1.4. HEKOTOPbIE ®YHOAMEHTAJIbHbIE METOAbI NPOrPAMMUPOBAHUA

1.4.1. NMoanporpamme!

Korga HEKOTOPYIO 331a4¥ HY>KHO BBIIOJHHUTb B HECKOJILKUX PA3JMYHBIX MECTax Mmpo-
rpaMMbl, TO, KAK NPABUJIO, HEXKEJIATEJbHO KAaXKIAbll pa3 NOBTOPATbL ee Koid. ITobbI
H30€XKATb 9TOTO, JaHHbBIA KOA (Ha3bIBaeMblil nodnpozpammoti) MOXKHO TIOMECTUTb TOJIBKO
B OINHOM MecTe H J00aBUTh HECKOJIBKO JOMOJHUTEILHBIX KOMAaH[, YTOObI IOcje 3aBep-
meHus paboThl NOAMPOrpaMMEl JOIXKHBIM 00pa3oM BO30GHOBUTL BBINOJIHEHHE BHEIIHEH
nporpaMmsl. Ilepenava ynpaBieHHsa MeKAY TOANPOrpaMMaMH M OCHOBHOH IpOrpaMMoi
Ha3bIBAETCA CBA3bIO C NOONPOZPAMMAMU.

Kaskaplit KoMnbloTep MMeeT cBou creuududeckue crnocober ycranopyenus sdoex-
THBHO# CBSAI3M € NOANPOrpaMMaMH, KOTOPbIe 0DbIYHO 110pa3yMeBaIOT NPUMEHEHHE ClIelH-
anbHbIX KOMasA. B MIX ana aroit uenu ucnonssyercs peructp J. PaccMaTpusas gaHHyo
TeMy, 6yAeM OPHEHTUPOBATHCH HA MANIMHHBINA s13bIK MIX, HO aHAJIOTHYHBIE PACCYXKAEHHAA
IIPUMEHMMBI X K BONPOCaM CBA3M C NOANPOrpaMMaMH JJjisd APYTHX KOMIbIOTEpPOB.

TTognporpaMMel NCIOMBL3YIOTCA C HEIbIO IKOHOMHHM MECTAa B IPOrpaMMe, HO HX NPH-
MEHEHME He NPUBOIUT HENOCPEICTBEHHO K 9KOHOMHH BPEMEHH. JTO HPOUCXOIUT HEABHO
BCJIEACTBHE TOrO, YTO NPOrpaMMa 3aHHMAeT MEHbIle MeCTa B IaMATH, HAIIPUMED MeHblle
BPEMEHHU TPATUTCA HA 3arpy3Ky IPOrpaMMbl, YMEHbIAETCA KOAUYECTBO NIPOXO/A0B B IIPO-
rpamme anbo Hosee 3hPEKTHBHO HCNOIB3YETCsE BLICOKOCKOPOCTHAS NMAMATh HA MAUTHHAX
C HECKOTbKUMM YPOBHSIMH naMmsTH. JlononmHuTe sHbIM BpeMeHeM, KOTOpOoe TPATHTCA Ha
BXOJ, B IOJIIPOTPaMMYy U BBIXOJ U3 Hee, OObIYHO MOXHO TpeHebpeysb.

IMoanporpaMMel UMEIOT U APYTHE NMPEUMYIIECTBA. Biarojaps uMm cTpykrypa 60ib-
IIMX U CJOXKHBIX POrPaMM CTAHOBUTCH Gosee HarisAagHoi. OHU pa3bUBalOT BCIO 3a3Jady
Ha JIOTMYeCKHe CerMeHThI, YTo oObIYHO objeruyaer oTIafKy nporpaMmer. MHorue noi-
NporpaMMbl UMEIOT JOMOJHUTEIBHYIO HEHHOCTD, IOCKOJIBbKY MMH MOTYT BOCIOJIb30BAThHCS
HEe TOJIbKO aBTODBI, HO U APYTHE NOJIb30BATENH.

BonpmuHCTBO KOMIIBIOTEPHBIX CPEACTB Pa3paboTKH MMEI0T OOLINPHBIE BCTPOEHHbIE
6ubIMOTEKH MOJIE3HBIX MOAIPOrPAMM, YTO 3HAYHTENLHO obseryaer nporpaMMHpOBaHHe
CTAHAAPTHBIX NMPUKIAIHBIX 3a72a4. Ho nporpammuct He AOMXKEH AYMaTh, YTO MOIANpPO-
rpaMMbl IpeJHa3Ha4YeHbl TOJBLKO AJIs1 KakoH-To odnotd uenu. He creayer scerna paccma-
TPUBATH MOANPOrPAMMBI TOJIBLKO KAK IMpOrpaMmbl oblIero Ha3HadeHUsl, KOTOPLIMH BCe
MOTYT INOJIb30BaThCcsA. He MeHee Ba>XHbI M NOANPOrpaMMbl CHENHMATLHOIO Ha3HAYCHHA,
JaXke eCJIM OHHM HCIONB3YIOTCA TONBbKO B ofHOH nporpaMme. B paszene 1.4.3.1 paccma-
TPHUBAIOTCA TUMHUYHBIE ITPUMEDPBI MOANPOrPAMM.

HpocTeltuMu  SIBISIOTCS MOANPOrPaMMbI, KOTOPbIE MMEIOT TOJIBKO OJHH BXOL M
OJMH BbIXOJ, KaK, Hampumep, noanporpamma MAXIMUM, paccmoTpeHHasi Bbime (CM. pa3-
zen 1.3.2, nporpamma M). Euwe pa3s npuBeseMm TexkcT 5TOH HNpOrpamMMbl, H3MEHHB ee
TaKuM 00pa3oM, 4TOOBI MOMCK MaKCUMyMa Bejics N0 (DHKCHPOBAHHOMY HHCIY fAdeex,
pasHomy 100.

* MAXIMUM OF X[1..100]

MAX100 STJ EXIT Csasp ¢ moanporpaMmoi.
ENT3 100 M]1. Uanunainzaius,

JMP 2F
1H CMPA X,3 M3. Cpasuenne.

JGE *+3 (1)
2H ENT2 0,3 M4. 3amena m.

LbA X,3 Haitnen HOBBIT MakCUMYyM.

DEC3 1 MS5. Ymenpirenne k.

J3P 1B M2. Bce nposepeno?
EXIT JMP % Bepuyrnes k ocuoBHoO nporpamme. ||




B Gonbwo#t nporpamme, cogepskalueif 3TOT Ko B Ka4eCTBE MOANPOrPaMMbl, C MOMOIIBIO
€IMHCTBEeHHOM KoMaHab! “JMP MAX100” MOXKHO 3aHECTH B PErHCTp A 3HAUEHHE TEKYIIETO
MaKCcuMyMa 1jist siueek ¢ + 1 no X+ 100 u nomecTuTh MHMOPMALHIO O IOJOKEHUH MAK-
cumyma B r12. CBs3b ¢ noanporpaMMoil B 3TOM CJIy4ae JOCTHIAeTCs C IIOMOMIbIO KOMAH,
“MAX100 STJ EXIT” u mosguee-— “EXIT JMP *”. Perucrp J paGotaer Takum o6pa3om,
YTO KOMAaH/Ja BBIXOJA 3aTeM IepeiifeT B suellky, CIEAYIOMIYIO 338 TOH, U3 KOTOpOil 6bL10
cIeNaHo nepBoHaYabHOe obpalenue K MAX100.

B 6os1ee HOBbIX MOAH(DHKAIHAX KOMIIBIOTEPOB, TAKHX Kak MamHHa MMIX, koTopoii cy-

JKJIeHO 3aMeHnTh MIX, npeaycmorpenst Gonee 3¢p¢peKTHBHbIE CIIOCOOB!I 3ANOMHHAHHS
azapecoB BO3BpaTa. I1aBHOe OT/IHYHE COCTOHT B TOM, 9TO KOMAHIBI IPOrpaMmbl GOJIbIIE
He MOANQHUIPYIOTCS B HaMATH; HeoOXoanmas HHGOPMAIHs COXPAHAETCS B PErHCTPAaX
HAH B CMIEOHAJIBHOM MacciBe, a He B caMolf nporpamme (cm. ynp. 7). B cieayromem
H3AaHIH JaHHOH KHHrH 6yAeT NpHMEHEH COBPeMEeHHbIII TOAX0A K ITHM BOIPOCaM, & MOKa
by.nemM mo-NpexKHeMy HCIIOJIB30OBATH CTADBII CAMOMOZHGHIUDY IOIIHIACA KO,

HetpyaHo nonyunrs xoauvecmeennsie XapakTePUCTHKY CTENEHH SKOHOMUYHOCTH KO-
Ja ¥ I0Te€PH BpPEMeHHU NPH HCHONL30BAaHMM noanporpamm. IIpeanonoskum, HEKOTODBIH
dparmMedT Koaa 3aHMMaeT k A4€eK M BCTPEYaeTCA B /M MecTax mporpaMmbl. drobsl
0o OpMHUTH 3TOT (hparMeHT B KAYEeCTBE MOANPOrPAMMBbI, NOHAAOOUTCA AOTIOIHATEIbHAS
koManga STJ, CTpOKa A/ KOMaHAbl BRIX0OA U3 MOANPOrpaMMBbI ITIOC IO OHOH KOMaH,1e
JMP B Ka’KIOM M3 m MecCT, OTKYJA2 OyJeT BbI3bIBATbCS NoAnporpaMma. B nesom, Heobxo-
auMo m + k + 2 siueek, a He mk, IOITOMY 3KOHOMMS COCTABISET

m-1)(k~1)-3 (2)

aveek. Ecmu k paBro 1 160 m paBHO 1, TO, 04€BUIHO, MBI HE CMOXKEM CIKOHOMUTH MECTO
B NMaMATH 33 CHYET MCHOJIL30BaHUsl moanporpamM. Ecam k pasBHO 2, TO AJs1 mOJy4eHHUs
BBLIMI'PBIIIA M OJKHO ObITh O0nbmie 4, U T. 1.

Bpems tepsierca u3-3a NpUMeHEHUA IONOIHUTENBHBIX KoMmann JMP, STJ u JMP, ko-
TOpbIe He IPUCYTCTBYIOT B IPOrpaMMe, eClIi NoANnporpaMMa He ucnosab3yercsi. [1ostomy,
€ciu BO BpeMs BBIITONHEHHS OCHOBHOH NporpamMMbl MIOANDPOrpaMMa MPUMEHHETCA ¢ pas,
norpebyercs 4t JOMOIHUTEILHBIX TAKTOB.

K sTuM OleHKaM ciienyer NOAXOAUTH C ONpPeIEIeHHOM A0Jell CKencuca, TaK KaKk OHM
JeJlafiCh B pacyere Ha HAeaIbHYIO CUTyalluio. MHOrne noanporpaMMel Heslb3s BbI3BaTh
NPOCTO € IOMOINBIO €IUHCTBEHHOM KoManabpl JMP. Bousee toro, ecin dparMeHT Koaa
HOBTOPSAETCST BO MHOT'MX YACTsIX NPOTPamMMbl ¥ OH He 0(POPMJISETCST B BUJE NOANIPOrpaM-
Mbl, TO JJ KaXKIOH 4acTH JaHHbIA KOJ MOXHO MOAM(UIYMPOBATh TaK, YTOObLI NOIYy4aTh
HPEUMYUIECTBA OT OCOOBIX XAPAKTEPUCTHK KOHKPETHON YACTH MPOrPAMMBI, B KOTOPOil OH
Haxoautest. C Apyroil CrOPOHbBI, €C/IM NPHHATO PELIeHHE MCIIONB30BATH NMOLIPOrPaMMYy,
TO €e KOJ HY>KHO NMUCATh AJ1s1 Haubosee oOUIEro, a He YAaCTHOIO, Cily4asi, ¥ OOBIYHO 3TO
TpebyeT HoGaBIEHHMS HECKONLKHX JONONHUTENBHBIX KOMAHI.

Econ noanporpamma HanucaHa Ajis obLiero ciydasi, TO OHa, KaK [IPaBUIO, 3ABUCHUT
0T napamempos. IlapaMeTpbl—3TO BEJUYHHLI, KOTOPbIE YNPaBaAwT paboroi noimpo-
rpaMMbl; OHM MOTYT M3MEHATHCA OT OJHOIO BbI30Ba MOAINPOrpaMMbI K JAPYTroMy.

®parMeHT KoJa BHEUIHel IPOrpaMMbl, KOTOPBIi ITepe1aeT yIpaBieHUe MoAnporpaM-
Me U JOJIKHBIM 06Pa30M 3aIlyCKaeT ee, Ha3bIBAETCH NoCAed08ameAbHOCTbIO 6bi3068a. KOH-
KPETHbIE 3HAYEHHUS MapaMeTpPoB, KOTOPbIE NEPEIAIOTCA MPH BbI30BE NOANPOrpaMMbl, Ha-
3bIBAIOTCA apeymenmamyu. B Hawell noanporpamme MAX100 BbI3BIBaMONIIast NOCJIEIOBA~



TEeNBHOCTL — 3TO MpOCTO KoMmanaa “JMP MAX100”. Ho B cayuae, Korga HeoOXOZUMO Ie-
pelsaTh apryMeHTb, OOBIMHO HeobxonuMa Gosee JnuHHASA BHI3BIBAIOLIASA IIOCIEI0BATENb-
Hoctb. Hanpuwmep, nporpamma 1.3.2M — 3o 06001ennbiit BapuanT MAX100; oHa HAXOOAUT
MaKCHMYM Cpeay NepBbIX N 3jieMeHTOB Tabiuupl. IlapaMeTp n NosBJIAETCA B HHICKCHOM
peructpe 1, U ero Hocye0BaTENLHOCTh BBI30BA

LD1 =n= - ENT1 n
JMP MAXIMUM JMP  MAXIMUM
BKJIIOYA€T JBA IAra.
Ecn nocnenopaTebHOCTb BBI30BA, 32HUMAET ¢ g4YeeK NaMaATH, To ¢opmyna (2) BbI-
YHCIeHNs 00beMa CIKOHOMIIEHHOTO MECTA TIPHHHMAET BUJ

(m — 1) (k — ¢) — constant, (3)

a BpeMs, KOTOpO€e TPaATHTCS Ha CBS3b C NOANPOrpamMMoii, HEMHOTO yBE/IMYHBACTCS.

MoxeT BO3HUKHYTL HeOGXOAMMOCTL BHECEHHS NajIbHEHIINX KOPPEKTHB B IpUBE-
JleHHble (hOpMyJIbI, ecnu noTpedyeTCsi COXPAHUTh W BOCCTAHOBUTH HEKOTOPbIE PErHCTPhI.
Hanpnwmep, paborast ¢ noanporpammoit MAX100, cileayeT IOMHUTD, 4TO, 3anucbiBag “JMP
MAX100”, MBI He TOJILKO 3aHOCHM MaKCHMAJBHOE 3HaYeHHe B PErHCTP A, a ero HO3HIHIo —
B peructp 12, Ho u obuynsem peructp I3. HykHo MMeTs B BHAY, 4TO HOANIPOrpaMMa
MOJKeT MCIIOPTUTH COJIePXKHUMOE PerucTpoB. UToObI IPENOTBPATUTHL M3MEHEHHEe MOIIpPOo-
rpamMMoit MAX100 cogepxkumoro rl3, HeoBX0aAUMO BKJIIOYUTh HONMOJHUTEIbHbIE KOMAHIBI.
Camblit KOPOTKUEH U caMblil ObICTPBIN cniocob caenarb 3To Ha MIX cOCTOUT B TOM, 4TO-
661 BcTaBuTh KOMandy “ST3 3F(0:2)” cpasy nocie MAX100 u komanny “3H ENT3 *” —
HenocpecTBeHHO neped EXIT. B utore 3T0 BbIIbeTCs B ABE JAOIOJHHUTENbHBIE CTPOKH
KOJa IJIIOC TPH MAIIMHHBIX TAKTa JJf KaXKJOTO BBI30BA ITOANIPOrPaMMbI.

IToanporpaMMy MOXKHO PacCMaTPHUBATL KaK pPAacwupenue MAIIMHHOIO A3BIKA KOM-
npioTepa. BHecs B mamaATh Mammsbl noanporpaMMy MAX100, noay4yuM eguHCTBEHHYIO
KoMaHay (a umerHO — “JMP MAX100”), KoTOpas HAXOAUT MAKCUMYM. BaxxHo onpenennTs
pe3yabTaT paboThl KAXKI0# MOANPOrpaMMbl TaK K€ TIIATEJNBHO, KaK Obluu ompenesieHbl
CaMH OIIepaTOpbl MAIINHHOIO s3blKA. 1103TOMY IPOrpaMMHCT 00A3ATENbHO JOJKEH 3a-
[IMCATh XAPAKTEPUCTUKH KAXKIOH MOANPOrpaMMbl, AaXke ecjii 6osbile HUKTO He Oyrner
MOJIb30BaThCs 3TOH mporpammoil unu ee cneuudunkanueii. Hanpumep, nomnporpamma
MAXIMUM, npuBenenHas B paszene 1.3.2, umeer ciieayolmue XapaKTePHCTHKH.

TlocnenosarenbHOCTH

BbI30BAa! JMP MAXIMUM.

Cocrosnne npu sxone: rll =n; B npeanonokenuu, 4ro n > 1. (4)
Cocroanue npu Boixome: rA = max CONTENTS(X + k) = CONTENTS (X + r12);

1<k<n
rI3 = 0; comepxkumoe rJ u Cl rakke MeHsAETCs.

{O6blurO MBI He OyneM yMOMMHATBE O TOM, YTO MOANPOrPAMMA OKA3bIBAET BJIUAHUE HA
peructp J u dbaar cpaBHeHus; 37eCh 06 9TOM TOBOPHTCA TOJILKO JIJIsl IONHOTHL.) 3aMeTbTe,
yro Ha rX W rll moamporpaMma JefiCTBUS HE OKa3blBaeT, B NPOTHUBHOM Clydae 3TH
perucTpel 6pi1H 661 yIOMAHYTEI B OMHCAHUU COCTOAHHKA NMpu Boixome. B cneuudukanun
JOJDKHBI TAKKE NEepEeYHCIATLCS BCE BHENIHME I NMOANPOrpaMMbl A4eHKH NaMATH, HA
KOTOpBIE OHA, MOXKET OKa3aTh Bo3zeiicTeHe. B nauem ciydae cnenudukauus no3Bojsier
3aKJIOYUTh, YTO B NAMATH HHYEro He COXPAHSIOCh, Tak KakK B (4) HHYEro He TOBOPHTCA
00 U3MEHEHUSIX B IAMSTH.



A reneps maBaliTe pacCMOTPHM HeECX0oAbK0 6x0do6 B noanporpaMmbr IIpeanonoxum,
CYIIEeCTBYET IIporpamma, KoTopoit Tpebyerca obmasa noanporpamMma MAXIMUM Ho meno B
TOM, YTO OBBLIYHO MCTOB3YeqCsl JacTHb cnyyai MAX100. anst koTOpPOrO N = 100. 9t
JIB€ THOANPOrPAMMBI MOXKHO OOBEAMHUTD CIEAYIOMHMM 00pa3oM.

MAX100 ENT3 100 ITepssolit BxOI

MAXN STJ EXIT Bropoit Bxox
JMP  2F [Ipomomxats, xak B (1) (5)

EXIT JMP = BepuyThca k ocroBHOlt nporpamme ||

Tognporpamma (5) nmpakTH4ecKu Takasd Xe, Kak (1), TONBKO nepBble JBe KOMaHIbI MO-
MEHSJTHCh MeCcTaMy. 37eCh UCNONb30BaIcA TOT (hakT, yto Komanga “ENT3” He m3veHsaer
conepxumoe peructpa J. Yrober nob6aBuTs K 37O noanporpamme mpemut Bxol, MAX50,
B HAQYaJIO HY>KHO BCTABUTb CTPOKH
MAX50 ENT3 50 (6)
JSJ MAXN .
(Hanomunato, 4to “JSJ” o3Hagaer nepexos 6e3 u3MeHeHHUs. perucrpa J.)

Ecnu yucno napaMeTpoB HEBEJHKO, TO JKeJIATeJIbHO ePeJaBaTh UX B NOANPOrpaMMy
OJIHUM H3 JBYX CIIOCOBOB® 3aHECs UX B NOAXO/AIINE PETHCTPHI (AHAJIOTHYHO TOMY. KAK Mbl
ucnonb3oBanu rI3 ans xpaneHust napamerpa n B MAXN, a rI1 — nns xpanenus napamerpa
n B MAXIMUM) nubo coxpaHuB MX B (PMKCUPOBAHHBIX AYEHKAX NMAMSTH.

Hpyroit yaobuslit criocob nepenads apryMeHTOB COCTOUT B TOM, YTOOBI TPOCTO nepe-
YUCIUTD UX nocae kKomanabl JMP. Ioamporpamma cMoxeT 00paTHThCA K CBOUM TlapaMeT-
paM, TIOCKOJIbKY OHa 3HaeT couaepxkumoe peructpa J. Hanpumep, ecinu 661 nona106mu10ch
co3aath aas MAXN nociie1oBaTeIbHOCTh BbI30OBA

JMP MAXN
CON n , (7)

TO NOJANPOrPAMMY MOXKHO ObLJ10 Obl HAMKUCATDH CAEAYIOUIMM 00Pa30M:

MAXN STJ =*+1
ENT1 =* ril +rJ
LD3 0,1 rl3¢n
JMP 2F  IIpomomxarts, Kak B (1) (8)

J3P 1B

JMP 1,1 Bosspar |
Ha takux mammunax, xak IBM 360, Ha KOTOpBIX CBA3b € MOANPOrDaMMaMM OBBIYHO
OCYILECTBJISIETCSl [yTeM MOMelIeHUs ajpeca suefiKu BO3BPAaTa B MHIEKCHbIA Perucrp,
TIpUBeJeHHbI Bhle crnocob ocobenHo ynobeH. On ucmonp3yercs TakKe, KOTA3 y MOI-
NPOrpaMMbl MHOI'O apryMEHTOB H00 €ClM IporpaMma CO3/aHa KOMNuiaATopom Metox
HECKOJIbKHX BXOJOB, KOTODBIH HCIIONb30BAJCA BBIIE, B 9TOM Clydae He mogxoaut. Ero
MOXKHO “HONAeNnarTs”, Halucan

MAX100 STJ 1F

JMP MAXN
CON 100
iH JMP

HG 9TO BBIMVISIZAUT Y2Ke HE TaK [PUBJIEKATENbHO, KaK (J).



A noanporpaMM € HeCKOAbKUMU 66x0damu ODBIYHO MCHONMB3YETCA MeTol, aHa-
JIOTHYHbBIA MEPEYHCICHUKS apryMEeHTOB. MHOXECTBEHHbIH BbIXOJA O3Ha4aeT, 4TO NoAd-
NpOorpaMMa BO3BPAIIAETCH B OJHO M3 HECKOJILKUX PAa3JIM4YHBIX MECT B 3aBHCHMOCTH OT
yCJI0BHUii, OOHAPY>KEHHBIX MOANPOrpaMMOit. B caMoM CTPOroM cMbICie MeCTO, B KOTOPOE
BO3BPAUIAETCS HOJANPOrPAMMa MOCJe BbIXOJA,—3T0 mapamerp. Ilosromy, ecnu cyime-
CTBYeT HECKOJIBKO MECT, B KOTOPBIE OHA MOXKET BBIHTH B 3ABHCHUMOCTH OT OBCTOATENBCTB,
OHM JIOJDKHBI OBITh NPEJOCTABJEHBI B KAYECTBE APryMEHTOB. B HamleMm 3aBepluaronieM
NpuUMepe B NOANPOrpaMMe MOKCKA MakcuMmyMa OyzaeT aBa BxoJa M ABa Bbixopsa. Ilocre-
JOBaTeJILHOCTh BBI30BA HMEET TaKO# BHJ.

15 IpOU3BONBLHOTO N Hasa n =100
ENT3 n
JMP MAXN JMP MAX100
BoritTi 31€CH, Borritti 31€Ch,
econ max < 0 umn max > rX ecim max < 0 mwian max > rX
Berittu 31ech, ecoin 0 < max < rX Briittu 31€Ch, econ 0 < max < rX.

(JdpyruMu ciioBaMu, BBIXOJ IPOM3BOAKTCA Ha 06e sueliKn HUXKe KOMaHAbl Iepexo/ia, eciin
MaKCUMYM TOJOXKUTEIEeH H MeHblIe 3HaYeHus, KoTopoe coaepxutcs B perucrpe X.) dns
3TUX YCJIOBUI NOAMPOrpaMMy HAMUCATL HECJIOXKHO.

MAX100 ENT3 100 Bxoa ana n = 100
MAXN STJ EXIT Bxoa a1s NpoU3BOJILHOIO T
JMP 2F Hanee, xak B (1)

J3P 1B

JANP EXIT BoimoaHHTh HOPMANBHBIH BHIXOJ, ecd max < 0 9)
STX TEMP

CMPA TEMP

JGE EXIT BrinoJHATb HOPMAJbHbIA BBIXOM, €CJIM max > rX.

ENT3 1 B nporusHOM ciiyuae BbIATH Yepe3 BTOPOiH BBIXOJ,

EXIT JMP =*,3  BepHytnca B HykHOe mMecto |

O1HM nOANpPOrpaMMbI MOT'YT BBI3bIBATH JAPYrue Noanporpammbl. B cIokHBIX npo-
FpaMMax BbI3OBbI IOAIIPOTPaMM, BIOXEHHbIX Oosiee YeM Ha NATH yPOBHell, — 3TO HE TaKoe
yX peakoe sipjeHue. VICrnonb3ys ONHCAHHYIO Bbllle CBSA3b MOANPOrpaMM, HEOOXOIMMO
NPHAEPKUBATHCS €IMHCTBEHHOTO OrPAHUYEHHS — OJHA NIOANPOrpaMMa He MOXKET BbI3bl-
BaTh JAPYIYIO MOANPOrPaMMY, KOTODas (IIpSMO HJIH KOCBEHHO) Bbi3biBaeT ee. Hanpuwmep,
PacCMOTPHM CIAEAYIOLIMIL ClieHapHil.

[CnaBnas nporpamma) | [[Toanporpamma A] | [[lomnporpamuma B] | [[Toanporpamma C]
A STJ EXITA B STJ EXITB C STJ EXITC

JMP A JMP B JMP C JMP A

EXITA JMP =* EXITB JMP * EXITC JMP * (10)

Ecan ryiaBHas nmporpaMMa BbI3bIBaeT A, KOTOpasi BBI3bIBAET B, KoTOpasA Bhi3biBaeT C,
a 3ateMm C BbI3bIBaeT A, TO agpec B Adeiike EXITA, 1o KOTOpOMy OCYIIECTBJIAETCA BbIXOJ,



B IVIABHYIO IIPOrpaMMy, 3aTHPAeTCs, YTO JeJiaeT BO3BPAT K 3TOH MporpaMMe HeBO3MOXK-
HeiM. IlogoBGHble paccysKIeHUs NMPUMEHMMBI KO BCeM siyeiffKaM ONepaTHBHOH NMaMATH H
K perucrpaMm, HCOOAb3yeMbIM nomnporpammanmu. Ilostomy paspaboraTs npaBHJa CBSI3H
IOATIPOrpaMM, KOTOPbIE NIO3BONAT NMPABHIbHO 0OPabaTLIBATL TaKHe PEKYPCUBHbIE CHTY-
alliH, COBCEM HECJIOXKHO; NOAPOOHOCTH NPUBOAATCA B IiiaBe 8.

B 3aBepiuenue 3T0ro paszena KpaTko pacCMOTPHM IOAXOAbI K HAITMCAHHIO CJOXKHBIX
¥ Gonpimux nporpamMm. Kak y3HaTh, kakue NOANPOrpaMMbI HaM HY2KHBI M KaKue Mo-
CIe0BATEAbHOCTH BbI30Ba HYXKHO MCHONB30BaTh? UTOOBI yCHEUIHO PEMNTD 3Ty 3a1a4y,
MOZKHO BOCIOJIb30BATHCA METOAOM HTepalui.

Hlar O (Ilepsonauanbuas nzes). ChHadana npubIN3NTENHHO BHIOMpaEM reHepasb-
Hbllf T1aH geficTBuil, KOTOpsIe 6YAYT BHIIOAHATLCS B MPOTPaMMe.

IMlar 1 (Yepuosasi cxema nporpammbl). Hausem ¢ Hanucadusi “BHEIIHUX yPOBHeil”
NPOrpaMMbl Ha J1I060M yAO6HOM si3pike. CHCTEMATHM3HPOBAHHBIN MOAXOA K 3TOMY 3Ty
oveHs Xxopomo onucad B keure E. W. Dijkstra, Structured Programming (Academic
Press, 1972), Chapter 1, u B pabore N. Wirth, CACM 14 (1971), 221-227. Havars MOX-
HO ¢ pa36ueHust BCeil mporpammsl Ha HebosbluKre (HPArMeHThl, KOTOPbIE BPEMEHHO MOXKHO
PacCMaTPHUBATEL KaK NOANPOrPAMMBI, XOTA OHM BI3BIBAIOTCH TOJIBKO OAMH pa3. DTH dpar-
MEHTBI MOXKHO IIOCJIEJ0BATENbHO pa3bupaTh Ha Bce Gosiee MeKue 4acTH, KoTopsle OyayT
CILy>KUTb JAJis1 BLINOJHEHUS BCe Dosee npocThix onepauyit. Kaxapiii pa3, Koria BO3HUKAET
KaKasi-1u00 BRIMUCIUTENbHAS 3aa4a, KOTOpas, NOXO0XkKe, BCTPETUTCH [Ze-TO ele Jnbo
Y2Ke TAe-TO BCTPETHIIACh, CeAYeT ONpeaeUTh NOANpOrpaMmy (y»ke He THIIOTETHYECKY IO,
a peasibHY0) JJIs BBITOJHEHHUS ITOH 3amaqu. Ha JaHHOM 3Tame ewie He CleAyeT MUCATh
3TY NOANPOrpaMMmy; Hy»KHO MPOAC/KWThH HANHCAHKE TJIaBHON NpOrpaMMbl, HCXOISA U3
NPETIoNIOMKEH s], YTO ITOANPOrpaMMa BhIMOJHMIIA CBOIO 3aJa4y. M HakoHerl, Korja cxema
IVIAaBHOM NPOrpaMmbl GyJET roToBa, MOXXHO MPUHUMATBCA 32 MOAIPOrpaMMbl, CTAPAsCh
Ha4YHMHATb C CAMbIX CJIOXKHBIX MOJNPOrPAMM, HOCTENEHHO NepeXods K BJIOXKEHHBIM B HUX
noxnporpaMMaM M T. J. B pesyibTare nOAy4ddTCs CHHACOK noamporpamm. PyHkuusa
KaXXJOf TOANPOrpaMMbI, BEPOATHO, MEHsAJACh YK€ HEeCKOJbKO Pa3, TaK 4YTO K 3TOMY
MOMEHTY Ha4aJbHbIE HIEMEHTHI CXeMbl 6yyT HerpaBuibHbeiMU. Huvero crpamnoro, sesib
3TO BCErO JHUIb CXeMa. 34TO TENePh Mbl KMEEM JOCTATOYHO YETKOE IPEICTaBIeHHE O TOM,
Kak OyJeT BRI3BIBATBHCA KaXk/asA MOANPOrpPAMMA H KAKOBA CTENEHb €€ YHHBEPCAJILHOCTH.
Kak npaBuiio, uMeeT CMbICT CAEJIATh KAXIYIO MoAnporpaMmy 6ojee yHHBEpCANIbHOM.

IMMar 2 (Ileppas pabouas mporpamma). ITOT INAr MO CPaBHEHHIO C maroM 1—
JABHXKEHHE B NMPOTHBOMOJIOKHOM HampasieHud. Tenepb OyZeM HCHONb30BaTh KOMIIbIO-
TEPHBIH A3bIK NPOrpaMMUpPOBaHus, cKaxkeM, MIXAL, PL/MIX usu s13bIK BHICOKOIO YPOBHA.
Ha 3T0T pa3 HauHeM ¢ caMbIX HM3KHMX ypPOBHEH BJIOXKEHHsI NOANIPOrpaMM, 3aTeM “Noj-
HUMEMCsl BBepX” M B KOHIE KOHIOB HalHIIeM [JIaBHYIO mporpamMmy. Pexkomenayercs,
N0 BO3MOXHOCTH, He NHCaTh KaKue-mubO KOMaHIbI BbI30Ba TOANPOrpaMMbl IO TOrO,
kak Oyuer Hamucad xon camoit moanporpammbl. {Ha mare 1 mbr cTapanuch aenatb
IPSAMO IPOTHBONIONIOXKHOE, HE PacCMaTpUBas NOANPOrpaMMy A0 Tex Iop, noxa He byayT
HAIHCAHDBL BCE €€ MOCJIEA0BATEIbHOCTH BhI30BA. )

ITo mepe nammucanus Bce Gonbumiero W 6GoJbIUIEro YMCIa NOANPOrpaMM Haila yBe-
PEHHOCTH OyJer MOCTeNEHHO PACTH, TAK KAK Mbl MOCTOSHHO pacluupsieM BO3MOXKHOCTH
nporpammnpyemoro moayis. ITocne Hanucanus OTAENLHOM OAIPOrpaMMbl HEOGXOANMO
Cpa3y ke NOArOTOBHTD MOJIHOE OnUcaHue ee PyHKIUH U ee NOoC/Ie0BATETbHOCTE BbI30BA,



Kak B (4). Baxxno takxke, yToObl He MEPEKPHIBATIHCH A4YeiiKM BpeMeHHO# naMsat. Ecan
KaxkJad noanporpamma 6yaer obpamarses K siyetike TEMP, TO NOC/AeACTBHA MOTYT ObIThH
KatacTpoduIecKuMH, HO BO BpeMsi pa3paboTku cxeMbl Ha 3Tane 1 Ham 6bino ymobHo He
6ecriokouThest 06 3ToM. OYeBnaHbIH cocol pemesns NpobeM C NEePeKPHITHEM COCTOUT
B CIeYIOLIEM: HYXKHO BBIOEJHMTH JJIsi KAXKA0i NOQIpOrpaMMel OTAENbHbIH Y4aCTOK Bpe-
MEHHOH NaMATH, YTOObI €ro MCIONbL30BaJIa TOMLKO OHa. HO ecM Takoe HMCIONL3OBaHHE
TMPOCTPAHCTBA NaMATH SBJSETCH CJIMIIKOM PACTOYMTENbHBIM, TO MOXKHO HCIIOJIbL30BATh
APYLYIO CXeMy — IDHCBOUTH siueiikam uMmeHa TEMP1, TEMP2 u T. 1. Hymepanusi BHyTPH
noAnporpaMMel HauuHaercs ¢ TEMP, rae j Ha enuuuiy Gosblie, yeM HaubosIbLINIA HOMED,
KOTOpBIit Obl1 NCMONIb30BaH KAKOR-IMG0 BIIOXKEHHON MOANPOrPAMMON 3TON MOIIpPOrpaM-
MBI ‘

IMlar 3 (Tlorropnasi nposepka). PesyanraroMm mara 2 foMKHA BbITH NPAKTHYECKH
paboyasi mporpaMma, HO BIIOJTHE BO3MOXKHO, YTO €e yAacTcs yayqwuTs. Jasa sroro cyme-
CTBYET XOPOUIUil METOX — CHOBAa CMEHWTh HAlpaBJieHHe, uccilenys A KaxkJIoit noanpo-
rpaMMBbl 6ce CAeJaHHBIe IO OTHOMIEHHIO K Hell Bhr30Bbl. MoxkeT OKa3aTbes, 4TO NOANPO-
rpaMMy HeobX0IHMO HECKOJBKO PACIIHPHTH, YTODb! OHA BBIIOJIHSJIA PACIPOCTDaHEHHbIe
onepanyH, KOTOphIE BCErJa OCYILECTB/sIeT BHEUIHAS NIPOrpaMMa HerocpeJCTBEHHO nepes
HCNOJb30BaHieM NOANIPOrpaMMbl WM Nocse Hero. Bo3MOXHO, HECKOJIBKO NOANPOrpaMM
crenyer oObeMHUTL B OQHY; & MOXET ObITh, HEKOTOPas HOANpPOrpaMMa BhI3bIBAETCS
TOJIBKO OJMH Pa3 ¥ U3 Hee BOODLIE He CTOUT Jgenats noanporpammy. (Ciayvaercs u rakoe:
TI0,IPOrpaMMa He BBI3bIBAETCA HH pa3y H MOXKHO Boobule oboiiTuch 6e3 Hee.)

Ha sToM aTane oueHb 4acTo UMeeT CMBIC BHIOPOCHTH Bee, YTO ObLIO CAENaHO, H CHOBA
HayaThk ¢ mara 1! 51 BoBce He my4y; BpeMsi, MOTpadYeHHOE Ha TO, YTOGLI ZO6PATHCA IO
3TOr0 MeCTa, He IIPONAJIo JapOM, TAK KaK Bbl JOCTATOYHO I1yBOKO U3y YHIIH TOCTABJIEHHY O
3ana4y. BrocnencTeun (yske nocse 3amnycka nporpaMMbl), CKOpee BCEro, CTaHeT SCHO, YTO
B 00110 CXeMy NpOrpaMMbl HeoOX0aHMO ObLIO BHECTH HEKOTOpbIe yayyiuenus. [Tosromy
HeT npu4YrH OoATHLCA BO3BpaTa K mary 1—HaMHOro Jjerde CHOBa NMpOHTH mard 2 u 3
ceifyac, XOrJa aHaJIOrM4YHasi nporpamMma yke roroBa. Cxaxy ewe 6omblue: Brojne
BO3MOJKHO, YTO BpeMs, KOTOpoe Oyner 3aTpayeHo HA NepenuchiBaHHe BCell MTPOrpaMMEl,
€ JUXBOIl OKYNHTCA BIOCJEACTBHH NpH OTJIaAKe. Hekoropele ayumpe M3 Koraa-aubo
HAITMCAHHBIX KOMIIBIOTEDHBIX IPOrPaMM CBOUM yCIEXOM BO MHOIOM 0OSI3aHBI TOMY, YTO
NpUMEPHO Ha 3TOM 3Talle Bea pabora Oblia crydaliHO IOTepsIHa M aBTOpaM NPHILIOCH BCe
Ha4YaTh CHa4aJa.

C 1pyroi#i CTOPOHBI, BEPOSITHO, B NPUHLUIE HE MOXET HACTYNIHTb MOMEHT, KOTJa
CJI0XKHYIO KOMIIBIOTEPHYIO TPOrPaMMy HEJIb3s KaKHM-1u00 06pa3oM yayumnTs. [losTomy
maru 1 ¥ 2 He cnelfyer noBTOpATH 10 HeckoneyHocTH. Korja COBEpUIEHHO OYeBHIAHO,
YTO MOKHO BHECTH 3HAUUTEbHOE yJy4lIeHHe, HMEeeT CMbICJ NOTPATUTH JAOTOIHHUTENb-
HOe BpeMsl Ha TO, 4To0bl HayaTh Bce cHadasla. Ho B KOHIle KOHIOB HACTYMaeT CTalud
“HachileHNA”, KOTAA CKOJIbKO-HHOYIb CYIIECTBEHHbIE M3MEHEHUS BHECTH YK€ HeJIb3s U
PEe3yIbTaTOM HX BOIJIOUIEHHS SIBJIAETCHA JHMIIL HE3HAYHTENbHBIH Nporpecc.

HIar 4 (Ownazaka). Ilocie okonuaTenbhoit “mundorxku” NpOrpaMMbl, K KOTOPOIA,
BHIUMO, OTHOCHTCS PaclpeliesieHHe MaMsaTH U Jpyrue NoC/eAHHe IIPUIOTOBIeHUs, CaMOoe
BpeMs NMOCMOTPETh Ha Hee NOJ elle OHUM VIVIOM 3PeHHsl, OTJIMYHLIM OT TeX, KOTOPhIe
ucnojb3oBanuch Ha warax 1, 2 u 3. Teneps mbr 6yzeM uccAeOBATH 3JEMEHTHI NPO-
IPaMMbl B TOM NOPsJIKE, B KOTOPOM HX OYJET 6bnoAHAmb KOMIbOTEp. ITO MOXKHO
Ce1aTh BPYYHYIO MJIH, KOHEYHO, C IIOMOILBIO KOMNbIOTEPA. ABTOpP NIpuUIle] K BbIBOAY,
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YTO HA JAHHOM 3Talle O4yeHb NOJEe3HO MCHOJb30BATh CHCTEMHbIE HPOrPaMMbl, KOTODbIE
MPOCJEXKUBAIOT KaXAYI0 KOMAaHIY, KOLJa OHAa BhINOJHSAETCA nepsbie ABa pa3a. OuyeHb
Ba)<KHO 3aHOBO NPOAYMaTh HJAEH, JleKalllde B OCHOBE IpOrpaMMbl, H y6eIUThCs B TOM,
4TO BCE JEHCTBUTEIbHO IPOUTXOAUT TAK, KAK OKUIAJIOCh.

O1nanka —3TO HCKYCCTBO, KOTOpOe TpebyeT IajbHeHLIero u3yyeHus, U cnocob ee
TIPOBEJIeHH S B 3HAYHTENbHOMN CTENEeHH 3aBUCHT OT HMEIOIUXCH HA KOMIIbIOTEpe yCTPOHCTB.
Xopomnym HayaaoM 3¢pheKTHBHOM OTIaAKK BO MHOI'MX CJIy4asiX MOXKET CTaTh MOATOTOBKA
COOTBETCTBYIOUIMX TeCTOBBIX JaHHbIX. CaMbiMu 3(hb(PEKTUBHBIMU, NOXOXKE, ABJIHIOTCA T€
MeTObl OTJIAJKH, KOTOPble NpPeJHa3HAYeHbl 1A KOHKPETHOM NMpOorpaMMbl M BCTPOEHBI
HMEHHO B Hee. MHorue U3 JyyliMX NPOrpPaMMHCTOB COBPEMEHHOCTH NOYTH IICJIOBHHY
CBOMX TNPOTPAMM TMOCBATHIM TOMY, 4TOObI OGJIErYHTh OTIAJKy IPOTPAMM H3 APYTol
nomosuusl. “IlepBasi mosoBuHA”, KOTOpas OBBIYHO COCTOMT M3 JOCTATOYHO NPOCTHIX
IIPOrpPaMM, OTODParKAIOUIMX COOTBETCTBYIOUIYI0O MHGOPMAIMIO B yAOOHOM AJisl YTEHHS
BHJE, B KOHIIE KOHLIOB BbIOPACBIBAETCS], HO B HTOr'€ 9TO JAET YJAMBUTEILHBIA BRIMIPHILI B
IPOU3BOAUTENBHOCTH.

Eme ogun xopomuii METOA OTJIAAKH COCTOMT B TOM, YTOOBI BECTH YYeT BCEX CIeJIaH-
HbIx ownbok. Koxeuno, 3To Henerko, Ho monobHas uHPOpMauusa ABIAAETCA GecLeHHOH
[T KX JAOTO, KTO IBITAETCA OTNAAUTh IPOrPAMMY; OHA TAKIKE [IOMOXKET B AaJIbHeieM
n36e>xaTh MHOXeCTBa OmuOOK.

3amenanue. BONbIIMHCTBO NPEIBLIYIINX KOMMEHTAPHEB ObLIO HAMUCAHO ABTOPOM B
1964 rozxy, nocyie TOro KaK OH YCHEIIHO 3aBEpHIKJI HECKOJIBKO IIPOrPAMMHBIX HPOEKTOB
cpeasero Maciutaba, HO JO TOrO KAaK OH NpuoOpes 3pesblil CTH/Ib NPOrPaMMUPOBAHUS.
Bnocneacreun, B 80-X romax, OH IOHsJ, YTO, BEPOATHO, elle §ojiee Ba>KHBIM sBJIsET-
Csl METO/I, KOTOPBIH Ha3bIBACTCS CMPYKMYPHbLM OOKYMEHMUPOGAHUEM UM 2DAMOMHBLM
NPOZPAMMUPOSAHUEM. AHAIN3 COBPEMEHHBIX NMpPEACTABJCHH 00 ONTHMAJBbHBIX CIIOCO-
6ax HamucaHWA BCEBO3MOXKHBIX HPOrpaMM coiepuTca B Kuure Literate Programming
(Cambridge Univ. Press), enepsuie onybaukosannoil 8 1992 roxy. Kcraru, B rnase 11
3TOM KHUI'M NpHBeJEH NMoApoOHbI nepevens Beex omMnbOK, KOTOpble OblIM YCTpaHeHbI U3
nporpammsel TEX B nepuon mexkay 1978 u 1991 rogamu.

L0 HeKOTOPOro MOMeHTa Ayyiue AONYCTUTL HANNYue OuIMboK B
nporpamMMe, 4eM noTpaTHTb HA e€e pa3palboTKy CTONLKO BPEMEHM,
CKOIbKO HEoOX0AUMO ANS yCTDAHEHMST BCEX OLUIMOOK

(CKONLKO RECATUNETUA Ha 3TO NOTPEBYeTCA?).

— A. M. TbKOPWHI, Proposals for ACE (1945)

YNPAXKHEHUA

1. {10] CdopmynupyiiTe xapakTepucTuxu noamporpamMmset (5). B xauectse ofpa3ua ucnoas-
ayfite (4), rae JAOTCA XapaKTEPUCTHKHU noanporpamMmst 1.3.2M.

2. [10] Npeanoxure xox, 3amensnomuit (6). He ucnons3ayfite komanay JSJI.

3. [M15] Oomonuure undopmanmo, xotopas Jana B (4), TOYHO yKa3aB, YTO IIPOUCXOIUT C
peructpoM J u ¢raroM cpaBHEHHS IPH BBINOJHEeHUM noanporpammel. Onpenesnure Takxke, 4To
IIPOMCXOAUT B CIY4ae, KOTAA B perucrpe 11 CoaepXuTCsa HENOJIOXKUTEIbHOE YUCIO.

4. [21] Hanumure o6o6maromyio MAXN noanporpaMMy HAXOXJAEHUS MaKCHMMAJIbHOTO 3Have-
Hua aas nocienosatensnocty X{al, Xla +r], X[a +2r], ..., X[n], rae r n n-—napamer-

PBl, & a-—HauMeHblIee IIOJOXKHTEILHOE YHCIO, AN KOTOpOro a = n (no Moay/o r), T. €.



a =1+ (n— 1)modr. IIpeaycmorpuTe crienmanbuelil Bxoq ans caydas r = 1. Ilepeuncsnre
XapaKTePUCTHKH HOBOI IOATIPOrpaMMbl, B34B 3a o6pasen (4).

5. [21] TIpeanonoxum, syMamnne MIX ner peructpa J. Ilpuaymaiite cnocob cBa3u noampo-
rpaMM, He ucnonb3ywomuit peructp J. IIpowsmoctpupyiite cBoe u3obperenre Ha npuMepe, Ha-
nucas noanporpammy MAX100, daxtuuyecku sksupanenTtHyio (1). Cdopmymmpyiire xapakre-
PHUCTUKH 3TOM OANIPOrpaMMBl aHAJIOTMYHO TOMY, Kak 310 caenaso B (4). (IIpuaepxusaiirecs
NpUHATHIX st MIX corvtamrenuit o camomoaubuMpyoLemMcs Koae.)

6. [26] Ilpeanonoxum, B MIX mer omeparopa MOVE. HanumuTe mogmporpaMMy ¢ MMeHEM
MOVE, Taky1o, 9T00BI €e mocjieNoBaTe/ILbHOCTh BhI3oBa “JMP MOVE; NOP A,I(F)” nasana Tako#
ke 3ddexr, kak 1 “MOVE A,I(F)”, ecnu 6b1 mocneaHee 6nu10 mornyctumo. EauHcrBeHHBIE
OTJIMYUSA JOJDKHBI 3aKJII0YATHCA B BO3JEHCTBHM Ha PErHCTpP J M B TOM, YTO BpPEMs BBHINOIHEHHUA
NOANPOrPAMMBI HECKOIBKO YBEJINYUTCS.

7. [20] Tlouemy x camoMoauUUIMPYIOIEMYCS KOy Ceff9ac OTHOCATCH HeomobpHTenbHO?

1.4.2. Conporpammei

IToanporpammel — 3T0 4yacrHble cay4dan Oojee oOMIMX MPOrpaMMHLIX KOMIIOHEHTOB, Ha-
3bIBAEMBIX CONpozpammamy. B NpoTHBONOIOXKHOCTL HECUMMETPHUYHON CBH3U MEXKIY
TJIABHOM IIPOrpaMMOi M NMOAIIPOrPaMMOii, MeKIY CONPOTPaMMaMH, KOTOPbIE 6n3nealom
0dHa dpyeyro, CYIECTBYET MOJHAS CUMMETPUS.

Yr0obbBI NOHATH, YTO MpeAcTaBJsier coboit conporpamMma, AasaiTe NIOCMOTPHM Ha NoA-
NpOrpaMMEI ¢ Apyroit croponbl. B npeapiayem pasaesne Mbl NPHAEPXKUBAJIUCH TOH TOY-
KM 3peHHUs, 4TO MOANpOrpaMMa — 3TO HEKas annapaTHas peajH3alus, XOTopas HCIOb-
3yeTca A1s COKPAHIEHUs! KOJIMYeCTBA CTPOK B MporpaMMe. 3TO, KOHEYHO, IPABUJIbHO, HO
BO3MOJKHA U JIpyrast ToYKa 3peHus. MOoXXHO paccMaTpUBaTh INIABHYIO IPOrpaMMy U MOJ-
nporpaMMy Kak 2pynny NporpaMM, NpHYeM KaXKIbiil 4ieH IPyNIbl AOJXKEH BHINOJHATh
onpejeneHHyo pabory. 'maBHas nporpamma B npouecce cBoeil paboThl aKTHBU3HPYET
NOANPOrpaMMy, MOCTEAHSA BBINOJIHAET COOCTBEHHYI0 DYHKUMIO, a 3aTeM aKTHBHU3UPYeT
[JIABHYIO OporpaMmy. Mbl MOXKeM BBIATH 33 y3KHMe PAMKH CBOMX NpeJCTaBleHuii u Boob-
Pa3uThb, YTO C TOYKHU 3PEHNUs JOIIPOrpaMMbl, KOIA3 OHA OCYINECTBIISIET BbIXOJ, HMEHHO
OHG BBI3BIBAET 2.4a6MYyt0 nporpammy. [1aBHaa nporpaMma NpOLOJIKAET BBINOTHATEL CBOH
00s13aHHOCTH, a 3aTreM “BbIXOAUT” B noamporpammy. Iloanporpamma pabortaer, a 3aTeM
CHOBA BBI3BIBAET IJIABHYIO IIPOrPaMMy.

DTa HeCKOJIBKO HaayMmaHHast pusiocohus Ha CaMOM JieJte TOMHOCTbIO OTpaXkaeT CUTY-
alyIo C CONpOrpaMMamH, AJisl KOTOPBIX HEBO3MOXKHO ONpeJesINTh, Tae IJIaBHas Nporpam-
Ma, a rae noanporpamMma. IIpeanonoxum, umerotcs conporpammst A u B. TIporpammupys
A, MOXHO cuMTaTh, 4TO B—3TO moamporpamMma; B CBOIO Odepenp, nporpammupys B,
KaK MOJNpPOrpaMMy MOXHO paccMmartpuBarth yxe A. Takum obpa3om, B comporpamme
A xomangma “JMP B” mcnonb3yercs A/ aKTHBH3alMu conporpammel B. B comporpamme
B xomanga “JMP A” npumeHsieTCs AJisl TOrO, YTOObl CHOBA AKTHBH3MPOBATH COMPOTpaM-
My A. Kaxkzprit pa3 npu akTHBU3AUMM COMpOrpaMMa BO30GHOBJISET BBITOJHEHUE CBOeH
IIPOTPAMMBI ¢ TOH TOYKH, B KOTODOH AeiicTBHe ObLI0 NPHOCTAHOBJEHO B IIPOULILIN pas.

Conporpammamyu A ¥ B Moryr 6biTh, HanpuMep, ABe NPOrpaMMbl, HTPAIOLIME B LIaX-
Marsl. X MOKHO CKOMOHHHPOBATB TaK, YTOOBI OHH UIPAJM OJHA MPOTUB JAPYroii.



B MIX nonobuas cBsi3zb Mexxay conporpaMmamy A u B OCYIIECTBIAETCS IIyTEM BKJIIO-
YEeHHs B NPOrpaMMy CICAYIOIINX YeThIPeX KOMAaHI.

A 8TJ BX B STJ AX (1)
AX JMP A1 BX JMP Bl

Jna nepexayn ynpasJieHus 10608 U3 CONporpaMm Tpebyerca JeTbipe MaUIMHHBIX TAKTa.
Hepronayanbho AX v BX yCTaHOBJIEHbI HA MEPEXO/ K HAYAJbHBIM TOYKAM KaxK A0 COmpo-
rpammbl, Al u Bl. IlpeanonoxuM, cHavasa 3anyckaercss comnporpamMma A; oHa HaYHHAeT
BBINOJHATBLCA C KOMaHabl, KOTOpas Haxoaurca B sideiike Al. Korga conporpamma A
BBITIOJIHAET, CKaXKeM, KoManny “JMP B” u3 siueitku A2, komaHaa U3 sideiiku B coxpanser
B AX conepikumoe rJ, ckaxkeMm, koManay “JMP A2+1”. Komanzaa 3 BX nepeHOCUT Hac B
A4efiky Bl, u BCnen 3a 3TMM Ha4YMHAET BBIIOJHATBLCA conporpamma B. B xoHne KoHLOB
OHa JOXOAHMT N0 KoMmaHzbl “JMP A", KoTOpas HAXOAMTCSA, CKAXKeM, B sueifke B2. Msr
coxpaHsieM cogepxkumoe rJ B BX M nepexomuMm K sveiike A2+1, NpoJoarKasi BHINOJNHATH
conporpaMmy A 10 Tex op, NOKa yInpaBJ€eHHe CHOBA He nepeiiieT K B, KOTopasa coxpaHsier
cogepxumoe peructpa J B AX, nepexoaur Kk B2+1 u T. 1.

I'maBHOe pa3yHyne MeXAy CB3dAMHU “mporpamma-— noamnporpamma” u “conporpam-
Ma — CONporpaMMa’” , Kak BHAHO M3 NIpeABIAYLIEr0 IpUMepa, COCTOWT B TOM, YTO NOAIPO-
rpaMMa BCErJ2 HAYHHALTCA € CaMO20 HaNaAa (KaK MPaBHJIO, ITO (PHKCHPOBAHHAA TOYKA),
a rJ1aBHAast IPOTPAMMA MJIM CONPOrDPAMMa BCETHa HAYMHAECTCA € Mecma, caedyouezo 3a
TOH TOYKOIi, B KOTOpOIi ee BbINOJIHEHHE OBITIO NPEKPAIEHO B NPOILIbLIL pas3.

Heob6xonuMocTs HCMIONB30BAHNS COMPOrpaMM Ha MPaKTHKE €CTECTBEHHBIM 00pa3oM
BO3HHKAeT B CJIydyae, KOI/la OHH CBsi3aHbl C aJifOPUTMAaMH BBOJA U BhIBoAa. llpmBenem
Takoit npumep. Ilpennonoxunm, 4To B 06513aHHOCTH CONPOrPAMMBL A BXOAUT CUHTHLIBAHHE
nep¢hoKapT U BBINOJIHEHHE TAKOTO NpeoOpa30BaHus BXOOHBIX JAHHBIX, KOTOPOE CBOJHT
HX K [OCJIeTOBATEJILHOCTH 3N1eMeHTOB. JIpyras conporpaMma, KOTOpYIO Mbl Gy1eM Ha3bl-
BaTb B, BBINIOIHAET JasbHely0 06paboTKy 3THX 3/IEMEHTOB U N€YATAET OTBETHI. B nepu-
OJIMYeCKH 3afIPAIIMBAET MOCAEAYIOLINE SJIEMEHTHI BBOJA, nosyueHubie A. Takum o6pa3oM,
conporpaMMa B BoI3biBaeT A KaxkKIbIit pa3, KOTAa eit Hy)KeH ClelyIomuit 3JIeMeHT BBOJA,
U conporpaMma A BbI3hIBaeT B KaXKaplil pa3, KOrga HAXOOHT 3JIEMEHT BBoJa. duTarenb
MoKeT cka3ath: “Hy 4to X, B—93T0 riapHas nporpamMma, a A — npocTo nodnpozpamma
AJs BulnonHeHus BBoJa”. Ho 3TO yTBepKaeHME CTAHOBHTCA Y>Ke He TAKUM IIPaBUJIb-
HBIM, KOTJa NpOouUecC A OKa3bIBAeTCs OYEHb CJIOXKHBIM. B IeHCTBUTENHHOCTU MOXHO
CYHUTATH, YTO A —9TO IJIaABHAs IPOrpaMma, a B— noanporpaMMa, BBINOIHAOIASA BbIBOJ,
M NPUBEJEHHOE BBIIIe ONHCAHHE OCTAHeTCs BepHbIM. Ho nosjesHocTs uieu conporpammsl
O0OHAPYKUBAETCS MEXKIY ITHMH JBYMsl KPallHOCTAMH, KOTAa ¥ A, 1 B JOCTATOYHO CIOXKHBI
M KaxkJad M3 HHX BBI3BIBAET JPYIYI0 MHOIO pa3 M3 pa3iu4Hbix Todyek. Ilomobparts
HeboubllIne, NMPOCThIE NPUMEPB! CONPOrPAMM, HILTIOCTPHPYIOIIME BAXKHOCTH ITOH MIeH,
BecbMa TpynHO. B ciyuasix, xorja npuMeHeHue CONpOrpaMM NPUHOCHT HAaHOOMBIIYIO
NOMb3Y, 3TH COMPOrPaMMbl, KaK NPABHJIO, OKA3bIBAIOTCA JOBONBHO GOBIIUMHE.

Yto6bl paccMOTPETh CONPOrPaMMbl B JEHCTBUH, BOCIOJb3YEMCHA TAKHM NPHUMEDPOM.
IIpennonoxnm, HeOGXOAMMO HANKUCATDH NPOrPaAMMY, MPeobPa3YIOMYI0 OOUH KO/ B APYTOi.
Bxoamo#t koA, Koropblit Hy»HO npeobpasoBaTh, Mpe/CTaB/seT coboit mocienoBaTeNs-
HOCTb OYKBEHHO-II(MPOBLIX CHMBOJIOB, 3aKAHYMBAIOLLYIOCH TOYKON, HAIIPHMED

A2B5E3426FGOZYW3210PQ89R. (2)



OTa noce0BaTENBHOCTS BHIOHBALTCH HA NepghoKapTax; NyCTHIE KOJOHKH, BCTPEYarOIIN-
ecs Ha nepdokaprax, uriopupyiorcsi. Bxoaubie gaHHbIE HHTEPIPETUPYIOTCA CIIEAY IOIHM
obpa3oM, cieBa HAMpaBo: eCyld Cienyomui cumson — uudpa 0, 1, ..., 9 (06o3HaunM ee
Yepe3 n), TO OH yKa3biBaeT Ha (n + 1) NOBTOpeHMe CJIEAYIOLIEr0 CHMBOJA HE3ABHCHMO
OT Toro, ABiserca U oH uudpoit. Heuudporoit cumBosn obosnavaer cam cebs. Bor-
XOJHbIe JAaHHble Hallell Ipor paMMBbI JOJIKHBI IPEJCTaBNAATL cOOO0H NMOC/IENOBATENbHOCTD,
TOJIyYEHHY0 yKa3aHHbIM 0Dpa3oM M pa3jesieHHYIO Ha PYNNbI 10 Tpu cumsosa. Ilocne-
JOBaTeJbHOCTh 3aKAHYUBAETCS C MOABJIEHHEM TOYKH; B NOCJeAHel rpynne MoxeT ObiTh
MeHee Tpex cuMBoyoB. Hanpumep, nocnesosarensrocts (2) posxua 6p1th npeobpasopa-
Ha Hallel IporpaMMoii B CJieAyOLIUE MPYIIIbl CHMBOJIOB:

ABB BEE EEE E44 446 66F GZY W22 220 OPQ 999 999 999 R. (3)

O6bparure BHuManune, uro 3426F o3Hauyaer He 3427 nobropennii 6ykBbl F, a 4yeTnipe
YeTBEPKH U TPH LIECTEPKH, 33 KOTOpbIMHU ciienyeT 6yksa F. Ecau Bxomnas nocsenosa-
TeJLHOCTh MMeeT BHA ‘1.°) To Ha BbIXOZe Oyzer npocto ‘.°, a He ‘. .’°, NOCKOJBKY nepras
K€ TO4YKa 3aKaH4YHBaer BbiBoA. Halua nporpamMma JOJIKHA BbIOUTH BBIXOJHbIE JAHHBIE HA
nepdoKap rax — o meCTHAAUATH TPYIN Ha KaxKJ0# KapTe, 3a HCKJIKUYeHHEM, BO3MOXHO,
oc/eaHen

15 BBINONHEHHS TAKOro NpeobpPa30BAHUSA HAMHIIEM JBe CONMPOTrPAMMEI U ONHY HOA-
nporpaMMmy. Iloanporpamma ¢ umenem NEXTCHAR npeaHasHavyeHa s HAXOXKIEHUS Helly-
CTBIX CUMBOJIOB (T. € He npobesioB) BO BXOJHBIX JAHHBIX M MOMELUEHUS KaxKJ0ro nocie-
JAYIOIIEro TAKOrO CHMBOJIA B peructp A.

01 * [OANPOI'PAMMA BBOOA CHMBOJIOB

02 READER EQU 16 Howmep ycrpoiicTa urenns nepdokapt
03 INPUT ORIG *+16 Mecto njisi BXOOHBIX KapT

04 NEXTCHAR STJ OF Bxon B noanporpammy

05 JXNZ 3F TlepBonavanebto rX = 0

06 1H J6N 2F Ileppouauansuo rl6 = 0

07 IN  INPUT(READER) Ywurars criefyioutyio Kapry

08 JBUS *(READER) OxugaTh 3aBepLICHAS

09 ENNG 16 Ilycrs rI6 yxasmiBaer Ha clieayiomee ciaoBoO.
10 2H LDX 1INPUT+16,6 BzsaTe cneayiomee CI0BO U3 BBOIA.

11 INCE 1 TIponBuuyTh yka3arenn

12 3H ENTA O

13 SLAX 1 Creayiomuit cuMBOJI — TA

14 9H JANZ * TIponycTurs npobemnsi

15 JMP NEXTCHAR+1 ]

Ara noanporpaMMa uMeeT CleAyrine XapaKTepHCTHKH.

TlocnenoBarensHOCTh Bo130Ba: JMP NEXTCHAR.

Cocrosinne npu Bxoze: rX = KOJIM4ECTBO CHMBOJIOB, KOTOpbIE ele 6yayT UCTIOJb-
30BaHbl; rl6 yka3siBaeT Ha Ciegyloiee cioBo i rlé = 0.
YKA3bIBas, UTO HY>KHO YHUTATh HOBYIO KADTY.

CocrosiHue Mpu BLIXOAE: rA = creayromuil Henycroit cumBon BBOAa; rX # rl6 Ha-
CTpOEeHBI st cnexyioutero Bxoga B NEXTCHAR.



Hama mepsasi conporpaMma ¢ umeneMm IN HaXOOUT CHMBOJIBI BXOMHOM IOC/IENOBA-
TEAbHOCTH ¥ KOMMYeTBO UX NMoBTOpeHuii. B nepsbili pa3 ee BbINOJIHEHME HaYKHAETCA
¢ IN1.

16 =+ NEPBAA CONPOI'PAMMA

17 2H INCA 30 Haiinen nenmndgposoit cumson.
18 JMP 0OUT OTtocnatk ero B comporpammy OUT.
19 1INt JMP NEXTCHAR Ilonyumrs cuMBOJL

20 DECA 30

21 JAN 2B D70 Gyksa?

22 CMPA =10=

29 JGE 2B 3TO cneuMaabHLI CHMBOJ?

24 STA *+1(0:2) Haiinena nudpa n.

25 ENTS = rl5 « n.

26 JMP NEXTCHAR Basars cieaywoumuii cUMBOJL

27 JMP  OUT Orocnare ero B conporpammy 0UT.
28 DECS5 1 YMeHbnTh 1 Ha 1.

29 JBNN *-2 TloBTOpPHTE B Cilyuae HEOBXOAUMOCTH.
30 JMP IN1 Hauats noewiit uuka. |

(Hanomunaio, uro B cumBonbHOM Kofe MIX ungpsr 0-9 umeror xoapt 30-39.) dta conmpo-
rpaMMa UMeeT CJIeAYIOLHMEe XaPAKTEPUCTHKH.

INocnenoBarenbHOCTH BhI3oBa: JMP IN.
Cocrosinue npu BeIXOJE
(npn BbI3OBe OUT): rA = cneayiomuit CHMBOJ BBOZA C COOTBETCTBYIOILIUM YHC-
JIOM TOBTOpEeHHMi; colep:kuMoe rl4 ocraercss TakuMm xe,

KaK NpPH BXOJe.
CocrosiHue npu Bxoae
(mocsie BoaBpaTa): coxgepxkumoe rA, rX, rI5, rI6 nomxHO ocraBaThCs Heus-
MEHHBIM C MOMEHTa MMOCJIEAHEr0 BHIXOA.

Bropas comporpamma ¢ nmenem OUT pa3buBaeT KOA Ha IPYNIBI 10 TP CUMBOJIA H
ocymecTBaset nepgopauuio. Ee Boinonnenue Haunnaercsa ¢ OUTL,

31 = BTOPAfA CONPOIPAMMA

32 ALF Tlocrosnnas, ucnons3dyemas ns npobesos.
33 OUTPUT ORIG *+16 Bydepnas o61acTh A1 OTBETOB.

34 PUNCH EQU 17 Howmep ycrpoiicTsa nepdopuposanus.

35 0UT1 ENT4 -16 HayaTh HOBYIO BHIXOIHYIO TepgOKapTy.

36 ENT1 OUTPUT

87 MOVE -1,1(16) 3anectu B 06/1aCTh BBIBOJA NPOGEJIBL.

38 1H JMP IN Baats creayouuit npeobpa3oBaHHBIA CHMBOIL.
39 STA OUTPUT+16,4(1:1) Coxpanurs ero B nose (1:1).

40 CMPA PERIOD 10 “.”7

41 JE 9F

42 JMP IN Ecin Her, B3sTh APYTOft CHMBOJIL.

48 STA (QUTPUT+16,4(2:2) Coxpaunts ero B nonre (2:2).

44 CMPA PERIOD 1o “.”7?



45 JE 9F

46 JMP 1IN Ecnu Her, B3AThH CIeAyIOMUiA CUMBOJX

47 STA OUTPUT+16,4(3:3) Coxpauurs ero B nozne (3 3)

48 CMPA PERIOD D10 “.77

49 JE OF

50 INC4 1 Tlepeittn x cneayomemy cnosy B 6ydepe soiBoga
51 J4N 1B Konen xapTsi?

52 9H OUT OQUTPUT (PUNCH) Ecnu na, nepdopuposats ee

538 JBUS *(PUNCH) Oxwugath 3aBepIeHUs

54 JNE O0OUT1 Bepuyrscs 3a c/IeJyI0IMME CHMBOJIAMY, CTH
55 HLT He nosiBujach “.”

56 PERIOD ALF _uuu- ]

d1a ConporpaMMa MMeeT Cenyrouye XapaKkTepUCTHKH

Tlocnenosarensuocts Be3osa JMP OUT.
CocrosiHue npH BbIX0Je
(mpu BbI3OBE IN): Conep>kumoe peructpos rA, rX, rI5, rI6 ocraerca Heus-
MEHHBLIM C MOMEHTa BX0ja, 3Hadenue B ril Moxxer m3me-
HUTBCSA, IPEABIAY LA CHMBOJI 3AITUCHIBACTCA B BHIXOAHbIE

JaHHbIEe
Cocrosinue npu Bxozae
(npu BO3BpAaTE). rA = cieaylommit CHMBOJI BBOA2 C 4HMCAOM [OBTODEHMIA;
3HayeHue B rl4 He MeHsAE€TCA C MOMEHTA NOCJIEIHCIO Bbl-
xoJa.

g 3aBepiieHns nporpaMMbel HY>KHO obecnieynTh CBsi3b MEXIAY COMpOrpaMmaMu
(CM. (1)) H JOJIXKHBIM 00Pa30M BBIMOJHHTL WHULMAAM3AUMUK JHMuuanusauud compo-
rpaMM — 310 JOBOJILHO TOHKOE, XOTA U HECJI0KHOE, JeiI0

57 * WHULUAJIM3ALMSA U CBA3D

58 START ENT6 0O Nuuunanu3uposars rl6 aas NEXTCHAR
59 ENTX O Wnnnpanu3uposats rX asis NEXTCHAR
60 JMP OUT1  Hauatb ¢ OUT (cm ynp 2)

61 0OUT STJ INX Csa3s conporpamm
62 0OUTX JMP (QUT1

63 1IN STJ 0UTX

64 INX JMP IN1

65 END START |

Tenepb nIporpaMmMa nojJdHoOCTEIY T'OTOBA Yuraremo ciaenyer TIaTenbHO ee H3YyYNTh,
B ocobeHHOCTH 06pamaﬁ BHMMAaHHUE Ha TO, KaK MOXXHO HE€3aBHCHMMO HAINUCATDL KaXKAyi0
COoTnporpaMMy, cuuras, 4TO apyras conporpaMMa—3TO €€ noAnporpaMmMa

B npusegeHHo Bbillle mpOrpaMMe COCTOSAHHMS NMPH BXOJAE M NPHM BbIXOAe A CO-
nporpamMM IN m OUT uzeannpHo corstacoBansl Ho B Gonee obmeM ciydae HaM Bpsaf
¥ TakK NMOBe3eT M, 4100l CBsi3aTh CONPOrPaMMBI, IPHETCS TAK)Ke BKIIOYUTL KOMaHIbl
3arpy3KH ¥ COXPaHEeHHs! COOTBETCTBYIOWMX peructpos Hanpumep, ecam 6bl mporpamma
OUT m3MeHsia COAEP>KHMOe PerncTpa A, To cBa3b CONPOTPaMM Hy>HO ObLio 6bI 3anpo-



@ @ Comporpamma B
=D

(a) (b)

Puc. 22. Ipoxoast: (a) yeTsipexnpoxoaustit anroput™ 1 (b) 0XHOMPOXOAHBI AJTOPHTM.

Conporpamma D

rpaMMMpOBaTh CIeLyromuM o6pa3oMm.

0UT STJ 1INX
STA HOLDA Coxpanurs A npu Bbixoge u3 IN.
0UTX JMP O0OUT1 (4)

IN STJ 0UTX
LDA HOLDA Boccranosurs A npu seixoge us OUT.
INX JMP 1IN1 i

CyiecTByeT BaskHas CBA3b MEXKY CONPOrPaMMaMH U MHOZONPOTOOHBIMU GAZOPUTI-
Mmomu. Hanpumep, omncaHHbI BbllIe Npolece npeobpa30BaHMsl MOXKHO BBLINOJIHHTL 33
JBa OTIENbHBLIX MpoxoJa. MOXHO CHauasa BBINOJHMTH TOJBKO conporpammy IN, npu-
MeHAA ee KO BCeMy BBOAY ¥ 3aIUCHIBAs KAk Iblii CHMBOJ C COOTBETCTBYIOUUM YHCIIOM
MOBTOPEHU{l Ha MArHUTHYIO JIEHTY, a 3aTeM IePEMOTATH JIEHTY B HA4aJl0 M BBITIOJHUTD
TONBKO conporpammy OUT, BeIOGHpasi CUMBOJIBL € JIEHTHI Ppyntamii o Tpu. Takoii mpouecc
Ha3blBaeTcs AByXnpoxoAHbiM. (Ha uHTYHTHBHOM ypoBHE TepMuH “npoxo/” BOCIPHHHUMA-
€TCsl KaK NOJIHBIH NMPOCMOTP BXOAHBIX JAHHBIX. DTO ONpeJe/eHHe SABJISeTCs HeTOYHBIM, U
BO MHOTHX AJIFOPHTMAaX COBCEM HE OUEBUJIHOC, YEMY PABHO YHCJIO BBIIIOJIHEHHBIX IIPOXOIOB.
Ho, HecMOTPs HAa HEKOTOPYIO HEOIPEAEIEHHOCTh JAHHOIO TEPMHHA, 110JIE3HO MOHATH €ro
Ha MHTYUTHBHOM YDOBHE.)

Ha puc. 22, (a) nokasan yeTbipexnpoxomubiit npouecc. Bo muorux ciay4asx Oyger
OKa3bIBATHCA, YTO TAKOH 2Ke IPOLEeCC MOXKHO BBINOJHHUTBH TOJLKO 33 OIHH NMPOXOI, KaK
nokasaHo B yactd (b) pucyska, eciu 3ameHHTbL conporpammamu A, B, C, D coorser-
crByoime npoxoasl A, B, C, D. Conporpamma A BBI3BIBAET B, Mocje TOro Kak BO BpeMs
IIPOXOJa A 3JIEMEHT BBIXOZHBIX JAHHBIX 3anHcaH Ha jienTy 1. Conporpasma B BeI3bIBAET A,
II0Cjie TOrO KAK BO BpeMs NpPOX0Ja B 3jieMeHT BXOZHBIX JAHHBIX CUMTAH C JIEHTHI 1.
Conporpamma B BbizsiBaer C, MOCIe TOro KaK BO BpeMsl IIPOXOJa B 37ieMEHT BBIXOIHBIX
JAHHBIX 3anmucad Ha jeHTy 2 u T. aA. Ilonp3osaTermn UNIX® y3naror B sToM “KaHan”,
KoTOpbIif obo3navaercs kak llpoxonA | NpoxozB | HpoxozC | MpoxoxD. IIporpammst,
COOTBETCTBYIOIIME npoxodaM B, C u D, HHOrJa Ha3bIBAIOTCA (PRILTPAMH.



I HaobopoTt, npouecc, BoHIOMHAEMBIH 7l CONpOrpaMMaMH, YacToO MOXKHO mpeobpazo-
BaTb B N-IPOXOAHbIH mpouecc. VIMeHHO n3-3a 3TOro COOTBETCTBHS MMEET CMbICJI TPOBECTH
CPaBHHUTEJIbHBIN aHAJIM3 MHOrOHNPOXOAHBIX H OJHOMPOXOAHBIX AJITOPHTMOB.

a) Ilcuzonozunecxoe omauvwue ns oxHofi M Toit ke 3a4a4d, KAK NPAaBUIIO, MPOIIE
CO3JaTh M NMOHATH MHOrONPOXOAHBIA AnTOpuTM, 4YeM oxHompoxoausiii. IIponece, pas-
JENeHHbIft Ha Pl HEOONBIIMX IUArOB, BBHIIOJHSIOIIMXCA OAHMH IOCJIE APYTOro, HOHATh
HAMHOTO Jierde, YeM 3alyTaHHYO MPOLEAYPY, B KOTOPOM MHOXECTBO mpeoOpa3oBaHuii
BBITNIOJIHSIETCS OJAHOBPEMEHHO.

Kpome Toro, ecin Hy»HO HanMCaTh OONLUIYIO CEPLE3HYIO IPOrPAMMY, HaJ KOTOPO#
6yner coBMecTHO paboTaTh MHOrOYMCJIEHHAs IPyNna pa3pabaT4YMKOB, TO MHOTOMPOXOX-
HbIff &JITOPUTM NOMOXKET €CTeCTBEHHBIM MyTeM DACHpeaenuTh pabory MeXay y4acTHH-
KaMH NPOEeKTa.

Ho takue npeuMyiiecTBa MHOTOIMPOXOAHOIO aJICOPUTMA MPUCYIIU U CONPOrpamMMaM,
Tax KaK Ka*KJIyI0 M3 HHX MOHO HAITHCATh, 10 CYLIECTBY, OTAEILHO OT APYTHX, & CBA3b
MEKAy CONMpPOrpaMMaMy MPEBPATUT SIBHO MHOI'OHPOXOIHbIM aJrOPUTM B OJHONPOXOAHBIH
npouecc.

b) Pasnuuya 6o epemenu ennoanenus. B oqHONMPOXOIHOM aJIrOPUTME HE HYXKHO TPATHTD
BpeMsA Ha TO, YTOOBI YIIAKOBATH, 3aMUCATh, MPOYUTATE W PACIAKOBATH NIPOMEXKYTOYHbLIE
JaHHble, KOTOPBIE MEPEJAIOTCA MeX 1y mpoxojgaMmu (Hampumep, uHdopMalus Ha JeHTax
Ha puc. 22). ITo3TOMY OZHOMPOXOAHBIIl AJACOPUTM BLINONHAETCA ObIcTpee.

¢) Pasauwue 8 obzeme namamu. s 0ZHONDPOXOJHOIO aNrOPHTMa HeODXOOMMO Xpa-
HUTb B MAMATH BCe NMPOrPaMMbl OAHOBPEMEHHO, B TO BPEMS KaK i MHOT'OIIPOXOAHOrO
JITOPHTMa MOXKHO COXP2HATh B MaMsTH TOMBLKO IO OMHOH nporpamme. IToT (HaKkTop
MOXET OTPa3UThCA HA CKOPOCTH BBINOJIHEHNs IPOrpaMMbl Jaxke B Oonbliell cTeneny, YeMm
dakrop, ykasanustit B . (b). Hanpumep, MHOrHE KOMIBIOTEPH! HMEIOT OTPAaHHYEHHbIH
obbeM “GricTponeiicTBylowesl namMaTu” ¥ Goabiuoii 00beM “mennenHol namatu”. Ecun
KajxAblif MPOXO/J MOMECTUTCA B ObICTPON MAMATH, TO BCS NPOrPaMMa BLIIOJHHTCA 3Ha-
YUTENBHO ObICTpEE, YeM B CJlydae MCHONb30BAHHA COMPOrPaMM B OAHOM mpoxoze (Tak
KaK MDY HCNONb30OBAHHK CONPOrpaMM OOJIBIMIMHCTBO NPOrpamM, CKOpee Bcero, OyayT
NOMeIleHb B “MeJIJIeHHy10 NaMATh” 1160 6y1yT MHOIO pa3 3arpyXaThCs U BbIIPYKAThCS
13 GBICTPOH NIAMSATH).

Nuorna Bo3HuKaeT HeoOXOAMMOCTE B pa3paboTKe aJropUTMOB CPa3y AJIst HECKOTbKHX
KOMIIBIOTEPHBIX KOHGMUIYypauuit, OIHNA U3 KOTOPBIX HMeloT Gonblinii 0ObeM MaMATH, YeM
Apyrue. B Takux ciydasix MOXKHO HAIMCATh NporpaMmy B BHje Habopa COMpOrpamMm
U IOCTaBUTh YHCJIO IPOXOJOB B 3aBHCHMOCTb OT Pa3Mepa NaMATH: 3arpy3uTb Cpa3sy
CTOJBKO CONMPOIPaMM, CKOJIBKO IOMECTHTCS, a M0Ja4y AAHHBIX M0 HEJOCTAIOMIKM CBA3SM
obecrneunThb ¢ MOMOILBIO HOANPOrPAMM BBOJA HJIM BbIBOJA.

HecMoTps Ha BaXKHOCTD CBSI3U MEXKAY COITPOrpaMMaMy M IPOXOAAMH, Hy>)KHO HMETh B
BUJLy, YTO IPOrpaMMy, HAIMCAHHYIO B BuAe Habopa conporpaMM, He BCerJa MOXKHO npej-
CTaBUTh B BUIE MHOIONpPOXOAHOro ajropurMa. Ecim conporpamma B nosy4aer BXoJAHbe
JaHHbIe OT A M OoTHpasjsier o6paTHO KaO4eBylo nHdopMauuio conporpamme A (Kak B
HPUBEICHHOM BbIlle NIPMMEpPE MPOrPpaMMbl UTPbl B IAXMATHI), TO NOCJIEIOBATEILHOCTD
TaKHX AefcTBHIl Helb3s MPeobpa30BaTh B NPOX0J A, 33 KOTOPLIM cjelfyeT npoxoj B.

U 1aobopor, sicHO, YTO HEKOTOPHIE MHOTONPOXOAHbBIE AJITOPUTMbI HeJb3s mpeobpa3o-
BaTb B conporpaMmbi. OTAebHbIE ANrOPUTMbI ABJIAITCE MHOIOINPOXOAHBIMM MO CBOEH



CYTH; HanpHMep, IJIA BTOPOro NMpOXOAa MoOXKeT TpeboBaThCs COBOKyHHas uHbOpManus
0T nepBoro npoxoia (ckaxkem, oblLiee YHCIO MOSABJCHHI HEKOTOPOrO CJIOBA BO BBOXE).
B sToMm oTHOWEHHN NOKa3aTEIbHA ClIELyIOlIas CTAPAs WYTKA.

B asmobyce. Maaenvxas cmapywxa: “Manpauk, Thl HE HOACKAXKEIb MHE, KOTAA
HYCHO BBIXOAMTB, 4robnl nonacts Ha Ilacagena-Crpur?”.

Manvyux: “Ilpocro cneaure 3a MHOM M BBIXOJMTE 33 IBE OCTAHOBKY Iepes| TeM,
Kak BbIfigy a”.

(LllyTka 3aKm04aeTCss B TOM, YTO MAJb4MK NPEIJIaraeT CTapyuke ABYXIPOXOIHbIA asl-
IOPUTM. )

Bor noka u Bce, YTO KacaeTca MHOTONPOXOMHBIX anropuTMob. C Apyrumu npumepa-
MH COmnporpaMM Mbl ByieM BCTpPe4aTbCs B PA3JIMUHBIX Pa3fesiax KHUCH, HApUMED OHH
6ynyT yacTbio Hydepubix cxeM B pazaene 1.4.4. ConporpaMMbl HIPaIOT TAKXKE BAXKHYIO
POJIb B MOJICJIMPOBAHUM AUCKPETHBIX cucteM (cM. pasgen 2.2.5). Baknas uzesa penau-
KAUUOHHBLT conpozpamm OOCYXKIaeTcst B ryase 8, a HEKOTOPbIE WHTepPeCHbIE NPHMEPDI
NpUMEHEHUsA 3TON WIeHM MOXKHO HaiiTH B riase 10.

YMPAXKHEHUSA

1. [10] O6vbscuure, noueMy aBTOPY TPYAHO HAliTH HeBGOJBIIME NMPOCTHIE NPUMEPH CONpO-
rpaMM.

2. [20] B nporpamme, npunenennoft B TeKCTe pa3jena, Neprofi 3alyCKAeTCs CONPOrpaMMa
OUT. Yro mpousoiizet, eciiu nepsoii 6yAeT BuIIOIHATLCA conporpamma IN, T. e. ecsiu B cTpoke 60
noMensaTs “JMP OUT1” nHa “JMP IN1"7

3. [20] Hctunuo mm yreepxaenue “Bce Tpm xomadast “CMPA PERIOD” u3 mporpamwmbl OUT
MOKHO OIyCTHTb, ¥ IIpOrpamMMa no-npexhHemy 6yaer paborats”’? (ByabTe BHUMATE/bHBL.)

4. [20] Tlokaxwure, Kax CBR3b MeXay comporpammamy, asanoruuryio (1), Moxuo peanuso-
BaTh Ha peajbHbIX KOMIIBIOTEPAX, KOTOPBIE BBl XOPOIIO 3HAETE.

5. {15] Tlpeanonoxum, ans obeux conporpamm IN u OUT HY3KHO, 4TO6BI B IPOMEXYTKE MEX LY
BXOAOM H BBLIXOJIOM COJEDPXKHMOE perucTpa A ocTaBajioch HeM3MeHHBbIM. JIPYruMH CJI0BaMH,
NIPEANIONIOKUM, YTO B KaXJA0M ciIy4ae NosBIeHHsi Komanabl “JMP IN” payTpu conporpamabl OUT
COJEPXKUMOE PerucTpa A JO/IKHO OCTABAThCH HEM3MEHHDBIM /10 BO3BPATa YIPABJIEHH ClIeay loueit
cTpoKe. AHaJOrHYHOE MpPEaNOIOKEeHHE JeJaeTcs 10 OTHOWEHHI0 K KoManae “JMP OUT” BHyTpH
conporpamMmMel IN. Kak B 3TOM Ciiyyae JosiKHA BRITISAJETh CBA3b MEXJy CONpOrpamMmamu?

(Cp. ¢ (4).)

6. [22] Hanuumre xOMaHIBI CBA3M MEXAY CONPOrpaMMaMH, aHajormunble (1), ansa cayvas
mpex conporpamM, A, B u C, Ka)kaas M3 KOTOPLIX MOKET BbI3bIBATh JIIODYIO M3 ABYX APYTHX.
(B xaxxa0M cilydae aKTUBU3ALUH CONPOTPAMMBI BLITIOTHEHHE HAYMHAETCA C TOTO MECTa, I OHO
3aKOHYHJIOCH B NPOLLIBIA pa3.)

7. [80] Hamummre nporpammy anst MIX, koropas swimoanser npeofpasoBanue, ofpammoe TO-
My, KOTOpO€ OCyIIecTB/IfieT IporpaMMa M3 TeKCTa pa3jesna, T. €. Baula IporpaMma Jo/KHa
nonydarh Ha Bxoze nepdokapThl Tumna (3), a Ha BbIXOAe BblIaBaTh nepdoxaprel THna (2).
Ha Bbixoge nosxkna OBITH HACTONBLKO KOPOTKAas CTPOKA CHMBOJIOB, HACKOJIBKO 3TO BO3MOXKHO,
NO3TOMY HyJb nepes Oyxeoil Z B (2) Ha 3TOT pa3 He Jo/KeH ObITh nepedeced u3 (3).



1.4.3. Mporpammel-nHTepnpeTaTops:

B atom pasgene 6yner paccMOTPEH OAMH M3 PACHPOCTPAHEHHBIX THIIOB KOMNbIOTEPHBIX
NPOIPAMM — TLPOZPAMMbL- UHRIEPNPEMAMOPY, (KOTOPBIE 11l KPATKOCTH HA3bIBAIOT IIPO-
cTO unmepnpemamopamu). IIHTepnperarop — 3TO KOMIIBIOTEpHAs NMporpamMMa, KOTo-
pasi BBINOJIHAET KOMAaHIBI APYrofi nmporpaMMbl, HANHMCAHHON Ha HEKOTOPOM MAIIMHHO-
OpHeHTHpOBaHHOM s3kiKe. [Tox MalIMHHO-OPHEHTHPOBAHHLIM A3BIKOM MOAPA3YMEBALTCH
Tako#l crnocob npeacraBieHHs KOMaH[J, KOTOPLIH Npeanonaraer HCIOJh30BaHHE B KO-
MaHJaxX KOZOB onepauu#, aapecoB ¥ T. A, (D10 onpeneneHue, Kak ¥ OOJbUIKHCTBO
onpeneneHu#i COBPEMEHHBIX KOMIIBIOTEPHBIX TEPMHHOB, HE SIBJISETCH TOYHBIM, A3 OHO H
He JO/KHO OBITH TAKNM; HETh3s OJHO3HAYHO ONpPEJE/IUTh. KAKHE MPOrpaMMpl ABIIAIOTCH
HHTEPIPETATOPAMH, & KAKHE — HeT.)

HcTopryeckn nepsble HHTEPNPETATOPHI ABISNUCL 00ONOYKAMH MALIMHHO-OPHUEHTH-
POBAHHBIX $I3BIKOB, CIEIHAIBHO NIPeJHA3HAYEHHbIMU 1151 YAPOIIEH!s [Ipolecca Iporpam-
MupoBaHHsl. TakuMu g3biKaMu GbUIO ropazfo Jerde M0NL30BATHCHA, 9€M HACTOAIMMHU
MAaIIMHHBIMH A3bIKAMM. DBO3HHKHOBEHHE CHMBOJHMYECKHX S3BIKOB TIPOrPAMMHMPOBAHUSA
IIPHBENIO K TOMY, YTO OTNaja HEOOXOAMMOCTH B IPOrpaMMax-vHTEPIpPeraTopax TaKoro
THIa, HO 3TO HHKOMM 0Opa3oM He O3HA4Yaer, YTO WHTEPIPEeTaTOPbl Ha4alW NOCTEeNEHHO
ucuesarb. HaobopoT, MX NpOJOIKANMKM NPUMEHSITh M TENeph NPUMEHSAIOT HACTONLKO
LIMPOKO, YTO 3P HEeKTUBHOE HCTIOIb30BAHUE TPOrPAMM-HHTEPIPETATOPOB MOYKHO CYUTATH
OIHOM M3 IVIABHBIX XAPAKTEPUCTUK COBPEMEHHOrO mporpammuponanus. Hosble cdepsr
NpUMEHEHNs] UHTEPIPETATOPOB NOABUIINChH, B OCHOBHOM, N0 CJIEAYIOIUM NPHYMHAM:

a) Ha MaUIMHHO-OPMEHTHPOBAHHOM SA3bIKE MOXKHO NPEACTABHUTH CJIOKHYI NOCIEA0BA~
TeJIbHOCTh PelleHuit H JeficTBHil B KOMMAKTHOM M yAOOHOM BHIE;

b) Takoe npexacTasnenye o6ecneYnBaeT NpeKpacHbIil ciocob nepesayy HHGOpMauH Me-
KJY NPOXOJaMHi B MHOTONPOXOAHOM MpPOLEcce.

B nogobusix ciayuyasx paspabaThiBaloTCa MAIIMHHO-ODHEHTHPOBAHHbIE A3BIKH CIe-
HHAJABLHOrO HA3HAYEHMs JJIs UCMOJb30BaHUsI B KOHKPETHOH NporpamMme H MpOrpaMMbl,
HaIMCaHHBIE HA YTHX A3BIKAX, YACTO FEHEPUPYIOTCS TONBKO Komnbiotepamut. (CoBpeMeH-
HbIE KBaIUPHUUMPOBAHHDIE IPOIPAMMUCTHI ABJAIOTCA TAKIKE XOPOIIMMH Pa3paboTYHKaMH
MallliH, NOCKOJIbKY OHH He TOJIBKO CO3JaI0T NPOrPAMMY-UHTEPIIPETATOP, HO U ONpeaess-
0T GUPTIYAABHYI MAWUNKY, A3BIK KOTOPO HEOOXOANMO HHTEPIPETHPOBATS. )

ITpuHIND MHTEPNPETUPOBAHMA MMEET elle OJHO JAONOJHHTENHLHOE NPEeHMYILECTBO,
KOTOPOE COCTOMT B OTHOCHTEJILHON HE3aBHCHMOCTH OT MAIUMHBI. JTO 03HAYAET, YTO NpPH
Iepexojie OT OJHOrO KOMIIBIOTEPA K APYroMy HeoOXOAMMO NepenucaTsb TONbKO HHTEePIpe-
TaTop. Bosee Toro, none3nble cpencTBa OTIAAKY MOXKHO J€rKO BCTPOUTb B HHTEPIPETH-
PYIOHIYI) CHCTEMY.

TIpumepsr unTepuperaropoB Tuna (a) IpHBOAITCA HUXKe B HECKOJbKHX Dasfenax
JAHHOTO MHOTOTOMHMKA, (HAIIpUMED, PEKYPCUBHbBI HHTEPIpeTaTop — B riase 8 U Malu-
Ha AJisl CHHTAKCHYECKOTrO aHasiu3a —B rjiase 10). Bo MHOrMX cHTyaumusax, KaK Npasuiio,
NPUXOJUTCSA HMETb Jesio ¢ OONbIIMM YMCJIOM aHAJOrMYHBIX 33734, A KOTOpbIX He
yAaeTcs NPHAYMATH ONMHCHIBAIOILYIO UX MPOCTYIO ODLIYIO CXEMY.

Paccmorpum takoit npumep. Ipeanonoxum, Heo6x01uMO HanUCAThH anrebpanvecKui
KOMIMJIATOD, C NOMOWBI0O KOTOPOro MGXKHO reHepupoBath 3¢ eKTUBHbIe KOMaH/bl Ma-
IIMHHOTO A3BIKA JJIsl CJIOKEHHUs! JIBYX BEIUYHMH. DTH BEJMYHMHbI MOTYT IIDHHAIJIEKATH
OJHOMY M3 JECATH KJacCOP (KOHCTaHTbI, MPOCTbIE IepeMeHHbie, paboune f4EHKH, HUH-



JIEKCHbIE TIeDEMEHHbIe, COAEPKUMOE AKKYMYJATOPA HJIM HHAEKCHOrO PEerucTpa, Iucia,
¢ GbUKCHPOBAHHOH WM IJIaBalolieit TOYKoM M T. A.). Ecau moacuurars KomMuecTBO
KoMOuHalMii Bcex nap, To neayuntcs 100 pasnaumudbix ciy4aes. M gast Toro urobbr
B KaXXJOM CJIy4ae NPABUJIBLHO BBIIOJHUTH OMEPALMIO, MOHAAOOUTCSA IJIMHHAA [POrpaM-
Ma. Jna peuennst JaHHOU 3aJa4M MeTOIOM HMHTEPHOPETHPOBAHHA HYXHO H300pecTH
CIELUANBbHBIN SI3bIK, “KOMaHIbl” KOTOpPOrO MOMeINaJuch 6bl B omHoM Gaiite. 3aTeM
HeoOXOIHMO NPOCTO NOAroTeBuUTh Tabnuuy u3 100 “nporpaMm” Ha 3TOM sI3bIKE, TAKHX,
4TOOBI KAXK A5 MPOrPaMMa YeallbHO NOMEINAach B OfHOM cioBe. aes cocrout B TOM,
YTOObI BLIOHPATL U3 TabJIMUBI COOTBETCTBYIOLIMI 3/1€MEHT-IPOIPAMMY M BBINOJIHATH €e.
10 mpocToil U 3 peKTUBHBIA METO.

IIpumep muTepnperatopa tuna (b) mpusenen s cratbe J. 3. Kuyta (D. E. Knuth),
“Computer-Drawn Flowcharts”, CACM 6 (1963), 555-563. B muoronpoxoguoii npo-
rpaMMe NpeJbLIyye MPOXOAbl JOMXKHBI TepeaBaTh nHGOpMauU nocaenywomuM. Han-
Gosee 3¢bdeKTUBHBIM CPEACTBOM mepenadu 3ToH HMHGOPMALMH CIEIyIOLeMy HPOXOAY
sIBJIsIETCsA HAbOp KOMaHJ Ha MAlMHHO-OPHEHTUPOBAHHOM s3bike. Torma mocjenyouidi
IIPOXOJ — 3TO HU 4YTO MHOE, KAK NMPOrpaMMa~-MHTEPNPETATOp CHElHATBHOrO Ha3HAYeHus,
a NnpeJplaymMi MPOXoJ—3TO “KOMIHIATOD” CNEeHHAJbHOrO HasHavyeHus. Takyio du-
J10CO(hHI0 MHOTOIIPOXOJHOTO ITPOLECCa MOXKHO OXapaKTePU30BATh CIEAYIOIMM 00pa3oM:
MBI, 110 BO3MOXHOCTH, PACCKA3bBAEM TIOCIEAYIONEMY NIPOXOAY, YTO HYXKHO Je/aTh, a He
IpOCTO nepejaeM eMy Habop (akTOB U NPOCHM ROHAMDY, YTO HEOOXOAUMO CAEIATH.

Hpyroit nmpumep unTepnperaropa tuna (b) cBA3aH ¢ KOMIHJISTOpAMM [JIs CIELH-
aJIbHBIX A3BIKOB. ECiIW B SI3BIK BKJIIOYEHO MHOTO BO3MOMXHOCTEH, KOTOpbIE JOCTATOMHO
IIPOCTO MOKHO PEAJIM30BATh TOJbKO B BUJE MOATIPOTPAMM, TO HNOJIYYEHHbIE B PE3YILTATE
00 beKTHBIE NPOrpaMMbl OYAYT NpeacTaBasaTh COO0i OYeHb JIMHHBIE [I0CIEeI0BATEIbHOCTH
BBI30BOB IOJNPOIPaMM. ITO MOXKET CIy4UTbCs, HAIpUMEpP, €CJIH A3BbIK NpeiHa3HaveH,
IV1aBHBIM 06Da30M, JJIs BHIIOMHEHUA apudMeTHIeCKIX ACHCTBUA € BHICOKOH TOYHOCTHIO.
B noxobuoMm ciryyae o6beKTHAA nporpaMma Gy IeT 3HAYUTENLHO KOPOUe, €CJTH ee HAITNCATh
Ha UHTepnperupyemom sizvike. Hanpuwmep, B kuure B. Randell, L. J. Russell, ALGOL 60
Implementation (New York: Academic Press, 1964) onucbhlBaeTcsi KOMIMJISATOD, BbI-
MOJIHAIOLIMA TPaHCIALMIO C A3blka ALGOL 60 Ha MHTepmpeTHpyeMblil f3bIK, a TaKXKe
paccka3bIBaeTcsi 00 HHTEPIPETATOPE JIJiA ITOrO sizbika. B pabore Arthur Evans, Jr., “An
ALGOL 60 Compiler”, Ann. Rev. Auto. Programming 4 (1964), 87-124, npuBoasitcs
TaK’Ke NPUMepbl NPOrPAMM-HHTEPIIPETATOPOB, KOTOPHIE HCIOIB3YIOTCS 60 @HYyMpeHHed
CTPYKType Komnuisatopa. IloBceMecTHoe pacnpocTpaHeHHe MUKPOKOMITbIOTEPOB U HHTE-
rpajlbHbIX MHKPOCXeM CTNEeLHaJIbHOrO HA3HAYEHHS CAeJIAJIO 9TOT METO MHTEPIIPETHPOBA-
HuA elle HoJiee LEeHHDIM.

Hanncannas va TEX nporpamma, ¢ mOMOMIBIO KOTOPOH GbLIM CO3JaHbl CTPAHMLB
sToif KHMIH, npeobpa3oBaia dails, comep’KAWHii TeKCT HACTOSIIIErO pa3jesia, B HHTep-
HpeTHPYEMBbIii s3bIK. DTOT A3bIK, KOTOPBIH Ha3biBaeTcs: (popmaTom DVI, 6but paspaboran
A. P. ®yucom (D. R. Fuchs) B 1979 roay. [Cm. D. E. Knuth, TgX: The Program (Read-
ing, Mass.: Addison-Wesley, 1986), Part 31.] DVI-cdbaitn, cosnaunsiii TEX, 3aTem 6bin
obpaboraH uHTepnperaropom dvips, koropbrit Hamucan T. I Pokuxku (T. G. Rokicki),
1 npeo6pa30Bad B (aiijl KOMaHJ Ha APYrOM MHTEPIPETUPYEMOM f3bIKe I10J Ha3BaHHEM
PostScript® [Adobe Systems Inc., PostScript Language Reference Manual, 2nd edition
(Reading, Mass.: Addison-Wesley, 1990)]. 9ror PostScript-daiin 611 oTOCHaH B W38~
TEJILCTBO, TJe ero pacrnedaraiu Ha (poToHabOpHON MailMHe, B KOTOPOH IJis MOJIyUYeHUs



neYaTHBIX MJIACTHH Hcronb3yercs PostScript-unrepnperatop. Takasa TpexmpoxonHas
ollepauMs SBJASAETCA HATAALHON WiIocTpanueil nHreprnperatopos thna (b); B cam TEX
TaKxe BKJIOUeH Hebosbo HHTeppeTaTop THNa (a), MpeaHa3HadeHHbIH 11a 06paboTKu
TAK HA3bIBAEMON JIMTATYPHI M BbINOJHEHHsS] KePHMHIA [JJisA CUMBOJIOB Ka’KJIOro LIpUPTa,
BCcTpeuaowerocs B texcre [TEX: The Program, §545).

Ha nporpamMmy, HANMCAHHYIO HA WHTEPIPETAPYEMOM SA3bIKE, MOXKHO NOCMOTDETb H
¢ apyroit Touky 3peHus. Ee MoxHO cymrars HaGOpOM BBI3OBOB MOZNPOTPAMM, Clexy-
OIWMX OAMH 33 ApyruM. IlogobHyio mporpaMMy MOXHO JIECKO Pa3BEPHYTh B JJIMHHYIO
HOCJIeIOBATENBHOCTb BBI30BOB IIOAINPOrpaMM, W HA00OPOT: TaKYIO MOCIEI0BATEILHOCTD
06bIYHO MOXKHO CBEPHYTH B HaGOp KOMaHI, KOTODbi#l jierko uHTepnperupyerca. Hrak,
K MPEUMYIIeCTBAM METOLOB HHTEPIPETHPOBAHHA OTHOCSATCA KOMIAKTHOCTb NpeJCTaBJie-
HUsl, MAIINHHAS HE3aBUCUMOCTD U PACIIMPEHHbIE BO3MOXKHOCTH JUarHOCTHKH Bo MHOrMX
CLydasX MHTEPIPETATOp MOKHO HAMMCATh TAK, YTOObI 3ATpAThi BPEMEHHU Ha HMHTEpHpe-
TAlMIO CAMOro KOJA M Ha II€PEX0l K HyXXHOi nporpaMme GbUIM HE3HAYUTENbHBL

1.4.3.1. UmuraTtop MIX. Eciu sA3blK, KOTOPHI J0/KeH 00pabaThiBaTHCS MHTEPIIPe-
TATOPOM, ABJIAETCS MAIIVHHBIM SI3LIKOM JAPYIOro KOMIIBIOTEpPAa, TO 3TOT MHTEPNpPETaTop
0OBbIYHO HA3BLIBAIOT MMHTATOPOM (& MHOTIA 3MYJIATOPOM ).

ITo MHeHuI0 aBTOpaA, HA HANMHCAHMWE TAKMX WMHTATOPOB IIOTPAYEHO CIMLIKOM MHOTO
BpeMeHH pabOThI NPOTPAMMUCTORB, & HA WX HCNOJb30BAHHE — CJIHIIKOM MHOIC KOMIIBIO-
TEPHOrO BpeMeHH. MOTHBHI CO3JaHHsA MMUTATOPOB OdeHb npocrbl Hanpumep, Hauyasnb-
HHK KOMIIBIOTEDHOIO OTJEJa TMOKYNAeT HOBYIO MAIUMHY M XOYET [O-IPEXKHeMYy HCHOJb-
30BATh HA Heil IPOrpaMMsl, HANKCAHHBIE A/ CTAPOH MAIIUHBI (BMECTO TOIO 4YTOOLI
HepenncaTh UX ¢ y4eToM 0coGeHHOCTeH HOBOH MammuHbl). Ho 06bIMHO 3TO CTONT JOPOXKe U
JaeT XyAulHe pe3yJbTaThl, YeM B CJIy4ae, KOrJa BPEMEHHO HAHUMAaeTcsd rpynmna nporpam-
MHCTOB ¥ Hepej Heli CTAaBMTCA 3a/a4a BbINOJIHKTL nepenporpamMmupoBanune. Hanmpumep,
OZHaXKIbl aBTOP NPUHUMAJT y4acTHe B IOAOGHOM MPOEKTe ¥ B IIePBOHAYAJILHON IPOTpaM-
Me, KOTOpasi HCIO/b30BAJIach B TeYeHUe HECKONbKUX JieT, Obuia oOHapyKeHa cepbe3Has
omubka. MaJsio TOro 4To HOBas mporpaMma JaBajia NPaBHJbHbIE PE3yJbTaThl, OHA elle
u paborana B nsATb pa3 Oeictpee crapoil! (He Bce mmurtarope! nioxu. Hampumep, ana
KOMIBIOTEPHOH (hUPMBI-TPON3BOANTENST OOBIYHO OY€HL N0JIE3HO CHIMHTHPOBATL HOBYIO
MaIUMHy ele JO TOro, Kak OHAa OyJeT 3amyiieHa B NMPOU3BOACTBO, YTOOBI POrpaMMHOE
obecrieyenne a1 Hee MOXKHO 6blino paspaborarb Kak MOxHO ckopee. Ho 3ro odenn
y3Kast 06JlacTh npuMeHeHust KMHTaTOpoB.) B KauecTBe spkoro npuMepa HeaddekTHBHO-
ro KCNONb30BaHUSA MMHTATOPOB KOMIBIOTEPOB MOXKHO NPHUBECTH NOJJIHHHYIO MCTOPHIO O
martute A, umurupyronieii mawwsy B, Ha Koropo# pabotaer nporpaMMa, HMHTHPYIOIAST
maiuuny C! JlaHHbli Crioco6 IPUBOAKUT K TOMY, 9TO 6OJIBILIOH B JOPOroifl KOMITLIOTED N3eT
XYALINE PE3yabTaThl 110 CPABHEHHIO CO cBouM Bosiee nemeBsIM cobpaToM.

BBuay Bcero BBILECKA3aHHOTO BO3HUKAET BONPOC, IIOYEMY Ke 9TOT UMHUTATOD “no-
HSIT CBOIO ypOMIMBYIO rosioBy” B ganHoil kuure? Ha 310 ecTh aBe npuyYMHbL

a) Mmuratop, KoTophiit GyAeT onucaH HHMKe,— ITO XOPOulnil IpMMep THIMYHOM Ipor-
PaAMMbI-MHTEPIPETATOPA. 3€Ch MPOHIIJIIOCTPUPOBAHB] OCHOBHBIE METOIb!, MCHOJb3Y10-
IIMecss B MHTEPNPeTaTopax, U, KpoMe TOro, JeMOHCTPUPYETCA ITPUMEHeHNe NOAIPOrpaMy
B JIOCTATOYHO JJIMHHOM nporpaMmme,

b) Byzer paccMoTpen mMuTaTop KOMmblOTepa MIX, HanucaHHBIA Ha sA3bike MIX (moay-
Marh ToNbKO!). DT0 06seryuT Hanucanue UMUTATOPOB MIX Asist GONBbIMMHCTBA KOMIIbIO-



TepoB, nonobubix MIX; B KOze Hailell mporpaMMmsl MBI HaMepeHHO u3berajy HIMPOKOro
KCNONL30BAHUS BO3MOMKHOCTEH, npucynmx uckmountensno MIX. MmutaTop MIX mpuro-
JMTCA BaM B Ka4ecTBe HAarJsagHOro nocobus K 3Toit KHUre U, BO3MOXKHO, K IPYTHM.

L4

KoMmnbloTepuble MMHUTATODBI, ONHUCHIBAEMbIE B HACTOALIEM pa3jene, clelyeT OTIH-
4aTh OT UMUMAMOPOS Juckpemuunr cucmem. VIMUTATOPBI JHUCKPETHBIX CHCTEM — 3TO
Ba’KHbIE IIPOrPaMMBI, KOTOpbIe GyayT obcyxaaThcst B pasaene 2.2.5.

A Teneph BepHEMCH K 33Ja4e Hanucanns uMHTaTOpa MIX. BXOoaHbBIMU JaHHBIMU JIJs
Halle#l nporpaMMel 6YAyT MOC/HEA0BATENHLHOCTE KOMaH  MIX u JaHHBIE, COXpAaHEHHBIE B
ayefikax 0000-3499. MbI B TOYHOCTH CHIMHTHpYeM pafoTy annaparHoro obecneueHus
MIX u cmenaem Buja, 4ro MIX caM HHTepnpeTHpyeT STH 'KOMaszpl. Takum obpa3om Mel
NONbITaEMCA peatu30BaTh creuuduKannu, Kotopble 6pumn onpeaesnensl 8 pasaene 1.3.1.
B nawelt nporpamMme, HanpuMep, UCNOAbL3yeTCsl nepeMeHHas AREG, ¢ IOMOMIbIO KOTOPO#H
COXpaHAETCA MOAYJb 3HAYEHHs, COAEPXKAIIErocs B MMHUTHPYEMOM perucrpe A; apyras
nepemenHasi, SIGNA, ucnonb3yeTca 1A XPaHEHHs COOTBETCTBYILEro 3Haka. C momo-
mpio nepemennoii CLOCK pegeTcs yver KOAMUyecTBa equHNI UMHTAPYyeMoro spemenn MIX,
3aTPayeHHOro Ha BBINOTHEHNE HMUTHPYEMOI MPOrpaMMbI.

Hywmepauus takux xkomana MIX, kak LDA, LDi, ..., LDX u Apyrux noJobHBIX KO-
MaHJ, NOJCKa3bIBaeT HaM, YTO COXPAHATb UMUTHPYEMOe COAEPKUMOE ITHX PErucTpos B
IIOCTIEIOBATENbHBIX A4efikaX HY>KHO TaK:

AREG, I1REG, I2REG, I3REG, I4REG, ISREG, I6REG, XREG, JREG, ZERQ.

3aech ZERO—3T0 “perucTp”, MOCTOSHHO 3ANOMHEHHbIH HyasaMu. Ilosunun JREG 1 ZERD
BbIOpaHbI B COOTBETCTBHM C KoJaMu onepaumit komana STJ u STZ.

CorutacHo Hamel GUIocodpun HATHCAHUA UMHTATOPA, T. €. OPHEHTHPYSCH HA JTI000H
KOMILIOTEpP, & He ToJabKo Ha MIX, OyaeM paccMaTpHMBaTb 3HAKM KaK HE3aBUCHMbIE YACTH
perucrpa. Hanpumep, BO MHOIMX KOMIIBIOTEpaxX Hejb3si NPEICTABUTL HMCIO “MHUHYC
Hyab”, a B MIX MOXHO, MOITOMY B JaHHOH nporpamMme 3Haku Bcerza 6ynyr obpaba-
THIBATHCA 0coObIM 0Opa3om. B suefikax AREG, I1REG, ..., ZERQ Bcerga OyayT XpaHUTLCH
abcosoTHbIE 3HAYEHUS BETHYHH, COJEP/KAIMXCA B COOTBETCTBYIOMUX perucrpax. B apy-
roM Hafope sYeeK. HCIONL3YIONIEeMCcH B JanHoi nmporpamme, (SIGNA, SIGN1, ..., SIGNZ),
6yayT comepKaTbCs 3Ha4YeHus! +1 wian —1, B 3aBUCHMOCTH OT 3HAKA COOTBETCTBYIOLIETC
perucrpa (T. e. “rmoc” 310 waM “MuUHYC” ),

B nporpamme-unTepnperaTope, KAK NPABWJIO, €CTh Pa3jesl, KOTOpbLif npeicTaBser
coboil opraH UeHTpaabHOro yrpasaeHust. QH BCTynaer B JeiiCTBHE MeXJy MHTEpPIpeTH-
pyeMbIMH KOMaHAaMmu. B HaleMm cnydae nocsie BBINOJHEHHS KaXXKIOH CbIMHTHPOBaHHOI
KOMaHIABI NporpaMma nepexoaut kK agelike CYCLE.

Ypasasomas nporpaMma, BLIIOJIHAET OAHHAKOBbBIE 71 BCeX KOMaHA AeHCTBUSA; OHA
paszensieT KOMaHAy Ha COCTABHbIEC YACTH M NOMEIAET 3TH YaCTH B TAKHE MeCTa, OTKYyjJa
ux Oyzner ynobHO BLIOMpATh ANA JajbHeHINero ucrnojb30BaHusl. B npHUBeneHHOR HUXKe
IIporpaMMe MCIOAb3YI0TCs CIeAYIONINE YCTAHOBKH:

rl6 — azxpec Auelky, B KOTOPOil COXpaHsAETCA C1eyomasa KOMaHIa,
rI5—M (aapec Tekyuieii KOMaHIBI C y9€TOM HHJIEKCHPOBAHHA);
rl4 — Koz onepauuy Tekyueid KOMaHabI;
rI3 — F-nosne rekyuieit KomaHbI;

INST — Texkywas KOMaHJa.



IIporpamma M.
* UMUTATOP MIX

001
002
008
004
005
006
007
008
009
010
011
012
018
014
015
016
017
018
019
020
021
022
028
024
025
026
027
028
029
030
031
082
033
034
035
036

BEGIN

CYCLE
TIME

1H

ORIG
STZ
STZ
STZ
ENT6
LDA
INCA
STA
LDA
STA
INCE
LDX
SLAX
STA
LD2
J22
DEC2
J2P
LDA
LDX
SLAX
ADD
CMPA
JNE
STA
LD3
LD5
LD4
DEC4
J4P
LDA
STA
LD2
JNOV
JMP

3500
TIME(0:2)
OVTOG
COMPI

0

CLOCK

0

CLOCK

0,6

INST

1
INST(1:2)
5

M
INST(3:3)
iF

6 ,
INDEXERROR
SIGN6,2
I6REG,2

5

M
ZERO(1:3)
ADDRERROR
M
INST(4:4)
M
INST(5:5)
63

OPERROR
OPTABLE,4(4:4)
TIME(0:2)
OPTABLE,4(0:2)
0,2

0,2

UmMmurupyemas maMath, HauuHasa ¢ 0000 u manee.

OVTOG — uMHTHpYeMblit daiar nepenoTHeHus.

COMPI, £1 nsm 0, — dnar cpasHenus

B3aTe nepsyo koMaHay U3 Hy/neBOH AyelKH

Hayano Bpinonnenust ynpasssioue! mporpaMms.

Vxka3biBaeT Ha sivefiKy, COOEPKANIYIO BPeMs Bbl-
TMOJIHEHUS Npeaplayelt komanasl (crpoka 033)

rA  uMuUTHpyeMas KOMaHZa

YBeMYKUTL 3HaYEHME CYETIUKA aapeca
BasaTe abcomoTHoe 3HaveHue agpeca
IIpucoenunuts 3HaK K azpecy

IIpoBeputs nosie MHIAEKCA
D10 HyAL?

Onpeneien HEJOMYCTUMBINA HHAEKC?

B3aTh 3HaK MHAEKCHOTO PETHCTPA

B3saTe abconoTHOE 3HaYEHHe HHAEKCHOI'O PEerucTpa.
IIpucoeauHuTh 3HAK

CroskeHHe ¢ y4eTOM 3HAKOB JJIsl MHAEKCHPOBAHHSL.
Pe3ysbTaT cMIIKOM BETHK?

Ecinu na, nmutupoBaTh ominbky

B npotusHOoM ci1yyae aapec HaiineH

rl3 « F-none

rIs « M

rl4 « C-none

Koz onepaunu > 647
B3sTh U3 Tabanup! BpeMs BBHIIOTHEHUSA

B3aTh aapec cOOTBETCTBYIOUIE IPOrpaMMbl
IIepeiiTu x oneparopy
(3amura ot nepenonsenuit ) |

CoBerylo uyuTareno oO6paruTb 0coboe BHMManue Ha cTpoku 034-036 “Tabamna-

nepekJao4aTess”’ U3 64 onepaTopoB-— 3TO COCTABHAS YaCTh WMHTATODA, MO3BOJIAIOIIAA
eMy OBICTPO NEPEXOAUTH K HYXKHOI NpOrpaMMe /st BBIMTOJHEHWs TEKyllell KOMaHIbI.
D70 BaXKHBIH MeTOA dKOHOMUM Bpemenu (cM ymp. 1 3 2-9).

B cocrosiueit n3 64 cios tabanne-nepexaovarene DPTABLE Takyke XPaHUTCS BpeMsi

BLINOJHEHUA IJ1s1 PA3THYHBIX ONEPaTOPOB, COAEPXKHUMOE TOH TabaMLbl ONpeaenseTcs B
CIeAYIOLUX CTPOKAX.

037
038
039
040

NOP
ADD
SUB
MUL

CYCLE(1)
ADD(2)
SUB(2).
MUL(10)

Tabnuua xonoB onepaunit,

€e TUNMYHBIE JJIEMEHTH! UMEIOT BU,
“ON nporpamMa(epems)”



041 DIV DIV(12)

042 HLT SPEC(1)
048 SLA SHIFT(2)
044 MOVE MOVE(1)
045 LDA LOAD(2)
046 LD1 LOAD,1(2)
051 LD6 LOAD,1(2)
052 LDX LOAD(2)
058 LDAN LOADN(2)
054 LDIN LOADN,1(2)
060 LDXN LOADN(2)
061 STA STORE(2)
069 STJ STORE(2)
070 STZ STORE(2)
071 JBUS JBUS(1)
072 I0C 10C(1)

0738 IN  INQ1)
074 QUT O0UT(1)

075 JRED JRED(1)
076 JMP  JUMP(1)
077 JAP REGJUMP(1)
084 JXP REGJUMP(1)
085 INCA ADDROP(1)
086 INC1 ADDROP,1(1)
092 INCX ADDROP(1)
098 CMPA COMPARE(2)

100 OPTABLE CMPX COMPARE(2) |

(DnemenTnl, cooTBeTCcTBYIOMUE oneparopaM LDi, LDiN u INCi, uMeoT JONONMHHUTENbHYIO
3anuch “, 1”7, 4yTobol caenars nose (3:3) HeHyeBbIM. JTO UCHONB3YETCs HUXKE, B CTPOKAX
289 u 290, st yKa3aHUsT TOrO, YTO NOC/E MMHTALIUY JAHHBIX onepauuii HeobXoauMo npo-
BEPUTb Pa3Mep BeJIMYHHDI, COMEPIKAIEiCs B COOTBETCTBYIOIEM HHIEKCHOM PETHCTpE.)

B crenymouieit 4acT# 1porpaMMbi-UMUTATOPA, IIPOCTO IEPEYUCTIAIOTCA A4EHKH, KOTO-
pble HCTIOABL3YIOTCA JJIs XPAHEHHS COJNEPKUMOr0 MMHUTHDPYEMBIX PETHCTPOB.

101 AREG CON O AbGcomoTHOe 3Ha4YeHue perucrTpa A.
102 I1REG CON O A6comoTHOE 3HaYeHHE UHACKCHBIX PErMCTPOB.

107 I6REG  CON
108 XREG CON
109 JREG CON
110 ZERO CON
111 SIGNA  CON
112 SIGN1  CON

A6comoTHoe 3HaveHne peructpa X.
A6comoTHoe 3HaveHne perucTpa J.
Hynesas koncranra anst “STZ”.
3nax peructpa A.

3HaKU UHIEKCHBIX PETUCTPOB.

= O O0OO0O0



117 SIGN6  CON
118 SIGNX  CON
119 SIGNJ CON
120 SIGNZ  CON
121 INST CON
122 COMPI  CON
123 OVTOG CON
124 CLOCK  CON

3uak perucrpa X.

3uak perucrpa J.

3nak, coxpansembiit “STZ”.
mMurupyemasi KOMaHza.

Dnar cpaBHEeHHUs

DJiar nepenoHEHN.

HMuTupyemoe BpeMsi BhIOsTHEHHA. ||

OO OO H

A Tenepb paccMOTpUM TpH MOAIPOrpaMMbl, HCHOAb3yeMble uMuTaropoM. Ilepsoit
ujer nogunporpamma MEMORY.

ITocnenoBarensHOCTh BoI30Ba: JMP MEMORY.

CocrosiHue npH BXoJe: rl5 = nomycTumblit agpec naMATH (B IPOTHBHOM CIydae
noanporpaMma, nepeitner kK MEMERROR).
CocrosiHue npu BbIXOJiE: rX = 3HaK cjioBa B aueiike namaTu rI5; rA = abcomorHoe

3HAYEHUE CJIOBA B A4eiike maMsaTH rlj.

125 * NOOMPOTPAMMH

126 MEMORY STJ 9F TlognporpamMma BEIGOPKHM M3 MaMATH.
127 J5N MEMERROR

128 CMP5 =BEGIN=  HMmurupyemas naMsaTh HaXOOUTCS
129 JGE MEMERROR B syeitkax ¢ 0000 o BEGIN — 1.
130 LDX 0,5

131 ENTA 1

152 SRAX 5 rX ¢ 3HaK cJIoBa.

138 LDA 0,5(1:5) rA « abcomoTHOe 3Ha4YEHHE CJIOBA.
134 9H JHP % Buixox. |

IToanporpamma FCHECK obpabatbiBaeT crienudUKAIUIO YACTHYHOTO IOAd U NpOBe-
pser, umeer Jiv oHo BuA 8L+ R, rue L <R < 5.

TlocnenoBatensrocTs BbI30Ba: JMP FCHECK.

CocTosHue npu BXOAe: rI3 = gonycrumas cneuudukauus noisd (B NPOTHBHOM
ciry4ae noanporpamma nepeitaer K FERROR).

CocTosiHye NpU BHIXOIE: rA=rl1=L,rX=R.

135 FCHECK STJ O9F TTonnporpamMma npoBepKH NOJA.

136 ENTA ©

137 ENTX 0,3 rAX ¢ cneuudpukanus noss.

138 DIV =8= rA« L, rX «R.

139 CMPX =5= R>57

140 JG  FERROR

141 STX R

142 STA L

148 LDt L rIl « L.

144 CMPA R

145 9H JLE = Buiiitu, eciu L < R.

146 JMP FERROR |



IMocneauas moxnporpaMma, GETV, Haxomut BenmdmHy V (T. €. COOTBETCTBYOLUEE
nojie A4eRKH M), MCHONB3yeMylo pas3jiM4HbIMM onepaTopamu MIX, KaK ONpeIeneHO B
paszgene 1.3.1.

TTocnenoBaTensHOCTh BhI30Ba: JMP GETV.

Cocrosinue npu BXOJE: rI5 = ponycrumeiit agpec namsary; rl3 = gonycrumoe no-
qe. (Ecau oHO HeAOMYCTHMO, TO PErHCTPUPYETCs OmubKa,
KaK W BbIlIE.)

Cocrosinue npy BLIXOZE: rA = abcomornoe 3nayenue V; rX = 3naxk V; rll = L;
rI2 = —-R. )

Bropoit Bxox; JMP GETAV, ucnosb3yerca TOJIBKO B oneparopax CpaBHe-
HHA JJIA BbIOOPKHM NOJIs U3 PErucTpa.

147 GETAV STJ OF Crennanbusiit Bxog (cM cTpoky 300).

148 JMP 1F

149 GETV STJ 9F Moanporpamma gnsa naxoxaexust V.

150 JMP FCHECK O6pabotath nose u ycranosuts rll + L.

151 JMP MEMORY rA ¢ abcomoTHoe 3HayeHHe NaMATH, rX < 3HaK.

152 1H JiZ 2F 3uak BKJIOYeH B none?

158 ENTX 1 Ecan Her, ycTaHOBHTE NOJIOXKHUTEILHBIA 3HAK.

154 SLA -1,1 O6uysure Bce GaiiTnl cieBa

155 SRA -1,1 OT 3TOro 10JIs

156 2H LD2N R Casur Bupaso

157 SRA 5,2 B COOTBETCTBYIOLLYIO MO3UIUIO.

158 SH JMP  * Buixon. |

A Temeps paccMOTpMM HPOrpaMMbl JJISl KAXKIOTO ONEPATOpa B OTAENbHOCTH. JlaH-
Hble MPOrPaMMbl MPHUBEACHLI 34€Ch JJIsT OTHOTHI H3J0XKEHUS, [I0ITOMY YHUTATENI0 CTOUT
H3Y4YHTb JIHIIbL HEKOTOPBIE H3 HMX, €CIH, KOHEYHO, ¥ HEro HeT BAXKHbIX INPHYHH O]
fonee TIIATENLHOTO M3YY€HUs. PeKOMEHJyeTcs M3y4HTh NPOrPAMMBbI JJis OIEPATOPOB
SUB u JUMP: aro Haubosnee TunuyuHbie npuMmepbl. O6paTuTe BHUMAHHE HA TO, KAK MOXKHO
AKKYPaTHO O0beIMHUTL MPOTPAMMBI JJIsl AHAJIOTMYHBIX ONEpauMil, a TAKXKe Ha TO, KaK
nporpamma JUMP ucnone3yer Opyryilo Tabjuily-lepeKJIoYaTesib AJsl YIIPABJIEHHA 3THM
THUIIOM TIEPEX0oa.

159 * OTAEJBHHE ONEPATOPH

160 ADD JMP GETV 3arpy3uts 3uadenve V B rA n rX

161 ENT1 O Tlycrs rll yxaseiBaeT Ha perucrp A
162 JMP INC IlepeiiTu x mporpamme “yBennyeHus”
163 SUB JMP GETV 3arpysutb 3nauenme V B rA u rX

164 ENT1 O Ilycts rIl ykassiBaeT Ha perucTp A
165 JMP DEC IlepeiiTu x nporpaMMe “yMeHbLIeHUS” .
166 *

167 MUL JMP GETV 3arpy3urs 3nauenue V B rA urX.

168 CMPX SIGNA 3HaKu OMHAKOBLI?

169 ENTX 1

170 JE *+2 3anecty B rX 3HAK pe3yJbTaTa

171 ENNX 1

172 STX SIGNA TlomecTuts ero B 06a MMUTHDYEMBIX PETHCTPA.

173 STX SIGNX



17
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223

DIV

STOREAX

OVCHECK

*
LOADN
LOADN1

LOAD

LOAD1

STORE

1H

MUL
JMP

LDA
STA
JMP
CMPX
ENTX
JE
ENNX
STX
STA
LDA
LDX
DIV
STA
STX
JNOV
ENTX
STX
JMP

JMP
ENT1
STX
LDXN
JMP
JMP
ENT1
STA
STX
JMP

JMP
JMP
J1P
ENT1
LDX
LD2N
SRAX
LDA
SLAX
ENN2
SRAX
LDA
SRA
SRAX
STX
JMP

AREG
STOREAX

SIGNA
SIGNX
GETV
SIGNA
1

*+2

1
SIGNA
TEMP
AREG
XREG
TEMP
AREG
XREG
CYCLE
1
OVTOG
CYCLE

GETV

47 ,4
TEMP
TEMP
LOAD1
GETV
55,4
AREG,1
SIGNA,1
SIZECHK

FCHECK
MEMORY

1F

1
SIGNA+39,4
R

5,2
AREG+39,4
5,2

IIepeMHOXUTDH ONIEpPAHL.
CoxpaHuTh abCOMIOTHBIE 3HAYEHUS.

YcTaHOBUTL 3HAK OCTATKA.

3arpysuts 3nauenue V B rA u rX.
3Haku 0AMHAKOBBIT

3asecty B rX 3HAK pe3yabTaTa.
ITomectutrs ero B mmMuTHpyemsri rA.

PasznennTs onepanamr.

CoxpaHuTs abCcoMOTHbIE 3HAYEHUS.

TonpKO YTO NPOU3OULIO IIepenoHeHne?

Ecnu na, ycTaHOBHUTH UMUTUDYEMBIH
¢urar nepenosHeHUs B MOJIOXKeHHEe 1.

BepHyThbCst B yNpaBIsOUIyio IPOrpaMmy.

3arpy3uts 3Hadenue V B TA u rX.
rl1 « C - 16; yka3biBaeT perucrp.
Cahenarthb 3HaK OTPULATEJBHBIM.

3amennrts LOADN Ha LOAD.
3arpysuts 3nauenue V B 1A u rX.
rll « C — 8, yka3biBaer perucrp.
CoxpaunTb abCONIOTHBIE 3HAYEHUS.
CoxpaHuTs 3HaK.
IIposepuTs, He CIMUIKOM JIM BEJIHKO
abcomoTHOe 3HaveHue.
rll « L.
B3srth comepkuMoe s4efiKY IaMATH.
3Hak BKJIO4YEH B nose?
Ecin na, 3amennts L Ha 1
u “coXpaHMTb” 3HaK perucTpa.
rI2 « —R.
CoxpanuTs 06/1aCTh CIpaBa OT MOJS.
Bcrasuts perucrp B nose.

rI2 « —L.
Boccranosurs 0651aCTh CJ1€Ba OT IIOJIS.
IIpucoeaunurs 3HaK.

CoxpaHuTh B MaMsTH.
BepHyThCst B yIIPaBJIAIOUYIO IIPOrPaMMY.



224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

249
250
251
252
253
254
255
256

257
258
259
260
261
262
263

264
265
266
267
268
269
270
271
272

DEC3
J3P
LDA
JMP
JMP ST6
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JTABLE JMP
Jov LDX
JMP
LDX
DECX
STZ
JXNZ
JMP
LE JAZ
LS JAN
JMP
NE JAN

JUMP

JNOV

GR JAP
JMP
GE JAP
EQ JAZ
JMP
JsJ JMP
ENT6
JMP
*
REGJUMP LDA
JAZ
LDA
DEC3
J3NP
JMP
*
ADDROP DEC3
J3Pp
- ENTX
JXNZ
LDX
ENTA
SRAX
LDA

9
FERROR
COMPI
JTABLE, 3
JREG
JSJ
Jov
JNOV
LS

EQ

GR

GE

NE

LE
OVTOG
*+3
OVTOG
1
OVTOG
JMP
CYCLE
JMP
JMP
CYCLE
JMP

JMP
CYCLE
JMP
JMP
CYCLE
MEMORY
0,5
CYCLE

AREG+23,4
*+2
SIGNA+23,4
5

JTABLE, 3
FERROR

3
FERROR
0,5
*+2
INST

1

5
M(1:5)

Oneparopsl nepexoaa.

F cnumkom Besuko?

rA « duar cpaBHeHHA.

IlepeiiTu k cooTBETCTBYIOLIEH MpOrpamMMe.
YCTaHOBUTL HMHTHPYEMBI perucTp J.

Kownen tabiuusl nepexona.
IIposepurs, penars Ju nepexon 1o
MEPEIOIHEHUIO.

B3aTe nononnenye ¢uara nepenosHeHHs.

OTkmounTs haar nepenosHeHns .

IlepeiiTn.

He nepexonurs.

IepeitTu, ecin B TA — HyJIb WJIM OTPHLAT. HUCIO.

ITepeiiTy, ecnu B TA — OTPUIAT. HMCIIO.

He nepexomurs.

Ilepeiitu, eciiv B rA — oTpUHAT. KN MTOJIOXKHUT.
YHCJIO.

Ilepeiitu, eciiz B rA — NOJIOKHUT. YHUCIIO.

He nepexoaurs.

Ilepeiith, ecin B rA — MOJIOXKHUT. YHCJIO UJIH HYJIb.

Ilepeitry, ecmu B rA — HysIb.

He nepexonurs.

IIpoBepUTH AOMYCTHMOCTS AAPECOB MAMATH.

MutupoBaTh nepexos.

BepuyThca B riiaBHy10 yIpasiSIONIyio IIPOrpamMMy.

PeructpoBsie nepexoasl.
B perucrpe nyan?
Ecnu HeT, noMecTHTh 3HaK B rA.

3aMeHUTh KOMaHAOH YCJIIOBHOI'O 1epexoja, eciu
F-cneuudukauus He ciMIKOM BeJIHKA.

OnepaTopsl IepechlIKM aJpeca.
F commxoMm Beanko?

Haittu 3Hax M.

rX « 3HaKk M.
rA « abcomoTHoe 3HayeHue M.



273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
308
304
305
306
307
308
309
310
311

1H
DEC

INC

1H
2H
SIZECHK

*
COMPARE

ENT1
JMP
JMP
JMP
JMP
JMP
STX
LDXN
CMPX
JE
SUB
JANP
STX
JMP
ADD
STA
LD1
Jiz
CMPA
JE
JMP

JMP
SRAX
STX
LDA
LDX
JMP
SRAX
CMPX
STZ
JE
ENTA
JG
ENNA
STA
JMP

END

B npusenentom

15,4
1F,3

INC

DEC

LOAD1
LOADN1

TEMP

TEMP
SIGNA,1

1F

AREG, 1

oF

SIGNA,1

oF

AREG, 1
AREG,1(1:5)

OPTABLE,4(3:3)

OVCHECK
ZERO(1:3)
CYCLE

SIZEERROR

GETV

5

v
XREG, 4
SIGNX,4
GETAV
5

\'j
COMPI
CYCLE
1

*4+2

1
COMPI
CYCLE

BEGIN 1|

BBIIIE KOJE HCIO/b3YeTC OJHO XHTPOE MPaBUio, chopMyIHpoOBaH-
Hoe B pasgene 1.3.1: xoManga “ENTA -0” 3arpy>aeT MHHYC HyJIb B DETHCTP A, TaK ke
Kak xoMaHga “ENTA -5,1”, Korja B MHIEKCHOM perucrpe 1 COmEp>KUTCsS 3HaUEHHe +35.
B obuweM ciyuae, ecsin M paBHO Hym0, KoMauzAa ENTA 3arpyskaeT 3HaX 3TOH KOMAaHIbL,
a ENNA 3arpy:xaeT NpOTHBOMNOJOXHBIH 3HAaK.
paszena 1.3.1, on He npuaa’ ocoboro 3HaYEeHUs ONpeeNeHUIo IToro yciaosusa. Takue
BOHPOCHI OOBIYHO BO3HUKAIOT TOJIbKO IPH HANNCAHHU KOMIBIOTEPHOR IPOrpaMMbi, B KO-
TOPOI UCHOML3YIOTCH JaHHbIE NIPABUIIA.

Hecmotpsa Ha cBoM pa3Mmepbl, IpUBeJEHHAS BbIILIE IPOrPaMMa fABJACTCS HENOJIHOH B

HECKOJBbKHX OTHOIIEHUAX.

rl1 yxasbiBaeT perucrp.
YeThIpeXCTOPOHHUIH [1€PEXO.
VBeanuurs.

YMeHbUIHTS.

3anecTn.

3aHecTu OTPHHATENBHOE THCIO.
13MeHuTs 3HaK HA IPOTHBONOJIOXKHBIH.
3amenurs DEC Ha INC.

IIporpamMa crnoxenus.

3HaKH OAMHAKOBBI?

Her; BoruecTs aGCOMIOTHBIE 3HAYEHHS.
Hy:»HO i1 U3MEHHMTDH 3HAK?
Wsmenurs 3uak perucrpa.

Crnoxurh abCONMOTHBIE 3HAYEHH.
CoxpauuTb abCOMIOTHOE 3HAYEHNE PE3YIbTATA.
Tonbko yro Hb1T 3arpy’keH
MHIEKCHBIA perucrp?
Ecnu ga, y6eautncs, 4TO pe3y nTaT
nomeuaeTca B AByx bairax.

3arpysutsb 3nadenne V B rA u rX.
IIpucoeauHuTbL 3HAK.

B3sars none F cooTBercTByoouero perucrpa.

IpucoeauuuTs 3HAK.
Cpasuntb (3amernTe, uro —0 = +0).
Ycranosuthb ¢siar cpaBHEHHS

B nosioxxenue 0, +1

aubo —1.

BepHyThest B yNPaBIIAIOMLYIO IPOTPAMMY.

Koraa aprop nucaji nepBbiit Y€PHOBUK



a) Ona He pacno3sHaeT Onepauuil ¢ TIABAOIIEH TOYKOMH.

b) IlporpammupoBanue KOJIOB omnepauuil 5—7 OCTaBJIEHO [ YNPasKHEeHUA.

¢) IIporpaMMupoBaHue OnEPATOPOB BBOAA-BLIBOJA OCTABJICHO JUIA YIIPAKHEHUS.
d) He npeaycMmoTpenbl cpeicTBa 3arpy3Ky UMHTHPYeMbIX nporpamum (cM. yop. 4).
e) He Bk/r04YeHB! MporpaMmel

INDEXERROR, ADDRERROR, OPERROR, MEMERROR, FERROR, SIZEERROR.

Onu npenHa3HavyeHbl N1t 00paboTKy omuboK, 0OHAPYKEHHBIX B MMHTHPYEMOH 11po-
rpamme.

f) He npegycMoTpeHbl CpeacTBa AMArHoCTUKY. (XOpOWNit MMUTATOD JOJKEH, HAaIpHU-
Mep, OBITH CIOCOOHBIM PACNEYATATH COOEPIKUMOE PETMCTPOB BO BPeMd BbITIOJIHCHUS
HPOrPAMMBIL. )

YNPAXXHEHUA

1. [14] W3yuute Bce BapuaHThl IpuMeHeHus noquporpamMmsl FCHECK B mporpaMme-uMuTaTope.
Mozkere s BBl MpeAsioKUATh 6onee yaaunbii cnocob opraumsanpu nporpammbl? (Cm. mar 3 B
KOHIe pa3nesa 1.4.1.)

2. [20] Hanumure nporpammy SHIFT, KOTOpOit He XBaTaeT B IpOTrpaMMe, IPHBEJEHHOH B
TekcTe (Koz, onepauus 6). .

3. [22]) Hanumure nporpammy MOVE, KOTOpOil He XBaTaeT B IPOrpamMMe, IIPUBENEHHOI B TEX-
cre (xom onepauum 7).

4. [14] H3mMenure nporpamMmy B TEKCTe pa3aena, 9Tobbl OHA HAUHHANACh TAaK, Kak 6yaTo GbL1a
Ha)KaTa “KHONKa GO” Mmammuubt MIX (cM. ynp. 1.3.1-26).

» 5. [24] Onpeaenure, ckonpko BpeMeHu morpebyercs 118 UMUTHPOB2HMA OomepaTopoB LDA u
ENTA no CpaBHEHHIO C peaJbHbIM BpeMeHeM, KOTopoe MIX 3aTpaTHT Ha HX HeENoCpeACTBEHHOe
BBITIOJIHEHUE.

6. [28] Hanummre nporpaMmbl AJs ONepaTopoB BBoaa-BbiBOAa JBUS, IOC, IN, OUT u JRED,
KOTODBIX He XBaTaeT B NPOrpaMMe, NPHUBEIEHHOR B TeXCTe pa3jesa, pa3pellB MCMOJbL30BATH
Tonbko ycrpoiicrea 16 u 18. IIpennonaraercs, 410 onepauus “4nTaTh epdokapTy” n “nepeidtn
K HOBOit crpannue” 3anuMaior T = 10000u, B To Bpemsa Kak onepauus “nedarars CTPOKy” 3a-
HuMaer T = 7500u. [3amevarue. OnbIT MoKa3biBaeT, 4TO KoManay JBUS ciellyeT UMHTHDPOBATH,
paccmatpuBast “JBUS *” Kak 4acTHBIH Clydail; HHaYe UMUTATOD, MOX0XKeE, ocTaHoBuTCa!]

> 7. [92] Mozuduuupyiite pemenue NpeaplAymero yrnpaxkHeHHs TakuM obpa3oM, 4Tobbl BbI-
nonHeHHe KOMaHAb! IN uian OUT He npHMBOOWIO K HEMEIJIEHHON Ilepejade BXOJHBIX-BBIXOIHBIX
AanHbix. Takasl mepefada JOJIKHA IPOHUCXOJUTH TOJIBKO IOCJE TOr0, Kak NpoiiaeT mpuMepHo
[OJIOBUHA BPEMEHH, KOTOPOe HeoBX0oauMOo A/ UMHTHPYeMbIX YCTPOHCTB. (DTO mo3BomuT u3-
fexaTp pacrpoOCTPaHEHHON CTyAeH4ecKod omubku, xorga KoManzwl IN u OUT mcrmonb3yrorcs
HEMpaBUJILHO. )

8. [20] Wcruuuo mim n0XxHO wiegywuee yTBepxaenue: “Kaxipiit pa3 mpm BBITONHEHHH
crpoku 010 nporpaMmel-UMHTATOpaA BhioHAETCA HepaseHCTBO O < rI6 < BEGIN”?

*1.4.3.2. IIporpaMMbl TpaccupoBKM. Korja mMamuHa HWMHTHPYeTCsi Ha camoit cebe
(xak B npeaplaylieM pasgene MIX nmuTupoBascs Ha MIX), monyyaeTcst YacTHBINA Caydai
HMHTATOPA, KOTOPLI Ha3bIBaeTCA NPOrpaMMoil mpaccuposxu UM caescenur. 1I1ono6-
HblE NMPOrpaMMbl HHOTJ& HCHOAL3YIOTCA IIPH OTJaJKe, TaK KaK MO3BOJISIOT pacrevyaTaTb
NOLIATOBBIA OTYET O NOBEAEHUH UMUTHUPYEMOH NMpOrpamMMbl.



B npeapiaymem pasaene nporpamma ObUla HanucaHa Tak, Kak Oyaro MIX mMHTHDO-
BaJICA HA APYTroM Komnbro%epe. iist mporpaMm TpPacCHPOBKHU UCTIONB3YeTCA COBEPILEHHO
Apyroit noaxoxn; oH6BIYHO MpI 1103BOJISAEM, 4TOGBI pErHCTPbl MPEICTABIIANMH caMu cebs, a
OT1EPATOPBI BBITIOIHAIM CAMH cebsl, T. €. TIO3BOMsIeM MAalllMHE CAMOM BBINOIHATH OOJIBIITMH-
cTBO KoMaHa, OCHOBHOE HCKJIIOYEHHE MPEICTABJSET KOMaH/a IIePexX0Ja WM yCIOBHOTO
nepexoja, KOTOPYI0 Heslb3s BBINONHATh, He MOAudUIUPYs, TaK KAK [IPOrpaMMa TPacCH-
POBKHM [IOJI)KHA COXPaHATh OOmMii KOHTpoib. Kaykaol MaiiuHe NMPUCYLM YHUKAJIbHbBIE,
CBOMCTBEHHbIE TOJILKO €l 0COOEHHOCTH, M 3TO 3HAYUTENBHO YCI0XKHSAET TPAacCHpoBKy. s
Mainuebl MIX camas Tpy/aHasi ¥ HHTEpeCHas mpolbsieMa CBsi3aHa ¢ peructpoM J.

IlpuBenenHas Hyke IPOrpaMma TPACCHPOBKHU 3aMyCKAETCs, KOTAA TJIABHAs ITPOTpaM-
Ma nepexonut K siueiike ENTER. Ilpu stom B perucrpe J comepkurcs aapec, ¢ KOTOPOTro
TPACCHUPOBKA JOJIKHA HAYAMBCA, & B perucrpe X — aapec, IIe OHA JOXKHA 3aKOHNUMDL-
cA. ITO HHTEPECHAs NPOrpaMma, 3aciy>KHBAIOLIAA BHUMATEIbHOIO U3y YeHHS.

01 * TRACE ROUTINE
02 ENTER STX TEST(0:2) VeTanoBUTh aspec BHIXOOA.

03 STX LEAVEX(0:2)

04 STA AREG CoxpaHHuTb cogepkumoe rA.

05 STJ JREG CoxpaHuTts cogepxumoe rJ.

06 LDA JREG(0:2) BasaTh HavanbHBIH agpec A8 TPACCUPOBKH.
07 CYCLE STA PREG(0:2) CoxpaHuTb aapec CIeAYIOIel KOMaHBbL.
08 TEST DECA = 9To azapec Brixoga?

09 JAZ LEAVE

10 PREG LDA x* B3sare cnepyoomymo KoManmy.

11 STA INST Cxonuposats ee.

12 SRA 2

13 STA INST1(0:3) CoxpaHuUTb 3TOT agpec ¥ MHIEKCHI.

14 LDA INST(5:5) Baste xox onepauuu, C.

15 DECA 38

16 JANN 1F C > 38 (JRED)?

17 INCA 6

18 JANZ 2F C # 32 (s13)?

19 LDA INST(0:4)

20 STA *+2(0:4) 3amenuts STJ Ha STA.

21 JREG  ENTA * rA + uMurupyemoe cogepxumoe rJ.

22 STA =

23 JMP INCP

24 2H DECA 2

25 JANZ 2F C # 34 (JBUS)?

26 JMP 3F

27 1H DECA 9 Tect ny1a KOMaHI nepexoaa.

28 JAP 2F C > 47 (JXL)?

29 3H LDA 8F(0:3) Mui 06HapYyKHUIM KOMAHAY NMEPEXOa;
80 STA INST(0:3) HU3MEHUTH ee azapec Ha “JUMP”.

31 2H LDA AREG Boccranosuts peructp A.

32 * Bo Bcex peruncrpax, kpome J, Terneps NMpaBUILHBIE
33 = 3Ha4YeHUs [0 OTHOIUIEHWIO K BHELIHEH mporpaMMe.
84 INST NOP = Komanga seinosHsiercs.

35 STA AREG CHOBa COXPaHHTb PETUCTp A.

36 INCP LDA PREG(0:2) IepeitTH x cleayoLIe KOMAHIE.



37 INCA 1

58 JMP CYCLE

39 8H JSJ JUMP Koucranra minst crpok 29 u 40.

40 JUMP LDA 8B(4:5) Berperuinica nepexoq.

41 SUB INST(4:5) DTo 6ula JSI?

42 JAZ *+4

43 LDA PREG(0:2) Ecnu Het, 06HOBHTE MMHTHPYEMBIiA
44 INCA 1 perucTp J.

45 STA JREG(0:2)

46 INST1 ENTA %

47 JMP CYCLE IlepeitTn Kk agpecy nepexona.

48 LEAVE LDA AREG BoccranoBuTs perucrp A.

49 LEAVEX JMP =« OcTaHOBUTH TPaCCUPOBKY.

50 AREG CON O Conepxumoe umurupyemoro tA. |

ITo noBoay mporpaMM TPACCHPOBKH B LEJOM M 9TOH B YACTHOCTH HYKHO OTMETHUTh
cneayouee.

1) 3aecy npeacrapieHa TOMLKO CaMasd HHTEPECHAS YACTh NPOTPAMMBI TPACCHPOB-
KH — 4YaCTh, KOTOpas SBISIETCS YNPABJIAIOLIEH BO BpeMs BHINIOJIHEHUS JPYrod mporpam-
Mbl. YT0OBI TPACCHPOBKA MpHHECTA TONb3y, HEOOXOAUMa TAKXKe IIPOrpaMMa 3aIHCcH
COJIEP?KUMOT0 PECUCTPOB, HO MBI ee He BKIounad. Takast mporpaMMa, XoTs 1 6e3yciioBHO
BajKHasl, OTBJIEKAET BHHMaHue OT 0ojiee TOHKHX MOMEHTOB IIPOTPAMMBI TPACCHPOBKH.
IloaTomy Momudukauun, KOTOpbIE B 3TOM CBsI3H HEOOXOAMMO BBECTH B IPOrPaMMy, OCTaB-
JIEHBI U1 YIPasKHEeHHs (CM. ynp. 2).

2) 3aHMMaeMoe NPOCTPAHCTBO OOLIYHO UMeeT HONbIee 3HAYEHUE, YeM BPeMsi BbINOJI-
HEHHs, T. €. IPOrPaMMa JOJKHA ObITh HACTONBLKO KOPOTKOM, HACKOJIBKO 3TO BO3MOXHO.
Torga nporpaMMa TPacCHPOBKH CMOXKET “COCYIIECTBOBATL” Hax<e € O4eHb OOJIbIIUMHU
nporpaMMaMH. A BpeMs BBIIOTHEHHS BCE PABHO PACXOAYeTCsA HA BHIBOL JAHHBIX.

3) Msbi nozaoTuiuch 0 TOM, 94Tobsl H36eXKATH UIMEHEHHS COAEPXKUMOro GOJIbIINH-
cTBa perucrpoB. PakTHYECKH NPOrpaMMa HCNONb3yeT TOJbKO perucrp A maurunbr MIX.
ITporpamMMa TPacCHPOBKY HE OKA3LIBAET BAMSAHMA HU HA (Uiar CpaBHeHus, HU Ha duar
neperionuerus. (YeMm veHbllle PETHCTPOB HCIOBL3YETCS, TEM MEHBIIEe HX YUCIO HYXKHO
BOCCTAHABJIMBATE. )

4) Korja npoucxoguT nepexon K sueitke JUMP, Heo6s3aTeIbHO BBITOIHATH KOMAHIY
“STA AREG”, Tak KaK COIEpPKHMoOe I'A He U3MEHUJIOCH.

5) Tlocne BbIXOAA M3 MPOrpaMMbl TPACCHPOBKHM PEructTp J He BOCCTAHABIHBAETCH.
B ynp. 1 nokazano, Kax MCIIPaBUTh 3Ty CHTYAUMIO.

6) Ha Tpaccupyemyo nporpaMMy HaJaralOTCs TOJBKO TPH OrpaHHYeHHs.

a) OHa He JOMXKHA COXPAHATH YTO-THMOO B suelikax, UCHOMb3yeMbIX MpPOrpaMMOi
TPAaCCHPOBKH.

b) Ona He nomKHA MCMONL30BATHL BBHIXOAHOE YCTPOKCTBO, HA KOTOPOE€ BBIBOAUTCH
uHdOpMaluUa 0 TPACCHPOBKE (Hanpumep, KoManaa JBUS Jana 6kl HeMpaBUIbHOE
yKa3aHue).

¢) Bo Bpems Tpaccuposku oHa 6yzeT paboraTh MelJIeHHee.

YNPAXKHEHUA

1. [22] Moauduunpyiite nporpaMMy TPaCCHPOBKM Tax, UTOOBI MDY BBIXOJE OHAa BOCCTAHAB-
mupana peructp J. (Moxere mpeamtonaraTs, 4TO COAEPKHMOE PErHCTPa J HEHYJIEBOE. )
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2. [26] MoanduuupyiiTe NpUBENEHHYIO B TEKCT€ MPOTPAMMy TDACCHDOBKH TaKUM 0BGpasoM,
9TO6BI NEpes BHINIOJTHEHMEM KAaXK/0ro I1ara OHa 3alMChiBAja HA MArHUTHYIO JIEHTY (yCTpoi-
cTeo 0) cieayomyo MHGOPMAIMIO.

Cioso 1, none (0:2): a;xpec AYEHKH.

Cnoso 1, none (4:5): perucrp J (uepex BbINOJHEHHEM).

Caoso 1, none (3:3)' 2, ecsin pesynbTaT cpaBHeHHs — Gosnbiie, 1 —ecin pasHo, 0 — ecin
MeHBIle; ILTIOC 8, eI MepPeJI BLIIOJIHEHHUEM HET IEPEIIOIHEHHI .

Croso 2: kxoMaHaa.

CioBo 3: perucrp A (uepex BuIoJHEHHEM).

Cnosa 4-9: peructpnt 11-16 (nepes BhITONHEHMEM).

Canoso 10: peructp X (nepep sbimosneHnem).

Cnosa 11-100 kaxxnoro 6;10ka jieHTsl pasMepom 100 ClI0B JOMKHBI COIEPKATH €lie AeBATh IPYIHI
no 10 cioB, 3anMCcaHHLIX B TOM Xe ¢dopmare.

3. [10] B npeapiaymem ynpasKHeHUH NPOrPaMMa TPACCHPOBKH 3AIHCHIBAET CBOM BBIXOIHBIE
JlaHHBle Ha MarHUTHYIO eHTy OObsicHMTe, MoYeMy 9TO JIydle, YeM HelTOCPeJCTBEHHO pacneya-
TaTh Pe3yJbTATHI.

4. [25] Yro npom3ofimer, eCIM MpPOrpaMMa TPaCCHPOBKM OyAeT TPACCHPOBATbH camy ceba?
Ecin 6o/tee KOHKPETHO, TO BHIACHUTE, KaK Gyger paboraTh mporpaMMa TpPacCHPOBKH, €ClH ABe
xoManabl — ENTX LEAVEX u JMP *+1 —nomMecTuTh HenocpeacTBenHo nepesn ENTER

5. [28] Paccmorpum 3ajsady, aHAJOTHYHYIO Ipeabaylued. IlycTb OBe KOMHH IpOrpaMbl
TPACCHPOBKH MNOMENIEHBI B PA3JIMIHBIX MECTaX MaMATH ¥ HACTPOEHH! Tak, 4YToObI TPacCUpOBATh
onna apyryio. dro npousoitger?

6. [40] Hanummre nporpamMmy TpPaCCHpPOBKH, CHOCOBHYIO TPacCHpOBaTh cebst B CMbICe ynp 4:
OHa JO/KHA B 3aMe[IeHHOM pekKMMe pacledaThiBaTbh COOCTBEHHblE INAard. a yma NporpamMma
6ysaer TpaccupoBaTh caMmy cebs B eme 6oaee 3amedAeHHOM DEXHME, U TaK J0 DECKOHEYHOCTH,
noxa Gyner xBaraTh MaMsTH.

7. [25] Nogymaiire, xak wanucaTh 3 QPEKTHBHYIO NPOTPAMMY MPAcCuposKy neperodos, Ko-
TOpas BbIJAET HAMHOTO MEHbIIE BBIXOAHBIX JAHHBIX, 4eM OObIYHAA [POrpaMMa TPACCHPOBKH.
BmecTo Toro 4robsl 0TOGpaXKATH CONEPKUMOE PECHCTPOB, IPOrPAMMa TPACCHPOBKHU I€PEX0JI0B
IPOCTO 3aMKCHIBACT IPOMCXOAAIHE Iepexoapl (Ha BbIJAET MOC/IeJCBATENLHOCTD Hap (£1,Y1),
(z2,¥2), .... BTo 03Hadaer, ¥TO mMporpamMMa mepeuLIa M3 fYeAKN Z1 B Y1, 3aTeM (IIOC]E BBI-
[IOJIHEHHS] KOMaHJ U3 fi9eeK y1, Y1 + 1, ..., To) —u3 adefixu 22 B y2 ¥ T. 4. [Ha ocHoBaHum
3TOl MHbOPMANMH CJIeRYIOWAs NPOrPaAMMa MOXKET BOCCTAHOBHTB XOJ| BBIIOJHEHHA IPOTPaMMBbl
M yCTaHOBMTb, KAK YaCTO BBINOJHSLIACH KaXKIasd KOMaHAA.|

1.4.4. Bsopg v suiBOg

Bepositho, camoe O4eBHIHOE, YEM OLMH KOMIBIOTED OTJIMYAETCS OT JIPYIroro, —3TO YCT-
POMCTBa BBOJA-BBIBOJA, & TAK’Ke KOMIIbIOTEpHbIE KOMaHIBI, yIIPABJAOLINE 3THMH II€pH-
depuiiHbiMU yeTpoiicTBaMu. B paMKax ofiHONH KHUIMH HEBO3MOXKHO 06CYAuTh BCe npobiie-
MbI U METOJABbI, CBA3aHHbIE C JAHHOH 06JaCTBIO, IO3TOMY MBI OTPAHUYHMMCA H3y4YEHHEM
Hanbosiee TUIUYHBIX METONOB BBOAA-BBIBOJA, IPUMEHHMBIX JJ1s1 OOJbIINHCTBA KOMIIBIO-
TepoB. OnepaTopsl BBOZA-BBIBOJA MamuHbl MIX npencraBisiior coboif HEUTO cpenHee
MEXIY CaMBIMH Pa3HOODPA3HBIMH CPEACTBAMY, UMEIOMIMMICS B PEAJIbHBIX KOMITBIOTEPAX..
Yro6bl BHI MOIJIM NPEACTABUTHL cede onepauud BBOJA-BLIBOJA HA KOHKDETHOM IIpHUMe-
pe, naBaiiTe B 3TOM pa3fene obcyaum npobiaeMbl ONTUMAIBHOTO BBINOJHEHUS onepanuit
BBOJa-BbIBOJA B MawnHe MIX.



H cHOBa 51 npoury YHTaTENs CHHCXOMAHTEIBHO OTHECTHCH K TOMY, YTO 34€Ch PaccMa-

TpHBaeTCs aHaxpoHH4YHas maiHa MIX c ee nepcokapramu 1 T. n. XOTA 3TH ycTa-
DeBUIHE YCTPOMiCTBA CEroaysi MOJHOCTHIO BBIULIH H3 yHOTPeOJIEHHS, OHH MO-IIPEXHEMY
MOryT AaTb HECKOJBKO BaKHbIX ypokoB. Ho, koHewno, korza ans sroii uemn 6yaer
HCIIOJB30BATLCA KoMnbiorep MMIX, o npenogact HaM HX eHie JIy4Lie.

MHorue noabp30BaTeNd KOMIBIOTEPOB MOIAralOT, YTO BBOA M BBIBOJ HA CAMOM Jele
He ABJIAIOTCS YacTbhIO mponecca “Hacrosmero” mporpammupoBanusi. Cunraercs, 4To
BBOJ, ¥ BBIBOJ, — 3TO HYJHbIE 33J]a4H, KOTOPbIE IPHXOIUTCS BHIMOJIHATh TOJBKO JJIsi TOTO,
4T06b! BBECTH HHGMOPMALMIO B KOMIILIOTED U BBHIBECTH M3 HErO NOJy4YeHHbIE Pe3yJIbTATHL.
ITosTomy cpescTBa BBOJA-BBIBOJIA KOMITBIOTEPA OOBIYHO HAYMHAIOT H3Y4aTh TOJIBKO NOCHE
3HAKOMCTBA C OCTAJIbHBIMH €ro BO3MOXHOCTAMU. WM 4acTo (iiyyaercs Tak, YTO JHIIb
HebOIbIAs MPYNNA NPOrPAMMUCTOB HEKOTOPOro KOMIbIOTEPa BOODIE 4TO-Imb0 3HAeT 0O
JeTajIsix onepauuii BBOJA-BbIBOAa. TaKoe MOJIOXKEHHE BelIell B 4eM-TO Jla’Ke €CTECTBEHHO,
MOCKOJIbKY IIpOrPaMMHPOBaHKe BBOZA-BbIBOJA HUKOIIA He Obl10 0COGEHHO TPUBIIEKATeIb-
HbiM. Ho 210 Tex nop, moka MHOTHE He HAYHYT CePbe3HO OTHOCUTLCS K JAHHOMY MPeMeTY,
HEJIB3s] OXKHJATh, YTO CHTYAUUs M3MEHUTCsA. B 3ToM M apyrux pazaenax (Harmpumep, B
paszzgene 5.4.6) Bbl YBHIUTE, YTO B CBSA3H C BBOAOM-BBLIBOIOM BO3HMKAET MHOKECTBO HHTE-
PEeCHBIX BOIPOCOB, & TAKIKE Y3HAETE O CYLIECTBOBAHHMH HEKOTODBIX U3SALIHBIX aJIFOPHTMOB.

Teneps, noxanyit, Hy>KHO ¢AeIaTh HEOONbILOE OTCTYIVIEHHE 110 MOBOAY TE€PMUHOJIO-
ruu. B ciiosapax anrnumiickoro ssmika ciosa “input” (“sBox”) m “output” (“BhiBOZ”)
paHblile IPUBOJUINCH TONBLKO KakK cyitecTBurenbuble (“What kind of input are we get-
ting?” — “Kakoro Bugs maHable Mbl BeoguM?”). Ho tenepb yke BOUIO B NPHUBBIYKY
HCIONb30BaTh MX Kak mpunararenbHbie (“Don’t drop the input tape” — “He corpure
3Ty JIEHTY C BXOAHBIMH JaHHBIMH") H nepexoausie raaroibi (“Why did the program
output this garbage?” — “Ilouemy nporpamma BeBOAMT 3Ty uenyxy?”). Bwmecro xom-
6UHUPOBAHHOIO TepMHHA “BBOA-BBIBOA Yallie BCerc ucnoabdyior abbpesuarypy “B/B”
(na anrmmitckom — “I/0”). Onepanuio BBO/Ia YACTO HA3BIBAIOT “meHuem, a BbIBOLA CO-
OTBETCTBEHHO 3ANUCHI0. DNEMEHTbI, COCTABIAIIME BBOJ MK BBIBOJ, OGBIMHO Ha3bIBAIOT
“nanubiMn” (Ha aurnufickom — “data”). B anrnmiickoM s3bike 3TO CJIOBO, CTPOrO TOBOPS,
sIBAsieTcst HOPMOI MHOMXKECTBEHHOTO 4HCa (KaK H B PYCCKOM sA3bike. — I[Ipum. mepes.),
HO HCTIONb3yeTcsi B COOHPATENHHOM CMBICIE, KaK 6yaTo 910 equHcTBenHoe uuciao (“The
data has not been read.”). Touro Tak u cioBo “information” (“nHdpopmanua”) ABrAeTCS
¢opMoii KaK eIMHCTBEHHOrO, TaK M MHOXKECTBEHHOro Yucia. Ha 3ToM ypoK aHIIHIACKOro
3aKOHYeEH.

Ipeanonoxum, HEOOXOOMMO NMPOYMTATL JaHHbIE ¢ MArHuTHOH JeHTshl. OnepaTop
IN mamunbl MIX, kak onucano B pasgene 1.3.1, npocto unuyuupyem npouecc BBOAA, U
B TO BpeMsd, MOKA JaHHblE BBOAATCH, KOMILIOTED ITPOAOJIKAET BBITOJHATDH CleAyloliyue
KoMaHael. [lostomy mo xomanze “IN 1000(5)” mauunaerca cumtsiBanme 100 cios ¢
HAKOMHUTEs HAa MArHUTHBIX JIEHTaxX 1oj HOMepoM 5 B Aueiiku namsaru 1000-1099, no
NOCNEYIOIIHE KOMAHIB! MIPOrPaMMBbl NMOK3 He JO/KHbI 00palarbcs K 3THM sdeiKam.
ITporpamMma MOXKET CHYMTATb, YTO BBOJ, 3aBEPUIEH TOJBLKO IOCJIE TOrO, KaK (a) MHUIMU-
pyercs apyras onepauus B/B (IN, OUT unu I0C), ofpamanomasncs K yCTPOHCTBY 5, UM
(b) xomanza ycnosroro nepexona JBUS(5) unu JRED(5) noka3biBaeT, YTO YCTPOMCTBO 5
fonbiie He “3aHATO”.

ITosTomy camblit IpocToi ciocob cyuTaTh 610K JAHHBIX C JieHTh! B ssuefiku 1000-1099
Tax, 4ToObl HHGOpMaLMs OblIa Ha MECTe, — BOCIOIb30BATHCS ABYMs KOMaHIAMH:

IN 1000(5); JBUS *(5). (1)



STOT 37eMeHTAPHBI METOl NPHMEHANCA B IporpamMme u3 pasaena 1.4.2 (cMm. crpokn 07—
08 u 52-53). Ho OH CIMUIKOM HEIKOHOMHO PACXOLYET BPeMs PaGOTHI KOMIIBIOTEPA, TaK
Kak GONblIast 4acTh BREMEHH, KOTOPYIO MOXHO 6bLIO 6b HCITONIB30BATD Ui BEIYHCIICHHI,
ckaxeM 1000u wam aaxe 10000w, TPaTHTCA HA MHOTOKDATHOE NMOBTOPEHHE KOMAHbI
“JBUS”. Eciu 3TO BpeMsl HCNOJIb30BATb [JIs BbIYHCJIEHHH, TO CKOPOCTb BBIIIOJIHEHHUS
IpOrpaMMbl MOXKHO yaBouThk. (CM. ynp. 4 u 5.)

OauH u3 cnocoboB u3bexary TAKOTO “UMKIa OKUIAHUA" — UCIIOAb30BATh ABe 0bJia-
CTH NaMATH Ais BBoAa. MoXKHO CYMTHIBATHL JaHHbIE B OfHY 0OJACTh, B TO >Ke BpeMsa
BBHINOJIHASA BBIMACJEHMs Hak JaHHBIMU B Apyroif. HanprMep, nporpaMMy MOXXHO Ha4yaTb
KOMaH a0

IN 2000(5) Hauars urenue nepsoro 6.10ka. (2)
W Teneps kaxkapiil pa3, KOrAa NOHAZOOUTCH NIPOYKTATD OJIOK € JIEHTHI, MOJXKHO JATh NATH
CIEIYIOUUX KOMAaHI,

ENT1 1000 TloaroroBuThCs K BBHUTOJHEHHIO oneparopa MOVE.
JBUS *(5) OXuath rOTOBHOCTH YCTPOACTBA 5.
MOVE 2000(50) (2000-2049) — (1000-1049). (3)

MOVE 2050(50) (2050-2099) — (1050-1099).
IN  2000(5) Havatb yrenue cnexyomero 6a0xa.

B uesom, 310 gaer takoit ke addekr, kak u npumeHenue koMaezwl (1), Ho JeHTa
C BXOJHBIMM JAHHBIMHM OCTAETCH 3aHATOHN, MOKa Nporpamma paboraeT HAJA JAHHBIMH,
HaxogaumMMuca B sideitkax 1000-1099.

Iocnenusist komana (3) HauMHAET CYMTHIBaHUE OJIOKA JAHHBIX C JIEHTbI B s4eHKH
2000-2099 no Toro, xak 6611 06paboTaH npeabLAy LKt 6710K. ITO HA3BIBAETCH JOCPOYHBIM
YTEHHEM HJIM ONepesicarnujum 68000M U JENAETCs B pacyeTe HA TO, YTO JAHHBIA OJIOK B
KOHIIEe KOHLOB noHaaoburca. Ho Ha camom gene, HadaB ob6paboTky 6soka B siyeiikax
1000-1099, mMoxxHO OBHapy>XHTh, YTO HMKAKMX AAHHbIX GOJblIE HE HYXHO. Mbl yXke
BCTPEYAJIUCh C AHAJIOTMYHOW CHUTyalHell, HanpuMep, B conporpaMMe u3 pasgena 1.4.2,
rJe BXOIHblE JAaHHbIE IIOCTYNaj M ¢ NepdoKapT, a He ¢ JdeHThl. [loAenenue “.” B m1060M
MecTe nepgOKAPTHI 03HAUAIIO, YTO ITO NOWIEAHASA KapTa Kojoasl. [lomobuas curyanusa
JIeNIaeT OIlepeXKaloluii BBOZ HEBO3MOXKHBIM. VICK/IIOYEHHE COCTaBJAIOT CJly4aH, KOraa
MOKHO NPeNoJIOKUTh, YTO (a) 3a KOJIOZOH 1nepdOKAPT € BXOAHbIMY JAHHBIMH CJI€LyeT
nycTas nepdoKapTa WM ClelMalbHAsA JONOJHUTEIbHAS KAPTA HEKOTOPOrO APYToro BUAA,
am6o (b), ckaxxeM, B kononke 80 nocne el KAPTHI KOJOABI MOABIAETCA ONO3HABATEbHAA
MertKa (Hanpumep, “.”). Ilpu HCIOAB30BAHUH ONEPEKAIOWIETO BBOAA AJSA NPAaBUILHOTO
3apepilienysl BBOJAa B KOHIE MPOTPAMMbl BCETJa HOJXKHBI ObITh NPEIyCMOTPEHb! CHeLy-
aJIbHbIe CPEJCTBA.

Meroa napanjenbHOro BHIMOMHEHHS BhIuuceHuit u onepauuii B/B HaseiBaercs 6y-
depusayued, B TO BpeMs Kak dnemeHTaphbiit Meron (1) HasbiBaeTcsa nebydepusuposan-
Hom BBOZOM. ObOsacTb A4eek mamaTu 2000-2099, KOTOpas MCHIONB3YeTCA AJS COXPaHe-
HU# ONlepexxaroIero sBoja B (3), a Takxke obsacts adeek 1000-1099, B KoTopbie nepeme-
IAJOTCA BXOAHBIE JAHHBIE, Ha3biBaeTcsl Oydepom. B ciosape Beberepa (Webster) New
World Dictionary cnoso “6ydep” onpeaensiercst kak “JI1000if 4e0BEK HJIH MPEIMET, KO-
TOPBIH CIIYXKHUT A/ CMATYEHUs yaapa”. ITOT TepMHMH HAM TOAXOAAT, TaK Kak s Oyde-
pu3anuu xapakrepHa 6onee poHasi pabota ycrpoitcts B/B. (HkeHepbI-3/IeK TPOHIINKY
YacTO HCHONL3YIOT ClI0BO “Oycdep” B Apyrom cmbicie, 0003Hadas UM 4YacTh YCTPOIii-
crea B/B, B koTopoii coxpanserca nugopmanus Bo Bpems ee nepeaadd. Ho B sToil kuure



TepMuH “Gydep” Byer o3HAYaTH 0OIACTD NAMAMU, KCIONB3YEMYIO TPOrPAMMHBCTOM JJIst
xpanenus ganusix B/B.)’

Mocnenosatensrocry (3) He BCerza myume, yem (1), XOTA MCKJIIOYEHHMS U3 3TOrO
IIpaBuJa JOCTATOYHO penkd. JlaBaiite cpaBHuM HX Bpems BbinosiHenus. Ilycts T —
Bpemsi, Heobxoaumoe nns BBoga 100 cioB, u nycts C — BpeMsl BBINOJHEHHs, KOTODOE
HPOXOOUT MEXKAY 3allpocaMy Ha BBOA AaHHbIX. [las Merona (1) Tpebyercs, B OCHOBHOM,
T + C Bpemenu Ha 650K JeHTHI, a Ajs MeToga (3) —B ocuosHoM, max{C,T) + 202u.
(Benanuuna 2024 — 3to BpeMs, HEOBXOIHMOE /15 BHITIONHEHHA ABYX KOMaHa MOVE.) Oaun
U3 c1oco60B OLEHKH BPEMEHH BBINOJHEHUS COCTOUT B TOM, YTOOBI PACCMOTDPETb BpeMs
IPOXOXKJEHUA KPHUTHYECKOFO NMyTH; B JAHHOM CJIydyae — IPOMEKYTOK BpPEMEHH MeXJIy
MOMEHTaMH HCIIOoNb30BaHus ycrpoiicrea B/B, B Teuenue KOTOPOTO OHO He 3aHATO. B Mme-
toze (1) yCTpOHCTBO ocraeTcs He3aHATHIM B TedeHwe C eIUHMI[ BpeMEHH, a B METO-
ze (3) —202 eaununu spemenu (B npeanonoxxkenuu, yro C < T').

OrHocuTenbHO MeaeHHO paboTatomue Komanasl MOVE u3 (3) ucnonb30BaTh Hexesa-
TeJIbHO, OCODEHHO MOTOMY, YTO OHH OTHHMAIOT BpeMsl MPOXOXKACHHS KPUTHYECKOrO MY TH,
KOTJA HAaKOMUTENJb Ha MArHUTHON JieHTe HOJkeH ObITh HeakTHBHbIM. Ho cymecrsyer
MOYTH OYEeBM/HBIN CIIOCO0 yNydIIEHHUs] 3TON0 METOJa, KOTOPLIH MO3BOMUT U36exKaThb MC-
nosib30BaHuA KoMaH] MOVE. BHeIH0l0 nporpaMmy MOXKHO NepeienaTh Tak, YTOObl OHA
obpamanace nooyepesno k sadeiikam 1000-1099 u 2000-2099. Bo Bpemst cuuThIBaHHA
JAaHHBIX B OOMH Oydep MOXKHO BBINIOIHATL BLIYHCIEHUS B ApyroM Oydepe; 3aTeM MOXKHO
HavaTb CYUThIBaHUE B Apyroit 6ydep, B TO ke BpeMsl NPOBOAS BLIYHCIEHUA HaJ, JaHHBIMH
B nmepsoM Oydepe. DTOT BaxKHBIA METOJ, HA3BIBAETCA C60NUNZOM. AJpec Tekyuiero
6ydepa coxpansercs B HHIEKCHOM perucrpe (WiM, ecjad HeT CBODOAHBIX HHJAEKCHBIX
perucTpoB, B siueiike naMsaTi). MbI y)Ke BCTpeYalMCh ¢ METOAOM CBOIMHTA, KOrJa OH
APHUMEHSUJICS K BBIXOOHLIM AaHHbIM anroputMma 1.3.2P (cm. maru P9-P11) u kx comyr-
cTBYIOIEH nporpaMme.

PaccMoTpuM npuMep NpuMeHEHHs METO/a CBONMHTa Ko BBoay. Ilpeanonoknm, Kax-
Aplit 6nok aentsr cocrout 13 100 OTAeABHBIX 3IEMEHTOB, COIEPIKALIMX IO OJHOMY CJIOBY.
Hixe npuBeneHa noAnporpaMma, KOTopas 6eper cieayolee CJIOBO B3 BXOJAHBIX JaHHBIX
U HAYMHAeT CYUTHIBAHME HOBOro GJIOKa, eC/IM TeKYLIMil uCYepnaH.

01 WORDIN STJ 1F CoxpaHuTs ajgpec BbIXOAA.

02 INC6 1 IlepeitTi K cneayomeMy CJIOBY.
03 2H LDA 0,6 Sto KoHen

04 CMPA =SENTINEL= 6ydepa?

05 1H JNE = Ecau ner, Boiitth.

06 IN -100,6(U) Ilonosuurs arot 6ydep.

07 LD6 1,6 TlepekarounThHCA Ha APYToi (4)
08 JMP 2B G6ydep U BepHYTHCH.

09 INBUF1 ORIG *+100 Iepssiit 6ydep.

10 CON SENTINEL Mapxkep konua 6ydepa.

11 CON  *+1 Apnpec mpyroro 6ydepa.

12 INBUF2 QRIG *+100 Bropoit 6ydep.

18 CON SENTINEL Mapxkep koHua 6ydepa.

14 CON INBUF1 Anpec npyroro 6ydepa. |

B sToit nporpamme ansa agpecaluy nociegHero ¢J0Ba BBOJA HCIOJIb3yeTcst peructp 6.
Hpeanonaraercs, 4T0 BHI3bIBAIOWIAA NPOrPaMMa He M3MeHsieT ero 3Hadenne. Cumson U



0603HaYaeT HAKOMUTESb HA MArHUTHOH JieHTe, a cuMBOa SENTINEL — 3TO 3Ha4eHue, O KO-
TOPOM M3BECTHO (U3 XAPAKTEPHCTHK NMPOTPAMMLI), YTO €r0 Hem HU B OZHOM OJIOKe Ha
JIeHTe. .

Ilo noBoxy maHHO# no;mﬁorpaMMbI HEOOXOQUMO OTMETHUTH ClieAYIOIIee.

1) Koncranrta-mapkep (sentinel)nosisnsiercs B kauecrse 101-ro cioBa kaxaoro byde-
pa U npezacrasiisier coboit yao6HOe CpeacTBO 4 obo3HadeHus okoH4YaHus 6ydepa. Ho
BO MHOTHX 33J24aX 3TOT MeTO/ He Oy1eT HAIe)KHBIM, TAK KAK HA JIEHTE MOXKET NOABUTHCA
moboe cioBo. Eciu BBoAUTS JaHHbIE ¢ NepdOKapT, TO MoA06HbIH MeTox (Koraa 17-e cioBo
Oydepa sBiseTCS MapKepoM) BCErJa MOXKHO MCMOJb30BATh, He onacasch cbos. B arom
c/ly4ae MapKepOM MOXKEeT CJIY>KHUTb J060e OTpHnaTesibHOE YHUCIO, TaK KaK IPH BBOJAE B
MIX c nepdokapT Bceraa nonydarnTcss HEOTPHUATENbHbIE CJIOBA.

2) B kaxgom Gydepe conepxxurces aapec apyroro 6ydepa (cM. crpoku 07, 11 u 14).
Ota “B3aUMOCBA3L” 06/1€r4YaeT NPOLECC CBOIMHTA.

3) Her neobxomnmoctu B Komanae JBUS, Tak Kak CJeyIOLil BBOJ HHHIHHPYeTCA
[I0 TOrC, KaK IPOHUCXOAUT OOpalleHHe K KAKOMY-Iub0 CJIOBY M3 Ipeislayliero 6ioka.
Ecnu Benmunnel C u T, kax n panbiie, 0603Ha4aioT BpeMsi BHIYHCIEHUA U BpeMs BBOJA
JAHHBIX C JIEHTBI, TO BpeMsl BBINOJHEHUs U3 pacyeTa Ha GJIOK JIEHTBI T€Nepb COCTABJSAET
max (C,T). IMostomy, eciu C < T, neHTY MOXKHO OCTaBMTb paboTaTh Ha MOJNHOH CKO-
poctu. (IIpumevanue. B mannom orHomeHun MIX — MIeaM3HPOBAHHBIN KOMIIBIOTED,
TAK KaK IPOrpaMMa He J0KHA obpabaTsiBaTh Hukakux omubok B/B. Ha GonbmusxcTse
MAIIIHH HEOCPE/ICTBEHHO liepes KoMaHnoit IN B 3Toli nporpamme Heo6XoauMO 66110 6bl
HCTOB30BATh KOMAH/bl POBEPKH YCIIEUIHOTO 3aBepIleHHs NpeIbLIylueil onepaniy. )

4) Yrobsl mognporpamma (4) paborasa npaBuabLHO, HeOOXOAUMO 3aIYCTUTD €l1ie Koe-
YTO, KAK TOJIBKO ITpOrpaMma HavyHeT paborarb. Mbl mpemocTaBisieM YUTATETIO CAMOCTO-
ATENBHO pa3obpaThbest B petansx (cM. ynp. 6).

5) Braronaps noanporpamme WORDIN jis Beeit ocTalbHOM IPOrPAMMBIL JEJIO BBILJIA-
JUT TakuM oOpa3oM, Kak Oyaro GJ0KH Ha MATHUTHOI JIEHTE MMEIOT JUIHHY, PABHYIO 1, a
He 100. Takoii criocob pazbuenusi ogHoro 6JOKa Ha JIEHTE HA HECKOJBKO NPOrpaMMHO-
OPHMEHTHPOBAHHBIX 3aIIHCell Ha3bIBAETCH fA0KUposxol 3anuced.

Mertoapl, NpoJEeMOHCTPUPOBAHHBIE 31€Ch AJIS BBOJA, € HEOOJLUIMMH H3MEHEHHSMU
NIPUMEHUMBI U Ui BbiBoAa (cM. ynp. 2 u 3).

MmuoxxecTBenHas 6ydepusanusi. CBONMHT — 3TO TONLKO YACTHBIN ciyyait npu N = 2
obmero Meroga asst N 6ydepos. B HeKOTOpBIX 3amadax »KenaTeabHO UMeTh Oosee AByX
6ydepos. Ins npuMepa pacCMOTPUM CAEAYIOMMH TUII aJrOPUTMA.

ITar 1. IIpoynTats NATH GJIOKOB OAUH 33 APYTUM.
IITar 2. Ha ocHOBe 3THX AAHHBIX BBINOJHUTE JOCTATOYHO TPYJOEMKHE BBIMHCJIEHUS.
ITar 3. Bepuyrbes k mary 1.

B paHHOM ciIy4ae KejlaTesIbHO HMETh NATh-1IeCTs Oydepos, 4ToObl BO BPeMs BBINOJIHE-
HHSI 11ara 2 MOKHO ObLIIO YUTATD CJIEAYIOMIYIO IOPLMIO J3HHBIX U3 1siTH 6s10KOB. Bnaroaa-
ps 3TOii TeHAeHUMH nepeaasath 415 B/B nakers jannbix MHOXKecTBeHHaA Oy depusanusa
nosiy4aeT 60sblINe IPeMMYIIECTBA IO CPABHEHHIO CO CBONHMHIOM.

IIpennonoxum, umeercs N 6ydepoB ajisi HEKOTOPOro Mpollecca BBOJA HJIM BbIBOJA,
BBINOJIHAIOWEr0Csl ¢ NOMOIIBIO €AUHCTBEHHOrO ycTpoiictBa B/B. Byaem mpenacraBasTh
cebe, 4TO 3TN Oydepa pacnookKeHbl 10 KPYTY, KAK IOKa3aHOo Ha puc. 23. MoxHO cYuTaTh,



4YTO BHeIIHAA JJA mpouecca Oydepuszauuu mporpaMma MMeer CleAyIoLHi obmuit BuUg
OTHOCHTEJILHO Halwero ycrpoiictsa B/B.

HASHAYUTD
OCBOBOJUTDH
HA3HAYUTD

OCBOBOINTY

ZpyruMu coBaMu, MOXKHO CUUTATh, YTO B IPOrpaMMe YePEayIOTCH JAeHCTBHIE 110/ Ha3Ba-
HueMm HASHAUNTDE u neificrBue nox Ha3zsaHueMm 0CBOBOOUTH, Mexay KOTOPBIMH BbINONHSA-
I0TCSL ApYTHE BBIYUCIEHUA, He OKA3LIBAIOUIHE BAUAHUSA Ha pacrnpeaenenne 6ydepos.

HABHAUUTD o3HavaeT, 4TO NporpamMma nojiy4aer agpec creayouiei 6ydepnoit obna-
CTH; 3TOT a,1peC IPUCBANBAETCH KAK 3HAYEHUEe HEKOTOPO# NepeMeHHOH,
HUCHOJB3YIoUleiicsd B MporpaMmMe.

OCBOBOJHTD o3nayaer, YTO NporpaMma 3akoH4Mja pabory c tekymeit 6ydepHoit
obnacreio.

CIEIK

Puc. 23. Konsuo 6ydepos (N = 6).

Mex sy HABHAUMTD u OCBOBOJUTD nporpamma pabortaer ¢ ogHuM u3 6ydepoB, KOTOPBIi
Ha3biBaeTca mexywed Oydepnoit obnactsio, a Mexxay 0CBOBOAUTH u HABHAYHTH npo-
rpamMma He obpamaercs HU K onHol 6ydepHoit obaacry.

TousiTHo, yTo HABHAUYNUTE MOKeT HenocpeacTBeHHo ciienoBartsh 3a 0CBOBOJUTSD. Pac-
cMoTpenue BOnpocoB Gydepu3anun 4acTo OCHOBBIBAJIOCH Ha 3TOM npejnosjoxkennn. Ho
ecsin OCBOBOJUTH BbImONHSAETCSE KAK MOXKHO OblicTpee, TO mpouecc 6ydepusalyu sBid-
ercss bonee He3aBuCHMbIM u Gosee acpdekTuBHBIM. Pa3zensiss 3TH ABe, IO CyLIECTBY,
pasubie QyHKUMY, T. €. HABHAYUTE u OCBOBOJUTH, Mul 0GHApyxuM, YTO Meron Oydepu-
3alUU OCTAETCs JIEMKUM JJI51 BOCIPUSITHSI, a Halle 0OCyKAeHHe — CO/IEPKATEIbHBIM JaKe
npu N = 1.

Jnst Gonbiueit onpeeneHHOCTH AaBaiiTe PacCMOTPHUM OMEpPAalMy BBOJA M BBIBOIA 1O
oTaenbHOCTH. s onepauun BBoAa 6yAeM NPEANONAraTh, YTO Mbl KMEEM JIeJI0 C yCTPOit-



CTBOM 4YTeHHs nepdOKAPT. ,Z[eucmne HA3BHAYUTE o3na4aer, 4TO IIpOrpaMMe Hy>KHAa HH-
dbopmarus ¢ HoBo# nepdokapTh.  [I03TOMY ClleAyeT 3aHECTH B MHIEKCHBIH PErHCTP aapec
AYeHKH NaMATH, B KOTOPOii Haxogures obpa3 cnenyrouleii kaprel. Heiicteue 0CBOBOJUTD
BBIMIOJIHSIETCS, KOTAA uﬂd)opmaunﬂ 06 obpase Tekymeit nepdokapTsl Gonpllle HE HY>KHA,
TaK KaK OHA HEKOTOPBIM crnocobom obpaboTana nporpaMmoil (BO3MOXHO, CKONHPOBAHA B
JAPYry1o 4acTb HaMATH U T. 4.). Ilostomy Tekyuryio 6ydepHyio obnacTs Terneps MOXHO
3allOJIHUTH CleAylouell NopIHell OlepeXxaroiero BBOA.

Jns onepaun BeiBoga paccmorpum AIIITY. eiicreue HABHAYUTD npoUCXOZUT, KO-
raa Hy»kHa cBobognasi 6ydepHas 061acTh, B KOTOPYIO IOMELIAeTCs 00pa3 CTPOKU JJis
neyat. Mbl XOTHM 3aHECTH B HHAEKCHBIH PErHCTp aapec s4elKN NaMATH, C KOTOpOo# Ha-
ypHaercs Takas obnactb. edicreue OCBOBOJUTD nNpoUCXOAUT, KOrga 3TOT 06pa3 CTPOKH
MOJTHOCTBIO nToMelileH B 6ydepHyio 0bacTs B BUAE, FOTOBOM JJ1s TE€YATH.

ITpumep. Trobp1 HanewaTaTsr conepxkumoe ssyeek 0800-0823, moxkHO 3amucarsb Cremyio-
mee.

JMP ASSIGNP  (3amecrtu B rl5 ampec 6ydepa.)

ENT1 0,5 (5)

MOVE 800(24)  Ilepemecrurs 24 cioba B BbIXOAHOIN Gydep.

JMP RELEASEP
3zecs ASSIGNP 1 RELEASEP — 3T0 NOAIPOrpaMMsl, BBIIOJHSIOINE JBE OIMCaHHbIE DYHK-
uuu 6ydepusanuu gna AIITY.

B onTumasnbHOl CUTyalUuu ¢ TOUKH 3PEHUS KOMIBLIOTEPA sl BBIIOJIHEHUSA ONepaluy
HA3HAYUTH BpeMeHM NPAKTHUYECKU He Tpedyercs. s BBOAA 9TO O3HAYAET, YTO KaXKIbIH
obpa3 nepdokapTsl OynerT BBEIEH C ONEPEeXXEHHWEM, TAK YTO JAHHBIE Y)Ke MMEIOTCA B
HaJIM4YUH, KOIAa [pOrpaMma rotoBa WX NPUHATH. A AJIsl BBIBOJA 3TO O3HA4aeT, YTO B
maMaTH Bceraa Oyaer csoGoaHoe MecTo AJs 3anuch obpasa crpoku. B mwobom ciyuae
BpeMs Ha oXXujaHue ycrpoiicts B/B He rparurcsa.

Yrobsl noxy4ie onucars anroputm 6ydepusanun u caesaTb ero 6omee KpaCOYHbIM,
6yzmem roBoputs, yTo Bydepuas obnacts aubo 3enenad, aubo xentas, 1ubo KpacHas (Ha
puc. 24 onn obosnauenst 6yksamu 3, 2K u K).

3eaennll yeem O3Ha4aeT, 4To obJacTb roroBa Ajas Toro, 4tobbl ee HABHAUUIH,
T. e. 3amonHeHa nrHboOpManueil ¢ onepexenueM (B ciay4ae BBoaa) qmbo sBIAETCS CBO-
6onHoilt (B cy4ae BbIBOIA).:

Keamwiii ysem o3Havaer, 4To obaacTsh yxxe HABHAUEHA, Ho eute ne CBOBOJHA, T. e.
3T0 Tekywni 6ydep, ¢ KOTOphIM paboTaeT mporpamMma.

Kpacnwiii ysem o3nadaer, uro obnacty y»xe CBOBOJHA, T. e. 310 cBOoGOIHAA 0612CTH
(B cayuae BBOAA) nn obnacTh, 3anonHenHas uHdgopmanueil (B CIydae BbIBOAA).

Ha puc. 23 usobpaxkens! aBa “ykasareiis’, HAIPABJEHHbIX Ha 0DO3HA4YEHHbIE KDY-
>KouKamu 6ydepuste 061actu. JT0, M0 CYTH, HHIEKCHEIE peFHCprI B IIpOrpaMMe. CJIE,IIS
u CJEJK pacumdpoBbIBalOTCA KakK “caegyromuil 3eneHpii” v “ciefyrommii KpacHbri”
Gydep coorsercrsenno. Tperuit ykasarens, TEKVIIUA (puc. 24), yka3blBaeT Ha >KeJThli
6ydep, ecin OH eCTh.

IIpuBeneHHbIE HIXKE AITOPHTMbBI MOXKHO C OJMHAKOBBIM YCIIEXOM MPHMEHATDb KaK I
BBOJIa, TaK W Ji/IS BBIBOJA, HO JJif ONPEJENEHHOCTH CHAYAJIA PACCMOTPHM ClIy4ail BBOJA
¢ ycrpoiictBa ytenns nepdokapt. Ilpennonoxkum, 4To nporpaMma JOCTHITIA COCTOSHHA,
NOKA3AHHOIO Ha puC. 23. DTo 03Ha4aeT, 4TO YeThipe obpa3a neppoKapT ObLIN BBEIEHbI



CIEQ

(a) (b) (c)

Puc. 24. Cocroauns 6ydepon: (a) nocne HABHAYUTE, (b) nocne 3asepmiennst B/B u (c) nocae
OCBOBOJUTE.

C OnepeKeHHeM ¢ IOMOWIBI0 Npouecca Oydepu3auuy B HAXOIATCH B 3ejeHbIX Oydepax.
B 3ToT MOMEHT odnoepemerno MPOMCXOASAT jaBa jedcTBus: (a) NPOrpaMma TPOBOJUT
BBINHCJIEHH [10 KOMa#gaM, ciaeayiomum 3a 0CBOBOIUTS, u (b) nepdoxapTa cuurhiBaercs
B Oydep, Ha KOTOpbI ykasbiBaerT CIEJK. DTO COCTOAHUE AEN COXPAHMTCA J0 TeX Mop,
NOKa He 3aBepIUNTCA LUMKJI BBOAA (M TOTJa YCTPOHCTBO NepeitIeT U3 COCTOsAHusL “3aHATO”
B COCTOSIHHE “T'OTOBO”) WM NMOKA [IPOrpaMMa He BhIMOJHUT onepauuto HASHAYKTS. Ilpen-
TNIOJIOXKUM, YTO CHadasa mpousouwio nocueasee. Toraa Oydep, Ha KOTOpBIH YKA3BIBAET
crpenxa CIEN3, craHer xeaThiM (T. €. TeKyIuM), crpeka CIEJ3 cMecTHTCs 10 YacoBoit
cTpenke u mosiyunrcss kKoudurypauns, usobpaxennas Ha puc. 24, (a). Ecaum x sromy
MOMEHTY BBOJ, 3aBEPILUTCS, TO OCTAHETCA elle OAMH GJIOK, BBEJEHHDBIH C ONIEPeIKEHVEM.
ITostomy xpacHbiii 6ydep craHeT 3enenbiM, u crpeqka CJEIK nepemecTuTcs, Kak IO-
Ka3aHo Ha puc. 24, (b). Ecau cneayromeit nuer onepauns 0CBOBOJUTD, To momyyurcs
KoHpurypauns, uzobpaxkesnas Ha puc. 24, (c).

ITpumep, Kacarowwiicss BoIBOAA, PUBEEH Ha pHuc. 27 Ha ¢. 264. 3xecs “usera” Oy-
depHbix obaacreit npeacTaBiensl Kak GyHKuua or spemenn. IIpy sToM paccMaTpuBaeTcs
IporpamMMa, KOTopasi HauMHaeT paboTy ¢ ueThipex GBICTPBIX BBIBOJOB, 3aTEM MeIeHHO
BBIJAET ellle 4YeThIpe BHIBOJA M B KOHLE KOHIOB BHIARET ABA BLIBOJA oApsaa. B stom
IpUMepe NCIoab3yloTcs Tpu Gydepa.

V¥Yxazarenu CIEJK u CIEL3 Beceao NMPOABMIaioTCA 10 KDYy MO YacOBOH CTpeKe,
KaxIblil CO CBOEt CKOPOCTBIO. DTO COCTSI3aHME MEXAY IporpamMmoit (KoTopasi AenaeT
3enensie Oydepa kpacHsiMi) U npoueccamu 6ydepusanuu B/B (koropsle nenalor Kpac-
Hble Oydepa 3enenniMi). B noaobuoM clydae MOryT BO3HMKHYTb JB€ KOH(IHUKTHBIE
CUTYyalH.

a) Ecan CHIEA3 nertaerca oboruats CIEJK, To nporpamma onepexkaer ycTpoiictso B/B
U BBIHYKIEHA XJATb, TIOKA OHO GyJeT roToBo.

b) Ecau CIEJK nerraercst obornars CIEL3, To yerpoiicteo B/B onepexaer nporpammy
1 HeoOXOJUMO OCTAHOBUTH €ro O TeX IOp, [OKA He OyJeT BbIIOJHEHA CIe/yIomas
onepanust RELEASE.

O6e 3ty curyanun orobpaxenst Ha puc. 27 (cm. ynp. 9).



HA3%1?HTB 0CBOBOJUTH
Al.
A3. R1.
;z(nﬂz;; TEK é;?_ cnegs [ Tipoasmiyrs VBenuuuts
n<N CEhs i

YNIPABJIEHHE BY$EPAMH
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B3. B4. ‘B5. B6.
WUuunmupo- Buiuuc- IMpoaBuHYTE —> YMEHBLUINTH
saTh B/B neHue CIEIK n

Puc. 25. Anropurmbl MHOXecTBeHHOI1 Gy depnsanuy.

K cyacTbio, HeCMOTDA Ha JOBOJBLHO JJIHHHOE OG'bICHEHUE, KOTOPOE TOAbKO YTO ObLIO
NPHBEIEHO 10 MOBOAY Kojbua Oydepos, camu ajJropuT™Mbl 00paboTKH JaHHOM CHTYalUuH
JIOBOJNLHO MPOCTHL. B crienyromeM onucanuu Oyaem HCHIOIL30BATh TakHe 0003HAUEHHU:

N — obuiee ynciio 6ydepos; (6)
n-— TEeKyLIee YHUCI0 KpacHbIX Gydepos.

B npuBeseHHOM HMIKE aJrOPUTME MEPEMEeHHAst N MCIONb3YeTCs A/t Toro, 4Tobbi CJIEL3
n CIEJK ne Memianu OquH JApYyromy.

Anropurm A (HABHAYUTE). Jror ajiropurM (puc. 25) COCTOMT M3 LIArOB, KOTOPHIE

onpeaensitorca onepanueit HASHAYUTD B BoraucauTensHON NporpaMMe, Kak ONKMCAHO Bbl-

wre.

Al. [2Kpars yerosua n < N.] Ecau n = N, 0CTAaHOBHTBH IIporpaMmy, Noka He Oyaer

BoinosiHeno ycnosue n < N. {Ecnu n = N, ciegoBarensHo, Hu o4uH Oydep He roToB

K TOMY, 4T06bl GbITh Ha3HaueHHbIM. Ho npuBeneHHsil Huke anropurm B, pabora-

IOHIMA NapaJiiesbHO ¢ HaHHBIM aJrOPUTMOM B KOHLE KOHIOB JOCTHTHET ycIexa B

nosydeHud 3eseroro 6ydepa.)

[TEXKYIMH « CMEAS.) IIpucsouts CURRENT « NEXTG (Ha3snauas, TakuMm 06pasoM,

Tekyumit 6ydep).

A3. [Ipoasunyts CIEN3.] IlpogsunyTs CIEL3 K cinenyoieMy 6ydepy o qacosoit cTpe-
ake. |

Anropur™m R (0CBOBOJUTE). DTOT ajJrOpUTM COCTOUT U3 LIATOB, KOTOPbIE ONpeness-
10Tca onepauyeit 0CBOB0JUTD B BBIMMCIIMTENIBHOR TPOrpaMMe, KaK OIHCAHO BBILIE.

A2,

R1. [VBennuurs n.] YBeauunts n Ha eaununy. |

Agaropurm B ( Ynpeesenue bydepamu). DTOT anropuT™ OCyLIeCTBAALT PEAIbHYIO HHU-

nuao oneparopos B/B B MaluuHe; oH A0/2KeH BBUTOIHATHCA OJHOBPEMEHHO C IJ1aBHOM

NPOTPaMMO#, B TOM CMbICJIE, KAK OIIHCAHO HUXKE.

B1. [Boruucienue.] [103801UTh r1aBHOM IporpaMme B TeHYEHHE KOPOTKOTO BPEMEHH ITpo-
BoauThH Bbiuucsenus. 1lar B2 peimonnsiercs nocie HEKOTOPOH 3aJepiKKH, KOTAa
yerpoiicteo B/B roroso gia cieayomeit onepauun.



B2. [n = 0?] Eciu n = 0, nepeitti k Bl. (Taxum 06pa3oM, eciti HET HU OJHOTO KPACHOTO
Gydepa, HeNMb3 BIIOMHUTEL HI OAHY onepanuio B/B.)

B3. [Uuuunuposats B/B.] Unuuuuposars nepegady JaHHbIX Mexay OydepHoi obma-
CTBIO, HA KOTOPYIO yKasbiBaeT CIEJK, u ycrpoiictsom B/B.

B4. [Boruncienne.] Ilossoauts rnasuo#t mporpaMme pafoTaTh B TedeHue HEKOTOPOIO
BpeMeHH; 3areM, Korjaa onepauus B/B 6yner 3asepruena, nepeittu k mary B5.

B5. [[IpoasunyTs CIELK.] poasunyTs CIAEIK k ciienyiomemy 6ydepy no 4acosoit cTpe-
JKe.

B6. [YMesbmmTD n.] YMEHbIINTD N Ha eAUHHILY M nepeiiTn K mary B2. |

B sTux anropurMax OpHCYTCTBYIOT B3 HE3ABHCHMBIX IPOLECCA, BBLINOJHSIOMIMXCH
“oIHOBpEMEHHO” ,— porpamma ynpasJjieHus Oydepu3anueit U BoIYHCIHTENbHAS OPOT-
pamMma. QaKTHYECKU ITH IPOLECCHI ABJIAIOTCA CONPOZPAMMAMU, KOTOPHIE MBI HA30BEM
CONTROL u COMPUTE*. Conporpamma CONTROL Bbr3siBaer COMPUTE na marax Bl u B4;
conporpamMa COMPUTE Bbi3bisaer CONTROL ¢ moMOUIbIO KOMaHT “IIepexona MpH MOTOBHO-
CTH”, KOTOpbIe Pa3bpOCAHBI B MPOrPAMME Yepe3 CjlydaitHbie MPOMEXyTKH.

3anporpaMMHUpOBaTh 3TOT aNrOPUTM 415 MIX upessbryaitno npocro. Jas yaobersa
6ynem cuurtarb, uro Gydepa cBasanbl Takum 00pa3oM, YTO CJIOBO, npedusecmeyrousee
KaXXJIOMy M3 HUX,—3TO aapec ciaenymoowero 6ydepa. Hanpumep, npu N = 3 nmeem
CONTENTS(BUF1 — 1) = BUF2, CONTENTS(BUF2— 1) = BUF3 u CONTENTS(BUF3—-1) =
BUF1.

Ilporpamma A (HABHAUUTD; nodnpozpamma 6 conpozpamme COMPUTE). rI4 = TEKYIMIL;
rl6 = n; nocnepoBarensHOCTL BLI30Ba: JMP ASSIGN; Ha Bbxone B rX cogepxkurcs CIEIS.

HA3HAYHTB STJ 9F

iH JRED CONTROL(U) Al. Osxnaats yerobus n < N.
CMP6 =N=
JE iB
LD4 CIEA3 A2, TEKYIM « CHEL3.
LDX -1,4 A3. Ilpoasunyts CIEAS3.
STX CJIEL3
9H JMP % Brixoa. ]

IIporpamma R (0OCBOBOJUTH; ucnoas3ayemcs 6 conpozpamme COMPUTE). rI6 = n. DtoT
MasieHpKMit (parMeHT CJeiyeT BCTAaBJIATL Be3Je, [J€ HYXKHO BBINOJHHTH ONEPAIHUIO
RELEASE.

INC6 1 R1. YBesuuurs n.
JRED CONTROL(U) Bo3amoxen mepexon k conporpamme CONTROL. |

IIporpamma B (Conpozpamma CONTROL). rl6 = n, rI5 = CIEIK.

CONT1 JMP COMPUTE Bl. Beruucrerue.

1H J6Z =*-1 B2. n=207
IN 0,5(0) B3. Huunuanus B/B.
JMP COMPUTE B4. Brerymcienwe.

Lbs -1,5 B5. IlpoasunyTrs CAEJK.
DEC6 1 B6. YMenbuinTh n.
JUP 1B 1}

* “Vnpasnenue” u “Boruncienue”. — ITpum. nepee.



IToMHMO npHBeIEHHOrO BLINE KONA, UIMEEM TAKXKe OOBIYHbIE KOMaHABL CBS3U COMPO-
rpaMu:
CONTROL STJ COMPUTEX COMPUTE STJ CONTROLX
CONTROLX JMP CONT1 COMPUTEX JMP COMP1

Kpowme Toro, kxomanny “JRED CONTROL(U)” crenyer nmoMemaTh BHYTDPH IIPOTDaMMbl
COMPUTE npuMepHO 4epe3 Kaxkable 50 KOMaHJ.

TakuM 06pa3oM, NporpaMMbl MBOXKECTBEHHON DydepH3anun COCTOAT, B CYLIHOCTH,
TOJBKO M3 ceMu KoMaHA nja CONTROL, Bocemu—pna HABHAYUTE u gByx— mns
OCBOBOAUTS.

31ech ecTh OJMH 3aMedYaTeNbHBIR (GaxT: o0ux U MOmM dice AITOPHTM MOXKHO NpH-
MEHATb U AJIA BBOIA, U AJIsT BBIBOJA. HO B 4YeM 2Ke OTVIMYHE MexXKAY 3TUMHU ABYMsA Npo-
neccamu? Kak nporpaMma ynpasjieHus onpenesseT, YTO HYXKHO JeJaTh — Olepexarh (B
cilydae BBOJA) WJIM 3ana3fasiBaTh (B wiyyae sniBoga)? OTBET Ha 3TOT BOIIPOC KPOETCS B
HadaJbHbIX ycsoBuax. IIpu BBoge Mbl HauuHaem ¢ n = N (Bce 6ydepa KpacHble), a nIpu
BeiBoge —c 1 = 0 (Bce Gydepa 3enennie). Y mocse Toro kak nporpaMma 3amyCcTHTCA OpH
COOTBETCTBYHOIINX HAYAJIBHBIX YCJIOBHAX, OHA yKe Oyner cebs BecTn nubo Kak mpouecce
BBOJA, J1n60O KAaK NPOLECC BBIBOAA. JIpYrMM HadalbHbIM ycnoBueM siBisiercss NEXTR =
NEXTG, . e. 06e CTpenKH JOKHBLI YKa3biBATh Ha OAUH U3 Oydepos.

J1s 3aBepIueHKs MPOrpaMMbl HEOGXOAUMO OCTAHOBUTE MPOLIECC BBOAA-BhIBOIE (€CITH
3TO BBOA) MM NOZOXKIATh, NMOKA OH 3aKOHYUTCA (€CIM 3TO BBIBOL); MOJAPOGHOCTH MBI
ocrasjseM uuraremo (cMm. ynp. 12 u 13).

3aecs Bo3HMKaeT BaxHbii Bonpoc: “Kakoe 3uadenne N apnsercsa onTManbHbIM? .
Koneuno, mo mepe ypeamnuenus N CKOpOCTh paBOThI MpOrpaMMbl HE YMEHBIUUTCS, HO
H He OyJeT HeOrpaHMYEHHO PACTH, MOITOMY PAHO WJIM MO3AHO CKOPOCTh POCTA CHH-
aurca. Jasaiite cHoBa obparumcs K Benauuunam C u T, KOTOpBIE NMpPEICTABIAIOT Bpe-
Ms BbIMHCITEHUM MexkAy onmeparopamu B/B u camo spems B/B. Tounee, nycts C—
3TO NPOMEXKYTOK BPEMEHH MEX/Iy I10C/eI0BaTe/IbHbIMU onepanusaMu HASHAYNTD, a T —
TIPOMEXKYTOK BpPEMEHH, 3a KOTOpoe nepejaercss onun 6710k, Ecam C Bcerga boavwe
T, to BnonHe moctaToyHo Oyaer 3HaveHuss N = 2, TaK KaK HETPYZHO MOKA3aTh, HTO
¢ aByms Bydepamu kommblorep Byzer nocrosiaHo 3aHAT. Ecnu C Beerpa mewvwe T,
TO U B Takoll CHTyalHM JAOCTATOYHO 3Hadewus N = 2, IOCKOIbKY ycrpoticrso B/B
OyJeT MOCTOAHHO 3aHATO (33 MCKJIOUEHHEM CJyyas, KOrZa ycTpoHcTBo uMmeeT ocolble
OrpaHMYEHHs Ha BPEMs HCIOb30BaHUS, Kak B ynp. 19). Crnenorarensro, 6énbrine
3Havyenus N TOJIE3HBI, IMaBHRIM 0Opa3oM, Torga, Korga C NpHHHMAET TO MaJbie, TO
6onbiune 3na4enus. IIpu aTom, ecnu Gonbiive 3Havenus C cymecrBeHHO npesocxoaar T,
NoAXOIAUMM 3HaueHUeM N ABJISETCH CpeqHee YUCIO HOCAEA0BATEIbHBIX MAJIBIX BEJTUYHH
C mmoc 1. (HyxHo 3aMeTHTh, 0aHAKO, 9TO mpeuMmymecTsa 6ydepusauuu HaxTHUECKH
CBOJSITCHA HA HET, €C/IH BBOJ, [TOJIHOCTBHIO BBLINOJIHAETCH B HAYANE [IPOTPAMMBI, a BbIBOJ —
MOJHOCTBIO B KOHIE.) Eciu npoMexkyTok BpemeHu mexay onepauusmu HABHAYUTD u
OCBOBOJIMTD Bcerma HOCTATOYHO MAJ, TO BO BCEX OIMCAHHBIX BBIINIE CIy4YasaX 3HavyeHue N
MOXKHO YMEHBIUHTb Ha 1, 4TO [MOYTH HE OKAXKET BIUAHUA HA BPEeMS BHIIOIHEHHUS.

Jror noxxon K OydepHsauyid MOXHO H3MEHSATb DPA3/JHYHBIMH CIocob0aMH, W Mbl
KPaTKO pPacCKa’kKeM O HEKOTOpBIX U3 HuX. 0 CHMX MOp MpeAnosarajoch, YTO HUCHOIb-
3yeTCsi TONBLKO OAHO ycTpoiicto B/B, HO, KOHE4YHO, Ha NPAKTHKE B! OYyAETe NPUMEHSTD
HECKOJIKO YCTPONCTB OJHOBPEMEHHO.



CyuiecTByeT HECKONBKO NOAXOAOB K CHTYAIMH, KOTAA HCIOIb3YeTCH HECKOJIbKO YCT-
poiicTB. B mpocreiimmem cnyuae y nac 6ymer ormenbHoe KoONbuo Bydepos IS KaKIoro
ycrpoiicra. Jast kaxxaoro yerpoiicrsa Gy 1y T 3aaHbl CBOM 3HaUYeHus n, NV, CIEIK, CIEL3
n TEKYIMHA, a Taxoke cobcTBenHast conporpamma CONTROL. B pesynstare Mbl 6yaeM umeTh
s dexTuBHyIO 6ydhepusanuio 0JHOBPEMEHHO Ha, BCex ycTpoicTeax B/B.

MoxHo Takxke co3marh “myn” GydepHsix obracreil OAMHAKGBOrO pa3mepa, YTOOBI
ABa uin BGosee ycTpOMCTB COBMECTHO HCMONb30Baiy Oydepa U3 obLIEro Cmucka. 3TO
MOKHO OCYHIECTBHTDb C IIOMOIIBIO METOROB CBS3bIBAHUS NAMSITH, KOTOPbIE OIUCHIBAIOTCS
B IVIaBe 2, KOrJa Bce KpacHble 6ydepa BBO/A CBA3LIBAIOTCA B OJUH CITHCOK, & BCe 3eJIeHbIe
6ydepa BoiBoga — B Apyroii. B qarHOM Ciiyvae BO3HMKAET HEODXOAMMOCTD OTIIHYATD BBOJ
OT BBIBOJIA, T. €. HyXKHO IePeyucaTh aIrOPUTMbL, YT06b! B HUX He HCIIOAb30BAIMCh N 1 N.
Ecnn Bce 6ydepa B mysie OkaxXyTcs 3alOHEHHBIMU BXOZHBIMH JAHHBIMH, ITOJyYEHHBIMU
METO/IOM OII€PeXKaIouIero BBoAa, TO anropuT™ OyJeT HeH3MEeHHO OCTaHaBIMBaTheA. llo-
3TOMY Heobx0aMMO y6eauThCsl, YTO CYLIECTBYET MO KpaliHel Mepe onuH Oydep (nmpudem
JKeJIaTeJIbHO MO OJAHOMY IS KAXKAOrO yCTPOHCTBA), KOTODBIH HE ABJISETCS 3€JeHBIM
6ydepom BBoga. U TonbKo ecsin nporpamma COMPUTE ocranasavBaeTcsa Ha ware Al gns
HEKOTOPOr0 yCTpPOHCTBa BBOJA, C(JIeyeT Pa3pelunTh BBOJ JAHHBIX C 3TOrO yCTPOMCTBA B
nocneauuit 6ydep nyna.

Hexoropble MalIMHBI UMEIOT JONOIHHUTE/bHbIE OTPAHUYEHHS HA HCNOJIB30BaHUE YCT-
policTB BBOJA-BLIBOJA, JENAIOIIME HEBO3IMOXKHON OZHOBDEMEHHYIO Tepeaavy MAaHHBIX C
omnpejeieHHbIX nap ycrpoicrs. (Hanpumep, HECKOIBKO YCTPOHCTE MOXKHO HOAKJIIOYUTE K
KOMIIBIOTEPY € MOMOLIIbIO €UHCTBEHHOrO “KaHasa”.) DTO OrpaHWYeHHe TAKIXKe OKA3bIBAET
BJIMIHME Ha Halry nporpammy Oydepusanuu. Kak caenaTs npasuiibHBIR BbIGOD, Korga
HY?KHO DeILIHTB, Kakoe ycrpoiictso B/B unuuumposars cienyoumm? 5TO Ha3bIBAETCH
3aJa4elt NporHo3upoBanud. Jlydinee NpaBHiO NPOrHO3UPOBAaHMS AjiA obluero ciyuas,
BUJMMO, COCTOMT B TOM, 4TODBI OTHAThH IpeanouTenHe ycrpoiicrsy, bydeprnoe Koiblo
KOTOoporo nmeer Haubonbiuee 3Hauvenue n/N. Ilpm aToM npexanonaraercd, 4TO 4HCIO
6ydepoB B Konbue 66110 BLIGPAHO 06 yMaHHO.

CIEZ3

Puc. 26. Beoa u BeIBOZ B OAHOM M TOM e Koublie 6ydepos.

11 B 3axmouenne paccCMOTPHMM NOJIE3HBIA METOJ BBLINOJHEHHS M BBOIA, M BBIBOJA
C TIOMOIIBIO 001020 U M020 orce KOMbLa OydhepoB, KOTOPBIE MOXKHO NPHUMEHATH NpPH
onpeaeneHHbIX ycnoBusax. Ha puc. 26 noxasan Hoebll BuJ Oydepa— duonerossril.
B sroit cutyanun 3enensie 6ydepa NpencTaBAAIOT ONEPEXKAIOUMIA 660d; B pe3yJibTare
onepauy HABHAUUTD senensiéi Oydep CTAHOBHTCA XKENTHIM, a 3aTeM, IOC/e ONepaluy
OCBOFJBUTD, — KpacHBbIM U MPenCcTaBjsfeT OJIOK, KOTOPBIN HYXKHO ewieecmu. IIpouecce
BBOJA H BBIBOJA, KAK H paHbllle, HE3ABHCUMO JBHIAIOTCA 110 KPYry, TOJIbKOC cefiqac mo-
CJ1€ BBINOJIHEHNA Ollepaliy BbIBOAA KpacHble Oydepa CTaHOBATCS (HHONETOBBIMH, a IPH



BBOZE (uosnerossiit 6ydep npespamaerca B 3eenbll. Heobxogumo rapanTupoBaTh, YTO
ykasaTeau CNEI3, CNEIK u CNEN® He 6yayT oBGroHATH APYT ApYra. B MOMeHT, IOKA3aH-
HBIH Ha puc. 26, mMporpaMMa BHINOIHSET BLIYUCIEHHsT MeXKIy onepanuaMu HASHAUUTD u
0CBOBOJIUTS, paboTas c FKeJTTHIM OydepoM; 0IHOBPEMEHHO IPpOU3BOgUTCA BBOJ B Bydep,
Ha KOTOpBI yka3biBaeT crpeika CIEN®, u BuiBog u3 OGydepa, Ha KOTODLI yKa3bIBaeT
crpesika CIEJK.

YAPAXKHEHUA

1. [05] Byaer au nocnemosatensHOCTb koMaHZ (3) MO-NpeKHeMy NPaBHIBHOMN, eI HoMe-
cTuth KoManapl MOVE nepen xomanzaoit JBUS, a He mocie Hee? A ecnm nomecTuTs koManapt MOVE
nocje KoMaHabt IN?

2. {10] C momompio komang “OUT 1000(6); JBUS *(6)” MOXHO BhIBECTH GJOK JAHHBIX Ha
JIEHTY, He Hcronb3ys Gydepusauunio, TouHO Tak ke, Kak KoMaHiawl (1) memaior 310 B CiIyyae
BBoga. llpensmoxure Meron, aHanormuneit (2) u (3), xoropeit GydepUsupyeT 3TOT BBIBOJ,
ucnosb3ys koManasl MOVE u BcrioMoraresnsysiit 6ydep, 3aunmatomuit sgeiku 2000-2099.

3. [22] Hanmmwure moamporpaMmy BbIBOJa C HOMOIIBIO CBONMMHra, asnajoruw+uyio (4). Dra
noanporpamma ¢ umeHeM WORDOUT poskHa COXpaHATh CJIOBO B rA B KadecTBe CJIeAYIONIEro
CJI0Ba BHIBOZA, a Korza Oydep Gyaer zanosnueH, 3amuceiBaTh 100 0B Ha MarHUTHYIO JIEHTY
(ycrpoiictso V). B MHAEKCHOM perucTpe 5 A0/KeH XpaHUThCH ajapec Tekyulero 6ydepa. Co-
CTaBbTe CXEMY pacnoyiokenus OydepHuix obsactelt ¥ 0GbACHHTE, KaKHe KOMaHIbl He0oOX0IHMO
(ecsin HeobxoauMo BOOGIIE) HUCIIOIB30BATH B Hadajle M B KOHUE NPOrpaMMbl, uToGb! NepBbil u
nocneunit 6,10k HaBepHsika ObIK 3anKcanbl NpasuiIbHO. B cayyae HeobxoauMmocTy nociaeaHui
610K cnenyeT 3anOJHUTDL HYJISIMHU.

4. [M20] Tloxaxute, 4TO ecu NPOrpaMMa MCHOJL3yeT eIMHCTBEHHOe ycrpoitcrso B/B, to
pu 671arOTIPUATHBEIX 0BCTOATENBCTBAX MOXKHO COKDATUTH BPEMS €€ BbIIOJHEHHs HAIOJIOBUHY
nyTeM Gydepuzaunu B/B. Ho nenp3s Gosee yeMm B 1pa pa3a COKPATHTh BpeMsl BHIIOTHEHUS II0
cpaBHEHMIO ¢ Hebyddepusuposanusim B/B.

5. [M21] O6obwmuTe pemenue NpebIAYIIEro YNpPaXKHeHHs QIS Cly4as, KOraa Nporpamma
paboTaeT He ¢ oaHUM, a C i ycTpoicrBamu B/B.

6. [12] Kakme koMaHIBl HYXHO TIOMECTHTh B Hayaje HPOrpammbl, 4TOOH MOANPOrpamMma
WORDIN (4) Hayasna npaBuisHO pabotats? (Hanpumep, B MHOEKCHOM perucrpe 6 NOMIKHO ¥mo-mo
COmEepKATHCH. )

7. [22] Hanwmmmure noanporpammy ¢ umexeM WORDIN, koTopast, B OCHOBHOM, aHaJjoruuHa (4},
33 MCKJIIOYEHNEM TOrO, 4T0 B Hell He UCIOb3yeTCs MapKep KOHua bsoka.

8. [11] B TekcTe pasjena ONMCHIBAETCA TMIOTETHHECKUit CLEHApHA BBOJAA, HAYajl0 KOTOPOro
MOKa3aHO Ha pHc. 23, a npogomxenue — Ha puc. 24, (a), {(b) u (c). Jafite uHTEpIpETALNIO TAKOMY
’Ke CLIEHapHI0, HO IPH YCJIOBHHM, YTO BhimosHAercs suiBox Ha AIIITY, a ne BBox ¢ nepdoKaprT.
(Hanpumep, YTO NpOMCXOAUT B MOMEHT, OKAa3aHHbIR Ha puc. 237)

9. [21] IlporpamMmy, B Pe3yJIbTATE BHIIOIHEHUS KOTOPOH conepxumoe 6ydepos BhITIAINT, KaK
MOKA33aHO Ha pHC. 27, MOXKHO OXapPaKTEPH30BATH C IOMOIUBIO CJIEAYIOUIEro CIIHCKA POMEXYTKOB
BpeMeHH:

A, 1000, R, 1000, A, 1000, R, 1000, A, 1000, R, 1000, A, 1000, R, 1000,
A, 7000, R, 5000, A, 7000, R, 5000, A, 7000, R, 5000, A, 7000, R, 5000,
A, 1000, R, 1000, A, 2000, R, 1000.
Oror cnucok pacmudposuBaercs Tak: “Hasnauuts, seraucasTs B Tedenne 1000u, ocsobomuts,

BHIYHCHATE B TedeHue 1000u, Ha3HawuTh, ..., BeIYMcIATh B Tederue 2000u, ocBo60oAMTD, BbI-
ynucaTh B Tedenne 1000w”. IlpuBenenHbie MpoMeXKyTKH BPEMEHM BBIYHCJIEHHH He BKJIIOYAIOT
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Puc. 27. BoBox c ucnonb3osauuem Tpex 6ydepos (cM. ynp. 9).
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E,CTPOMTBO -A Hasnayuts
KTHBHO

Verof R Ocsoboauts
;:Tﬁp N HUHuumuuposaTs
€BObOAHO BBIBOJ,

KakHe-1H6O0 Meproan!, KOTAa KOMIBIOTED OXKHUIAET YyCTPONCTBO BHIBOAA, YTOGH 3aHATDH €ro (Kak
B CJly4yae 4eTBepTOft ornepauuy “HasHa4uTh’ Ha puc. 27). BeixoaHoe ycTpoHcTBO 3aTpaduBaeT
Ha BBIBOJ Kaxkaoro 6soka mo 7500u Bpemenu.

B creayromeft tabnuue repeumciienst geftCTBHsI, KOTOPble COOTBETCTBYIOT MPOMEXYTKAM
BpeMEeHH, ITOKa3aHHBIM Ha puc. 27.

Bpems
0
1000
2000
3000
4000
5000
6000
8500
9500
10500
16000
23000
23500
28000
31000
35000

Heticteue

ASSIGN(BUF1)

RELEASE, OUT BUF1
ASSIGN (BUF2)

RELEASE

ASSIGN(BUF3)

RELEASE

ASSIGN (>knaTn)

BUF1 na3nauen, QUT BUF2
RELEASE

ASSIGN (xaaTn)

BUF2 na3naden, QUT BUF3
RELEASE

O0UT BUF1

ASSIGN(BUF3)

OUT BUF2

RELEASE

Bpemsa
38500
40000
46000
47000
52000
54500
59000
64000
65000
66000
66500
68000
69000
74000
81500

HettcTBne

0UT BUF3
ASSIGN(BUF1)
BniBOI OCTaHOBJIEH.
RELEASE, QUT BUF1
ASSIGN(BUF2)
BriBog ocraHoBs1EH.
RELEASE, OUT BUF2
ASSIGN(BUF3)
RELEASE
ASSIGN(BUF1)

0UT BUF3

RELEASE
BoruncieHusa mpekpalieHsl.
0UT BUF1

BrIBOA OCTAHOBJIEH.



Taxum 06pa3oM, Bcero morpebapanocs 81500u; KoMIBIOTEp NpocTanBas B mpoMexyTkax 6000-
8500, 10500-16000 u 69000-81500, T. e. Bcero 20500u; ycrpo#cTso BBIBOZ2 6BLIO CBOBOIHO B
npomexyTkax 0-1000, 46000-47000 u 54500-59000, T. e. Bcero 6500w.
Hns sToit e mporpaMmsbl co3gafire Tabnauumy Tuna “ppems— meficTeue”, aHAJOTHMYHYIO

IPUBEJEHHON BBIIIE, HO NPH YCJIOBHH, YTO MCIOIB3YIOTCH TONbKO dea Gydepa.
10. [21] Bemnomuute ymp. 9, HO To/BKO Aas wemwmper Bydepos.
11. [21] Beinosmuute yup. 9, HO TOnbKO A odnozo Bydepa.
12, [24] IIpexrosoxumM, 9TO AITOPHTM MHOXeCTBEHHOH 6y depusanuy, NpuBeJEHHbIA B TEKCTe,
MCIOoNb3yeTcs AjA BBoda ¢ nepdokapr. ¥ nycts BBOA m0mxKeH GbITh NpEKpalllen Cpa3y e, KaK
TOJMIBKO Oyzer cuutana nepdokapta, B kosoHke 80 xoropoi comepxkurca “.”. Ilokaxkure, Kak
cieayer moaudunupoBars conporpammy CONTROL (asropurm B m mporpammy B), urobet BBOZR
MPEKPAIIAJICA YKa3aHHBIM 06pa3oM.
13. [20] IlycTs BBIBOA BBIUONHAETCH C OMOWbIO aaroputmos Oydepusannu. Kakne komaH-
Abl HY>KHO BCTaBHTb B KOHLE conporpammbl COMPUTE, npuBezeHHON B TEKCTe pas3fena, 9To6bI
rapaHTHpOBaTh BBIBOA BCeil nHdopManuu n3 6ydepon?

> 14. {20] TlpeanosnoxmM, B BBIYHCJIMTENLHON IPOrpaMMe HeT yepeaoBanusa feiicTeuit HASHAYUTD
u OCBOBOJHUTH, a ecTh TONMBKO MOCJAENOBATENbHOCTh aeicTBuil ... HABHAYNUTD ... HASHAUYMTE...
OCBOBOAUTS ... OCBOBOOUTE. Kakoe snusHMe 3TO OKa)keT Ha aJIFOPUTMBbI, OIMCAHHBLIE B TEKCTE
pasnena? Moxer Jid 3TO OKa3aThC MOJIe3HbIM?

> 15. [22] Hamnmwure 3akoH4eHHYIO nporpammy ansa MIX, koropas xomupyert 100 610K0B ¢ HaKo-
IMTeNA Ha MarHUTHOH JieHTe nox HoMepoM ( Ha aHANOTHYHOE YCTPOMCTBO HOMED 1, MCHOJIb3YysH
TosIbKO TpH 6ydepa. IIporpamMma mosmkHa paboTaTs HACTONBKO GBICTPO, HACKOJIBKO 3TO BO3MOX-
HO.

16. {29] Cdopmynupyiite anropuT™ I8 3€JeHOT0-KEITOro-KpacHoro-guonerosoro 6ydepos,
KOTOpble IMpefJIoKeHbl Ha puc. 26, aHaIOruvHBIN aJIropaTMaM MHOXKeCTBeHHOM Oydepusauuu,
NpUBEJEHHBIM B TeKCTe padaena. cnonn3yitte TpH conporpammbl (OAHY VIS yHpaBJIeHHs
YCTPONCTBOM BBOZA, APYIYIO — YCTPOHCTBOM BRIBOJA H TPETHIO — /IS BHIYMCJIEHHH).

17. [40] Hepenenaiite anropuT™ MHOXecTBeHHO#H bydepusannu aias nyna Gydepos; mpexay-
CMOTPHTE BCTPOEHHbIE METOIbI, KOTOPhie He AOMYCKAIT 3aMeIJIEHHs NPOoLecca H3-3a CJIMIIKOM
Gosbiroro 06beMa oneperxkaomero peosa. IlocrapaiiTecs, 10 BOSMOXKHOCTH, IPUAATH AITOPHUTMY
xpacory u ussmectso. CpaBHHMTe CBOH MeTOJ C METOAAMH, B KOTOPBIX HE HCIOIb3YeTCH IyJI,
NPHMEHAS UX K PeajlbHbIM 33Ja4aM.

» 18. [90] Ilpemsraraemoe ‘pacwupenyie Mamuubpl MIX TO3BOJAET NIPEPHIBATH BBIYUC/IEHHA, KaK
6ymer onmcano Hipke. Bama 3amada B 3TOM ynpakHeHUH — MOAMGHUIHMPOBATL IIPUBEJCHHBIE
B TeKCTe pa3jena anaroputmbel u nporpammsl A, R u B, urob6sr BMecTro komana JRED B Hux
HCIIOJIB30BAJIACH 3TH CPEACTBA NIPEPHIBAHUS.

Hosbie Bo3aMoxcHOCTH MIX BRiIOwaroT 3 999 JONOMHATENBHBIX SU€EK NMAaMATH C aJpecaMmu
or —3999 mo —0001. V 3Toit MalIMHBI eCTh ABa BHYTPEHHHX ‘COCTOAHHA" — HOPMAALHOE H
ynpasasrouiee. B HopManpHOM cocTosinum stuedtku ¢ —3999 mo —0001 HemZOCTYNHBI M MAIHHA
MIX paboraer, kak oOpruHo. Korga mpoumcxoamr “npepbiBaiine”, Bhi3BaHHOE yCIOBHAMH, O KO-
TOpPBIX pedp noiaer mo3xke, B adefiku ¢ —0009 no —0001 3aHOCHTCE COMEPXKHMOE PEruCTPOB
MawuHbl MIX: tA —B —0009; rI1-r16 — s —0008-—0003; rX —B —0002, a rJ, cocToszHue ¢aara
nepernoJiHenns, ¢iara CpaBHEHHUS M aApec CJIeAyoueii KOMasabl coxpaHsiorcs B gueiike —0001
B CJIEAYIOWEM BHJE:

cren. |0V, ]

+ KOM.. |CI

Korga mammaa BXOZUT B yIpaBJsioOliee COCTOAHUE, sAvelika, KOTOPO IrepenaeTcsa yNnpap/eHUe,
BbIOHpaeTCs B 3aBICHMOCTH OT THIIA NPEPLIBAHUS.



fAuefixa —0010 urpaer pons wacos: 4epes Kaxasie 1000u eauHUL BpeMeHM 4HCII0, COOEp-
JKaueecs B 3TOH Adveiike, YMEHbIIAETCH Ha €MUHHUIY; €CJIM B DE3YJIbTaTe MOJydaeTCH Hy/b, TO
NPOUCXOAYT NPEPHIBAHME M YNpaBJieHue nepeaaercs b suedky —0011.

Hosas komanga MIX “INT” (C = 5, F = 9) pabotaer ceayomum obpasom. (a) B nopmam-
HOM COCTOSIHMM IIPM NpephIBaHMHM ynpaBienue nepeaaerca adefike —0012. (Takum obpasom,
NMPOrPaMMHCT MOXET BBI3BAaTh IIpepbiBaHue, 4ToObl yCTaHOBHTH CBSI3b C YIPaBasOwWel mpo-
rpammoit; agpec INT 3Ha4YeHMA He MMEET, XOTH YNPABJIAIOMAA IPOrpaMMa MOXKET HMCIIOIb30BATD
ero B NHQOPMAIMOHHOM CMBICTe, YTOBHI OT/IMYATh OJMH THI mpepriBanua ot apyroro.) (b) B
YTIPaBJIAOUIEM COCTOSTHUH BCe perucTpsl MIX 3arpyxaiorcsa nnbdopmauneir n3 sueek ¢ —0009 mo
—~0001, 3aTeM KOMIIbIOTED BO3BPALLAETCH B HOPMAJIBHOE COCTOSIHNE M BO300HOBJISIET BBIIIOIHEHHE.
Bpems BoimosiHennst komasapl INT B 060oMx cliydasix cocTaBiaseT 2u.

Komanzga IN, OUT win I0C, BHIZAHHAS B YNPABAAIOWEM COCTOSHNM, BHI30BET IIPEPLIBAHME
cpa3y xe no okoH4aHuu onepanuu B/B. B stom ciyuae ynpasnenue 6yaeT nepesaHo B sueliky
~—(0020+ Homep ycTpoiicTBa).

B ynpasasioumem coCTOAHMY NpephIBaHusl HUKOTAA HE IIPOUCXOAAT. JIrobbie yCJIoBHS, BBI3bI-
BaIOIIMe TIPePBIBAHUS, “COXPAHSIIOTCA” IO MOABIEHUA cieayomeii onepamnu INT, u npepeiBanue
TIPOMCXOJUT IT0CJIE BBIOJHEHNS OJHOM KOMAH/bi B HOPMAJIBHOM COCTOSHUH ITPOTPaMMBbl.

19. [M28] Bsoa-BhiBOA HeGOMLUIMX GJIOKOB JAHHBIX C BPAIIAIOWIEroCs YCTPORCTBA, HAIIpUMep
¢ MarHHTHOIO JHCKAa, HeoOX0anMo paccMarpusarh ocobo. IIpeanonoxkum, nmporpamma paboTaer
¢ n > 2 nocnenoBaTensHbIMM O0kamu nHGoOpManuu crieayoumM obpasoM. Biok k Haumnaer
BBOAUTHLCS B MOMeHT f, rae {1 = (0. OH Hasuauaerca qjs o6paboTku B MOMeHT ux > tp + 1
ocBoboxaaer 6ydep B MoMeHT vy = ux + C. JIuck cosepuiaer oguH 060pOT uUepe3 KaxKible
P enunnl; BpeMeHH, M €ro CYHTHIBAOHIAS TOJIOBKA [IE€PECEKaeT Hadaso Hoporo b.loka uepes
kax/Jble [, euHMI] BpeMeHH; NO3TOMy MBI uMeeM t; = (k — 1)L (no moaymio P). Tak kak
06paboTKa BBHINOJNHAECTCA MOCIEI0BATENIbHO, HMEEM TaKkKe ux > vkx—1 Opu 1 < k£ < n. Bceero y
Hac N Oydepos; ciienoBaTenbHo, ty > vp—n npu N < k < n.

Hackonpko 6ompiunM HSO/DKHO ObITh [N, 4TOOBI BpeMs Un 3aBeplieHHUs orepaunuu Oblio
MMHUMAJIBLHBIM U3 Bo3MOxHbIX, T + C + (n — 1) max(L, C)? Cdopmyanpyiite obiiee npasiio
onpezeieHns HauMeHnbiuero takoro N. Ilpoustioctpupyiire csoe npasuno mias L = 1, P = 100,
T=.5n=100u(a)C=.5(b) C=10; (c) C =1.01; (d) C =1.5; (e) C=20; (f) C =25
{g) C =10.0; (h) C = 50.0; (i) C = 200.0.

IMosTtomy B Hamem npumepe nmeeM (a) N = 1; (b) N =2; (¢) N = 3, ey = 2.5; (d) N = 35,
eny = 5L.5; (e) N =51, ey = 101.5; (f) N =41, ey = 102; (g) N =11, ex = 109.5; (h) NV = 3,
ey = 149.5; (i) N =2, ey = 298.5.

1.4.5. Uctopus v 6ubnuorpadusn

BonpmmucTBo (hyHAaMEHTAILHBIX METOIOB, OMMCAHHBIX B pasiene 1.4, 6110 He3aBHCH-
MO pa3paloTaHo Pa3HBIMH MPOrPaMMUCTAMM, W MOAPOOHAsT HCTOPUSA BOSHMKHOBEHHA HX
uzeit, BUAUMO, HUKOrza He Oyger JocrosepHo m3pecTHa. [loaroMmy ceffuac MBI IIpOCTO
TNONBITaEMCA MEPEYNCINTD H OLEHUTh Haubosiee BaxkHble paboThl, KOTOPblE BHECIN BKJIa
B pa3BuUTHe ITUX Haeil.

IozanporpaMmel ObLIM NEPBLIM CPEACTBOM IKOHOMHMH CHI mporpaMmucTos. Eime B
19 Bexe Yapmb3 Ba66uak (Charles Babbage) npeapuaen Bo3MOXKHOCTB co3faHus 6u-
GKHOTEKN NpOrpaMM IJs CBoell aHanuTHdeckoit Mammuubl [cM. Charles Babbage and His
Calculating Engines, nox pesaxumeit ®ummnna (Philip) n 9muan (Emily) Moppucon
(Morrison) (Dover, 1961), 56]. U remepn MOXKHO CKa3aTh, 4TO €ro Me4Ta cOpLTach B
1944 rony, xorga I'psiic M. Xonnep (Grace M. Hopper) Hanucana noanporpaMmy Bbl-
YyuCcIeHHs (QYHKUMHU sinz 4718 cyeTHO-pemaromero yerpoficrsa Mark I, ycranosnennoro



B l'apBapackom yuusepcurere [cM. Mechanization of Thought Processes (London: Nat.
Phys. Lab., 1959), 164). Ho 310 eme 65U, B CynIHOCTH, “OTKPBITHIE NOANPOrPaMMBL”,
T. €. TaKHe IIOANpOrpaMMbl, "KOTOPbIE HY>KHO BCTAaBJATb B IIPOrPaMMY, a He CBA3BIBATH
OVHAMHYECKH. YIOpapieHne MaimuHoi Ba60umka, Kak M TKAUKMM crankoM 2Kakkapna,
OCYIIECTBJIAJNIOCh C NOMOINBIO HaGopa nepdoxapT, a CHYEeTHO-PelIaloUM YCTPOHCTBOM
Mark I—c nomompio 6ymaxkuoix nepdosent. Taxum obpaszom, 3T ycrpolicTBa Cy-
IIECTBEHHO OTJIMYAJNMCh OT COBPEMEHHBIX KOMIBHOTEPOB ¢ UX XPAHSIMMHUCSA B MAMSTH
TIPOTrPaMMaMH.

CBs3b ¢ noamporpaMMaMH, peanu3yeMas Ha MallHHAX ¢ XPaHAIMMHCA B NaMATH
IIpOrpaMMaMH, Lie aJIpec, N0 KOTOPOMY HY?KHO BEDHYTb YIIPaBJIeHHE, IEPEIALTCA B Kade-
cTBe napamerpa, 6buta pacemorpena lepmanom I Tonacraiinom (Herman H. Goldstine)
n JIxonom ¢ou Heifimanom (John von Neumann) B ux mupoKOU3BeCTHOR MOHOrpadu# 110
IPOrPaMMHUPOBAHUIO, HATHCAHHON Mexay 1946 u 1947 romamu [cM. pabory don Heiimana
Collected Works 5 (New York: Macmillan, 1963), 215-235]. B ux nporpaMmMax rjiapHas
IIpOrpaMma OTBeYaJsa 3a [epeJavy mapaMeTPOB B TENO NOIPOrPaMMBI, a He 3a nepeJavy
Heobxomumoit nadopmaunu B perucrpel. B Anrmuum A. M. Teiopunr (A. M. Turing)
yze B 1945 rogy paspaborajn anmapaTHoe M IIporpaMMHoe ofecredyeHue CBA3U C MOJ-
nporpamMmamu [cMm. pabory Proceedings of a Second Symposium on Large-Scale Digital
Calculating Machinery (Cambridge, Mass.: Harvard University, 1949), 87-90; B. E. Car-
penter, R. W. Doran, editors, A. M. Turing’s ACE Report of 1946 and Other Papers
(Cambridge, Mass.: MIT Press, 1986), 35, 36, 76, 78, 79]. Cnocobbl npuMeHeHHs H
CTPO€HHE YHUBEPCAILHON OMOIHOTEKH NOANIPOrPaMM — 3TO IVIABHAS TeMa NepBOro y4yeb-
HHUKA 110 KOMIOblOTEpHOMY nporpamMmuposanuio M. V. Wilkes, D. J. Wheeler, S. Gill, The
Preparation of Programs for an Electronic Digital Computer, 1st ed. (Reading, Mass.:
Addison-Wesley, 1951) (Vunke M., Yunep . u 'unn C. Cocrasiense nporpamMm s
IEKTPOHHBIX CYeTHBIX MaiuH. — M.: M3a-80 unoctp. aur., 1953).

Cnoso “comporpamma” npuayman M. 3. Kouseit (M. E. Conway) B 1958 roay,
TIOCHE TOrO KaK OH pa3paloTas 3T0 NOHATHE W BIepBbie NPUMEHHJI €ro NP NOCTPOSHHY
nporpaMmbl Ha A3bike accembiepa. Ilourn B TO ke Bpems CONPOrpaMMbl HE3ABHCHMO
n3yvanu JIxx. Opasuun (J. Erdwinn) n JIx. Mepuep (J. Merner). Ouu Hanucanu cra-
toio “Bilateral Linkage”*, xoTOpyI0 NOCYHTANN HEAOCTATOYHO MHTEPECHOM, YTOGL GHITH
JOCTOHHOH onyOnukoBaHusa. K cOXKaneHuio, 4O CErogHAIIHETO IHA HH ORUH K3EMILIAP
9TOM CTaThM, IOXOXKe, He coxpaHuics. IlepBoe ony6iaukoBaHHOE OOBICHEHHE NOHATUS
COMpPOrPaMMBI MOSIBUJIOCH 3HAUUTENLHO no3xke B crathe Konses “Design of a Separable
Transition-Diagram Compiler”, CACM 6 (1963), 396-408. Ha camom aene o mpumu-
THBHOMN (bopMe CBSI3M CONPOrPaMM yxKe KPATKO YIOMHUHAJIOCh B “COBETAX 10 NPOrpaMMu-
pOBaHMI0” B MepBbIX MyOJHMKAUMsAX, NOCBAIEHHbIX MawuHe UNIVAC [The Programmer
1,2 (February, 1954), 4]. Yzo6uoe ofo3Hauenue A1a COMPOrpaMM B ajrojoNoLoOHBIX
A3bIKax 6bL10 BBezeHo B pabore Dahl, Nygaard SIMULA I [CACM 9 (1966), 671-678].
HeckombKo IpeKkpacHbIX NPHMEPOB conporpaMM (BK/IIOYas COMPOrPAMMbI PEIlTHKALNH)
noseunocek B Kuure O.-J. Dahl, E. W. Dijkstra, C. A. R. Hoare Structured Program-
ming, Chapter 3 (Jan V., Hefixcrpa 3., Xoop K. CrpykrypHoe nporpammupoBasue /
Ilep. c anrm.— M.: Mup, 1975 (cep. “Maremarnyeckoe obecnevenne 9BM”)). Ilepsoit
NpOrpaMMoit-HHTEPIIPETATOPOM MOKHO CYHTATh “yHUBEpCasbHylo MamuHy Twiopunra’,
crocobHy0 MMHTHPOBATh Ji06ble Apyrue MaimuHbl Thropudra. Mammunsr Thiopurra —

* “IIBycroponHss cBa3b”.— [Ipum. nepes.



3TO He peasbHbleé KOMIRKIOTEPHI, & TEOPETHYECKHE KOHCTDYKIUMH, UCHOMB3YIOIINeCs A1
Z0KA3aTeNbCTBA TOTO, YTO HEKOTODbIE 33124 HEJb3s PEHIMTh C IOMOIIBIO AJITOPHTMOB.
IIporpaMmeI-uHTEPNPETAYOPLI B TPAAMLUMOHHOM CMblciae ynoMunat B 1946 romy rkoH
Moumnn (John Mauchly) B cBoux aekumusix, xoropsie on yuran B Illkone Mypa (Moore
School). CampIMU H3BECTHBIMH M3 MEPBBIX HHTEPIPETATOPOB, INIABHBIM HA3HAYEHUEM
KOTOPhIX Obl0 obecneyenne ymoOHBIX CPEICTB BBINOJHEHHs omepauui#t ¢ niasaromeit
To4ykoH, ObLtM Tmporpammel 4 Mamunasl Whirlwind I (paspaGoranusie 4. B. Azamcom
(C. W. Adams) u ap.) u ana maumnst Illiac I (paspaborannbie J. k. Yunepom
(D. J. Wheeler) u gp.). TeropuHr Taxzke IPHHHMAI YYaCTHE B UX pa3pabOTKe; UHTEPIIpE-
THDYOUIME cHCTeMbI A0 KoMibiotepa Pilot ACE 6bin HanucaHe! noJ ero pyKoBOJICTBOM.
Bonee nonpobuo 0 nonoxkeHuy gea ¢ MHTEPNPETATOPaMu B Hadase 50-X rofoB roOBOPUTCS
B crarbe J. M. Bennett, D. G. Prinz, M. L. Woods, “Interpretative Sub-routines”, Proc.
ACM Nat. Conf. (1952), 81-87 [cM. TaksXe pa3JH4HbIe CTATLY B XypHane Proceedings of
the Symposium on Automatic Programming for Digital Computers (1954), uznaBaeMom
IenapramenToM mMopckux uccnegosatuit (Bammurron, degepansusiii okpyr Konymbus).

HauboJiee mupoKoOUCIOIb3yeMO MPOrpaMMOi-HHTEPIPETATOPOM, BEPOATHO, 6biita
“IBM 701 Speedcoding system” [Ixona Bskyca (John Backus) [ecm. JACM 1 (1954),
4-6]. JroT MHTEPNPETATOP GbLLA HECKOILKO MOAH(MUIMPOBAH M UCKYCHO MEpenHcaH Ajis
IBM 650: B. M. Bonourucom (V. M. Wolontis) n apyrumn u3 komnanuu Bell Telephone
Laboratories; ux nporpamma “Bell Interpretive System” npuoGpesia WHMpOKylO mOLy-
napHocTh. MHTepnperupylowme cucrems! IPL, koropsle 6pumi paspaboTanbl B Havaje
1956 roga A. Heiosensnom (A. Newell), Ix. K. Illoy (J. C. Shaw) u I. A. CaitmonoM
(H. A. Simon) Aj1s1 COBEPIIEHHO APYTHX lenel (cM. pasgen 2.6), IMpPOKO HCHONb30BAIACH
ans 06paborku conckoB. Kak yxe ynoMHHAJIOCh BO BBeAeHHH K pasgeiny 1.4.3, o co-
BpeMEeHHBIX CIOco0ax MpUMEHEHUsI HHTEPIIPETATOPOB B KOMIIbIOTEPHOM JINTEpaType, Kak
IpaBHIIO, TOBOPUTCA “Ha Xo4y” [CM. CCBLIKM HA CTATHH, NEPEYNCIIEHHBIE B 9TOM pa3lere,
B KOTODPBIX MHTEDPIPETATOPbI 06CyxK Aal0Tcs 6omee NoApoOHO).

ITepBas mporpamma Tpaccuposku 6puia paspaborana Crannu Iunom (Stanley Gill)
B 1950 roay [cm. ero mnTepecHyo crarsio B xyphane Proceedings of the Royal Society
of London, series A, 206 (1951), 538-554]. B ynomsaHyTO# Bblle KHUTe YUJKCa, YHiaepa
u 'mana copep:kutcs HECKOMBLKO MpOrpaMM TpaccupoBku. HasepHoe, camasi HHTepecHast
M3 HUX — 910 nognporpamma C-10, sanucaunas . k. YunepoM, B KOTOPOii NpesycMo-
TpeHa BO3MOXKHOCTb, [O3BOJIAIOWAA IPHOCTAHOBUTH TPACCHPOBKY IPH BXOAe B 6ubuo-
TEYHYI0 NOANIPOTPAMMY, BBIIOJHHUTL TY NMOANPOrPAMMY Ha IOJHOM CKOPOCTH, a 3aTeM
NPOJOMKHUTE TpaccupoBky. NudopMauus o nporpaMMax TPacCUPOBKH JOBOJBHO PEIKO
ny6nukyercs B 061iielt KOMIBIOTEPHOM inTepaType. DTo 06YCIIOBIIEHO, ITTaBHBIM 06pa30oM,
TeM, YTO JaHHbIe METOZBI 110 CBOEl NPUPOJEe OPHEHTHPOBAHbI Ha KOHKPETHYIO MallHHY.
ABTOpy M3BeCTHA TOJNLKO OfHA paHHAs paboTa Ha 3Ty Temy — ctatbhsa H. V. Meek, “An
Experimental Monitoring Routine for the IBM 705", Proc. Western Joint Computer
Conf. (1956), 68-70. B meit 06cy»KaaeTcs MpOrpaMMa TPACCHPOBKM [ MAlUMHBI, Ha
KOTODO# GBITO upe3BbIYafiHO TPYAHO PEIINTs OXHY 337a4y. B HacToslllee BpeMs BHHU-
MaHMe K MporpaMmaM TPAaCCHPOBKH CMECTHJIOCH B CTOPOHY Iporpamu, obecreyuBanomux
BbIOOPO4HBIH BBIBOJ PE3Y/IbTATOB M OLEHOK MPOM3BOJUTENLHOCTH MPOTPAMMBL; OJHA U3
JIy4mInx nmonoOHbIx cucreM Obuia pa3paborana 3. Carrepeseiitom (E. Satterthwaite) u
omycaHa B xypHaiue Software Practice & Experience 2 (1972), 197-217.

Bydepnzanus nepsoHavanbHO BHINOTHANACH ANNAPATHBIM CNOCOGOM, aHAJOTHYHO
TOMY, KaK 3TO JeJsiasiock B nporpamme 1.4.4-(3). Buyrpennsas 6ydepnas obsacrs, Hego-



CTYnHas AJs MPOrpaAMMHETA, Urpaja poitb adeex 2000-2099, n komangp! 1.4.4-(3) BbI-
NOJHANNACH HEBHO M HE3aMETHO, KOIAa BbLIABAJIaCh KOMaHa BBOoZa. B koxue 40-x rogos
nepssle nporpamMmuctsl UNIVAC pa3pa6oTanu nporpamMmHibie MeToabl Oydepu3auun, Ko-
TOpBIe 0COBEHHO MOJe3HbL JJIsi COPTHPOBKH (cM. paszen 5.5). Xopouiuit 0630p OCHOBHBIX
npuauunos B/B, npeobnamasmux 8 1952 roay, moxuo Haiita B Tpyaax xoHgepeHuuu
Bocroynoro kommsioTepHOro obbeauHenns, KoTopas nposoauiacek B 1952 rogy.

B kommsiorepe DYSEAC [Alan L. Leiner, JACM 1 (1954), 57-81] 6bina peanu-
30BaHA HJes HENoCpeACTBEHHON nepena4dd uHGoOpMALMM MEXIY YCTPOACTBaMM BBOIA-
BBIBOJ@ M NaMATHIO BO BpeMs pabOThl NPOTPaMMbl, & 3aT€M NPepbIBAHHA NPOTPaMMbI
10 ee 3aBepiieHuH. VI3 cyuiecTBoBaHMA MOJOGHBIX CUCTEM CJEAYET, YTO JJIA HUX ObLIM
pa3paboTanbl aaroputMbl 6ydepusayi, Ho noapobHOCTH He Obuin onybauxoBaubl. B
neproil ony6inkosaHHOR paboTe 0 MeTozax Oy depu3alHi B TOM CMBbICIE, B KOTOPOM MbI
HX ONHCAJM, IPEACTABJIEH KpailHe CJIOXKHBIN nmojgxod x ot npobaeme [em. O. Mock,
C. J. Swift, “Programmed Input-Output Buffering”, Proc. ACM Nat. Conf. (1958),
paper 19, u JACM 6 (1959), 145-151]. (Josken npexynpeauTh YUTaTeass O TOM, UTO B
00eHx CTAThSAX MIMPOKO HUCHOIb3YeTC MECTHBIN >KAPIOH, AJisl TOHUMAHUA KOTOPOIo IpPH-
JeTcA NOTPaTHUTh HEKOTOPOe BpeMsi, HO BAM MOMOr'YT B 3TOM JPYTLHe CTaTbH U3 XKYPHAJa
JACM 6.) CucreMa npepbiBaHHMs, KOTOPas MO3BOJAA OCYWECTBAATh Oydepusauuio
BBOJA K BBIBOJA, Oblia HesaBucuMO paspabotana J. B. Heiikcrpoit (E. W. Dijkstra) s
1957 u 1958 ropax ana komnbloTepa X — 1, cospansoro B. 2K. JIyncrpoii (B. J. Loopstra)
un K. C. Hlontenom (C. S. Scholten) [cm. Comp. J. 2 (1959), 39-43]. B poxropckoit
nuccepraunu Jdeitkerpol, “Communication with an Automatic Computer”* (1958), obcy-
KJAATCA MeTonb! Oy epH3annu, KOTOPbIE B JAHHOM C1y4ae OblIM pacCYUTaHBI HA OYeHb
JAIUHHBIE KOTbla OydepoB, B TO BpeMsl KAK B POrpaMMax PacCMATPHUBAJICSA, B OCHOBHOM,
B/B na nepdonents u Tepmubaa. B kaxaom Gydepe conepxkaicsa mmubo OAHH CUHMBON,
mubo onno umcno. Bnocneacrsuu efikcTpa passuil 3TH HEM ¥ OPUIIES] K BaXKHOMY
obILeMy MOHATHIO cemadopos, KOTOPHIE JIEXKAT B OCHOBE YIPABIEHHA NapPajiebHbIMH
Iporeccamy JIIob6oro BUAA, a He TONBKO BBOIOM-BBIBOZOM [cM. Programming Languages,
ed. by F. Genuys (Academic Press, 1968), 43-112; BIT 8 (1968), 174-186; Acta Infor-
matica 1 (1971), 115-138]. B crarpe David E. Ferguson, “Input-Output Buffering and
FORTRAN”, JACM 7 (1960), 1-9, paccmarpusaorca 6ydepHble KOlbLA U IPABOANTCH
noapobroe onucaxne npocroit Gydepusanun 1jia MHOTHX YCTPOMCTB OJHOBPEMEHHO.

Kak npeACTaBasieTcsl, npuMepHo 1 000 KoMaHa — 370
DA3YMHbLIA BEPXHUA Npeaes CNOXHOCTH 3aaad.

— FEPMAH FONACTANH (HERMAN GOLDSTINE) v
O>KOH ®OH HEVMAH (JOHN VON NEUMANN) (1946)

* “Cesi3b C NOMOLIBIO ABTOMATHYECKOTO KOMNOhoTEpa” . — [Tpum. nepee.



