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Annoranus. [Ipenioxens! 53(GeKTHBHbIN aIrOpUT™M M HEHOCPEICTBEHHO Ha si3bike CH+ IporpamMma peani3aliy aropuT™Ma pacrpesene-
HUs QparMeHTa MPUIOKEHHUSI MEXK/Y MPOLECCOPaMH PACIPEACICHHON reTepOreHHON KOMIBIOTEepHOU cucTeMbl Tuna PIM, koTopsie B Mak-
CHMAJIbHOH CTENEHH YYHMTHIBAIOT OCOOCHHOCTH apXUTEKTYPHO-CTPYKTYPHOH OpraHM3allMi CHCTEM TaKoro Kjacca M TeM CaMbIM o0ecreyu-
BAOT OBICTPYIO CXOJMMOCTB U COKPAICHHE BPEMEHH PEaIIM3aIliH aJlrOPUTMA PACIIPEACICHHUSL.
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Awnotanis. 3anpononoBani ehekTHBHHI anroput™ i Oe3mocepeanbo Ha MoBi C++ mporpama peanizaiii anropuTMy po3mominy dhparMeHty
[porpamMu KOPUCTyBa4ya MiX IIPOLIECOPAMH PO3MOALICHOI reTeporeHHoi Komm'torepHoi cuctemu Tumy PIM, siki B MAKCHMaJIbHOMY CTYIICHI
BPaxOBYIOTh OCOOIHMBOCTI apXiTEKTypHO-CTPYKTYPHOI OpraHisaiii CHCTEM TAaKOro KJiacy i THM CaMHM 3a0e3[evyioTh MIBUIKY 301KHICTD i
CKOPOYEHHS Yacy peajisallii aaropuTMy po3Hnoainy.
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The abstract. Are offered effective algorithm and it is direct in language C ++ the program of implementation of a scheduling algorithm of
applications between processors of the distributed heterogeneous computer system of type PIM, which in the maximum extent consider
features of the is architectural-structural organisation of systems of PIM-system and by that provides sweeping convergence and abbrevia-
tion of a time of implementation of a scheduling algorithm.

Keywords: PIM-system, the application scheduling algorithm, parallel machining, the system of commands.

BBenenue

HcTopus pa3BUTHS CPEICTB BHIYHCIUTENEHON TEXHUKU MOKA3alla, YTO C TOYKH 3PEHUS MOBBIIICHUS TPOH3-
BOJUTEIBHOCTH 3P PEKT MUCIIONB30BAaHIS HOBBIX apXUTEKTYPHO-CTPYKTYPHBIX PEIICHUH M HOBBIX METOJOB pac-
napajulelIiBaHusl  TPHJIOKEHUH CYIIECTBEHHO NMPEBOCXOIMUT 3(PQEKT, KOTOPBIH MOXKET OBITH MOJY4YeH IyTeM
MPUMEHEHHUS] HOBOW 2JIeMEHTHOM 0a3bl. JloCTH)KEHHsT MHTErPAIbHOM TEXHOJIOTHHU C/IENAId BO3MOXKHBIM TOSIBIIE-
HHE HOBBIX KJIacCOB apxurTekTyp Tuma “IIponeccop--namstu” (PIM), koTopble pealn3oBaHbl Ha OJHOM KpH-
ctayuie (uune) u no cpaBHeHHIo ¢ KC ¢ ki1accudeckoil apXxuTeKTypoil Ipu OJMHAKOBBIX pecypcax MpoLEccopoB
U namsTy o0jaanaioT Oojiee BBICOKUMH MapaMeTpaMM NPOU3BOJUTEIILHOCTU TPH YIYYLICHHBIX 3HAYCHUSX JPY-
THX TIOJIb30BaTEFCKUX XapaKTepUCTUK (TabapHTOB, Beca W JAp.), a TaK)Ke BO3MOXHOCTSIMH PEIIATh CIOXKHBIC H
TPYAOEMKHE 33aJaud, KOTOPHIE IIOX0 MOAMAIOTCS PEIICHUIO WIH BOOOIIE HE MOTYT OBITh PEIICHBI C MOMOIIBIO
kinaccnaeckux KC [1]. PIM-cuctema 1mo cBOMM IPUHIKIIAM TOCTPOCHUS UMEET PsIl 0COOCHHOCTEH: 0Ha 00pasy-
eT MepapXUIecKylo TeTepPOTeHHYI0 MHOTOIPOIIECCOPHYIO Cpemdy, BKIIOYAIONIYI0 Beaynuii mpotueccop (BII) co
cBoel mamsAThIo U coenuHeHHbIe ¢ BII mpomeccoprsie sapa (I15), moaxmoueHHBIE KaXIBIH K CBOEMY OaHKY
namsata. [Ipu stom BII mmeer pa3BuTyio cucteMy KOMaHI, OIHPOKHE (QYHKINOHAIBHBIE BOSMOXHOCTH W SIBJISI-
eTcst Oosiee MOIIHBIM, [0 CPAaBHEHUIO C KakAbIM [151, KOTOpHIi IpecTaBieH B BUJIE YIPOLIEHHOTO Ipolieccopa
C COKpAIlIEeHHOH CUCTEMOIT KOMaH/| ¥ ITOITOMY SIBJIsIeTCsl (YHKIMOHAIBHO OTPaHUYSHHBIM ¥ MEHEE MOIIHBIM, HO
MMEEeT MaJIoe BpeMst I0CTYyIa K CBOEMY OaHKy HaMSITH.

AKTYaJIbHOCTDH

W3BecTHbIe crocoObl pacrpenenenust npuinoxkenuit uist PIM-cucrem [2, 3] ocHOBaHBI Ha YNpPOIIEHHOH
MOJEIIH PACIPEAEICHUS, U COOTBETCTBEHHO IIPOLIECC PACIPEACIIEHUS PEAIU3YIOT TOJIBKO MEXKIY XOCT-MalIMHOU
u onuuM BIIL. Tlpu 3TOoM B KauecTBE OCHOBHOM €IMHHIIBI MPU AHAINU3E M Pa3[IEICHUH HCXOIHOM MPOTPaMMBbI
MOJIB30BATEINS HCTIONIB3YIOT OTEPATOPhI B LUKJIE (IPIMEHEH ONEPAaTOPHBIN METOJ PACHPEICIICHHS), U3-3a CIIOXK-
HOCTH KOTOPOTO PAacCMAaTPUBAIOT TOJIBKO ONEPATOPHI BHYTPU LHUKIIOB, N OOHAPYKUBAIOT 3aBUCHMOCTH TI0 JaH-
HBIM TOJIBKO JAJISI HEKOTOPBIX KOHCTPYKIMH HPOrpaMMBI IOJb30BATENs (U1 WACAIBHO BIOXKEHHBIX IUKJIOB),
IpHU 3TOM APYTue KOHCTPYKIMH HE PacCMaTPUBAIOT, YTO YKa3bIBAET HA OTPAaHWYICHHBIE ()yHKIIMOHAIbHBIE BO3-
MOXHOCTH cI0c000B. HecMOTpst Ha 3TH yNpoILEeHHUs, TPOLECC paclpeaeIeH!s TPUIIOKEHUS SIBISIETCS TPYL0EeM-
KM M 3aHHMaeT OOJIBIIOE KOJIMYECTBO BPEMEHH, KOTOPOE MOXKET CYLIECTBEHHO IPEBBIIATh BPEMS HEMTOCPEICT-
BEHHOT'O PEIIeHUs 3a/a4ui MOJb30BaTeNs, yBEIHMUUBasl TEM CaMbIM JHEPro3aTpaThl U CTOMMOCTb IKCILTyaTalluu
cucTeMbl B 1iesioM. [103TOMy 1MoKcK HOBOTO pelieHHs MpoOIeMbl pacipeaeneHus NpuiIoKeHHH, KoTopoe ycTpa-
HUJIO OBbI HEJJOCTATKH M3BECTHBIX CIIOCOOOB pacpeeeH s, SIBISeTCs 3aJa4eil aKTyaaIbHOM.

Heanb

Cosznath 3pPEeKTUBHBIN aNTOPUTM U HEMIOCPEACTBEHHO Ha si3bike C++ mporpamMmy peanu3anuu ¢pparMeHTa
ANTOPUTMA paclpeeIeHus MPIIOKCHAN MEXIY MPOIecCOpaMH paclpenesieHHON TeTepOreHHOH KOMITBIOTEp-
HOW cucTteMbl THma PIM, KoTOpble B MaKCHMajbHOW CTENEHH YYWUTHIBAIOT OCOOCHHOCTH AapXHTEKTYPHO-
CTPYKTYPHOH OpraHM3alii CHCTEM TaKOTo KJIacca M TeM CaMbIM o0ecIieunBaeT OBICTPYIO CXOIMMOCTb H COKpa-
[ICHHE BPEMEHH PEANH3alliH aJTOPUTMA PACTIPEICTICHHUS.

IlocTanoBka 3amau

1). UccrnenoBaTh CyIIECTBYIONIHE aIrOPUTMEI pactpeaielIcHus mpuioxeHuit ains PIM-cucrem u BbImo-
HHUTBH aHAJIN3 UX HETOCTATKOB.
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2). UccnenoBath CyIIECTBYIOIINE KPUTEPUN paclpe/ieIeHus PIIOKEHHU U MPEI0KUTh HOBBIE, yUU-
TBHIBAIOIIIIE 0COOEHHOCTH apXUTEKTYPHO-CTPYKTYpHOI opranu3anuu PIM-cuctem.

2). Pa3zpaboTath anropuT™ NporpaMMBbl pactpeieieHus MPUIOKEHUH ISl MapajjielibHON peann3aiuu
Ha PIM-cucreme ¢ y4eToM OCOOEHHOCTEH apXHMTEKTYpHO-CTPYKTYPHOH OpTraHHM3allMM 3TOr0 Kiacca MalldH U
BBITIOJTHUTH €T0 OMHCcaHue (KOMMEHTAPHUH).

3). Pa3pabotaTh nmporpaMmy peanm3aiiiy MpeJIOKEHHOTO AITOPUTMa PACTIPEIEIEHHS IPHIOKEHHS T10
npoueccopam PIM-cucremsl ¢ HCIIOIb30BaHNEM SI3bIKA IPOrpaMMupoBanust C++.

Pemienue 3agau

B ocHOBy perieHus 3a1a4y 0 CO3AaHUIO AITOPUTMA PACHpeeTIeHUs IPUIOKEHHUS MOJI0KEeHa MHOTOYPOB-
HeBasl CTpaTerus paclpejeNeHus], KoTopasi IpUMeHUTenbHO kK PIM-cucteMe Ha 0JJHOM KpHUCTaJlIe COIEPKUT J[Ba
YPOBHSI: CHauaja BHYTPH YMIa pPa3lelsiioT (parMeHT aJlrOpUTMa MPHIIOKEHHs Ha OJIOKM M pactpeAeisioT X
BHYTPHY YHMIIa 110 TpoleccopaM. DTOT (parMeHT alropuTMa ObLI NPUNKCAH JAHHOMY YHITy Ha TPeIblAyIleM
YPOBHE paclpeeNeHus (Mexay XOCT-MalINHON M YUIOoM), KOTOPHIN 37eck He paccMmarpuBaeTcs. Pacmpenene-
HHE MIPUIOKEHUS Ha IPOTPaMMHbIE OJIOKH BBITIOJIHSIOT COTJIACHO MOJICNH pacnpenenenus — mexxay BII u skBu-
BAJICHTHBIM IponeccopHbIM siapoM (IT*), mapamerpsl KoTOporo GopMHUPYIOT CIEAYIOLUINM 00pa3oM: 3a cucTe-
My komaun II* nmpuaumarot cucremy koMaux oxHoro IS, tak xak Bce I15 Ha yume oaWHAKOBEBIC, BETHYUHY
eMKocTH maMatu [[1* nmpuHUMAaloT paBHOW BeNHYMHE €MKOCTH BCEH MaMSATH, MOIKIIOUEeHHOH Ko BceM IS Ha
9TOM YHIIe, a BpeMs peanu3anuu KoMmanas! [1S* npuHIMaroT paBHOW BpeMeHH peamm3anuu ogaoro [15, moxe-
JeHHOTo Ha KonmdecTBo 1S, Bxomsamux B coctaB I1S*, yunteiBas, uto Bce I15 ogmHakoBble n paboTatoT Tma-
palIeIbHO. Tem caMbIM Ha 3TOM YPOBHE CO34al0T MOJCJ/Ib CTPATETUN paCcHPCACICHUA MMPOTrpaMM IOJIb30BATECIIA
u3 aByx snementoB (BIT u I151*), yto ympormaer mporecc pacmpeieicHus U HE MPUBOJUT K 3HAYUTEIHHBIM
ouMOKaM, IIOCKOJIbKY Ha 3TOM YPOBHE BBINOJHSIOT IPOBEPKY OanaHca 3arpy3ku npoueccopos BIT u [T51* u npu
HEO0OXOIMMOCTH U3-32 OTCYTCTBUI OaniaHca BBHIMOJIHSIOT KOPPEKTUPOBKY pactpeneneHus. [Ipu 5Tom B kadecTBe
OCHOBHOTO KpPUTEpHs pPacrpeielieHns] KaKI0To GpparMeHTa mporpaMmbl 10JIb30BaTelst Ha 3TOM ypoBHE (BHYTPH
OJTHOTO YMIIa) IPUHUMAIOT COOTBeTCTBHE cucteM KoMauy BIT u I151* nabGopy oneparmii pparmMeHTa anropurma,
KOTOPBIH OBUT IPUIMCAH 3TOMY YHILY TIPH PACTIPENECICHAN BCETO MPIIIOKEHHS MEXKIY XOCT-MAIIHHON U YHIIOM.

Ha crenyromem ypoBHE BBIOJHSIOT PacpeieNiCHAE IPOrpaMMHBIX OJI0OKOB Ha MOIYJIH MeXny Bcemu I15,
BXoIsIIMH B Habop ITS1* oxgHoro umma. [Ipu aTom, Tak kak Bce [T B Habope ITS* ogmHakoBBIe, TO 32 OCHOB-
HOM KPHUTEpPHH paclpeneieHus] MOAyJICH NMPUHUMAIOT PACCUUTAHHBIE WX IapaMeTpHUecKue Beca (BpeMEHa HX
peanu3aiyn) U COOTBETCTBYIOIIHNE CBSI3HM O JaHHBIM. [1o 3HaUCHMSAM MapaMeTpUYECKHX BECOB OICHMBAIOT Oa-
JIaHC 3arpy3Kd MOIYJISAMH Kaxknoro I1S1 BHyTpu uuma, ¥ Ipy OTCYTCTBUH OallaHCa BBINOJHSIOT Iepepachpesie-
nenue moayneit mexxay I151, Bxomsiuux B coctaB I151*, muist KOTOphIX GaylaHC HE BBITOJHSIETCS.

ITo oxoHuaHum pacrpezneneHuss GOpPMHUPYIOT Tak Ha3biBaeMble BOJIHOBBEIE (poHTH (B®d), npu atom B co-
cTaB Kaxxaoro Bd BkiIrouyaroT mporpaMMHble OJIOKH, HE3aBHCHUMBIE IO JaHHBIM KM KoTopble Ha PIM-cucreme
MOT'YT OBITH BBINIOJIHEHBI OHOBpeMeHHO. [TocieioBaTensHOCTE BhINONHEHNST BD onpenensior B COOTBETCTBHE C
TIOCJIC/IOBATENILHOCTHIO BBIMOJHEHHsI TIPOTPAaMMHBIX OJIOKOB B MCXOJHOM (PparMeHTe ajroputMa IPHII0KEHHS
COTJIACHO CBSI3HOCTHU 3THX OJOKOB MO AaHHBIM. Pe3ynbTaTel pactpenesieHus] MPEICTaBIAIOT B BUIE COOTBETCT-
BYIOIIUX TTaKeTOB ((ailyioB), KOTOPBIE HANPABIAIOT B MaMATh cooTBeTcTByrommx BII u [T ms mapamiensHOTO
BBITIOJTHEHHS PACTIPEEIICHHBIX OJIOKOB MPUIIOKEHUS BHYTPH YUIIA.

HpezmoxceHHaﬂ CTpaTerus pacrpeaCiCHU OCHOBaHA Ha CJICAYIOIUX MMPUHIUTIAX [4]:

1. TTpuHIUI cCOOTBETCTBUS Habopa omnepanuil pparMeHTa (6J0Ka) aNropuTMa MPUIOKEHUS Habopy cHucTe-
MBI KOMaH]] IIPOIECCOPa, Ha KOTOPOM 3TOT OJIOK JTOIKEH OBITH BBITIOJIHEH.

2. IIpuHIUN COOTBETCTBUS CTPYKTYPHI aITOPUTMA PAaCHpeneeHUs HepapXUUeCKOd CTPYKType UMEIOIHX-
ca pecypcoB PIM-cucremsl.

3. IIpuHIMI AOMYCTUMOI 3aMEHBl OJMHAKOBBIX PECYPCOB MHOXECTBA MPOLIECCOPHBIX AJIEMEHTOB, OPUECH-
TUPOBAHHBIX HA MapajjieJbHyI0 padoTy, M MOAYJIEH MaMsaTH Ha OJWH SKBUBAJIEHTHBII KOMIUIEKCHBIH pecypc,
BIIOJKeHHBIN B [IS1*, coneprxammii oquH mpoueccop ¢ cucreMoil koman oxHoro IS u Bpemenem Takra ero pa-
00TbI, paBHBIIl BpeMeHU TakTa paboTsl oxHoro 151, mogenenHoit Ha k, rne k — xonmuectBo I151 Ha kpuctame
(uwmrie), ¥ ¢ EMKOCTBIO TTAMATH PaBHOUM cyMMe eMKocTel mamsaTh Bcex [151 Ha aToM kpucTaiie.

4. IlpuHIUI IPOBEPKH U KOPPEKTHPOBKH OallaHca 3arpy3KH MPOLECCOPOB MO CHENUPHIECKIM KPUTEPHSM,
B YAaCTHOCTH — 10 KPUTEPHIO ITAPAMETPHIECKOTO BECA.

CornacHoO c(hOopMyITUPOBaHHBIMH BBIIIE CTPATETHEH M OCHOBHBIMHU NPHHIUIAMH PacHpeneNeHns, pa3pado-
TaH aJTOPUTM IPOrpaMMBbl PACTpeNeNICHUs IPUIOKEHHs 1o mporeccopam PIM-cucreMsl, 9acTe KOTOPOro, OT-
pakaromtasi pactpezneienue mexnay BII n sksuBanentusM [151%, a Taxoke Mexay MHOkecTBOM I151, BXOMAIIUX B
coctaB IISI*, npuBenena Ha pucynke 1. Omucanue ypoBHEH pacnpenereHHs NPUIOKEHHH Oojee MoApoOHO
n3moxeHo B [5]. J{ng wactu anropurMa, oToOpaskeHHOW Ha pucyHKe 1, paspaborana nporpamma Ha C++, onm-
caHue 0JIOKOB KOTOPOH NPUBECHO HIIKE.
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Pucynox 2 — MicxoniHble faHHBIE

1. Ucxoomnvie dannvie.

Brok-cxeMa HCXOMHBIX JaHHBIX MIPUBEJCHA Ha PUCYH-
ke 2. K HCXOOHBIM NaHHBIM, KOTOpPBIE HEOOXOIUMBI IS
paboTHI IPOTPaMMBI, OTHOCSITCS:

I.1. Crcox koMaHI, BXOASIIUX B HCXOIHEIN (par-
MeHT nporpamMmsl. [IpencraBieH B TEKCTOBOM (aiiyie B cie-
OyIOIIeM BUfe: WACHTU(HUKATOp Ooka 1, CMCOK KOMaH[
BXOJAIMIUX B 070K 1, naentudukarop 0O10ka 2, CIHCOK KO-
MaHz 01oka 2 U T. A. [Ipu 3TOM K (pparMeHTy MporpaMmbl
MPEIBSBISACTCS PsAA TPCOOBaHMIA, B YAaCTHOCTH, ()ParMEHT
MPOTrpaMMBI TIOJIb30BATENs JIOJDKCH OBITh HAIMCAH U OT-
koMnmIupoBan Ha C++ U CcoAepiKaTh TONBKO TE KOMAHIBI,
KoTOpbIe BXoAT B cucteMy komaun (CK) BIL

[.2. ®aiin ¢ wHpOpMaNUEeH O KOJHMYECTBE HTEPAITHI
JUI KaXIIOTO IUKJIA, BXOAAIIETO B WCXOMHBIA ()parMeHT
MIPOTPaMMEI.

1.3. Oncanne cuctemsl komann BIT u TS, xpanurtcs
B onepaTuBHOW namsatu BII B Buae cTpyKTyp, COCTOSIIHX
W3 BYX IOJICH: KOJ KOMaHABI W BeC KOMAHIBI IUII COOT-
BETCTBYIONIETO mporeccopa. [Tom BecoM KOMaHAbI s AaH-
HOTO TIPOLIECCOPa MOHMMACTCS BPEMs BBITIONHEHUS JITOMH
KOMaHJl Ha JaHHOM Tporeccope. [Ipuyem, mpemmonara-
eTcs, 4To cucTeMa koMaun [1S sBisercs moaMHOXKECTBOM
cucteMmbl komang BIT .

[.4. ®aiin ¢ onmcanmeM rpada 3aBHCHMOCTH MEXITY
OmokamMu (parMeHra HCXOoaHOW mporpammbl. CTpyKTypa
(dafina ciaenyromas: HWACHTH(GHUKATOP BEPIIMHBI, CIHCOK
JOYEPHUX BEPIUINH, HACHTU(PHUKATOP CIEAYIONICH BepPIIUHEI,
CITHICOK JOYEPHIX BEPIIUH 17§ TaK Janee.
IToxa ©He OyoyT TepeduclieHbl BCE BEPHIMHBI Tpada.
Ion BepmuHamu rpada 31ech TOHUMAKTCS OJIOKH, Ha KO-
TOpBIC pa3douT (HparMeHT UCXOHON MPOrpaMMbl. MHOXKECT-
BOo pebep rpada - 3TO 3aBUCHMOCTHU MEKIY OJOKaMU.

II. IToocuem N -konuuecmea 610K08, 6X00AWUX 8 UCXOOHBIU (ppascmenm.

B nanHOM Oioke aHanmm3upyroT ¢aiin, comepikaliuii CIIMCOK MHCTPYKIWH HCXOMHOTO (pparMeHra Ipo-
TpaMMBbI IPWIOKEHUS U TTOJCYNTAHO YNCIIO0 N-KOJIMUECTBO OJIOKOB, BXOISIINX B 3TOT (parmMeHT.

1II. Bvibop ungpopmauu, xacarwowetics I — oeo broxa.
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U3 daiina I.1. (cM. ucxooHvle Oanubie) BHIOUPAIOT CIIUCOK MHCTPYKIUMA, OTHOCSIUXCS K I—TOMY OJIOKY, a
u3 Qaiina 1.2. BeIOMpa0T MHGOPMAIMIO O KOJMYECTBE UTEPAIMid IS KaXOTO I[MKJIA, BXOJIIEIO B COCTaB
i-Toro OJoKa.

1V. Jlexcuueckuii ananu3s u noxyueHue CHUCKA MOKeHo8 O10Kd.

B mporiecce JIeKCHYECKOTO aHAN3a CYUTHIBAIOT UCXOHBIN TEKCT 0JI0KA, PACIIO3HAIOT U BBIICISIOT JIEKCEe-
MBI (IIPU ATOM YOUPAKOTCS JIUITHKUE MTPOOEIBl U CUMBOJIBI TAOYJISAINHN) U BBIIAIOT MOCIEA0BATCILHOCTh TOKCHOB,
KOTOpasi UCTIONIB3YyeTCs B V Ui MPOBEPKH COOBETCBUSI KOMAH]I, BXOMAIIMX B JaHHBIA OJIOK, CHCTEMaM KOMaHT
BII u [T u manpHeiimero onpeaeneHus BO3MOKHOCTH BBITIOTHEHUs O10ka Ha BII u [14], a Takke moacyera Beca
ostoxa mis BIT m TT51.

IMon nexcemoil 37ech MOHMMAIOT MOCIENOBATENEHOCTh JOMMyCTUMBIX CHMBOJIOB si3bika C++, mMeromas
CMBICIT TSl KOMITHJIATOPA.

TokeH TpeacTaBlieH B BHIE CTPYKTYPHI, KOTOpas COINEPIKUT:

1) unerTHUKATOpP Kiacca TOKeHa (KO TOKCHA);

2) JekceMy, BBIJICJICHHYIO B HICXOJHOM TEKCTe (HEOOs3aTeIbHbINH mapaMeTp).

Bo BxogHOM MOTOKE OYJET CYIIECTBOBATH LEJBIH Pl JIEKCEM, ISl KOTOPHIX Ha BBIXOJE OyIeT MOJydYeH
OJIMH U TOT )K€ TOKEH. OTOT HabOp JIEKCEM ONMCHIBACTCS MPaBUIOM (LIa0JIOHOM), CBA3aHHBIM C TOKEHOM. B
Tabmuile | mpuBeICHBI MPUMEPHI TOKEHOB, UCIIOJIL3YEMBIX TPU paboTe aIrOPUTMA U UX OTIHCAHHE.

Tabmuua 1 — IIpuMeps! TOKCHOB U UX ONHMCAaHUE

Kox Tokena HedopmansHoe omicanue mabiaoHa [IpumMeps! nexceM
NUM JIro6as meiast yuca0Bast KOHCTaHTa 15, 136, -12345
NUMI1 JIro6as ynciioBast KOHCTAHTA C IUIABAIOIIENH TOYKOM 3.14, -23.002345671
ID Wnentndukatop (mpomsBoiibHas mocieno-BaTensHOCTH | for, suml, X
JATHHCKUX OYKB W U (p, HAUMHAIOIIASICS C OYKBHI)

COMM Komenrapuii(iro6oit HabOp CHMBOIOB, HaxOmsmIuiics | /* BerumcineHue Beca™/
MexXnIy /* m */, uam Bce CHMBOJBI O KOHIA CTPOKH, | // KOJMYECTBO 3ammceit
pacrooXeHHbIe Toce /)

LIT JIUTEPAJI  (mroGple  cuUMBON — Mexnmy  mapHbMH | “S=%d”
KaBBIYKaMHU WJIH TTAPHBIMHU anocTpodamm) ‘g’
“house”
LOGIC Jlornueckas onepauus (&& nnu || unn !) &&, ||
REL OTHomIeHHE CPaBHEHUS(== WIK > WIH < UM >= WK <= | >>=
ui =)
OoP Apudmernueckas oneparms (+ wim - wm * wim / wm | +, DEC
% wnu INC unu DEC)
BI [To6uroBas oneparus () &, "
ER [pu BEIICANICHUN JIEKCEMBI HalJICHA ONTHOKa

NONE Bxopmas nexceMa He OTHOCHTCS HHM K OJHOMY U3

BBILIETIEPEUUCICHHBIX TOKEHOB

V' Onpeoenenue seca 6noka. Bec xaxaoro 0J10ka BEIYUCIAIOT B Buje mapbl yucen (W, Wry), tae Wpp—
BpeMs BhIoyiHeHus O0yioka Ha BII, a Wg— BpeMs BeimonHeHus 010ka Ha [151, mpu atom eciu 3HaueHne Wg—
OKXXETCSI PaBHBIM -1, TO BBIIOJIHEHUE NaHHOTO 0J0Ka Ha [151 HeBO3MOXKHO.

B mpomecce aHanm3a cmpcka TOKEHOB MOOYEPEIHO BBIICISIOTCS KOMAHIBI M 3aMHCHIBAIOTCS B TaOIHILY
koMaHy 010ka. Kaxkaast 3anich TaHHOW TaOJIUIIBI COCTOUT M3 CJICAYIOIINX TTOJICH:

— KOJl KOMaH/Ibl;

— Bec komaHas! mis BIT;

— Bec komaHae! mis 1151

— L (gucmo, moka3spIBatrolee, CKOJIbKO pa3 JaHHas KOMaH/a OyAeT BBITIOJHEHA B OJI0Ke).

M3HauanpHO TOCIEAHIE TPHU OIS TaOauIb! 3armomHeHs! 0. JIs Kakaoi KOMaHIbl TPOBEPSETCS BXOIUT JIN
nanHas komanna B CK IIfl. Peanusaums ¢pyHKIMM Ai1sl Takod NMpOBEpKH NpeJCTaBiIeHa Ha pUCyHKe 3. Ora
(hyHKIMA, BO3BpaniaeT 3HaueHue Beca st [1A paccmarpuBaeMoit KoMaHAbI, IPU OTCYTCTBHU JAHHOH KOMAaHIBI
B CK I ¢pynkius Bo3Bpamaer 3HaueHue -1.
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int look_skpp () // mpoBepka: BXOZUT JM OaHHasi koMaHma B CK I
{
int i,k=-1;
for (i=0;i<skppnum;i++)
if (skppl[i].instr ==tokenval) k=i;
if (k!=-1) return skpplk].w;
else return -1;
}

// tokenval — ko& KOMaHIE, IIOMCK KOTOPOM OCYUECTBISIETCS
// skppnum - koJMYecCTBO Barmmcer B Tabimie skpp
// skpp — Tabmuua Iisi XpPaHEHUsI CUCTEMsl koMaHp [

Pucynox 3 — Ilouck xomanzs! B CK I14.

[Tpn oGHapyxeHHN OYepeHON KOMaH/BI B CIIHCKE TOKEHOB ITPOBEPSIETCS €CTh JIM 3Ta KOMaHAa B TaliHIle
koMaH/. Peanuzanus pyHKINYM [UIs TAKOW IPOBEPKH IPEJCTABICHA HA PUCYHKE 4.

int lookup (int opcod)
/* BoseBpamaer pl - HoMep Bammcu B Tabimue KOMaHI Ajas opcod */
/* BoseBpamaer 0, ecnM TakoM KOMaHA: B Tabiauile KOMaHI HeT */
/* optable - Tabmuua xoMaHp */

int pl;

for (pl=lastentry; pl>0; pl--)
if (optablelpl].cod == opcod)
return pl;

return O;

Pucynok 4 — [Touck B TabnuIre KOMaH/

Jlanee BO3MOXHBI JIBa BapHaHTa ICUCTBUI:

1. Takoit xoMaHABI B TaOnuIle KOMaH[ emie HeT. B 3ToM ciydae, B Tabnuiy o6aBiseTcs HOBasi CTPOKa, B
MIEpPBOE TIOJIE ATOW CTPOKH BHOCHUTCS KOJI KOMaH/IbI. Bo BTOpoe moJie U3 TaOHIbl, OTIMCHIBAIOIIEH CHC-
Temy komanz BII, BeiOupaercs Bec manHON komaHzsl ais BII. OcymecTBisercss mouck B TadimIe,
ommceIBatomiei cucremy komaux [15 (puc. 3), 1 B TpeTbe mojie BHOCHTCS Bec KoMaHAb! s [1A mmm -1
(ecmu koMaHaa He BXoAuT B cucteMy komana [151) Yucno L paBHO 1, ecnu koMaHIa HaXOIUTCS BHE
UMKJIOB WJIM BBIYUCISACTCS B 3aBUCHMOCTH OT KOJMYECTBA UTEPAIUil LIMKIOB, BHYTPHU KOTOPBIX HAXO-
JIMTCS KOMaH/a.

2. Takas xoMaH7a B TaOJNHUIE yKE €CTh. B 3TOM ciy4yae HaXOJUTCS CTPOKA TAOJHUIIBI, KOTOPAsT COMEPIKHUT
JTAHHYIO0 KOMaH[y, U U3MEHIETCS TOJNBKO 4ncio L (yBenumymBaeTcs Ha €AMHUIYY WIH HA PYroe Yuclio,
B 3aBUCHUMOCTH OT TOTO HaXOJWTCS JIU 3Ta KOMaH/ia BHYTPH ITUKJIOB (OJHOTO WIJIM HECKOJIBKUX) HITH BHE
IIUKIIOB BOOOIIIE).

Ha ocHoBanmu Tabmunsl KoMaH OJI0Ka BEIUHUCIIAETCS BeC JaHHOro Ooka mist BIT u I151.

Bec mst [T Bervmcnsiercst hopmyiie:

n
Whg = prg; <l
i-1
TJIe 71 - KOJMYECTBO 3aIuce B TabIuIe KOMAH, P g, - Bec i -Toii komanmsl 1 [151, /;- ckombko pas i- Tas

KOMAaHa MOYET OBITH BBHIITOJIHEHA B JaHHOM OJIOKE
Bec mst BT BeruuciisieTcst o aHaJOrU4HO#M Gopmyie:

n
W = pam; ¥ l;
i=1
T 7 - KOMYECTBO 3amuceii B Tab/IMIe KOMAHJ, ) pyy; - BEC i -TOM Komansl st BII, /;- ckonbKo pas i- Tas

KOMAaHa MOYET OBITH BBITIOJHEHA B JAHHOM OJIOKE.
Peanuzarus QyHKIUH U BEIYUCICHHS Beca 0JI0Ka MPUBEICHA HA PUCYHKE 5
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void weightblock ()
{ int i;
WPP=0 ;WVP=0;
for (i=1;i<=lastentry;i++)
{if (optable[i].vp!=-1)
WPP=WPP+optable[i] .vp * optable[i].count;
else {WPP=-1; break;}
}
for (i=1;i<=lastentry;i++)
{if (optable[i].pp!=-1)
WVP=WVP+optable[i] .pp* optable[i].count;
else {WVP=-1; break;}

Pucynox 5 — Brruncnenue Beca 6jioka

3HaueHHe Beca Ul KaXIOTo OJIOKa COXpaHSeTCsl B CHELMaIbHO NMpeAHA3HAYeHHOM JUI ATOro Qaie.
Crpykrypa Takoro Qaiina cieayrwomias: uaeHtudukarop onoka 1, Wy s 6ioka 1, Wrg s 6moka 1, uaeH-
TtudukaTop 6yoka 2, Wpp s 6noka 2, Wrg it 610ka 2, u T.11.

VI Pacnpedenenue 610K06 NO 60IHOBbIM PPOHMAM U OnpedeneHue Konuvecmea Gponmos éoan. Ha ocHo-
BaHUH rpada 3aBHCUMOCTEH MEKAY OJIOKaMH UCXOAHOTO (parmMenTa nporpammsl (1.4) mis kaxxgoro 610ka ocy-
IIECTBIIIETCS BBIOOP CIMCKA POIUTENeH, MOACUYUTHIBACTCS X KOJMYECTBO U ONPEACIISCTCS HOPSIOK BBIIOJHE-
HHS KaXJO0To 0JI0Ka N0 MHIYKTHBHOMY HPHHLIHILY:

ecnu y 010Ka HeT poanuTeeH (MpeamecTBYIOMHX OJI0KOB), TO €0 MOPSAAO0K BeImomHeHHs 0

IUISL BCEX OCTAJIBHBIX OJIOKOB IMOPSIIOK BBIIIOJHEHUS ONPEAENeTCs KaK MaKCHMAIBHBIA ITOPSIOK BEINOJ-
HEHUS BCEX POJTUTENBCKUX OJ0KOB (110 OTHOLIEHUIO K JaHHOMY) IUTIOC OJIMH.

bnoku, koTopsle IMEIOT OJMHAKOBBIN TOPSI0K BBIIIOJIHEHHUS, MOTYT BBIIIOJHATHCS MapaulelbHO M, COOT-
BETCTBEHHO, Ha3HAYAIOTCSl HAa OJIMH U TOT k€ BOJHOBOI (hpoHT. [loncunteiBaeTcs M - KOJIMYECTBO TAKUX BOJTHO-
BbIX (ppoHTOB. Peanuzanms ¢parMeHTa nporpamMmbl, B KOTOPOM [MOKa3aHO HAaXOXJEHUE TOPSAKA BBHIMOTHEHUS
Ka)kJI0Tro 0JIOKa, MpHUBEIeHa Ha puC. 6.

//nouck BJIOKOB 6e3 pomuTesell, UMM HASHAYAETCSI HYJIEBOM MNOPSIAOK BHITOJHEHUS
int flag; // flag - nokasiHBaeT BCe JM NOPSOKM BeumcieHs (0 -Bce, a -1 HeT)
for (i=0;i<=Nodes-1;i++) {
if (GR[i].CPAR==0) GR[i].O0=0;
else {GR[i].0O=-1;flag=-1;}
}
int Omax=0; // MakCUMMaJILHBII INOPSOOK OJIOKOB, KOJIMYECTBO QOPOHTOR BOJH omnpemensiercss kak Omax+1
while (flag==-1)
{
for (i=0;i<Nodes;i++)
{
if (GR[i].O==-1)
{
//k - ®TO cueTuMk pomuUTese
int max=-8;//max - MakKCHMMAaJBLHBIA IOPSIHOK BCEeX POAUTENeNn
for(int k=1;k<=GR[i].CPAR;k++)
{
if (i==0)1=0;
else 1=GR[i-1] .PINDEX;
r=poisk (TIME PARENTS[l+k-1]);
if (GR[r].O==-1) {max=-8;break; }
if (max<GR[r].0) {max=GR[r].O;};

if (max>=0) {GR[i].O=max+1l; if (Omax<max+1l) {Omax=max+1l;};}
}

flag=0;
for (i=0;i<Nodes;i++){if (GR[i].O==-1) {flag=-1;break;}}

Pucynox 6 — Omnpeznesnenue nops/Ka BEIITOTHEHHS OJIOKOB
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VII. Pacnpedenenue 610K08 i-mo2o 801H06020 pouma medxncoy BIl u sxeusarenmuovim [11* BuyTpu oa-
HOTO BOJIHOBOTO (ppoHTa Te GJIOKH, KOTOpBIE HE MOTYT ObITh BHINOJHEHBI Ha [151 0ObeauHSIOTCS B OJUH COC-
TaBHOU OJIOK, KOTOpPHIH Oyzaet BeimonHeH Ha BII, Bec aToro Gioka paBHa cymme Beco ains BIT 61okoB, Bxoas-
KX B 3TOT COCTAaBHOH OOK. Bee ocTanbHble OIOKM BHYTPH IaHHOTO BOJHOBOTO (DPOHTA Ha3HAYAIOTCS HA IKBU-
BaseHTHBIH [IS1* u ymopsnoumnBarotcss B mopsaake yobiBaHust Wy BeimonmHsercs 6axanc 3arpysku BIT u TTS*:
ecnu Bec Wy COCTaBHOTO 0JI0Ka, HA3HAYCHHOTO Ha BELYIIHI MPOIIECCOp, MEHBIIE, YeM Bec Wg epBoro Oioka
(c mHanboseM BecoM st [15) HazHaweHHOTO Ha [151*, 11 KoMYecTBO O10KOB Ha3HAaYeHHBIX Ha [15* mpesrImia-
et yncio 15 va kpucramie, to Ha BII HazHayaroTCs JOMONHUTENbHBIE OJIOKH, TIOIXOIAIINE 10 BECY.

VIII. Pacnpedenenue 610k06 i-moeo 801106020 (ponma medxncdy 1A uz [14* brnoku, Ha3HAYCHHBIC IS
BeInosTHeHus Ha [151*, pacnipenenstorcst mexxny Bcemu [151 Ha kpucraiute. Boimonusiercst 6ananc 3arpysku [151.

IX. Bvioo pesynomamog pacnpedenenus. 110 OkOH4aHUU pabOTHI AITOPUTMA PE3yIbTAThl paclpeaeIeHUs
COXpAaHAIOTCS B OTJENbHOM (aiije B BUIE UISHTU(PHUKATOPOB MPOLIECCOPOB U CIUCKOB MICHTH(HUKATOPOB OJI0-
KOB, Ha3HAUCHHBIX KaXKIOMY IIPOLIECCOPY, M 3aTeM IepefaloTcs B maMmsATh HpoueccopoB PIM-cuctemsl mis
napajule/IbHOM peanu3alyy.

BruiBoabI

[TpuBeneHHBIH B CTAaThe ANTOPHTM SBISIETCS YacThIO IPOTPAMMBI PACHPENCICHHS MPHIOKEHUS MEXIY
npoueccopamu PIM-cucTeMsl, B OCHOBY KOTOPOH IOJIOXKEHBI NPEJIOKECHHAs aBTOPaMHU CTPATErus pacupenerne-
HUS TIPUJIOKEHUH, HOBbIE KPUTEPUH M MPUHIHUIBI PACHIPEAEICHHS, KOTOPbIE B MAKCUMAJIBHON CTENICHH YYHTHI-
BalOT OCOOCHHOCTH apXHTEKTypHO-CTPYKTypHOU opraHm3amuu PIM-cuctemM. DTO MO3BONSET WCKIIOYUTH HA
HavyaJIbHOM 3Talle paclpeleICHIs] MHOXKECTBO UTEPAIlMid U TEM CaMbIM YMEHBIIUTH BPEMs PaclpeleieHus, 3a
CYEeT TOr0, YTO paclpeeseHle MPUI0KEHUS TI0 IPOLecCopaM CHavaja BHIMONHAIOT IeJICHANPaBIEHHO COIJIaCHO
HOBOMY KPHTEPHUIO — COOTBETCTBHE CHUCTEMbI KOMaHJ IPOLIECCOPOB HAOOpy onepanuil pacnpenenseMoro mnpu-
noxeHus. Kpome Toro, cXoquMocTs U KOPPEKTHOCTh (TOYHOCTB) aIrOpUTMA pacHpeeseHus yaydIIalTcs Mpu
TaKOM MOZAXOJE 33 CYET TOr0, YTO Ha Ka)KIOM YPOBHE Paclpe/elieHUs] OCYLIECTBISIOT IPOBEPKY M MPHU HEOOXO-
JMMOCTH KOPPEKTHPOBKY OallaHca 3arpy3ku npoueccopoB PIM-cucremsl.

Pa3paboTaHHbIA anTOPUTM M NPHUBEACHHBIE B CTaThe ()parMEHTHI IPOTpaMM, HalMCAHHBIE Ha s3bIke CH+,
MOATBEPXKIAIOT PaOb0OTOCIIOCOOHOCTh NMPOTPAMMBI, & TAKXKE NPABUIBHOCTh TEOPETUIECKUX M METOJHIECKHX IIO-
JI0KEHUH IPIMEHHUTENBHO K IIPOLEAYPE PaclpeAeIeHHS.

Ocobennoctn apxuTeKTypsl PIM-cHCTEMBI B CIeIOBAaTEIbHO NPUMEHHMOCTH MPEIOKEHHBIX PEIIeHIH
MOXHO MEPEHECTH Ha KJIACTEPHBIE KIACCHIECKUE CHCTEMBI, MPOLECCOpP KOTOPHIX B KaXIOM y3J€ KIacTepa OT-
JIUYaeTCs OT OCTAJbHBIX MPOIECCOPOB 3TOTO y3/1a MO CBOMM (DYHKIMOHAIBHBIM BO3MOXKHOCTSIM M COOTBETCT-
BEHHO cucTeMoil koMaHA. OfHAaKO B KJIACCUYECKUX KIACTEPHBIX CUCTEMax KaXKIbIH y3el KilacTepa BBIIOJIHEH
He Ha OAHOM Kpuctaiie kak B PIM — cucteme, a Ha MHOXECTBE KPUCTAJIIOB, UTO CKA3bIBACTCS HA AOCTHXEHUU
IpeJebHBIX 3HaUCHU N MapaMeTPOB IPOU3BOAUTEIEHOCTH.
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