaer Aojblile, He peausyercsa cOopka coOupaTh
OoJIbIIIME IPOTPAaMMBI U3 MOJTYyJIel, pa3paboTaHHBIX Pa3IMuYHBIMH POIPaMMHU-
CTaMHu.

Kommmutsitop cBo60IeH OT Ha3BaHHBIX BBIIIE HEJOCTATKOB HHTEPIIPE-
TaTopa. Taxke MPeuMyIecTBOM KOMIMIISIINY SBIISIETCSI BO3MOXKHOCTH MHOT'O-
KpaTHOTO MCIIOJIHEHNUS 3arpy309HOTO MOYJIsl 0€3 MOBTOPHOM €T0 TPAHCIIALIUH.
[ocnennee coobpakeHre 0c0O0 CYIIECTBEHHO B CITydae OOJBINNX MPOTPaMM,
JUTSL KOTOPBIX BPEMS, 3aTPadNBAEMOE Ha TPAHCISAIHIO U PEIaKTHPOBAHUE, SIB-
JISIETCSI CYLIECTBEHHBIM.

B nHacrosee Bpems B OJHOM CUCTEME POrPaMMHUPOBAHUS peaIn3y-
eTcsl KaK MHTEPIIPETATop, TaK U KOMIMIISITOP JUIS OJJHOTO M TOTO JKE A3bIKa
(ITackans, CN).

9.4 IlpeoGpa3zoBaHue KOJ0B IpU paboTe ¢
KOMITBIOTEPOM.

Eiie pa3 HarloMHUM PO MHOTOYPOBHEBOE TIPE/ICTABICHHE IAHHBIX U
KoMaH]1 B koMibioTepe (Pucynok 11-50).

JIBonuHO
I'paduueckmii kox CHMBOJIBHEIN KOJI
Beox
| IlepeBox 2->10
P/ LN o DSP DSL \ DSN I
IlepeBog 10->2
T lTpchn;{um
JIBom4aHBII JIBomuHBII
Koa MMO3UIMOHHBIN KOJI
MIPOTPaMMBbI qucen
Arnmapatypa KoMIbIoTEpa

Pucynoxk II-50. IIpeoGpa3oBanue JaHHBIX B KOMIIbIOTEpe
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Ha BHewmHeM ypoBHe, U1 IpeCcTaBaeHUs. HHPOPMALUK IPUMEHSIIOTCS
KOJIbI, KOTOPBIE MBI HAa3bIBaeM I'pa)MuecKUMHU M KOTOPBIC UCIIONB3YIOT B Kade-
CTBE CBOMX 3JICMCHTOB rpaduieckue 00pasbl B BUJC OYKB, IH(p, CHMBOJIOB,
n3o0paxenuid. ['paduueckue KoIbl MOXKHO pa30UTh HA TPU IPYMITLL: P- KOIbI
nporpamm, L - KoJl CHMBOJIBHBIX CTPOK, N - KOJIbI YUCEI.

YcrpoiicTBa 1 nporerypsl BBojia peo0pasyroT rpadudeckue KOsl B
JIBOWYHO - CUMBOJIBHBIE KOJIbI M Pa3MEIAlOT IIOCIIeTHIE B OTIEPATHBHOM HaMsi-
TH. I1o1 IBOMYHO - CUMBOJIBHBIM KOJIOM MBI TIOHUMAaeM JIBOMYHYIO MOCIIEA0BaA-
TETBHOCTD, COCTOSIIIYIO M3 JBOMYHBIX KOJOB rpaduaeckux oopa3on (OyKB,
udp, CAMBOJIOB, W300paskeHwit). Takum 00pa3oM, B ONIEPaTHBHOM MaMSTH
pacronararTcsi JBOMIHO-CUMBOJIBHEIE Koabl: DSP - mporpamm, DSL - cum-
BOJIBHBIX cTpoK, DSN - uncen.

JIBOMYHO - CUMBOJIbHBIE KOJbI CHMBOJIBHBIX CTPOK MOT'YT HEIIOCPEICT-
BEHHO 00pabaThIBaThCS (ONEPALMU CPAaBHEHHS M KOHKaTEeHAUH CTPOK). [y
apu(MeTHUECKHX Olepalii Hajl YuciIaMu HeoOXOIMMO X NPE/ICTaBICHHUE B
MO3UIIMOHHOW JIBOMYHOM crcTeMe curcienus. [loaToMy, IBOMYHO CUMBOJIBHBIC
KOJIBI YHCEJT HETTOCPEICTBCHHO 00pabaThiBaThes He MOTYT. MX Hammo mpeobpa-
30BaTh B JJBOMYHBIC ITO3UIIHOHHBIE KOJBI. 151 Takoro npeoOpa3oBaHust uc-
MOJIB3YETCs TPOLIEypa MepeBoia YHCell U3 JECATHYHON CHCTEMbI CUNCIICHUS B
JIBONYHYIO.

To4HO Taxxe MPEeACTaBICHHYIO B IBOMYHO - CHMBOJIFHOM BHJIE IIPO-
rpaMMy KOMITbIoTep "He TOHUMaeT" ¥ BBIOTHAUTH He MokeT. HeoOxomum me-
PEBOA IPOrpaMMBbl U3 IBOUYHOTO - CHMBOJIBHOTO TPEJICTABJICHHS B IBOUYHOE
npeacrasiaeHue. Takoil nepeBos OCYLIECTBIISACTCS IPOIPaMMOM TPaHCIATOPOM.

ITocrne nosy4eHus YMCIIEHHBIX PE3YIbTaTOB OHU JIOJDKHBI OBITh MIPEa-
CTaBJICHBI B BUJIE JBOMYHO - CHMBOJIBHBIX KOJIOB, YTO PEaTU3yeTCsl POLEey-
pO¥ mepeBoa U3 IBONYHON CHCTEMBI CUMCIICHHS B IECSITUYHYIO.

JIBOMYHO - CUMBOJIbHBIE KOJIbI CTPOK U YHCEN BBIBOJISATCS U3 OTepa-
TUBHOM ITaMATH anapaTypoi 1 MporeaypaMu BEIBOJIA.

Ha Pucynok II-51 npuseneHs! npumMepsl:

e TpaUUECcKOro U IBOWYHOTO - CHMBOJIBLHOTO KOJIOB CTPOKH;

e TpaUUECcKOro, ABOMYHOTO - CAMBOJIEHOTO U IBOWYHO - ITO3UIIHOHHOTO
KOJIOB YHCIIa;

e TpaUUECcKOro, ABOMYHOTO - CHMBOJIEHOTO KOIa KOMaH/bI PO PAMMBI
U €r0 3KBUBAJICHTA B BU/IE JIBOUYHOTO KOJa KOMaH/IbL.
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K (0] T I'paduueckuii koJ cTPOKH
|01001011|01001011|01001011| JIB. CHMBOJIBHBIN KOJ CTPOKH
1 2 3 I'paduyeckuit ko AECATHYHOTO YHCITA
|00110001|00110010 00110011 | JIB. cHMBOIBHEI KOA AECATHYHOrO UnCIa
01111011 JIBOMYHO - MMO3UIIMOHHBIA KO
JIECATUYHOIO YUCIa
I'paduuecknii  [IB. CHMBOJBHBII
KOJI KOMaH IbI KOJI KOMaH/Ibl
JIBOMYHBIN KO
A 01000001 KOMaH]Ibl
D 01000100
KOII Al A2 A3
b 01000100 00000001 1001 1010 1011
1 01010010
1 00110001
s 00101100
1 01010010
2 00110001
R 00101100
1 01010010
3 00110011

Pucynoxk I1-51. ITpumeps! npeodpa3oBanns KoA0B

9.5 KoHTpOJbHBIE BOIIPOCHI

JIBa ypoBHS MpeICTaBICHHS JAHHBIX ¥ IPOIPaMM B KOMITBIOTEPAX.
SI3bIKM CHMBOJIBHOTO KOJUPOBAHUS U aCCEMOJIMPOBAHUS IIPOTPaAMM.
[IporpamMmeI 3arpy34uKu

[MonsiTe moATPOrpaMMBI

MaxpochI Kak CpeAICTBO CTAaTHYECKOMN MTOACTAHOBKH MOIIPOTPAMM

. IlepemeHHas B UMIIEPATHBHBIX S3bIKaX MPOTPAMMHUPOBAHUS BEICOKOTO
YpOBHS

7. Ormepartop mpUCBanBaHUS KaK AMIIEPATUB BEIYUCICHUS QYHKIINU

8. Omnepatopbl 00pabOTKH JaHHBIX

9. Omeparopsl U3MEHEHHUS X0/1a BRIYHCIUTENBHOTO IIpoIiecca

10. [ToamporpaMMsl POLELYPHI U OANPOrpaMMbI (YHKIIUH

11. TpaHcasus ¥ KOMIUJISIUS

SRR
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