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BcerynHe ¢i1oBO

IMapanenbHi 064YHCIIOBAIbHI CUCTEMU — 11€ HAJ3BUYAXHO
aKTyaJibHI TEMH fK y Hayui, Tak i B Trajy3i po3poOJieHHS
nporpaMHux npoaykTiB. Hagii Ta cnoniBaHHs, moB’s3aHi 3
napajeibHUMU KOMITIOTEPHUMU apXiTEKTypaMH, MarThb Pi3HO-
MaHiTHUI Xxapakrtep. OfHi CiAaloTb 3a MapalelbHy CUCTEMY
TOMY, 1O TiJIbKH BOHAa MOXE 3a/10BOJIbHUTH NOTpedy npobiem
KOMITIOTEpM3allli HAyKOBUX PO3PaxyHKiB B  HEOCSKHIH
o6uncaoBanbHIi NpoaykTUBHOCTI. Lle crocyeTbea npobnem y
rajy3sXx CTPYMOBOI MEXaHIKH, ONTHUMI3aulil CKJIaJHHUX CUCTEM,
NpOrHO3y  MOTOJIM, MOJEIIOBAHHA  HaMPi3HOMAHITHILLIUX
TEXHIYHUX 1 MNPUPOAHMX TMPOLECIB -~ 3ajaul, WO YacTo
y3arajibHIThCS NoHaTTsaM “grand challenges”. Lli npobaemu
MOEJHY€e Te, WO UWBWIKICTL OOYMCIEHb, fKa NoTpiOHa ans
BUPIILIEHHA MpPoOJeMH peajibHUX PO3MIPIB 3a NPUHAHATHUM
iHTEpBan u4acy, He MoXxe OyTu JOCATHYTa Yy BEKTOPHHX
MaluMHax TpaguLiAHOI CTPYKTYPM 1 TUIBKHM JE€KOMMO3MLIis
3arajbHOl NpoOJieMd Ha He3alexHo oOpoOJoBaHI OMOKM i
napalielibHe BUPILIEHHS iX Ha BIAMOBIAHHUX OOYMCIIIOBAILHUX
CTPYKTypax o0iLsie laHcy Ha ycnix. [Hwi rpynu kopuctyBayis
HE MaloTb XXOJHOI NOTPeOU B OOUHUCTIOBAJIbHIA HAANPOAYKTHUB-
HOCTI, aJie BCE X TaKH LIKaBJIATLCA NapaJicibHUMK 004HCIOBa-
yamu, 0O BOHM 4EKAaOTb, WO IXHI 3aBAaHHA B rajnyssx
6aHKIBCbKOI cripaBH, 00pobiieHHs 300paXeHb TOU0 MOXYThb
OyTH pO3B’A3aHI 3aBASKM PO3MApPANIENIOBAHHIO Ha OaraTbox
MaJIux, JAeleBUX OOYHMCIIOBAYaX €EKOHOMIYHILLE, HDK Ha
BiJIMOBIIHO OinbLUiK i HabaraTo AOpOXuiit BenMkiil obuuciio-
BaJibHii MawuHi. Lli rpynu kopMcTyBauiB, TakKUM 4YHHOM,
4yekalTb BiJl NapaJjienbHUX 3acobiB  KpallOro CriBBIAHOLICHHS
MiX UiHOIO Ta npoaykTuBHicTio. IlapanenbHi o6uucmoBasbHi
CUCTEMH MalOThb, MPUPOJHO, W iHILI MOTEHUIHHI nepeBaru, a
caMe: 3yMOBJIEHY J1y)€ BUCOKOIO PEAYHAAHTHICTIO KOMIMOHEHTIB
MiABULICHY AiOBY TOTOBHICTb, Kpalli MOKa3sHUKU B peakLii
CUCTEMM Ha 3anUTH 3aBAAKH AUHAMIYHOMY PO3MOAiNY
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3aBaHTaxeHHd i T. iH. Lli acriekTH BIAICpaloTh Yy 3arajbHiii
npobyieMi nobGiXkHy poJib, TOMYy 1 TYT MU He Oyaemo ix
BpaxoByBaTH. MM 30CepeMMOCs TIIbKM Ha JBOX Ha3BaHMX
BULIE TMepeBarax: Ha FMPUHUMNOBO Oyab-ikoMy 30iMblleHHI
00YHUCIIOBAIbHOT  CIIPOMOXHOCTI 3aBASKK CyMiICHOMY
BKJIIOYEHHIO B POOOTY BiJiMOBIAHOI KUJIBKOCTI OOUYMCIIIOBAIBHHX
 BY3JIB i Ha CKOpPOYEHHI IpOLUOBHMX BUTPAT UUIAXOM 3aMiHH
Benqukoi EOM Mikponpouecopamy, 1O MpaLlOlOTh [apa-
nenbHO. J[ucKycii B 1i#l rany3i 4acTo BeAyTbCs B TaKOMY Jyci,
mo Hibu I peasizaulii H23BaHUMX MEpEBar HiYOLO, KpiM
npaBuIbHOTo 6ajlaHCy MiX LUBHIKICTIO NPOLECOPiB, pO3MIpaMH
JIOKAaNbHO JOCTYIMHOI MaM’aATi, CMYrol 4actoT ApOMyCKaHHA
Mepexi MiXMPOLECOPHUX 3B’A3KIB Ta TPHUBANICTIO OOMIHY
MOBIIOMJIEHHSIMM MDK JBOMa Oyab-IKMMU Mpouecopamu, He
norpiébHo. Bce ue, 6e3yMoBHO, siBisie coboro uikaBi H 10
OCTAaHHbOT'O 4acy JAYXX€ CKJaJHI TexHiuHl nmpobyieMH, Mpo U0
CBiA4aTh YMCJIEHHI KOHLEMLT, SKI 3aCTOCOBYIOTHCS B PI3HHUX
NPOTOTHIAX i 3pa3kax rnapaneabHUX CUCTEM.

Ilopsa 13 MM YacTo HE 3BEPTAIOTh HAJIEKHOI yBaru Ha Te, L0
nepexia Bin EOM TpaguuiiHOl nobyJ0BH — 4M TO BEKTOPHA
MaliMHa JJis 4YMCelIbHMX 3ajay uYd BEIMKa MalllMHa s
KOMEpPUIMHUX 3acTOCyBaHb — [0 [apajelbHOl CUCTEMH
notpedye 3HA4YHO OiNbLIOTO, HIX MPOCTO 3aMiHM MAaIUMHU i
HOBOTO mepekjiafy Bcix HasBHMX nporpam. lIle o3Hauac
nepeAyciM fepexig Bild 3BUYAWHOIO  MOCHIIOBHOIO [0
napajeibHOro nporpamMyBaHHs, i LEeH KpPOK BIAMOBIAHO [0
CYy4acHOTO CTaHy TEXHIKM TiJIbKM YacTKOBO Moxe OyTu
BMKOHAHWK 3 KOMITIOTEpHOIO MIATPUMKOIO. Binbiia yacThHa
il po6b0TH Mae BUKOHYBATHCS CAMMMH KOpHUCTyBauaMi, a ue
03Hauae, 110, AKIO KOPUCTYBay X04Ye MaTH LIAHCH Ha YCMiX, TO
HEOOXIAHO 3aMHATUCA IPYHTOBHUM BHMBYEHHAM YCiXx npobiew,
MOB’A3aHUX 3 NapajieIbHUMK KOMIT IOTEPHUMH apXiTEKTYpPaMH i
iXx 3acrocyBaHHaM. Lle Moxe OyTu peani3oBaHO TiNbKH 3a
YMOBHM, 110 Pi3Hi JAepxaBHi NporpaMu MiATPUMKH po3poOOK i
BIPOBA/KEHHs NapajielbHUX OOUHCIIOBAbHUX CTPYKTYP AK Ha
HalllOHAJILHOMY, TaK i Ha MIKHApOAHOMY PiBHSAX MOCTaBJATH
cobi 3a METYy NopsJ 3 YUCTO TEXHIYHUMU 3acobamy 3abe3neuu-
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TH MIATPUMKY OCBITHIX MpOrpam Jyis KOPHCTYBa4iB HasBHHX
0OUMCTIOBAJIBHUX apXITEKTYP.

CborofHi, a TakKOX Yy HeNaJiekoMy MaibyTHbOMY
BJIACTUMBOCTI NapajelbHOI CUCTEMHM HE MOXYTh OyTrn naaHi
nporpamicty B abCTpakTHOMY BHIJIIAI B Takiid Mipi, 106 BiH
MIl MpaLIOBaTH TakK, AK Yy 3BUYaHHOMY CBOEMY CEPEROBHILII.
XTO XO0u€ UUIKOM BHKOPHCTAaTH MEpeBary napaiejibHOTo
KOMITIOTEpa, TOH TNOBHHEH nepeayciM naobpe Ppo3yMiTH
NpUHUMNK po3napanemoBanHs. Ele Tum Oinbiue BaxnBo, Lo B
faraTbOX BMMaAKax. NOTPIOHO He TUIbKKM NEpENpoOrpaMyBaTH
HasBHI aJirOPUTMHM JUIA NapaNenbHOro BHKOPHCTAHHA iX, a
nepexyciM  po3poOuTH IS BHpillyBaHOT MpoOsieMd HOBI
alTOPUTMH, fAKi B JOCTaTHii Mipi Oym © npumatHi HO
po3napaeioBaHHs.

[lponoHoBaHii kHU3I maHa jokTtopa bBpoiiHng, Ha
iacTda, NpuTaMaHHe PpO3yMiIHHA Bka3aHux mnpobnem. Ha
BiMIHY Bif 6araTbox iHIIMX HaBYaJIbHUX NOCIOHHWKIB HAa TEMY
“napaenbHuii KOMITIOTEP” KHMIa He KOHLICHTPYETbCA  Ha
anapaTHUX acfeKTax; Xo4 aBTOP 1 a€ KOPOTKi BIIOMOCTiI Npo
HaHBaXJIMBILLI BapiaHTH apXiTEKTyp, FMNPHHUMNH OOMIHY
iHhOpMAalli€I0 MK MPOLUECOPAMH i T.iH., BIH BCE XK OOMEXKY€EThCs
TUM, 1100 YHUTAUeBi, SKWUH UIKaBUTLCH TEXHIKOIO MapasieibHUX
CUCTEM, OATH OCHOBHI iO€l, SKUM 4YMHOM I[POLIECOPH, 1O
Npaiol0Th ABTOHOMHO, B3aEMOIIOTh MK C00010, 0OMIHIOIOTh-
cSl JAHWMH i AKi IPH LIbOMY BUHUKAIOTh MEPEBArd Ta HENOMIKH.
KHura T1akoX HE 30CEpelKyeThCs Ha PpoO3napajie/noBaHHI
4YMCIOBUX NPOoOJieM; 3 LIbOTO MMUTAaHHA € IHIII MMOBHO3MICTOBHI
cranpaptHi mnocibuuku. Ilpaus nava pgokTtopa bpoiikns
CTaBUTh 32 METy noaath npobjemMu i MPUHLUMIK Mporpamy-
BaHHs B CepeloBHLLi, 1€ BHpilleHHs Oyap-akoi npobremu
3[IACHIOETCA KOOMEPALIEI0 [JeaKol KinbKocTi mpoueciB abo
npouecopiB, WO MpauioloTs aBToHOMHO. lle moTpebye
PO3yMiHHS NEBHHX PYHIAMEHTAIbHMX MEXAHI3MIB KOMYHIKaLIT
Ta CUHXPOHI3auii pa3om 3 ¢QopmanbHuMH  3acobamu
OMUCYBAaHHA 1X, BA3HAY€HHs kopeKTHocTi. Jlani Ha TXHili ocHOBI
MOXYTb OyTH BH3Hauy€Hi NMpPOrpamHi MPHMITHBH, Mki Maixe
rapaHTylOTb B3a€EMHE HEBTPYYaHHA MPOLIECIB y 3aXMILEHI
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CTPYKTYPH AaHuX, 3abe3neuyyioTh --0e3yMOBHE BUKOHAHHS
[OBHUX RnapajelbHuX [ocaiioBHOCTel npoueciB Towo. L

acreKkTH naH JOKTop BpoiiHis noka3ye nepeayciM Ha npUKIanl

NEPETBOPEHHS TaKUX MPOrPAMHMX MPUMITHBIB Y. Pi3HUX MOBaXx
NporpaMyBaHHs, sKi MPU3HAYEHI IJs MPSAMOrO BiZOGpaXKEHHs
napaienpHocTi. Ha 6inbin  BucokoMy piBHI  abcTpaxuid
nepebyBalOTb  Pi3HOMAaHITHI MpOrpaMHi MOJEIN peasizauii
napajieibHOCTi, $Ki 3aCTOCOBYIOTbCS | B PI3HHX.-MalUMHHHUX
apxirektypax -ab0 MoBax -3 BUINOBIIHUMU- [IPOTPAMHMMU
cepenosruiaMu: HalcyTTeBIlLKM y CyyacHOMY CTaHi JJUCKYCIH €
pO3NOJII~HA ACHMHXPOHHY MAapaeibHICTD, 110 TpUTaMaHHa
MIMD-apxitekTypaM i1 Ha CHHXPOHHY MapajieibHICTb, IO
npeseHTyeTbest SIMD- a6o SPMD-cucremamu. . Tyt nmaH
BpoiiHiIb AOCUTb JOKIAJHO OMUCYE NEPETBOPEHHS [TPOrPAMHOIT
MOJEJTi B Pi3HI MOBHM MPOrpaMyBaHHA, UTIOCTPYE 3aCTOCYBAHHS
NporpaMHUX Mojerned Ha LiJIOMY psAdi peTelbHO BixibpaHux
npykJIagiB. B ocraHHbOMY pO3iT IUCKYTYETbCA LUTMA PSR
O€3YMOBHO ~ BaXJIMBUX AaCMEKTIB NapajielbHOCTI, TaKux  £K
MiAXOAW  J0  MOB TporpamyBaHHs, Lo 3a0e3meuyroThb
aBTOMaTH4HE po3napajentoBaHHs, GyHKUII napajeabHOCTi B
HEMPOHHMX MEpe)ax, a TaKOX MOCTIAHO aKTyasabHI MUTaHHS
TOYHOTO. BU3HAYEHHS TNPOJYKTUBHOCTI abo 11 MiABMLIEHHS 3a
PaxyHOK. 3aCTOCYBaHHs napajenbHux cuctem. Llei octanHii
PO31i1 -0CO6AMBO - 3aCIYTOBY€E Ha YBary 3 [JBOX NPMUMH: MO-
nepiye,  aBTOP 3aiiMaeTbcs TyT  TeMaMH, skl JYyXe YacTo
ITHOPYIOTbCA B KHUI'ax, NpUCBsiueHUX napanesibHuM EOM. lle
CTOCYETLCS. MEPEAYCiM . MapanenbHoi o0pobky iHbopmalii B
cucremMax OaHKIB . JaHWX Ta aBTOMAaTHYHOIrO PO3Mapalenio-
BaHHS B -Takux MoBax, ik SQL. Ilo-gpyre, B nmigposaini mpo
OLIIHIOBAHHS TMPOAYKTUBHOCTI TapayelbHUX CUCTEM  SICHO
JA0BeeHo, 1o Speedup - (MPUCKOPEHHS) HE € MIpoI0 BCIX
XapaKTEPUCTHK, 10 B 0araTbOX BHIMAAKAX IHIII MipH, Taki fK
Scaleup - (MacmTabHUA 30006yTOK), AAIOTH 3MOLY OJEpPKaTH
HabaraTo peanbHill (Ta LiKaBiilli) BiAOMOCTI.MPO_MNMOTEHLIHHY
MPOAYKTUBHICTb = MapanejbHUX  OOYMCIIOBAIIbHHUX  CHUCTEM.
TTopiBHsUIbHUI aHai3 B3a€MOBIAHOCHH . MIXK: PI3HUMHU MIpaMu
MPOAYKTHUBHOCTI Ma€ 6yTH HEOAMIHHO PEKOMEHJIOBAaHUIl TOMY,
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XTO KPUTUYHO PO3IJISJIA€ 4aCTO HEAJAEKBATHE 3aCTOCYBaHHS
nokasiuki Speedup.

['010BHOMY NpH3HAYEHHIO. KHUTY — OYTU BCTYNOM [0
HPHHLKAIB Ta NpoOieM napajelbHOro TNpOrpaMyBaHHS —
BLNOBIAAE LUIHHA pSA peTenbHO PO3pOOIEHHX 3aBAaHb s
HPOUPAMYBAHHA, sKi JUIS BCIX 3aliKaBJIEHUX TPEACTaBIICHI
IAKOXK B €TEKTPOHHIK ¢opmi. S 6 nponoHyBaB yCiM, XTO YHUTAE
110 KHWTY CaMOCTIHHO 0e3 cilyXaHHS JiekUild Ta IHIUMX 3aco0iB
HaBUAHHS, MPUHAAMHI cipobyBaTH po3B’a3aTH Ui 3aBjaaHHs. Lle
$HAYHO MOJIETUIHTL Ta MiATPUMAE PO3YMiIHHS MPHUHUMIIB, 110
HOJAHI y TEeKCTI KHUrH. OMHOYACHO KHHTa € IyXX€ XOPOLIOH
OCHOBOIO JUIsi TIOCTaHOBKM Kypcy Jiekuin “Ilapanenbhe
nporpaMmyBaHHs”, a TAKOX /ISt OpraHi3alii mpakTHKyMy 3 L€l
TCMATUKH.

A BXe HaronouyBaB, WO WBHIKE Ta YCMilliHe
BHKOPHUCTAHHA MOTEHUIMHOT NPOAYKTHBHOCTI NapajuleNbHUX
OOUNCTIOBANIBHUX CUCTEM 3aJIEKWTh HE B OCTAHHIO Yepry Bij
'OI'0, HACKIJIbKM WIBUJKO Ta I'PYHTOBHO OyayTbh 3anyuyeHi a0
ici HOBOI TEXHOJIOTII = KOPUCTYBAYi-MPOrPaMiCTH 3 PI3HUX
iajty3el Hayku 1 TexHiku. Lle noTpebye H6arato 3ycunb y 30BCIM
PIZHUX TaJy35X — BiJl HaJlaHHs BIANOBIJHUX OOUYHCITIOBATILHUX
CHOICM  NUIIXOM  IHCTaNAUIT MepexXHUX iHGpacTpykTyp, IO
sabesnevarb  JOCTYNM 4O UMX  CMCTEM 3 pOOOUYMX  Miclb
HAYKOBLIB, 0 IMIUIEMEHTALil BIAMOBIIHUMX MPOTPAMHHUX
CCPeJOBMLL 3 Bi3yalbHUMKU 3aCO00aAMH  TECTOBOI JIOMOMOIH.
IlpoTe B LEHTPI UMX 3yCHIb MalTb OyTH KypcH 3 JIEKLISAMH,
MPAKTUKOIO Ta iHUIMMK GOpMAMH HaBUaHHs, ki 6 HaGJIM3KUIN
JIO MPOTPaMICTIB MOTPIOHY AJIS BUKOPUCTAHHS MApasellbHOCTI
MOJIEJIb MHCIEHHS | cnpusuii 6 Tomy, 1WoOG BOHH 3MOLJIM
[ICPETBOPUTH L0 MOAEAb Y BIAMOBIAHY TEXHIKY NpOrpamy-
BaHHS. Y BUPILIEHHS LibOTO 3aBjlaHHs KHUra pOOUTL BUKJIIOYHO
IIHHUIA BHECOK. BoHa 0X0ormutioe y Bi/IHOCHO cTUcIoMy 00cs3i BC
BUXIIMBI  ACMIEKTH  MPOONEMH, YTPUMYETLCH  Bij|  3aWBUX
(popmanizauii Tam, ae 6€3 HAX MOXHa OBIHTHCS, Ta NOrANOII0E
SMICT  Matepiajly 3aBlsSKM NpHKiIajaMm 3 OecriocepenHix
HPAKTUYHUX BUKOPUCTAHb napaienbHocTi. Tpeba posrasjaru
IK IACIMBUA BHUMALOK, LMO WS Mpaus BUXOAWMTb HE TUILKH
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HIMEUBKOIO, @ N aHINIACLKOK, YKPAiHCLKOIO Ta POCiiiCbKOIO
MoBaMHM. 5] 6axaro KHH3I LUMPOKOIO KOJIa YUTAYUIB, 4 YMTaYaM —
TBOPYMX YCMIXIB y CIIPOOax BUKOPUCTATH 3400YTi 3HAHHA B
napanejbHUX MpOrpaMax.

Anpnpeac Poiitep

IlepeamoBa

I{s kHura gae noTpiObHi NMOYaTKOBI 3HAHHS, BBOAUTDH Y
rajly3b  MapajieinbHOro  NporpaMyBaHHs | OpICHTOBaHa
ICpeayciM  Ha CTy}leHTlB -iHhOpPMATHKIB CTapuUIMX KYpCIB.
‘Temarvka KHUMM po3MnojijieHa Ha YOTMPM BEJIMKUX YACTHHM.

llichs  OCHOB  BMKNAJalOTLCA ABa TOJOBHUX  PO3ALIM
HapajieJIbHOrO0 MporpaMyBaHHA — “‘3BMYaiiHe” ACHHXPOHHE
IPOrPaMyBaHHA Ta CHHXPOHHE “MacMBHO mnapajenbHe”, abo

lapaseiibHe 3a JAaHUMU NPOrpaMyBaHHA 3 THCsuelo Ta Oiblue
npouecopiB.  3akiawyHa  4acTHHAa  NPHUCBAYEHA  IHLIKMM
napanellbHUM MOJENSIM, sKi He MOXYTh OyTH BiIHECEHI 1O ABOX
3a3HAYEHUX BHUOIB NpPOrpaMyBaHHs, & TakKoX MUTaHHAM
4ABTOMATHUYHOTO PO3NapaliefIloBaHHs Ta BEKTOpM3allii, aHami3y
¢eKTUBHOCTI NapaJleIbHUX CUCTEM.

KHWra TpyHTYeTbCS Ha Kypci Jiekllid TOro caMoro
HHAWMEHYBaHHS, SKWi yrneplue NpoYrTaHHii MHOIO B 3UIMOBOMY
cemectpi 1990/91 naBuanpbHoro poky B Ityrraprcekomy
yHiBepcuTeTi. [IpakTWuHi 3aHATTS Ta CeMiHapW JIOMOBHMIIH
MaTepHiall Kypcy BpaBaMH, 110 OPi€HTOBaHiI Ha HOro po3AUIN.
ANrniicbkuid  nepeknajg  Hboro TekcTy OyB  3poOnenui
b.baaliBiHcOM y CRHIBAPYXHOCTI 3 aBTOpOM, Iepekjaj Ha
YKpalHCbKy Ta pOCIiicCbky MOBY BHMKOHAHO Mpodecopom
B.A.CBsTHUM Ta iioro cniBpOOITHUKaMH.

4 BUCIOBIIOIO 0COBJIMBY noAasxy npodecopy HOKTOPY
AHpipeacy Poiitepy 3a #Oro miATpMMKY Ta IHILIaTUBY B
nigrotosui kHuru, Actpin bek, bpakiany Bbnaiisincy, Credany
Enrenbrapary ta nepeaycim Knaycy BpeHHepy 3a KOpeKTypHi
YMTAHHS PYKOMUCY Ta YUCIEHHI MPOMO3HULIT LOI0 NOAINIIEHHS
Horo 3micrty, a Takox Xpuctuti [Ipabex Ta Xaptmyty Keniepy
338 BHECEHHS Neplioil BepcCii pyKONucy B KOMIMT'IOTEPHY TEKCTOBY
cucteMy. S pmaxkyoo Takox npodecopy noxtopy IOpreny
Hewmepy, npogecopy nokropy EBanbay ¢on IlyTTkamepy Ta
npodecopy nokropy Kai XBaHury, nekuii skMX Aajd MeHl
HacHary 11 po6oTH Haj Li€l0 KHUTOIO.

HIupa nomsxa Takox CniBpobGITHHKAM i CTYJEHTaM, fAKi
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3 BEIMKWUM €HTY3ia3MOM Ta Mpaue3faTHICTIO MEePETBOPUIH
BHKOPHUCTaHI B KHHW31 $A30Bi KOHUEMLUil NMporpaMyBaHHS Ha
moBax Modula-P Ta Parallaxis B nporpaMHi cepegoBuuia, uio B
ueil yac nepebyBaroTb B cTadil 3anpoBajykeHHa sik Public-
Domain-Software B psai kpaid cBity. IHro baprt, ®paHk
Cembax 1 Crepan EHrenbrapar po3poGiii NOBHE NMPpOrpaMHe
CepeloBMILE 3 KOMIIIATOPOM, CUMYIATOPOM Ta PEAAKTOPOM
noMunok mys Mmosu Parallaxis, a Ponang Hopu po3po6us
koMnuisTop it moBu Modula-P.

Bci, xTO XOTIB OM BHripoOyBaTH CaMOCTiHHO HaBE/IEHI B
KHH31  MpUKJAaAM  TapalicjibHUX  aJICOPUTMIB,  MOXYTb
0€3KOWITOBHO  3HATHM  KOMIi  KOMMUISATOPIB | CUCTEM
MoJIeIoBaHHs 060x napanenbHux MoB — Modula-P i Parallaxis—
uepe3 mepexy Internet 3a gonmomororw “aHonimHoro ftp”.
Internet-agpeca  o64yMCnIOBaNbHOT CUCTEMH MA€  BMIJISJIL
fip.informatik.uni - stuttgart.de, Ha3BU MaTepiany and
KoniroBaHHA: pub/modula-p Ta pub/parallaxis.

Tomac BpoiiHib

IlepeavoBa 10 yKpaiHCLKOro BUAAHHS

OAHMM 3 OCHOBHMX  HanpsAMmiB  30UIbILUEHHS
C(hCKTUBHOCTI 3ac00iB 1MppoBoi 0OUMCTIOBATIBHOT TEXHIKU €
HOIYK apXITEKTYPHMX pilleHb, fKi O COpusiid pealbHOMY
Hepexojy  Big nocnigoBHoi  mamHd - don  Hoiimana go
HUPaJeIbHOTO BUKOHAHHS OCHOBHHX Ta JONMOMDKHHX TPOLIECIB
1t o0yMCMOBaNbHUX cucTeMax. B octaHHI poku i MOLUYKH
HPHUBEIM A0 TMOSBM  Ha KOMM'IOTEPHOMY PHHKY  Psay
flapajiefibHux  o0urcntoBabHux cucteM MIMD- ta SIMD-
CIPYKTYp. 3a OUIHKaMW EKCMepTiB, B Halbanmxumi vac wui
ilapanejbHl CUCTCMM CTaHYTh OCHOBHOK CHMJIOI0 HA BEPXHIX

CXOAMHax iepapxii  obuncmoBanbHux mepex. Lled  dakT
BHKJIMKAB HeaOWAKMA inTepec 0  3aco0IB  napaneibLHoro
HpOrpaMyBaHHs — 8K CHCTEMHMX, Tak 1 [PHKIAJAHUX.

BUABHIOCS, MO MOTYKHI TApaJIe)bHl CHCTEMHW HE MOXYTb
BHKOPUCTOBYBATHCS TAK UIMPOKO, SIK TXHI ITOMEPE/IINKU, uepes

OpaK  TAPYXKHIX [0 CMOXKMBAYIBT  3aco01B  MPOIPaMioro
sadesnedeHHsn.  llapanenbHuMM  cucteMamu  34¢0UILINOIO
KOPUCTYIOTBCSE  THILKM  MPOQECIOHANIM-TTPOIPAMICTH,  SIKI

POIBA3YIOTH CUCTCMHI 3aaaui inopMaTHki. Flpakrnuno nemac
HEAPYUHHKIB Ta HABUQILHMX MOCIOHHKIB, sIKI O YBOAWIHN B KOJIO
CHOXKHBAYIB  MAPMICIbHUX  CHCTEM  CTYJUEHTIB Ta  HAayKOBO-
IHXKEHEPHUI nepeonall sik daxy “iHpopmaTuka”™, Tak 1 IHnx
HanpaMiB JisiibHocTl. s cuTyauis, 1o cxianacs 3a KOpJoHoM
i mepedyciM y KpaiHax 3axigHoi €Bpornn, Juis YKpaiuu
BUrffgae Habarato TroCTpille: MH  HC  MACMO  J{HIOUMX
HADAICALHMX CUCTEM, MOOYJOBAHUX 3a HOBITILOIO TEXHONO-
P10, Y HAC HEMAE  MOXIIMBOCT!  3dIMATHCS  TIPAKTHUHNM
(APAAETBHUM TMPOIPAMYBULIIAM HABITL [UIS THUX NAPANCIHbHUX
WIPOPHUTMIB | CIPYKTYP CHCTEM, KT Oyl po3po0scHi naituMu
BUCHUMM T HDKCHEPAMM B HPOLICCT JIOCHPKEHDb Y 1H Tasy3l.
3anponoHoBaid yKpailicbkum unrayam kaura Tomaca
bporHaa “lapanensiiec nporpamysanist” (MOYATKOBHH Kypc)
IEBHOIO MIPOIO 3MOKC JIONOMOI'TH y BUPILUEHIT HA3BAHUX BHILC
dKkTyadbHux npoOsem. [lo-neprue, BoHa ¢ rnepeBipclinm
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NPAaKTHKOIO HaBYaHHs CTYJEHTIB NiAPYYHHKOM 3
NOBHO3MICTOBHMM HaOOPOM TEM i aKTyalbHUM BiOOpaXXKeHHIM
CBITOBOrO CTaHy TEOPETHUHUX MAOCHIDKEHb Ta NPAKTHYHHX
pe3yabTaTiB Yy rajly3i CTPYKTYp | NpOrpaMHoOro 3abe3neyeHHs
napaeibHUX oOuMucIoBaNIbHUX cucteM. 11 0cobAMBICTE KHUTH
AACTb 3MOTY CTyA€HTaM Ta TUM ¢axiBUsAM, WO TUIbKH-HO
3BEPHYJIM YBAry Ha L0 NMEPCNeKTUBHY MpoOJIeMaTHKY, LIBUAKO
VBIUTH B KOJO 3a4ay Ta JAOCSTHEHb Teopil 1| MNPaKTUKH
napaiejbHOr0 MPOrpamMyBaHHs, 3HAWTH CcPEepy MOXKIMUBOT
0coOUCTOT AisIbHOCTI B UiK rany3i. [To-apyre, Matepian KHUIH
CTUMVOE BaxiBUIB, 110 MAIOTh NMEBHMHI JIOCBIA Y pO3pOOJIEHHI
Mapaje/lbHUX — aJfOPUTMIB,  MPOIpaM,  CTPYKTYPHUX  Ta
CUCTEMHHUX PIlIEHb MapaneibHOT 00YUCTIOBAIBHOT TEXHIKH, 10
NMOCTAHOBKM HOBMX 3a/a4, 1O MOXKYTb O€3YMOBHO BUHHUKHYTH
rnic/as 0O3HAWOMJICHHS 3 HABEICHUM TYT aHaji3oM mnyoOJikauii 3
AaHo1 npobneMaTHkH, i3 chepaMy 3aCTOCYBAHHS MapasesibHUX
CHCTEM, 3 anbTEPHATUBHUMMW BHPIWIEHHSIMU BXE BIIOMMX
npodaem, Kl noTpedVIOTh  napalielbHUX — pecypeis
obuucmoBaibHOT TexHiki. [lo-Tpere. aBTOp KHUIM JIOKTOP
iHpopmaTtuku Tomac bBpolnibe Mae 0coOOMCTHIT  COJIITHMI
JOCBIA Yy po3pobJIEHHI  CHUCTEMHOTO  MapauleSbLHOroO
NPOrPAMHOTO 3a0€3MEYEHHS: TOJIOBHUM DE3yJIbTATOM HOro
HAYKOBOI [AiSUILHOCTI € napaJjelbHl CEepeloBMILA TMporpamy-
BanHs Modula-P ra Parallaxis, siki BU3HaHi pipmamMu 1 daxis-
usmu - cBity. Tlornst BHCOKOKBaNIGIKOBAHOTO Mfporpamicra-
“napasie/ibHUKa” Ha 1110 NPOOJECMATHKY BIMYBAECTLCS B YCIX
po3inax KHUIH.

Ykpaiicbke BuaHHs KHHUIM  T.bpoluns gonomoxe
BUKJIa/lauaM Ta CTY/EHTAM HAulol JCPKaBW B TMOCTYIIOBOMY
MEpeB¢/ICHHI  HABYANLHOTO MpOIECY Ha  YKPailchbKy MOBY,
CIIPUSITUME PO3ZBUTKY TBOPUUX JPYXKHIX 3B’I3KIB 3 HIMECLLKHMH
koJjeramu. PoGora Haj nepeknasiom Ta nijlroToBKOK pyKomnucy
KHUI'M [0 JApPYKY CTaja OJHICI0 3  HdCTHH HAyKOBOI'O
CNiBpOOITHMLTBA MIK JoHerbKkum TCXHIYHHM Ta
HITyTrapTchbKuM YHIBEPCUTETAMM B HAMPSIMaX po3poOJIeHHs Ta
3anpoOBa/KCHHS  MACUBHO  MApalC/IbHUX  MOAETOIOUUX
cepeloBHLL /i CKJIdHUX AMHAMIYHHUX CHCTEM 3 KOHUEHTpOBA-
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UMW Ta pO3MOAIIEHUMH nNapaMeTpam, Yy 3JAIHCHEHHI
ICXHIYHUX Ta NPOrpaMHO—CUCTEMHHUX MEPEAYMOB TEIEAOCTYMY
B obuucioBalbHy ~ Mepexy  ¢akyabTeTy  iHQOpMaTHKH
LLITyTrapTCbKOro yHIiBEPCUTETY, Y BUKOPUCTAHHI Mapaie/IbHUX
CHCTEM MasPar, Intel Paragon Ta iH. B HayKOBHX
JOCIKEHHAX Ta HaBuanbHoMy npoueci JouATY. Big imeni
TBOPYOTrO KOJIEKTUBY BUCOBIIIOW MDY MOJISKY Npodecoposi
Anapeacy PoriTepy, 3aCHOBHMKOBI IHCTUTYTY MapajieibHUX Ta
pPO3MNOALICHUX HAAMOTYXHUX 00uncmioBaibHUX cucTteM (IPVR),
novectomy Jjioktoposi Jlon/ITY 3a iioro BUpimaibHWi BKIag B
opraHizaiiijo UbOro CriBpoOITHULITBA, MIATPUMKY HAMX
iHILiaTMB LOAO0 BHUAAHHS KHWIH, 32 TOBAPUCLKY JAOMOMOrY B
MpPOBeAEHHI HaykoBoi poboru cniBpobiTHukamu HonITY B
IPVR.

ABtoposi kuuru T. bpoimmo s agkyio 3a Horo
[EPCOHANbHY AKTHUBHY y4acTb Y Hallii criibHIA poGOTI Haja
rnapaneJIbHUMH MOJCTIOIOYMMH CEPELOBUILIAMHM, HOIO APYKHIO
JIOTIOMOTY 111/, Yac Mo€l HaykoBoi pobotu B IPVR.

[1iArOTOBKY pyKOMUCY [0 APYKY PETENbHO BUKOHAJIH
A .B.Mongosanos ta O.M.Po3aHoB, 3a 110 iM BASUHI 4BTOp Ta
riecpekiazay.

B.A. CBsatunii



OCHOBU

[TapanenbHicTb MOXE PO3LJSAATHCS 3 PI3HUX OOKIB.
IMapanenbHi EOM moxyTh ki1acrdikyBaTHCh BIJIMOBLIHO JIO
TXHIX MALUMHHUX CTPYKTYp, Y TOW 4ac K napajesibHi onepatit
BIJIPI3HAIOTLCSA BiINOBIAHKMHA 1M pIBHAMM abcTpakuiil abo
TUMamu aprymedriB. Lle pae npuHUMMIOBO Pi3HI NOINAAM HA
TeMy ‘‘mapanenbHicTs”. Buxoasguum 3 UMX MOTIISAJIIB, MOXHa
KBaTiQikyBaTH TOCHJIOBHE (3BHYalHE) ApPOrpamyBaHHs fK
cnewiajbHUM  BHA HapanejibHOro mnporpamyBanHHs. Mepexi
[lerpi € edexTUBHUM JIONOMDKHHM  [HCTPYMEHTOM [l
BU3HAYEHHS T4  HAOYHOro  300paxK€HHS  ACMHXPOHHO
napajeibHuXx npoueciB. BoHu  gonomarailoTh  3’sCYBaTH
B34€MOAIT Ta YCYHYTH MOXUJIMBI MpOOJEMM UIE IO TOro, sK
po3po0Ka AeAKOT NapaneNbHOT CUCTEMH PEaNi3yeThCsl Y BUTIISAL

napajenbHol nporpamu. MoBHI  koHuenuii  pobotH 3
napajenbHICTIO, 10 HaWyacTille BXUBAIOTHCA, a TAKOXK
HalWBaXIMUBIlII  CTPYKTYpM  KOMYTAlli, 1O  JICTaH

3acTocyBaHHs B napanenbHux EOM, maiots dyHaaMeHTaslbHE
3HAYEHHA AJI PO3YMIHHA 1npobieM napajeibHoro 00poOIeHHs
JIAHUX. ' h '
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1. THAPAJIEJIBHICTD : 3AT'AJIbHI
TTOJIOKEHHSA

Bcecsim napanenvuuti! L0 TPUHUMMOOBY TOYKY 30Dy
MoK MIATBEpAMTH OaraTbMa npukiagaMid. Yu iae mosa Mmpo
aitild B MPUPOJI, NPO CKJaAHI TEXHIYHI MPOLIECHM YW HaBiTb
Hpo  3MIHM B CYCMLABLCTBI, 3aBXAM BOHM HaI3BUYAHHO
HapaiedbHi. PicT poCAvMHM 3aeXuTb BiJ BENIMKOI KiJbKOCTI
(piaKTOPIB, WO AIIOTH OJHOYACHO, 3alycK ABUIYHa nOTpedye
lapalellbHOI B3aeMOAil 6araTboX MOro KOMITIOHEHTIB, OipXKeBi
KYPCH BCTAHOBJIIOKOTLCS OJHOYACHUMM BIJHOCHHAMU THCSY
npoaasuUiB Ta nokynuis. IlapanenbHicTb Mae LiKkaBi NPOSBU He
'JILKM B KOHKpeTHOMY (i3MyHOMY CBIiTi, a i B abCcTpakTHUX

////////

lIpOLECaX.
*/Hau ATH -»\ ‘ ’
PPN,

\ Hepon
By3bke Micye

Beia

Puc. 1.1. Mauunna ¢pon HolimaHna Ta HelpoH

[apanenbHi CYMEPKOMIT I0TEPH Hajlexatb Jily
HHAMHOBITHIIKX po3pobok B iHpopmaThii. [Tpore He MoXta He
OGAUMTH, IO BJACHE B NMPOCTOMY NEPCOHANILHOMY KOMMtOTEpi
1apaJiebHO BUKOHYETHCS YMMAJIO OMEPALii: JI0 HAX HalexXarhb

onepauii  BBOJly/BMBOJly depe3 KaHaiu  Oe3rnocepeiiboro
JLOCTYNy B MaM’sThb, MdapanejibHOTO KEPYBAHHA  PI3HUMU
(pyHKUIOHaNbHUMK  OGjaokamMu 3 OOKYy  UEHTpajibHOro

NPOLIECOPHOrO MPUCTPOIO 33 JONOMOTOI0 MiKpokoMaH. SKiio
po3rnganatH  apupMEeTHUHUH  NPUCTPI K CYKYMHICTb

CAMOCTIHHMX OLlHOp(nmeHI/IX CIICMCHTIB, TO XKHa 3p06MTM
Lt TCHKHM leleme

M Vacnae clredHdKa 17
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BHUCHOBOK, 11O 16-po3psaHa apupMeTHKa NpaLioe napaieabHo
Ha OiTOBOMY piBHi.

Jhioncbkni MO30K Mpaulioe TakoX mapaieinbHo. Ha
“puc.l.]1 306paxeHi a8 nopiBHsaHHA nociaigoBHa EOM ¢on
HojiiMaHa Ta HEMPOH MO3KY JIIOJIUHH.

Puc.12 nokazye B uMmciaax  He30alaHCOBaHICTh
B3a€MOBIIHOCHH MIX €IMHUM AaKTMBHHM  LIEHTPaJbHUM
MPOLECOPHMM MPUCTPOEM MamiuHU ¢oH HolimaHa 3 GaraTbma
MaCUBHUMHU ejleMeHTaMM mnam’sati. Ha npotuBary uboMy B
TOMOTEHHIA CTPYKTYpi MO3KY BCi €JICMEHTH MO0 [MOCTIIHO
aKTHUBHI.

Manmna ¢on Hoiimana JIroacbkuilt MO30K

Kinbkicmb enemMeHmia:

~ 10"° HelipoHis
(“Lrir+0r1”) maiixe nocmitiHo
aKMmueHi

~ 10° mpan3ucmopie ons: _
1 CPU (10° mpans.), nocm. akm.
10° enemermis Of1, yacmo Heakm.

Tpusanicmb nepeMuUKaHHS:

10° ¢ = 1He 10° ¢ = 1mc

Kinbkicmb nepeMukaHb 3a 1¢:

10" (meopemuune qucno)
10"° (npakm. yucno yepes 10"
HeaxkmuseHi enemenmu Of1)

Puc. 1.2. IlopiBHsIHHS NPOyKTUBHOCTI

IlepeBara mo3ky nopiBHsHO 3 EOM ¢on Hoiimana
nosnsrae B OUIbWIIKA KiNBKOCTI MEPEKOMYTALlii 3a CEeKYHAy (B
1000 pasiB), NpUYOMY BHUILA, HIXK Y TPAH3UCTOpA, CKJIaJHICTb
dyHKuli KomyTallii HelipoHa HaBiTb He Opajacst JI0 yBaru.
[IpyunHOlO  OinblU  BUCOKOI  MPOJYKTHUBHOCTI  MO3KY €
napajeyibHe 00po06JieHHs 1HpopMalLli.

3 HaBeJEHOro BMILE BHUIUIMBAE Te3a MpPO Te, LLO
napajuenbHe o6pobaeHHsS € HaTypalbHOl (opmoto poboru 3
iHpopmauieto. TlocmigoBHiCTb, WO [AOMIHYye ChLOTOJHI B
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HPOI'PAMYBAHHI, € MPOCTO ICTOPUYHO 3YMOBJIEHUM HaCHIAKOM
sacrocyBanbs moaeini EOM ¢on Hoitmana. 1lg Monens Gyna
1 (3BUYANHO YCITIUHOKO, ajle nepeabayeHa B Hild MOCIIIOBHICTb
K MPUHUMIN  (YHKIIOHYBaHHS 30CTA€TbCA 11 LITYYHHUM
obOMexkeHHAM. Yacro mocTaHoBka 3afayl, WO TOAMUTLCS IS
HAPAIETBHOTO  BUKOHAHHA, OINMWCYETbCS Ta  BUPILIYETHCS
saco0aMU MOBH Napalie/IbHOTO NMpOorpaMyBaHHs MPOCTILIe, HiX
MOBOIO MOCA1A0BHOTO NpOorpaMyBaHHSA. Tlapanenbne
(hOpMYIIOBAHHSA Oy ab-KO1 npodJiemu Mae BULLHH
tipopMalifHUA  3MICT, SIKLWIO MOPIBHIOBATH 3 AHAJIOTIYHUM
1OCITIJIOBHUM BapiaHTOM.

TakuMm 4MHOM, MeTa noJjsrae B TOMy, 00 napasnelibHi
IIOCTAHOBKM  3aja4  OMNMCYBATH  NapajesibHOO  MOBOIO
HPOTPpaMyBaHHs, 10 JacTh OUIbII 3PO3YMUIl MPOTpamu |
CYTTEBO MPUCKOPUTL BUKOHAHHS 1X y napanenbHidh EOM (puc.
[.2).

Cnpo0i 3aCTOCYBAHHS napajebHUX pecypciB
CPEAYOThL,  SIK  MpaBWO, /JBa  3anuraHus:  “Hasiuwo
3ACTOCOBYETHCS MapaesibHe BUpIICHHS 3aaaui?” ta “ Sk BoHO
31CTOCOBYCTHLCSA?” :

Bianosiib Ha nepiie 3anutaHHs 3HAXO0/MMO Bijipasy:
KPIM  [PUPOJIHOT METU IBUAUIE OJCPXKATH PE3ybTATH MM
MOXKEMO MaTH CrpaBy 3 NpobieMaMu, At pO3B’A3aHHS SKHUX HeE
BMCTa4yae pecypeiB  3BuyYanHux nocmigoBuux EOM. /[lBa
HIPUKJIQJIM 13 CYHACHOT MPAKTHUKK HAOUHO 11€ UIOCTPYIOTD.

Ilpuknao 1. MopaemoBaHHS TOTOKIB  CTPYMEHEBOI
MexaHiku notpebye jekiibkox Ai6 poOOTH OJHOMPOLIECOPHUX
EOM, ToMy  3ajllyucHHS  mapaicibHMX  MCTOMAIB  Ta
OOUUCTIOBAJIBHUX CHCTEM € ePeKTHBHUM 3acoboM noOyjoBu
npaue3laTHUX MoJIeei.

Ilpuxaao 2. KepyBaHHS 4BTOHOMHUMH DPYXOMHMH
o0’exTaMu (Harmpuknaj, péboramu) Ha ocHOBI iHdopMalii, 1O
HAAXOAUTL 3 TejlekaMepH, notpebye napajenbHoro i
0oOpobaeHHs 3 aBOX npuuuH. [lo-nepuie, noTpibHe Ayxe
1HBUAKE (NapasefbHe, ONepaTUBHE) po3Mi3HABaHHs 0Opa3iB 14
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TOTO, 1006 MOXKHA OYJIO TPUMATH TPUBANICTb LIMKNY Ha piBHI 40
Mc (1o Bianosigae wactoti nosropy kaapie 25 I'u). [To-apyre,
CUCTEMa KEpyBaHHd Ma€ AacHHXPOHHO pearyBaTH Ha
* HecrohiBaHi  MOAil, IMO HEMOXJMBO /Ui  MOCIIJIOBHO
NpaLOKYOl MPOrpamMHu.

PosnapanenoBaHHs mpobGieMu nojsirae B 11 po3rnoji
Ha MEHLL, MO MOXJIMBOCTI MaJIO 3aJIEXHI MiX COOOI0 YaCTUHH
(ue wogo nuranHs “SK?7). Lli yacTMHM MOXYyTb MaTu
BEJIMUMHY TNpouenyp (geauxobiaokosa napanreivuicms) abo
CKJIAJATHUCD JIMILIE 3 €JIEMEHTIB A€IKOr0 BEKTOpa (Marobroxosa,
macoeana napaneivricmy). Ans poOOTH 3 KOXKHOI HYaCTUHOIO
npobjeMu nepeadayaeTbesa okpeMUi npotiecop (puc. 1.3).

PR O B|ILIEIM

Puc. 1. 3. [Jekomnosuiiis npo6iaemu

[Ipore po3srnapasienioBaHHd MpoOJieMu 1oJbrae  He
TibKK B 11 pO3MoAifl M HASBHMMU Nporiecopamu. BusHaveHi
JACTMHU TEBHOIO MIPOIO 3ajekHl MDK co00l0, a pe3yJbTaTH
poboTtu npouecopis  Tpeba SKOCh 3BECTH 1 3alajlbHOIO
pe3yiabTarty. Tomy BHHMKac noTpeda B HIICCNPAMOBAHOMY
MOTOPKEHHI (CUHXPOHI3ALlT) poboTy npouecopiB Ta 0OMIHI
AaHuMu Mk tumd. LI GyHKUil  BukoHye  cneuiasibHa
'KOMYHIKal[iiHa Mepexa (Ha puc. 1.3, Hanpukiai, npoLecopu
3’¢HaHl B Kijble). Bia 3aBaHTAXEHOCTI T4a NPONYCKHOL
CMPOMOXHOCTI  1li€l  Mepexkl BEJIMKOIO MIPOI  3AJIEKHTD
3arajibHa  MPOJAYKTHBHICTL  MAapajiefibHol  00UMUCHIOBANILHOT
cucremu. Ilo6 gocart  MakCUMaibHOro  eexkrty  Bij,
po3napajesoBaHHs, Tpeba BXke Ha eTani po3noainy npodnemu
OpaTh 10.yBaryu BAACTHBOCTI HASIBHOI KOMYHiKaLIHOT MEpPEXI.

Ha xaib, posnoain npobiemMd Ta NapajeibHC BUPILIEHHS 1T
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“GCTHMH L€ He TapaHTyIOTb Oifbll LUBHAKOTO OJIEPXKAHHS
HaIbHOTO pe3yabTaty. EdexT 3a1exuTs BiJl CriBBIIHOLEHHS
MK TOOYTKOM 3a paxyHOK NapajieibHol poOOTH NpoLecopiB Ta
WIpaTaMM, sIKI HEOJIMIHHO CYMPOBOKYIOTb CHHXPOHI3aLiK0 |
oOMiH gaHuMmu. Tomy Tpeba NiAKPECAUTH, IO HE iCHYE Hi
yHIBEPCAJIbBHUX MO BIAHOWEHHIO [0 Oyab-ikux npobsiem
napanensHux EOM, Hi izeanbHUX napanelibHUX airOpUTMIB.
KoxHuil kjnac napafieJibHUX CHCTEM Ma€ 3 OBy Ha
supillyBaHy npo0jemMy CBOi nepeBard Ta  HEJOJIKH.
IlapanensHi anropuT™Mu MycsaTh OyTH y3rojukeHi (MPUHAKMHI
11a MpOUEAYPHOMY PiBHi) 5K 3 BUPiWYBaHOW NpobieMoro, Tak i
3 MOLEJUII0 MapaliefibHOI CUCTEMU, sika OyJie 3aCTOCOBYBATHCH
Juis  peanizauii  anroputmiB.  IlpaBunbHoMy  BHOOpPOBI
napajiejbHUX CTPYKTYP 3JIXHO Biji BUpillyBaHUX NpobJjiem Ta
MOWYKOBI  BILAMOBIAHMX  MNapajieIbHUX  AJCOPUTMIB  MH
NMPUAUIMMO HAJIEKHY YBAry B HACTYIMHHMX IJlaBaX KHUTH.

2. KIACU®DIKALIT

Y ubOMY po34ili pO3LAAAA0TLCSA TPH Pi3HI Khaacudikauii
l1apajiejbHUX OOUYMCIIOBAJIbBHUX CHUCTEM: 3a MNPUHUMOAMM X
nobyaoBu, 3a PIBHAMH abcrpakuii napaiejibHuX
OOYMCIIOBAJIBHAX ~ MPOLECIB, 32  THUMaMM  APryMEHTIB
napasegbHUX onepauii.

2.1. Knacudikauia o6uncioBajibHMX MAIIHH

Knacudikauis EOM, 3anponoHosana ®aiHHom [Flynn
66], posnoainge cBIT KOMM'IOTEpiB Ha 4oTupH rpynu: SISD,
SIMD, MIMD Ta MISD (puc. 2.1.). Ins Hac nepeaycim LikaBi
na knacu: SIMD (cunxpoHHa mapanenbHictb) Ta MIMD
(acMHXpOHHa napanenbHicTb). B rpyni SISD iiperbcs npo
oaHomnpouecopHi mamuHu ¢on Hokimana, a MmawuHu Tuny
MISD MoxyTb po3rnsaaTuch sk KoHBeepHi EOM. ,

3a yMOBM CMHXPOHHOI NapajieibHOCTI MaeMO TiIbKH
OJIMH KepYK4Hui notik, 60 came OAuMH BMCOKOMPOAYKTHBHHI
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MpoLecop ONnpalboBye MporpaMy, a BCi iHILI,

npocTili 3a

noOya0BOI0 MPOLIECOPH, BUKOHYIOTH OJIHOY4CHO, CUHXPOHHO

KOMaHIW UbOTr'0 Mpolecopa.

Oaxonpo- SiSD SIMD Bexropna EOM
uecopHa —a{  Single instruction Single Instruction | Marpuuna EOM
EOM Single Data Muitiple Data
Konmeep- " Iﬁaﬁ " " It‘lfemlnetruct' Bararonpouecopuna EOM
ua EOM  —™ ultiple Instruction ultipl ion  je—
Single Data Multiple Data Marpuana EOM

Puc. 2. 1. Knacudikauis 3acodiB 00YMCIIIOBAIIbHOI
TEXHIKH 32 DIIHHOM

ACHHXpOHHAa NAapaICNLHICTb MA€ JEKUIbKA KEPYHUHX
NMOTOKIB, 3YMOBNEHHUX THM, LIO KOXHHUH IMPOLECOP BHUKOHYE
BilacHy mnporpamy. [ns oO6miHy AgaHMMH - MK Oyldb-AKHMH
JBOMa npouecopamMM, L0 [MpaUlolOThb  HE3AIEKHO K
aCHHXPOHHO, Ma€ 6yTH 3abe3reueHa CHHXPOHI3aLlis.

MIMD- Tta SIMD-knacu napanenbnux. EOM MoxyTb
OyTH pO3/iJieHi KOXXHHH Ha ABa NMiAKJacy BIAMOBIXHO AO THMY
3B’I3KY MiX MpoLiecopamu, a caMe:

MIMD:

e TICHMIA  3B’A30K  4Y€pe3  3arajbHy nam’siTh,
6araTtomnpolecopHa EOM (obuuncimoBasbHa
cUcTEMA);

e po3nojijieHa obuuciioOBallbHA CUCTEMA 3 HETICHUM
3B’A3KOM Ye€pe3 Mepexy KomyTauii Ta OOMiHOM
MOBIIOMJIEHHAMM;

SIMD:

e BekTopHa EOM (quucmoBaana cucrema) 0Oe3
6e3nocepeHLOr0  3B’A3KY  MIX  MPOLIECOPHUMM
eJIEMEHTAMM, )

e matpuyHa (macuBHa) EOM 31 3B’A3KOM MiX
NMPOLIECOPHHMH  €JIEMEHTAMH uYepe3 KOMYTaLliifHy
MEPEXY.

: Po3rnsHbMO AeTanbHille napajeibHi KOHBCCle EOM,
MIMD- ta SIMD-cucremu.
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KouBeeprna EOM

ITpuHuun nobynoBu EOM

110Ka3aHO Ha puc.2.2.

MpOCTOl  KOHBEEPHOI

Puc. 2.2. Konseepna EOM

YacoBl miarpamu Ha pHC.2.3 MOSCHIOOTb JIUCKpPETHE
ONPAaUiOBAHHA MpOrpaMHUX IHCTpykUii B EOM 3 omHum
KOHBEEPOM, MPUUYOMY TYT AAETHCS MOPIBHAHHS MOCIAOBHOIO i
KOHBEEPHO-NapaJielbHOr0 BUKOHAHHS MPOrpam.

cry-
neHi AFq_'l‘l PSSR, v JE—
. N

JEEN

HocrninoBre BuKOHaHHS

+- +  ——
o + 2 3 4 5 ¢ Hac
T4 o fiion.
T3 =
C1y7- A T2
newi Tt i

llpapasnenesre BHXOHAaHHS
B KOHBee€psiK EOM

0004

LY 0%

,,, O]

1‘;‘/ .0.0.0
\ AN ’."‘

3 4 5

Puc 2.3. BukoHaHHs nporpamu B koHBeepHiit EOM

KoHBeep mae Tpu crynens (4, 51 B), sixi, Hanpuknaga,
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MO)KVTb BIMOBIIATH omnepaiisM “BBeCTU JaHi x Ta ),
“[MOMHOXKTH X Ha y”, “J0AaTH Pe3ybTaT MHOXEHHS 10 YHCTIa
S$”. SKIo us MOCIiJOBHICTL onepalill OyAe BUKOHYBATHCA B
iTepaTUBHOMY 1MKJi, TO TPU TNOCIIJOBHOMY BHKOHAaHHI
jarajpHa TPUBAJICTh PO3B’SA3aHHA 3ajayl JOPIBHIOE CyMi
intepBaiis 71+72 (puc.2.3., BepxHs mlarpama), TOAl 5K IpH
KOHBEEPHO-NapaielbkHOMY BUKOHAHHI MicJsl MOYaTKOBOI (asu
iHiLjaaizauii (3aBaHTaXXEHHS KOHBEEPA) B KOXHOMY 4acOBOMY
iHTepBai 3aKiHUYyeThCs BCs MOCHAOBHICTh onepauii. 3aBasku

LIbOMY A-CTYINEHEBUH KOHBeep micis da3u 3aBaHTaXeHHA (n-1

KPOK) Ha KOXHOMY KpoLi Jocara€  pPe3yabTaTy, fAKHii
BiANOBiAae mMoka3HUKy napaneabHocTi n. KoHseliepy - ue
crieuiaJbHi  MalUMHHI  CTPYKTYypM 1 TOMY  MOXYTb

3aCTOCOBYBATHCA /Ul PO3B’sI3aHHA 3ajay nesHoro kiuacy. Ll
3ajaui 3aBXAM BIAPIZHAIOTHCS TMOCTIIOBHOCTAMH ONEPaTOpIB,
O MOXYTb TPAMWTUCA B IMPOTPAMHUX LUKIAX; HABPAL YK
MOXKHA TYT YHUKHYTH 3aJIeKHOCTEH BiJi NOPAAKY ONEpaTopiB, a
JNOBAUMHA MOCHIOBHOCTENH ornepaTopiB Mae OyTU y3roMxeHa 3
JIOB3KMHOIO KOHBeepa. Buuepnuy iHdopmauiio npo nobynoBy
xonseepux EOM noaaHo B kHU3I [Hockmy, Jesshope 88].

MpocTuil KOHBEEPHNIT KOMITIOTED 3 OAHWUM KOHBEE pOM
MA€ TaKOX OJWH KEPYIOUMH MOTIK, OTKE, BiH BiANOBIAAEC
OHOTIPOLIECOPHOMY KOMITIOTEPY 3 JONOMDKHHM BEKTOPHO-
KOHBEEPHHUM NPOLIECOPHUM MNPUCTPOEM (JuB. puc.2.2). Tlpu
HasBHOCTI 0ararboX (GYHKUIOHATLHO HE3aNeKHUX KOHBCEPIB
MOXHa ropopuTu npo MIMD-cucremy 3 konseepamu (MynLTH-
KOHBEEPHA CUCTEMA).

MIMD (multiple instruction, multiple data)

OOuucmoBalbHi  MalllMHK  11bOCO  KJacy  MaloTb
nopiBHAHO 3 SIMD 6inbi 3aranbny CTpYKTYpPY 1 MpauioTh
3aBXKIU acMHXpOHHO. KoXHWiIl mpouecop BHMKOHYE CBOKO
CaMOCTIMHY Mporpamy 1 BiAMOBiJIHO Ma€ CBil BJACHUH MOTIK
Kepytouux komana. Lle o3nauae, wo B MIMD-cucremi maiotsb
Micue pi3Hi kepywooui norokd. LI cucTreMH NOAINAIOTRCA Ha
MIMD-EOM i3 3aranbHoo nam’sattio (puc.2.4) ta MIMD-
EOM 6e3 3aransHol nam’sti (puc.2.5).
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Cucrema xoMyrTauil

" Puc. 2.4. MIMD-cucTema i3 3arajbHOIO naM’ ITTIO

CucreMu 13 34rajbHOI0 MaM’ATTIO HA3MBANOThb TICHO
s3aHumMK”. CHHXpOHI3alis Ta OOMIH JJaHUMM BHKOHYIOTbLCH
qepes o6ﬂacri ﬂaM’ﬂTi N0 AKHX MO)Ky'l‘b ’3B€p'l"a'l‘l/lCﬂ pi3HI

Cucrema xomMyrTauil

Puc.2.5. MIMD-cucrema 6€3 3araspHol naM’sTi

Boun MaloTh JOKaibHY NaM’STh y KOXHOMY MPOLECOPHOMY
CICMEHTI i TOMY BI/INOBIAAI0Th 3BUYAHHOMY ySBJIEHHIO Npo
HCTICHMI 3B’930K HesaJiekHUX EOM.

CunxpoHisauis Ta o6MiH iHpopMmaliielo B cuctemax 6e3

HarajibHol NaM’aTi NOTPeOYIOTh 3HauHO GiNbWKX BUTPAT, 6O Bei

B - 1HopMauil
MCPEXY.

MAlOTb MNPOXOAMTH uEpe3 KOMYTaUikHy
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SIMD (single instruction, multiple data)

Matpuuna EOM, pans sxof 8K CHHOHIM  4acTo
BXuBaeTbcs Hazga SIMD-EOM, noGygoBaHa npocTilie, HIX
MIMD-EOM (puc. 2.6). AnapaTypa UMKy KOMaH[ (UMTaHHS i
JEKONYBAaHHS KOMaHI, BEIEHHs JHYWIbHMKAa Mporpam)
30cepemkeHa TiIbKH B LIEHTpasibHii kepyrouid EOM.

KoMaHA® Ta AaHi

/////i/
/K‘epylo-m?
[/ EOM /
% 7
///A'/é

Cucrema KoMyTarfi

Puc. 2.6. MatpuuHa EOM

Ilto EOM wyacro Ha3uBalTb NPUCTPOEM MATPUYHOIO
kepyBaHHs ‘“array control unit” (ACU) abo nporpamMHum
aBTOMAaTOM, LIO 3aJa€ TNOPAJOK orfepauiid (“sequencer”).
ITpouecopri enementu (I1E) maroTb TilbKH apU(PMETHKO-
joriyaui 610k (ALU), nokanbHy namM’sTh i KOMYHikaLiiHe
obnaaHaHHs Ans Mepexi 3B’s3kiB Mixk TTE. V 3B’a3ky 3 TUM, LLO
s Beix INE HasBHMH €OMHHU#M 3aJaBay KOMAaH[, BUKOHAaHHS
oyap-akoi SIMD-nporpamu 3aBxau BiAOYBA€TbHCA CHHXPOHHO.
lle o3nauae, mo Ha nporuBary MIMD-cuctemam TyT MOXe
6yTH TiNbKU OAMH Kepytouuit notik: abo koxHui IE Bukonye
Ty caMy KOMaHAay (Hanpukiaj, ckiajaHHs), wo i Bei inwi IIE,
Ha/J CBOIMM JIOKanbHMUMH JaHWMM, abo BiH nepedyBae B
NAaCUBHOMY CTaHi.

Bextopia EOM (puc. 2.7) mae 1ye npocTilly nodyaoBy,
HIX pO3MJIAHYTa BHLIE MaTpHyHa MaluMHa, 60 B Hil Hemac
rjiobanbHol  KOMYTaUiAHOT Mepexi Mik MNpOLECOPHUMH
enemenTamu. “JlokanbHi aani” koxHoro ITE TyT npeacrasieHi
y BMI/IS[ll BEKTOPHOTO DEricTpa i Hajg HUM MOKOMMOHEHTHO
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WIKOHYIOTbCs  apAdMeTuko-aoriuni onepauii. Ilpocri Buan
oOMiny nanumu mix ITE, Taki sk nepemilieHHs Ta KpyrooOMiH,
BHKOHYIOTBCS 32 JIONOMOTO0 CrieiianbHUX JIHIN 3B SI3KY.

ra oy KoMaga® T3 AaHi
Kepyioua /'

g EOM 2
Vi

Puc 2.7. Bektopha EOM

ri6pupgui napaneneHi EOM

3 posrnsHyTux kaacis EOM tuny kouseepuux, MIMD-
ra SIMD-cTpykTyp Moxe OyTH yTBOpeHHMH LIIMH psJl CUCTEM
iMillaHo1 GOpMH, ACSKI 3 AKUX TYT PO3IISIHYTI.

My e THKOHBEED

Sk yxe 3a3Havaniocs, koHBeepHa EOM mMoxe maru
JICKIIbKA HE3AIEKHMX MIXK COOOI0 KOHBEEPIB | BOHU NMPALIIOIOTDH
tipanenbHo i HezanexHo. Taki EOM BMKOpHUCTOBYIOTH ifciO
cymicHOTO (yHKUIOHYBaHHs MIMD-cTpykTypu | KOHBEEpHOT
opraHizauii.

Myasan—SIMD

Y wuii 3miwaniii crpyktypi (MSIMD) nepenbaueHo
JWKibka kepytounx mammH (ACU), koxHa 3 SIKMX Hece
BiJUTOBIAAJIBHICTD 32 AESKY KiJIbKICTb NMPOLIECOPHUX €lEMEHTIB
(1IE). Taka nob6yapoBa cuctemu BignoBiaae inei MIMD-
HOJIOHOT  CTPYKTYypHOi oOpradi3zauii napajnenbHoi po6oTu
bararbox HesanexHux SIMD-EOM.

Cucromuuni marTpuuni EOM

IMoeananns SIMD-, MIMD- Ta kOHBeEpHOI CHCTEM
Alcrano HasBy “‘CUCTONIMYHMX MacuBiB (MaTpuub)” [Kung,
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Leiserson 79]. TyT KOXHMUI i3 MaTpUYHUX €JIEMEHTIB €
camoctidinum  MIMD-npouecopom, ane BiH  KEPYEThCS
LUeHTpaJbHUM 3a/aBaYeM TaKTiB. Y3JO0BXK YCIX KOOpAMHAT
MATPUUHOTO  MacuBY  BiAOYBaeTbCa  KOHBeeponojibHe
06po6neHns iHpopmalii. Lle o3Havae, o 1aHi MoAAOTHLCS BECH
yac 1330BHI B napajenbHUl MacHMB MPOLECOPIB, A€ BOHHM
TpaHCHOPMYIOTLCS, MEPEMILLYIOThCS MIXK MpoliecopaMu Jaili i
BUJIAIOTHCS 3 cucTeMu (puc. 2.8).

Hanpsm pyxy XBusi

Puc. 2.8. CUCTOAMUYHHI MACUB

Marpuuni EOM 3 xepyBaHHSM IOTOKaMM IHOaHNUX
(Wavefront Array)

i cucremu 3’IBUINCH SIK PO3LLIMPEHHS TMOHATTA PO
CHCTOJIMYHI napanenbHi cuctemu [Kung, Lo, Jean, Hwang 87].
LeHTpanbHuii TaKT, peai3alisi AKOro y BeJIMKHUX CUCTOJIMUYHHUX
cucTeMax Mop’si3aHa 3 PI3HMMM TPYAHOUIAMM, TYT 3aMIHEHO
3aBASAKH KOHLENUI! MOTOKY AaHUX.
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CucreMyu 3 POSWHPEHMM CJAOBOM KoMaHnw (Very
Long Instruction Word, VLIW)

HacrtynHor xombiHauiero MIMD- i kouBeepHoi EOM €
“Very long instruction word”, VLIW-EOM Ta “Multiflow
'I'tace” napanenbHa EOM [Fisher 84], [Hwang, DeGroot 89]. B
(IUX ~ MallMHAaX  MapajelbHICTh  JOCATA€TbCH, AK Y
I'OpDU3OHTAJILHOMY  MIKDOKOJOBi  3aBJKM  HE3BMYAHHO
IIMPOKOMY (opMaTy KomaHj, SKHK 3abe3neuye OJHOYACHE
HC3aIEKHE  BUKOHAHHA — 6ararbox — apu(METHKO-IOTiYHHX
onepauii. HMaerbcs npo  creuianebHe, 3  NEPEKPUTTAM,
BUKOHAHHS CKaJsipHUX ornepaliii 6€3 BeKTopH3allii. ‘

Lieii metoa oOpoOneHHs iHGopMauli MOB’s3aHUA 3
psjioM npobieM, cepeA  AKMX, Hanpuknaja, (GopMyBaHHS
jrajlaHuX LWHPOKMX KoMaHj] (IHCTpykKUiH) Ta nornepeaHe
pO3MILLEHHs mporpaM y naM’ati me a0 (!) yMOBHOro
posranyxeHHs. PopmysanHs ¢opmaty VLIW 3 okpemux
IHCTPYKLIA  Bigirpae BUpillalbHy poib Yy  po3MoAini
JABAHTAXEHHS  MPOLECOPHUX  PECYpCiB  Ta  JOCATHEHHI
1OKa3HUKIB po3napajeioBaHHs i eheKTUBHOCTI mapaneibHUX
EOM uboro tuny. IleperBOpeHHsI 3BHUYAHOIO MOCNIAOBHOTO
nporpaMHoro koay B koa VLIW moxe 6yTu 3aificHeHe TijibKU
JOPOTUM 32 PO3POOKOIO, “IHTEMIreHTHUM” KOMMIIATOPOM:
¢npasa B TOMY, LLIO 3a 4ac, BIABEACHUI HAa KOMNUIALIIO, MOXE
OYyTH HE 3HAWJEHO ONMTUMAJILHOIO NaKyBaHHA IHCTPYKLIH, a 1ie
IMYUIYE 33CTOCOBYBATM €BPMUCTHUHI Metoad. TlapanenbHa
OM 1poro tuny He Majia KOMEpUIHHOIO ycnixy i Oiiblie He
3'ABAACTbCY Ha PHHKY. Cucrema notepnina sBHe ¢iacko B
IpETEH31X Ha e(peKTUBHE aBTOMATH4HE po3napajefloBaHHs
HOCJIZIOBHUX MPOTpaM, Ha 3aaauy, sika B Wit dopmi, HaneBHo,
1e MoXe OyTH po3B’sa3aHO10.

Same Program Multiple Data (SPMD)

s xomb6inauis SIMD i MIMD, ska jaicrana Ha3By
SPMD-mozeni [Lewis 91], nofae nag3Buuakidi Haaii Ha ycnix.
Slk nmokasye Ha3Ba cucteMM, napanensHoro EOM kepye neska
nporpama (abo TouHilIE — KEPYIOUMI NOTIK KOMaHj), WO Aa€
MONJIMBICTL XOMOIHyBaTH fipoctoty SIMD-nporpamyBaHHs 3
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ruyukictio MIMD-EOM. Tlopsia 3 tum, wo SIMD-monens,
Nonpu il NpUpOAHI 0OOMEXEHOCTI, 3a10BOJIbHSE NOTpedu 3a1ay
0araTbOX KJjaciB, B HI MarThb Miclie 3a PaxXyHOK TilIbKH
napajelbHUX pO3rajly)keHb mnporpaMm Tuny IF-THEN-ELSE
BIAYYTHI BTpaTH €(PEKTUBHOCTI, SIKUX MOXHA YHUKHYTH MpU
BMKOHaHHI nporpam B SPMD-maumumui. CnpaBa B Tomy, 1o B
SIMD-EOM npouecopHi €JleMEHTH BUKOHYIOTb IHCTPYKUIi
THEN-rpynd 1 ELSE-rpynu  po3rajyXeHoi  nporpamu
nocnigoBHo, a B SPMD-EOM - ogHoyacHO napasneibHo, 60
TYT KOXKHOMY MPOLIECOPY HAJA€TbCs TIIbKM OJIMH 3 MOXIMBHX
IIAXiB posranyxeHHs (puc. 2.9). Te came Mmae wicue s
CKUIbKM 3aBrOJHO BUKOHYBaHHUX MPOTPAMHUX LUMKIIIB Ha Pi3HMX
MPOLECOPHMX eneMeHTax. TakuM 4YMHOM, KOXHHI mnpouecop
SPMD-maiuunu BUKOHYE OfHY i Ty camy SIMD-nporpamy Haz
CBOIMHU JIOKaJbHMMW JaHMMU | 3 CBOIM BIJIACHUM MOTOKOM
kepytounx koman/. I1py ubomy 3rigHo 3 npUHUMNOM MOOY10BM
SPMD-EOM npouec o6pobneHHs iHpopMmalii Moxe B Oyapb-
AKUH MOMEHT nepenTH BiJl CHHXpOoHHOro SIMD-TakTyBaHHsa a0
acuHxpoHHoi MIMD-opranizauii. Ha nportusary SIMD, B
cucteMi SPMD mae 3abe3neuyBaTvcs CHMHXPOHI3alifl OJHOIO
npoiecopa 3 IHIWKMMHU NpouUecopaMd TUIbKM TOAI, KOJIW 3a
NporpamMolr0 BUKOHYETbCA onepallis oOMiHy aaHumu. [lo knacy
SPMD-EOM Hanexutb MatunHa CM-5 (Connection Mashine).

SIMD:

SPMD:
DEAIF  THEN BSE OE J1r gggrg

2 O >XV/ ?—%///
A} VA, ‘W .

Yac Yac

Puc. 2.9. MeHiua TpuBaJliCTb BAKOHAHHS ApOrpam B
SPMD-cucremax
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2.2. PiBHi po3napaJjie/IrOBaHHs

Y 6arathox nybmikauisx i nepenycim B [Kober, 88]
HiBCAEHO KilacudiKallilo napaneabHOCTI CUCTEM 3a ii pIBHAMHU
(pre.2.10.), wo BiApI3HAIOTbCS MNOKa3HWKaAMW abCTPaKTHOCTI
posnapanenoBanHs 3agay. YuM “rymbiue” piBeHb, B SIKOMY
HICTYNAE napaje/ibHiCTb, THM IETaJbHILIMM, MaJoeIeMeHTHi-
tmuM OyZe po3napajieioBaHHs, 110 TOPKAEThCS €JIEMEHTIB
tporpamu (IHCTpykuisi, e1eMeHTH IHCTpYKLii Touo). Yum BHiie

pusMilieHo piBeHb abcrpakuii, THM Oulbuil ONOKM Mae
APaIebHICTD.
PiBHi O06’ekT 06pobGKH Cucrema-npuician
Beankobaokoewit | TIporpamunii | PoboTa, 3agava MynbrHzagayna OC
I : IpouenypHuii | TPOLIEC MIMD-cucrema
JApiGroBokosmit Pisenb IHCTPYKLIA SIMD-cucrema
(opmya
bit-piBenb B mexax iHcTpykuii | Mawmna - ¢on
HoiimaHa, Hanp.,
16-6. ALU
Puc. 2.10. PiBHi napasnenbHOCTI
KoxHuii  piBeHb Ma€ TMOBHICTIO  Pi3HI  ACMEKTH

apaienibHoro oopotieHHss. MeToa 1 KOHCTPYKTHUBH AAHOTO
PIBHA OOMEXYIOTBCSH TUIBKH LIMM PIBHEM | HE MOXYTb OYyTH
HOUWMPEHI Ha iHW piBHi. PO3MIISIHBMO KOPOTKO /€siKi 3 PIBHIB,
MAIOYM Ha yBa3i, 1O HAHONbUIMK IHTEPEC BUKANKAIOTH PIBEHb
lpoueayp (BelukoOJIOKOBAa, aCHMHXPOHHA MapaieibHICTh) Ta
piBeHb apUpMETHYHUX BUPA3iB (MaJlOEJIEMEHTHA, AcTalibHa 260
MiCMBHA CHHXPOHHA Napa’sebHICTD).

llporpaMuust piBeHB

Ha ubomy HabiBUIlOMY piBHI oaHovacHo ( abo
OHAUMEHILIE  PO3NOJIEHO 332  4acOM)  BHKOHYIOTbCS
KOMIUIEKTHI niporpamMu (puc.2.11). MaiunHa, 10 BHUKOHYE Ui
nporpaMi, He rnosBuHHa Oytu napanenbHoro EOM, npocutb
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TOro, WO B Hili HasBHa Oararo3ajayHa omnepaliiiHa cucTema
(HANpMKIIaJ, peatizoBaHa SK cUCTeMa posnodiny wacy). B win
CUCTEMI ~KOXHOMY KOPMCTYBaueBl BIAMOBIAHO 10 HOro
NpiopuTeTy MiaHyBajibHUK (Scheduler) BuAiNse BIAPI30K Yacy
pi3HOi  TpHUBaJIOCTI. Kopucrysay ONIEPXKYE  peCypcH
LEHTPANILHOTO  IMPOIIECOPHOTO  OJIOKY TUIbKH  BIPOAOBXK
KOPOTKOTIO 4acy, a MOTIM CTa€ B Uepry Ha oOCnyroByBaHHs.

Y Tomy Bunajky, komd B EOM HenocTaTHsS KUIbKICTb
npouecopiB s Bcix kKopHcTyBadiB (abo mpoueciB), 1o, fK
NpaBUIO, HAMOLIbIL IMOBIPHO, B CUCTEMI MOJENIIOETHLCS
napanefibHe 06OCIyroByBaHHS KOPDUCTYBayiB 3a AOMOMOIOIO
“KkBaszinapajieibHUX’ MPOLIECIB.

Yacopi iHTeppaAH
3(> X
EOM 3 posnoginoM uacy 2
( ye He mapaAxeArHa EOM ) HOpuopirers

Kopucrypadi aATOPHTMH POBIIOAIRY

Puc. 2.11. ITapanensHicTb Ha NPOrpaMHOMY PIBHI

Pipenr npouenyp

Ha uboMy piBHI pi3HI po3AUIM OjHIE] U Tiel camol
MPOrpaMu MaloTh BHUKOHYBaTHCs napanenbHo. Lli posaiiu
HA3WMBAIOTLCS  “‘mpolecamu™ i BIAMOBLAAIOTH  NPUOIU3HO
nocnifgoBHMm  npoueaypam. IlpoGiieMn nouiisioTbes  Ha
CYTTEBO HE3aJICKHI YaCTHHU TaK, 100 NO MOXJ/MBOCTI piaiue
BMKOHYBATH orepauii OOMiHYy JaHMMM MiX nNpouecamu, fKi
noTpedyIOTh BiAHOCHO BENIMKUX BUTPAT vacy. B pi3HMX ramnyssax
34CTOCYBAHHSA CTA€ SCHO, WO Led piBeHb MapanielbHOCTI Hi B
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MhOMy  pasi He  OOMEeXYyeTbCs  po3napallellioBaHHAM
HOCIIJIOBHUX nporpaM. IcHye Benukuid psg npobiem, ski
HoTpeOYOTh MapaielbHUX CTPYKTYP LbOTO THUMY HAaBiTb TOAI,
KO TAK CaMO, SIK' 1 Ha MPOTpaMHOMY DIiBHI, Y KOPUCTYBaua €
'11LKH OWH NPOLIECOD.

Tanysi 3aCTOCYBAHHA:

® NPOrpamyBaHHS B  peaJlbHOMYy  TeMIl  yacy;
BUKOPDUCTOBY€TbCS A1 KEPYBAHHS KPMUTUYHUMH 3a
4acoM TEXHIYHUMM MPOLECAMH, HAMpUKIaL Ha
€NEeKTPOCTAHLIT;

e kepyoui EOM, ans skux XapakTeEpHUM € OJHO-
YAaCHUH BUKJMK 6AaraTbOX anapaTHUX KOMITOHEHTIB,
HANpUKIAA y KepyBaHHI poOOTOTEXHIKOI (pHc. 2.12);

Y,

Puc. 2.12. 3koonepoBaHi xBaTH poOoOTiB

s 327 aNibHC NapaliesnbHe 00pobienHs iHpopmauii. B uii
rajy3i 3aCTOCOBY€ETLCS MOALN BUPIiillyBaHOT NMPOOIEMH
Ha napaiesibHl 3aAaudl — YaCTHHMU, SIKI BUPILIYIOTbHCS
farateMa  mpouecopamMd 3 METOX  MiJBMILEHHS
00UMCUCBAIILHOT NpPO/AYKTUBHOCTI (npuknan
HaBe[CcHO Ha puc.2.13).
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MIMD-cHCcTeMa

IIporpamMa

YLLLSSSLLLLISY,
U1

HLLLPP VLSS S Y,

CRU 2

PRI VEELEETIF,

CRU 3
AT SIS LS AIIASY,

TR AR TR

W AN RSO e e = s

Puc. 2.13. [TapanesbHicTb Ha PIBHI NPOUEAYP

PiBenr apupMeTHMuyHMX BHpPasir

ApuPMETHUHI BUPA3KW BUKOHYIOTbCA MapayesibHO I0o-
KOMITOHEHTHO, TMPUYOMY B CYTTEBO TPOCTILUIMX CHHXPOHHHX
mMerodax. JSIKlio, Hanpukiaa, WiaeTbcs Npo apubMmeTHuHuMi
BMpAa3 CKJAaJaHHs MaTpuub (puc.2.14), TO BIH CHHXPOHHO
poO3nApaneNioeTbes  AyXKe MNpocTo  TOMY, WO KOXHOMY
NPOLECOPOBI MANOPIAKOBYETHCS OANH €AEMEHT MATPULII.

Henosui ALU, 6es CPU

( HeMa NINMABHNKA KOMAHK, Reroaepa )

2y (1o (203
LS 4J+L2 ()J:ks 4J [M-z I lzq.g, ]
F‘ch yioma : ___.___l ’
EOM
X Y
Maumua I 3 I [+ |
$0H HoAmaHa

Puc.2.14.
[lapanenbHicTb Ha pIBHI onepallit

IIpy 3acTocyBaHHI n*n MPOLIECOPHUX EIEMEHTIB MOXHA
O/IepXKaTH CyMy JIBOX MaTpHLb NOPSAKY n*n 3a YaC BUKOHAHHA

34

Sl onepauii CkilajaHHs (3a BUHSTKOM 4acy, NOTPIOHOrO Ha
SIIVBAHAS Ta 3anMC Aadux). [{boMy piBHIO MpUTaMaHHi
LoDl BEKTOPM3aLlil T4 Tak 3BaHOI NapasiebHOCTI JaHHX.
O e TTOHATTS MOB’A3aHe 3 JCTAAbHICTIO po3fiapailenio-
L 4 caMe — 3 HOrO MOLMPEHHSM Ha 0OpOoOIIIOBaHI JaHl.
\LTKC KOKHOMY €JIEMEHTY AaHUX TYT NMiANOPSAKOBYEThCS CBIN
HPOTICCOD, 3ABASIKKM HOMY Ti jlaHi, 110 B MaluuHi o Hormana
O\l MACHBHUMM, MEPETBOPIOIOTHCS Ha ““aKTUBHI 0OYMCIO-
WLt npuetpoi”. JIo  uboro  nUTaHHS MW [TOBEPHEMOCH
1C LU ILHILLE B HACTYTIHUX PO3siliax.

I'1BEeHB QZBO1YHMUX PO3PSQiEB

Ha 10My pIBHI BIOYBAETLCS MAPAICIbHE BUKOHAHMS
DITOBUX OMEpaliii B Mekax  ojHoro  cioBa  (puc.2.15).
[ LipasefpHicTh Ha piBii OiTiB MOKHA 3HAHTH B Oyjlb-sKOMY
HPEHIOIOYOMY MiKpofipoltecopi. Hanpukiaj, y 8-pospsaiomy
APHPMETUKO-JIONTHIHOMY TIPUCTPOT 11001TOBA 0OPOOKA BUKOHY-
CrLes mapaiciapiumit - anaparianuMun sacodamn. Llein sua
HAPUNEABHOCTT PCANi3YCThCs BUIHOCHO NPOCTO | TOMY B KHH3I
e OVAE PO3IIIULTHCD.

01011101
11011000
01011000

AND

Puc. 215, [Mapanensinerbb Ha piBHi 01118

2.3. llapaneabni onepauii

3oBcim i oOpas napaiebHOCTI BHHUKAC 3 dHAJI3Y
AV TCMATHYHHX  Ofepaltiil Ha/t OKPEMUMH €JIEMCHTAMM  JAAHHX
A0 HAJ TpynaMu jiannx. Pospistsiors cKaistpHi Jlanl, onepaiii
UL IKMMH BUKOHYIOTLCS FIOCHIJIOBHO, 1 BCKTOPHI JIaHi, Ha)y
HKHMU MOXHA  BUKOHATH  [IOTPIOHI  MAaTCMATUUHI  onepalil

35



napanenbHo. Onepaulii, AKi HIKYE PO3TNAAAIOTHCA, € OCHOBHH- r-3) [noGasbha BekTopHa Onepaliis (4acTo cKAaiaeTbeos
MU QYHKIISAMM, WO Peani3yioThesl ¥ BEKTOPHUX T MATPUMHHUX | hocTux onepauiif)

EOM. i Hpukaan: (1,2,3,.4) — (1.3,6,10)  “Uacrkosi cymu”
[Mpocti  onepauii Haa  BEKTOpaMH,  HafpUkIal ;

CKNajaHHs  ABOX  BEKTOPiB, MOXyTb OyTM  BMKOHaHi feomicheri onmepamii

GesrocepeHbO CUHXPOHHO | napanienpHo. Y LbOMY BMMAAKy

MOXHA KOXHOMY €JEMEHTY BEKTOpa MiAMNOPSIKYBATH OJHH

npouecop. ITpu ckaagHILIKMX onepaLisix, TAKUX 9K GOPMYyBaHHSA »

BCIX YACTKOBMX CyM, M06YA0Ba eheKTHBHOTO mapasefbHoro ') (CKalip, BEKTOP) — BEKTOP [TokomnoHeHTHe

‘1) (cKajsip, cKajisp) —> cKkansp [TocnigoBHE BUKOHAHHS
[puknaa: (1.2) —» 3 “CkansipHe ckjiagaHHs”

4NrOPUTMY € He 30BCIM OYEBMHOIO crnpasor. Jani po3pis: 3aCTOCYBaHH4
HAKOTBHCH  OJHOMICLEBI (MOHaAHI) Ta ABOMIicueBi (jUaaHi) onepati Hal Ckajiaapom
onepauii i 10 KOXHOTO THUMy ofepauiii HABEACHO XapaKTepHi I BEKTOPOM
MPUKIAIN. Hpuknan: (3,(1,2,3,4))>(4.5,6.7) “CknafanHa ckansapa 3
BEKTOpPOM ™,
olepalis BUKOHYETLCS SIK MOCIHIAOBHICTL onepauii 6) ta ¢)
Ongnomicuesi onmepanii CKJIAJIaHHA BEKTOPIB:
(3, 3, 3, 3
a) Ckansip - ckansp ]—l()CJI‘UIO,l?He BUKOHAH N (. 2. 3. 4
Ilpuknan: 9 — 3 “Kopiub 3 @5 6 7)
0) Cxassip — BEKTOD PazmMHoKeHHs YUCN0BOT T
BEJMUMHN ) (BEKTOP, BEKTOP) —> BEKTOP [TokomnoHeHTHE
[puknan 9 — (9,9,9.9) “Broadcast™ | 34CTOCYBAHNA
B) Bekrop — ckassp Penyxuis BekTopa B orepan
cKaap HaJl IBOMa
‘ , BEKTOpPAMHU
Hpuknan: (1,2,3,4) — 10 ‘Cruiajlanus’ , .
Upuia: | ) L Hpuxnag: ((1,2,3,4),(0,1,3,2)) >(1,3,6,6) “CxuagaHHs
r) Bextop — BekTOp (13 COpoLLYBAJIbHUM BekTOpIB”

NPUNYLIEHHSM, O

ITokaxemo 3acrocyBaHHs UMX onepalliil Ha NPOCTOMY
JIOBXHHA BEKTOpaA He

HPUKTIAAL: RACTBCS NMPO OOUMCIIEHHS CKaAPHOro Jo0yTKY JABOX

IMIHIOETBLCA ; - o
1) JIokajibHA BEKTOPHA MOKOMITOHEHTHA olic V11 hekTopiB.  Llei  pesy/ibTar  MOXHA  OJEPKATH  NPOCTHM
: ﬂ) o 1 4.9 Il)( ‘ 1234 ‘ “Kp‘.l .. NOCHIOBHUM 3aCTOCYBaHHAM 0a30BMX onepalliif €) (TyT - rio-
Hpuknan: (1,4.9,10) = (1.2.3,9) OPIHE "\ O)MMOHEHTHE MHOXEHHS /BOX BEKTOpiB) i B) — (pemyKLis

O/IIOT0 BCKTOPA B OJMH CKalisip (TYT — 34 JOMOMOroK

r-2) I'ioGanbHa BekTOpHA Onepatlis 3 NepeCTAHOBKAMU .
( KJIQJaHHS ).

HpUKNAL. 2,43,1) “3IMiHa MicCLib
n UKJId . (1725344) —> (A—-a a)y «l L/Ll ” UKan: C o V. .
AN : CkansipHum 100y TOK
KOMITOHEHT 2 PURNAL P A00Yy
BekTopa”

((1.2,3),(42,1)) —> (4,43) —*> 11
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3. MEPEXIIIETPI

Mepexi TIlerpi Oyau po3podieHi we B 1962 p. i
npu3Hadaaucs s TOro, o0 MNpeacTaBUTH KOOPAMHALII0
ACMHXPOHHUX noaii [Petr1 62.Baumgarten 9¢]. Mepexi [lerpi
AY)KE UaCTO 3aCTOCOBYIOTLCS 7151 ONMUCYBAHHY B3a€MOBIJIHOCHH
MDK napajieJlbHUMU MpoLecaMM Ta 1X CUHXPOHI3alil.

3a BuszHaueHHAM Mepexa [leTpi — ue OpiEHTOBaHMH,
ABOJIOLHUI rpad 3 MiTkamu (Mapkamu). Lle Bu3HayeHHs Tpeba
PO3yMIiTH Tak (puc.3.1):

Byean:: a) O IIyHX T (MOXe OYTH IYCTHM
abo momigenum), CTAH®
6) =  Depexix, "ZIA" (ACTION)
Pebpa: — . OpleHTOBaHI 8B'AKH MIX
IYHRTaMH Ta IepexoJaMH

Puc. 3.1. EnemenTtn Mepexi Ilerpi

Koxna wmepexa Ilerpi € rpadom, skuid Mae y CBOEMY
PO3IMOPSDKEHH] ABI Pi3HI [PYNM BEPLUWH: BY3JIM Ta MEPEXO/IH.
Mix By3JIaMH Ta MnepexojlaMi MOXYTb MICTUTHUCS OPIEHTOBaHI
pedpa (myru), ane aBa By3JiM abo ABa MEpEXOAHM HE MOXYTb
3’eaHyBaTHCA pebpaMu. Mix KOXHOW napoio By3oJj/repexij
MOXe ICHYBaTH MaKCHUMaJIbHO OJHe pebpo Bix By3na [0
nepexoay (pebpo BXojy) i MakcMMaibHO oOAHE pebpo Bij
nepexoay A0 By3na (pebpo Buxoay). Bysmu MoxyTth Oytu
BUIbHMMH 200 3aMHATHUMH MITKOK (MapKOBaHHWMM); NMEPEXOIH
HE MOXYTb OyTHM MapkoBaHuMM. By3nu, 110 € CTapTOBHUMH
AYHKTAMW OJHOTO pedpa 10 ONHOIO MEpPEXoay f, Ha3UBAKOThCA
Jaji BXiIHUMHM By3naMu nepexoay f. Bysnu, 1o € kiHUEBUMH
NyHKTaMH pebpa BiA nNepexoay t, Ha3WBAIOTHLCA BiANOBIAHO
BUXOAHUMM By3J1aMH NEPEXOY L.
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Ha puc.3.2 noxaszaHo npocty Mmepexy Iletpi, mo Mae
oIt nepexia, Tpu pedpa 1 TpU BY3JIM, 1Ba 3 SKUX MApKOBaHi i
oIl He MapkoBaHMi. KoxeH By30.1 3B’13aHMI 3 Mepexo oM 3a
AonoMoro  oaHoro pebpa. Cnoci6 GyHKIIOHYBaHHS L€l
mepeki Tlerpi crae 3po3yMiziMM, $IKILIO B3ATH A0 YBaru
IGICTVITHI BU3HAUEHHS,

Puc. 3.2. Mepexa lletpi:

J.1. [IpocTi mepexi IleTpi

BusHaueHHs:

AKTHBI3aLliA: nepexi/l  akTHBI3OBAHMM, SIKLLO BCi BXij-
(Cman) Hi BY3JIM p; UbOTO NEPEX0/ly MapKOBaHi.

TakuM 4YMHOM, axTWBI3allis — UE 3a/jeXHa BijJ uacy
I $ACTHBICTb Nepexojy i onucye aeskuid craH. [lepexiy mepexi
Ilerpt Ha puc.3.2 axTuBi3oBaHMii, 60 o6uaBa By3nu pebep, 1O
WACJISTD Y TIEPEeXiJ, MApKOBaHI.

BBiMKHeHNSI:aKTUBIZOBAHUN NEPEXil £ MOXKE BMUKATUCA.

(ITooia} Toai 3HMKaOTL MAPKH 3 YCIX BXIAHUX BY3J1iB
Pi NEPEXOAY ¢ i MAPKYIOTbCS BCI BUXIIHI
BY3JIM pj LIbOTO NEPEXOY.

INpouec yBIMKHEHHS MEPEeXoay Mae nepeaiyMoBOO HOro
2K THBI3ALO.
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sIk BUAHO 3 puc.3.3, B npolieci BBIMKHEHHS Bi0YBA€Th-
cA 3MiHa MapKyBaHHs By3iiB Mepexi IleTpl: nepexia akTusizo-
BaHMii, 60 obuaBa By31M BXigHuUX pebep Mapkosani. [licns
BBIMKHEHHSI MEPEXOJ]y MapKyBaHHS OO0OX BEpPXHIX (BXIAHHUX)
BY3JIIB 3HMKA€E, B TOW 4ac fIK Ha HWXHbOMY (BHUXIZHOMY) BY3Ji
3’IBISAE€TbCS HOBAa Mapka. 3arajibHa KUIbKICTb MapKyBaHb Y
Oyab-sakii Mepexi IleTpi He 3anuaeTbes noctidHolo. SIkOW Ha
BUXIZIHOMY BYy31i Bxe Oyna Mapka, TO BoHa 0 mepenucanacs.
TOOTO BY30J1 sIK 1 paHilie 6yB OM 3aHATUH  MapKoIo.

lepeMEXaRHA

©

Zo nepeMHKaHHA IlicAA nepeMHKAHHA

Puc. 3.3. TlepeMukaHHs repexoiy

1 1

¢/ nepeMHKAE

ABO

ly 12

f2 1icpeMHuKac

Puc. 3.4. HeieTepMiHOBAHICTL NEPEMUKAHB MEPEXi
[TeTpi

Cran: crad mapkyBaHHs (260, KOPOTKO, CTail) MepexKi
TleTpi 10 jeAKOro MOMEHTY uacy T BUBHAUECHO K
CYKYMHICTb MAPKYBAHL KOXKHOTO OKPEMOI'O By3J1a
MEPEXKI.

HeBusnaveHicThb: KO 0/IHOYACHO aKTUBIZOBAHI
JIEKiJIbKa TEePEXOIiB, TO HE 30BCIM
3pO3yMIJIO, SKUH 3 HUX
NEPEMUKAETLCS MEPLINM.

3pobreHl BMILE BU3HAYEHHS HE AAIOTh YABJEHHS MpPO
MOPSAJAOK NePEMUKAHHS JEKIUIbKOX aKTUBI30BAHUX MNMEPEXOAIB.

OpHouacHe nepeMuKaHHs 1X HemoxunBe! Sk nokazaHo Ha

puc.3.4, y ubOMY BUMAAKy MOXYTb BIAOyBaTHCS [IBa MPOLIECH i
SKUHA 3 HUX HAKTUUHO Mae Miclie, B Mepexi [leTpi BU3HAUMTU HE
MOXHa. Y 3B’43KYy 3 TMM, 1O BBIMKHEHHSI OJJHOTO abo0 IHILOrO
nepexoay He Moxe OyTH 3JificHEHE 3a AOTMOMOTOK 30BHILLIHIX
napaMerpiB, Mepexa IleTpi ‘Mae B UbOMY BHMajKy HEBHU3HAa-
YEHICTb.
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VY npocrux mepexax [lerpi ¢raH MapkyBaHHs MOXHa
1 0OPA3ZUTH 34 JONOMOIOK JEAKOI NOCIIOBHOCTI OiHAPHUX
nndp (IBOTYIMI Dst10K). MoXIMBE MCPEeMUKaHHS NEPExo,Lly
LUETBCS 3d JOMIGAHOT0I0 [ICPEXOAY B NOCHAIAOBHICTL CTamy
IO - 38 GHAJIOTICIO 3 MOKa3aHMM Ha  pHUC.3.4 MOXYTb
HePCMUKATHCS ACKUIbKA MEPEXO/IB, TO ICHYIOTb PI3HOMAHITHI
MO SITHBI FIOCHILOBHOCTI CTAHIB):

(00110)
(11100) <
(10001)

Y  TOMy BWNajKy, KOJAM MCPEMHKAHHS  KOXHOIO
HCPCXOLY BH3HAYAETHCH UMM NPABHIIOM, BCI MOCIIIOBHOCTI
CIAHIB OAHOTO 34AaHOTO MOYATKOBOIO CTAHY MOXYTb OyTH
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“oOuuciieHi”  KOMIIOTEPOM 1 MOXYTb

OyTH
BIPOriHI GNIOKYBaHHS (JIMB. HUXUE).

pOo3Mi3HaHI

I'enepyBaHHs MapoK: NEPEXiJL, 1O HE MAE XOAHOTO BXIAHOTO
pebpa, 3aBX/IM aKTHBI30BaHWH i MOXe
NOCTIHHO BMAABATH HOBi MapKH Ha
BUXIi/IHI BY3JIH, 110 3’€AHAHI 3 HUM.

3HHuUIeHHsI MAPOK: MEpEXi/l, O HE MA€ KOAHOTO BUXIHOTO
pebpa | Mae TibKKU OJIHE BXifHE pedpo,

MapKOBAHO i BiH MOXe€ MOCTIHHO
3HUUIYBATH MApKY.

“MeprBnii” cran: Mepexa Ierpi nepebyBae B “MepTBOMYy”
ctaHl  (OnokoBaHa), #AKUWIO XO4eH 3 11
Mepexo/iB HE AKTUBIZOBAHUN.

Puc. 3.5. ['eHepyBaHHS Ta FACIHHS MAPOK

Biokosana mepexa I[lerpi € cratiunoro, To6TO B HIiM
HeMae HOBUX nochijlopHocTed cTaHiB. Hanpuknaa, obuasi
mepexi Ilerpi, wo nokasaui Ha puc.3.4, 6JI0KOBaHI.

AKusuit” cran: mepexa Ilerpi nepedyBae B “kMBOMY”

cTaHi (He OJIOKOBAHA B XXOJHOMY MOMEHTI yacy),
IKLIO X0ua O OJIMH 3 11 MEPEXOAIB AKTUBIZOBAHUM
1 Lie CMpaBe/IMBO TAKOXK [Jis KO¥HOTO
HAaCTYMHOTO CTAHY.
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Tpeba matu Ha yBa3i, WO ‘“KUBUKA® CTaH He €
HponuiexkHicTio - “meptBoro”  craHy. Mepexa [letpi B
ANBOMY” cTaHi He GJI0KOBaHa i He nepebyBa€ B KOJHOMY i3
ALK TMBMX TTOCIIOBHOCTEH CTaHIB, B TOM Yac AK He OJlokoBaHa
sepeka Tletpi He 06OB’s13k0BO Mae OyTH B “)KMBOMY™ CTaHI.
tanpukinan, 67J0oKkyBaHHS MOXeE BIIOYTHCS TUIbKM  MICAA
DUl ThOX MOCTiAOBHMX KpokiB. Ha puc.3.6 noxasano [Ba
HPHKJIAIW MEPEX.

JliBa mepexa Ilerpi Ha puc.3.6 € “KHUBOIO” TOMY, IO 1T

[ \IPKYBAHHS 3MIHIOETHCS BiJl OJIHOTO By3Jla A0 IHLIOLO, ajle He

WIIKAE, MEPEXiL 3aBX/IM TYyT aKTUBI30BaHMWIl. Y MpaBoi Mepexi

3aBX/IM AKTUBI30OBAHMIT TOJIi, KON LE MicLie tHerpr (pue.3.6) inma curyauis. llo-nepuie, TyT MOXyTb

HepPCMUKATUCh  abo  riepexid u (i TOAI Mepexa HEranHo
HCPCXOAUTh Yy “mepTBUA” cTaH), abo nepexia s. HapeuwrTi
MOKYTb MEPEMUKATUCh OJIMH pa3 fepexoau ¢ i U, 1o Beae
HIKOXK /10 “MepTBOro” crany mepexi [lerpi.

He giwua,
6i10xye uepes
nexinexa XpokxiB

Hirowa

Puc. 3.6. [litoua ta 6baokyroua mepexi [letpi

Sx yxe sragyBanocs, 3a jgonomorot Mmepex Ilerpi
MOXE OTMMCYBATMCSl CHHXPOHI3aLlis aCHHXPOHHUX MapaleibHo
IIKOHYBaHMX npoueciB. Lle Moxe OyTH noOTpiOHUM, 1106
YIHUKHYTH B3a€MOOJIOKYBAHHS mpoleciB abo BUHUKHEHHS
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CYNnepeyHUX JaHUX Y THX BUMAJAKaXx, KOJM ABA NpOLiECH MalOThb
3BEPHYTHCA 10 OAHIET i Ti€l 0OnacTI AaHUX (puc.3.7).

Puc. 3.7. loctyn aBox npoueciB Py, P> no 3arajibHuX
JAAHUX

Yepra abo maxeT

Byge .
yéep (HeobMe XeHol BeAHYHHH)

IMpouec P; (6upodnux) TEHEPYE TYT HE3AJNEKHO Bl
npouecy P> nai, 3anucye ix y 6ygepHy obnacrth nam’siti i Xoug
0e3 3aTPUMKH MPALIOBATH naii. Ilpouec P2 (croscusay) unrae
JaHl 13 uboro Oydepa 1 BUKOPHUCTOBYC 11X MapaieibHO I
npouecom Pj;. Hlo6 yHUKHYTH CVNCPCWIHMBUX gaHUX. Tpeda
BUKOHATH TAKY YMOBY:

oonouacHil 0ocmyn npoyecie 8 00ny it my camy o6jacms
nam’smi mae 6ymu suxnouenui.

Lle Bukankae noTpedy B CMHXPOHIZAIlT Mpouecis, ToOTC
OJIUH 3 HHUX M€ JICSIKUH YAC ITOYEKaATH.

Ha puc.3.8 nokazaHo rnpocTrit NPpUKIIAL JUIs BUTAJKY
KOJIM nipotiecu Py ta Pz MaloThL OYTH CHHXPOHI3ZOBAHI, TOMY 1110

Macue-
HUU

P - cemadop

Puc. 3.8. Mepexa [etpi anis cuuxpoHizallii npotiecis
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WOUN, HAMpPUKIAL, XOYYTb KOPUCTYBATHCS OJHHUMH H TUMH
camimd  gaHuMu. KoxHui npouec mae€ TYT JBa CTaHU —
AKTHBHUM 1 MACUMBHMK, SKI CUMBOJI3VIOThCS JIBOMA BY3JIaMM.
lpoiiec nepebyBac B TOMY CTaHi, fAKHH [0O3HA4acTbCA
BLUIOBIIHOIO MAapKo (1€ o3Havae. uio Ha puc.3.8 obuinsa
npounecy nacushi). Koxen 3 JBOX MPOLECIB MOXE 3MIHIOBATH
«11il CTaH 3 MACMBHOIO HAa aKTUBHUM | HABMAaKH, MEPEeMHUKAIOYN
m-nmsiﬂﬂnﬁ nepexia. Obuasa uwukauw crady aaa P; 1 P
it 1Y MPCCTOMY  KOHTYPY. 11O 300paXeHuH 31iBa Ha
1 e 200, aie Wl LMKIIM OB s1I3aHi MIXK co00K 3a JONOMOTOI0 Tak
wanore Byisa-cemadopa §. Ilpouec, wo XOoTiB OU 3MIHHUTH
(Wl CYan 3 MACMBHOI'O Ha AaKTUBHUH (1100 3BEpHYTHCA /10
GMUIBHUX JIaHKX), MOTPEOYE AJIs LbOI'O MEPEXO/ly MAPKYBAHHS
n S, Lle o3Hauae, o BiH TUIbKI TO/Al MOXE 3MIHUTH CBIl CTaH
11l AKTMBHUH, KOJIM mapka cemMadopa He BUKOPHCTOBYETHCS
INIIMM IPOLIECOM (KM B LEeH yac nepebyBac B aKTUBHOMY
crani). Ilpu nepexoai B akTMBHMH ctaH cemadop S
IBUILHAETBCS BIJ MAPKYBAHHS; Y TOMY BUMA/IKY, KOJW THILIKHN
HPOLIEC 3aNpOCHTb MEpexif 3 MacHBHOIO CTaHy B aKTWBHUIA
(AOCTYN [0 3arajlbHUX JaHUX), BIH Ma€ 4eKaTH, MOKHW nepLuiii
Npeec He Mepeie 3HOBY 31 CTaHy akTUBHOTO B MACHBHUM |
(HOBY 3’IBUTLCS cemadop-Mapka §.

CuHxpoHizailia 3a gonomoroto i€l Mepexi [lerpi ¢
BHCOKOHAMMHOIO, TOMY L0 B KOXKHMH MOMEHT 4Yacy TiIbKH
0JIMH Ipouec nepedyBae B akTUBHOMY cranl. Takum yuHoM, B
pisl  OJRGHACHOTO  3anpocy MpOoLeCH 3 NapajelibHUX
HCPETBODIOIOTHES B 1TOCIIOBHI 1 OJIOKYBaHHSA 1X BUHUKHYTH HE
IMOXKeE,

3.2. Posmmpeni mepexi Ilerpi

uo Oysau TYT NpeacTaBlicHi,
NOBHICTIO  3a0e3neuyyoTb  WIAMH  psg PI3HOMAHITHUX
sacrocyBaHb.  IIpote 3a  gonomMorow  TpbOX  MPOCTHX
PO3WWPEHb BOHM CTalOThb CYTTEBO NPOAYKTUBHILIMMM. Sk
nokaszano XonkpoproM 1 Yiabmanom, “posuiMpeHi Mepexi

IInocti mepext Tlerpi,
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[Tetpi” (HaBiTbL 6€3 AOAATKOBO YBEACHUX HHXYe Bar Ayr) 3a
CBO€K  €(EeKTHUBHICTIO AOPIBHIOIOTH MauiMHI  ThlopiHra
[Hopcroft, Ullmann 69}, To6T0 BOHY MOXYTb 3aCTOCOBYBAaTHCh
K 3arajlbHa Moje/b 06YUCTIOBAHOCTI.

Poswupennsn:

1. baraTtopa3oBe MapKyBaHHSA

@ BLAMOBIaa€ T4

KoxeH By301 Moxe Maru Oyab-Ky  KUJIbKICTb
MapKyBaHb (Npu 300paxeHH] Mepexi [leTpi gomnyckaerbcs
MapKyBaHH$ KOPOTKO rno3HayaTh uucioM). [IpaBuna
aKTHBI3aUli Ta NepeMHKaHb 3MIHIOIOTHCS BIIMOBIAHO:

e [iepexiJ aKTMBI30BAHMWI TUILKU TOJI, KOJIM YKUCJIIO, 1110
BIJNOBIIA€ KIIbKOCTI MapKyBaHb KOXHOTO HOro
BXIJHOTO By3ja, € OinblUMM 3a oauHuLI0 abo
JOPIBHIOE Tif; _

® SKIIO AKTHBI30BaHWK Mepexil NEepeMUKAETHCA, TO
YMC/la-MapKyBaHHA yCiX BXIAHHUX BY3JB LbOTO
Mepexoay 3MEHILYIOTbCS Ha OJMHHMLIO, a YCIX
BHXiJHHX BY3J1iB ~ 30i/bINYIOTHCA HA OAMHULIO.

3a UMM cnocoboM KiJIbKICTbL MApKyBaHb OJHOTO By3Jja
MOXe OyTH SK 3aBroJHO BEJIMKOIO, 4J1€ BiJINIOBIJIHE YMCIIO He
MOXe€ OYyTH MEHLUMM Big HYJIS.

2. Jlyru-3anepeyueHHs

Hyru-zanepeueHHs B mepexax IleTpi 300paxaiorbes
KPY’KEUKOM Ha KiHLiI 3aMicThb cTpiiku (puc.3.9) i He MaloThb
AYyroBOl  Barv; JAyrd, WO Oyjld  BMU3HAYEHI  paHiule,
PO3IIAJAI0TbCA AK MO3UTUBHI AYTH.
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Puc. 3.9. [Iyra-zanepeucHHs

BolKn 3aBXKAM MOXYTb OYTH HanpawjeHl TiNbKW BiJ JAESIKOrO
By3Jid 10 A€SKOCO  NEPEXOJy, 3BOPOTHOIO HAMPSIMKY HE
1O3BONISIETBCS. BBeieHHs yr-3anepedeHb 3yMOBIIIOE OHOBJIEHI
HPUCTOCYBAHHS MPABMJI AKTUBI3ALLIT T MEPEMHUKAHD:

® nepexiji akTUBI30BAHUM TUILKK TO/AL, KOJIM KUILKICTD
MapKyBaHb KOXHOrO BXIJIHOIO By3/ia 3 MO3UTUBHOIO
AYrow Outblia  abo  JIOPIBHIOE OJMHHULL 1 KOJH
KIILKICTHL MapKyBaHb KOXHOIO BXIUHOrO By3ila 3
JIyrolo-3anepeucHtsim  JopiBHIOE HYJO (Ha puc.3.9
nepexijl  aKkTHBI30BaHMiA, Ko P; mapkoBauuii 1 P
HC MAPKOBAHWI);

e SIKIIO AaKTHBIZOBAHUK MNEpexijl NMEPEMUKAETBCH, TO
KUIbKICTL — MApKYBaHb  YCIX  BXUIHUX  BY3JUB 3
MO3UTUBHUMH JYTAMM LHOTO MEPEXOAY IMEHIHYCTHCS
Ha OJIMHUIO, B TOW UaC SIK KUILKICTH MApKyBaHb
BXUIHUX BY3JIB 3 JlyI'aMH-3alICPCUCHHAMM  3alikiiia-
erbes  nesminnolo.  Ywucna, 10 BUOBIAAIOTH
KUILKOCTI MapKyBaHb YCIX BUXJIHMX BY3JIB, 5K |
paHilue, 30UIbIIYIOTHCS HA OAUHULIO.

3. Bara nyr

Koxna jyra, o He ¢ yroto-3anepeueHsam, MOxe MaTh
HOCTIHHY  LtouncnoBy  Bary, wWo Oinbia abo  JOPIBHIOE
OJIMHULL ( UMCIIO, 1O BUKOPUCTOBYETLCA 34 YMOBYAHHSM,

47



puc. 3.10). [dna axTuBizauii i MEpeMUKAHHSA MEPEXOJY i€
NMpaBHIIO:

e [Mepexil aKTUBI30BaHHI TUILKU TOMi, KOJNIH KUIBKICTb
MAapKyBaHb KOXHOTO MOro BXIJAHOIO By3na Oinblie
abo AOpIBHIOE BIAMOBLIHIA Bazl Ayru, a Ala AYIH-
3anepevueHHs AOPIBHIOE HYJIIO,

3 2 3 2
O—+"=0@ @——’l-—""@
Jo onepauii Nicnst onepauii |

Puc. 3.10. Bara noyr

e NpH MEPeMUKAHHI MepPexojy KilbKiCTb MapKyBaHb
KOXHOTO0 BXIAHOTO BYy3Ja 3MEHIIYETbCA Ha Bary
BIAMOBIAHOI BXIJAHOT JIyrM  (BOHA  3aJIMLLIAETLCA
HE3MIHHOW  JUIS  Jyr-3anepeueHb);  KUILKICTb
MApKYBahb KOKHOI'O BUXIJIHOTO By3Jla 301bLIYCTLCA
Ha Bary BiAMOBIAHOT BUXIAHOT JIYT'H.

3.3. Ilpuxnanu mepex Iletpi

HaBeaemo psia npukaafis  poswdpeHdx Mepex Tlerpi, ski
YaCcTKOBO 0a3zytoThest Ha npukjaaax 3 podorn [Krishnamurthy
89]. B npuHuMmi  MOXHA KOXHY nporpamy, iandcany Ha
Oy/b-sAKid  MOBI MpPOrpaMyBaHHs, MNpeACTaBHTH Yy (opmi
po3wupeHoi Mepexi [lerpi. Ipu 11boMy Tpeda MaTh Ha yBasii,
Lo “"maM’sTh MApKyBaHb  AEAKOrO By3Jla MOXE MICTHTH TUILKH
J10J1aTHE yucio ab6o Hynb. Bia’eMHI uncia MOXYTL, HANPUKIIAJL,
NPEACTABJIATUCS JI0JIaIKOBUM BY3JIOM, L0 BH3HAYAE 3I1AKU
uncest. KoxkHa HaBejeHa Tyr Mepexa Mae  creuialbHHi
“CTAPTOBUI” BY30J1, 3 IKOTO HOYMHACTHLCH OOUUCIEHHSA, | BY30J1
“rOTOBHOCTI”, SIKMM MapKyeTbCid TOJI, KONU OOUMCIICHHS
MOBHICTIO 3aBepuieHO i 3’aBUBCs pesynprar. Cnelianbhi crapt-
i TFOTOBHICTb-BY3/IM OCOOMMBO BaXIIMBI TOJI, KOJAW Tpeba
CKJIACTH po3iunpeHy mepexy Tlerpi i3 HAasBHHX €NEeMEHTIB.
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CyMmaTop

Cymarop (puc. 3.11) Mae moniyuTh MapKyBaHHS Bil
imvnkry Y 10 MapkyBaHb B Z, ToOTO cTBOpUTH cymy Z+Y. Tyt
ALICMO  crieljaibHMiA CTapTOBHM BY30JI, IKMH Ha NOYaTKy
oncpalli 3aiHgTHU MapkyBaHHsMm 17, Ilicns nepemMuKaHHs
HCPCXOAy § L Mapka 3HMKHE 3 Micls cTapTy, a Mapka y By3Jll
1O1OBHOCTI 3’SBUTLCS TibKW TOMI, KOAM 3aKIHYMTBLCA MPOLEC
CheljIaHHS 1 cyma Oyae y Bysai Z.

Qiniw

Puc. 3.11. Mepexa [lerpi sk cymarop

ITicinst  nepeMuKaHHs — CTapTOBOIO  MEPEXOMYy 8
\APKYETHCSE cepeaniid By3os Mepexi Tlerpl. Kpok 3a kpokom,
NCPEMUKAIOUH nepexijl t, oJHe MapKyBaHHs Oeperbest 3 By3na Y
(WXi71) 1 OAHOMACHO BBOAWUTHCS y By3on Z. (Buxin). CepesHiit
HY30JT 3aJIMIIACTLCS MPH UbOMY MapKOBaHWUM, 0O BIH MiCTUTDL Y
¢l K BUXIJIHY, TAK | BXIJHY JiyTH (1-1+1=1). OHaue 1iel By30.1
He ¢ 3aBum, 00 BiH J0ae npo Te, ulod onepallis ckaaganHsa
mjadyBanach - K pe3yabTyloua  ficis  po30J0KyBaHHS
craproBoro Bysfta. B kiHW  onepauii, koan Y=0, cyma
UaBAsSETbes y By3i Z 1 nepexia ¢ Giiblue He akTuBi3yeThes. s
KIBCPLUEHHA onepallii MPU3HAYCHWH nepexiji u, 1O Tenep
AKTHBI3OBAHMH; SKIO BIH NEPEMUKAETLCS, TO Mapka I3
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CEpEHbOTO BY3J1a BMBOJMTBCS | I'€HEPYETbCS Mapka y BY3li
TOTOBHOCTI, O CUIHAI3YE NPO 3aKiHYEHHS OOUYHCICHHS.

YV LbOMY Td HACTYMIHUX MpuKIagax Tpeda martn Ha
VBa3l, L0 [MOYATKOBE YMCIOBE 3HAuyeHHA Y 3HULyeTbCA (Y
HALIOMY BWMAAKY CTa€ HYJEM) | HE MOXE BUKOPHUCTOBYBATHCS
A0 MOKAMBUX MOAanblupx onepauiid. Sxkmo 3miHHa Y
norpibHa AJs iHIUMX oOnepauii, wo BiadyBalOTbCA MiCHs
ojlepXaHHs cyMH, To Mepexy Ilerpi Tpeba b6yaysaru Tak, 100
B Hiil BIAHOBIKOBANOCSA 3HAYCHHSA BETUYMHA Y.

IpucrTpists gnas BIQHIMAHHS

[TpocTuit npucrpiil Aas BigHiMaHHA (puc.3.12 3Ba)
MOKHA  nodyayBaTh 13 cymatopa {puc.3.11), B sKOoMy
IMIHEHO HanpsaMok ayrs Bin Z (wrrpuxoBa  crpiika). Ha
KOKHOMY KPOUI  Tenep MapKyBanHs He #jac Ha micue Z, a
HABMAKY, BUBOAHTLCS 3 7. Lst MeToanKa QyHKINIOHYE, NpaBaa,

34 TMX ymoB, w0 Z2Y; B IHIHX  BUN@KAX BIAHIMAHHS
SYMUHACTLCS O3 MAPKYBaHHS  KIHUS  onepalii y  By3Ji

roropuocti! e, 3Buuaiino, e Mae ceucy, Tomy na puc.3.12
NPaBOPYY MOKA3a10 POMUMPEHHIT OpHCTPL. kit 00ucIoe
CUMCTPHUHY PIBHULIO.

Cmapm  ®iniw QiHiw Cmapm PQiHiw
(peay AbTaT B Y) {peayAbTaT B 2)
8
u s
v u
t
0 1
{Z—Y, Axmoe Z> Y {Z::Z-Y, Axgo Z>Y
Z:=| ge BEGHaYeHo B IHW. Z:= Y=Y-2Z, rxgo Y>2Z

Puc. 3.12. Mepexa Tlerpi jns onepaiyii BiiHiMaHs

S0

Hit oAMHUUIO i Y MOKPOKOBO CKJIAJIa€ThCA 3
“HaM’aTb” KOMIIETbCS 104YaTKoBa BejauyuHa Y, 1 B
onepadii yepes nepexia u Ha 'Y pobuTbhca HoBa komid, wob Y
MoiHa ByJI0 BUKOPUCTATH B HACTYNMHHUX po3paxyHkax. HoBuii

Ilpy cumeTpuyHOMY  BigHiMaHHI Dpi3HMUS Z-Y
1anocutbed B Z, axuo Z 2Y, a pizunus Y-Z 3aHOCHThCA B Y,
wkno Y2Z. Y 38’a3ky 3 uMm Mepexa I[leTpl 10MOBHIOEThHCH
CHMETPHYHO NEPEXOIOM V.

IIpucrTpisnt Qna MHONXEHHA

Ilpuctpiit 118 MHOXeHHs (puc. 3.13) Mae ckiagHiuwly
OV;10BY, ajle B Mepexoaax s, f i v MOXHa BIli3HATH OCHOBHI
¢IICMEHTH cymaTtopa. Lle 3miHloe ogHOYacHO MPUHUMIT poOOTH
HCPEMHOXYBAYa: MiA 4ac KOXHOro mnpoxoay X 3MEHIUYETbCA

Mam’amb

[ Z:=Z+X*Y]

Puc. 3.13. Mepexa [letpi ans onepatiii MHOXEHHS!

Z. Y By3
KIHL]
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o0YHCTIOBAILHUE  LHMKI  MOYMHAETHCA, KLU0 “‘nam’saTh”
JAOPIBHIOE HYJIO; MOTIM TNeEpexiJi 3HOBY aKTHBI3YETbCS 4Yepes
ayry 3anepeucHHsA. L{uknu, B skux BenmuuHa Y CKiajaeTbest 3
Z., BUKOHYIOTbCSl OTH, MOku X CTaHe JOPIBHIOBATH HYJIIO.

T00TO A106yTOK X*Y OYy1ie cknanaeHo 3 Z.
barato 3 BHMKOHYBaHMX OOUMCIIIOBAJILHUX OIeEpaLiiii

MOXYTb OVTH JIETKO pO3MillicHi y BHUIVISIAL JIaHLIOra
aKkTUBi3allii, B AxkoMmy ixHi  crapToBi i (iHiluHI By3M
3B’A3YI0ThCS MK CO0OI0 MOCHIAOBHO BIAMOBIAHO A0 MOPSIKY
obuucaeH, abo Takox napaienbHo. [lpn OaraTopa3zoBomy
JOCTYII 34YHTYBAHHA 3 OJAHOIO | TOTO CAMOTO €JIEMEHTa NaM’ ATl
obuMCaeHHsT MalOThb BecTHca nocniioBHo. KpiM uporo, yci
onepauii MarTh BIIHOBJIIOBATH BUXIAHY BEIUUYMHY, 110 Oyia B
eqeMeHT] nam’aTi. Llg yMoBa BMKOHAHA B  HaBEACHHX
NpUKAaAax TiIbKM AJ1 3MIHHOI BEJWYUHW Y B NPUCTPOI s
MHOXEHHS! | B pa3i noTpebu Mae JONOBHIOBATHCh.

Ha pwc.3.14 noka3zaHO MOXJIMBICTb PO3MHOXEHHS
3HaueHb 3MmiHHOl Beauuuuu. Ha pwuc.3.15, 3.16 HaBeneHo
NpUKIaan cknagHux Mmepex [eTpi, aki CKOMMOHOBaHI 3 OibLI
MPOCTUX MOAYJIIB 3@ METOJOM HOPHOTO SLMKA.

Puc. 3.14. Po3MHOXEHHS 3HaY€Hb 3MIHHOI X

Hocninosri o6YUKMCHEHHS

TOTOBHA p-TAT

Puc. 3.15. [TocnigoBHe BUKOPHUCTaHHA Mepexi [leTpi
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lapanenesi oBumcryenss

Puc. 3.16. Iapanensue sukopucranns mepeski [erpi

4.  KOHUENLII IMAPAJIEJBHOI

ObPOBKH

TyT HaBe/IEHO OCHOBHI KOHIEMNLIIT Napanenbioi 00podku
nipopmanii. Bel Mogent B ubomy po3iiit Oyjiyth po3risiHyTi
HAMBAXJIMBILIL  KOHUENUIT, a came

IALKM  KOPOTKO, &
ACHHXPOHHA T4 CMHXPOHHA  napajienbuicts,  Oyayrsb
1CTAII30BAHT B HACTYMIMX PO3LIAX KHHIH.
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4.1. Cnisnporpamu

BUKOpPHUCTOBYIOUM CriiBMporpamu (coroutine, puc. 4.1),
rOBOPSITHL MPO KOHLEMNUII0 0OMEXeHO! napanenbHoi oOpoOku
iHpopMmallii, ska nmopsa 3 iHIIKMM Mae Mmicue y MoBi Moayna-2
Bipra [Wirth 83]. B ocHoBy wui€i 0OpoOku nokJajaeHo
OJIHOMPOLIECOPHY MoAedb. TyT MaeMO TINbKM OOMH TNOTIK
IHCTPYKUIH 3 MOCHILOBHO BUKOHYBAHUM KEPYIOUHMM TOTOKOM,
1o nepeadavyac  OpPraHI3OB4HE 3aHATTS Ta  3BUIbHEHHS
onepaLinHoro pecypey “npouecop” CniBMpPOrpamoro.

IToyarTox

Kineys

Puc. 4.1. OOmexeHa napasnenbHa o0podka
(COROUTINE)

Lleii “xBasi-napajenbHuii” npouec BiAOYBAETbCS MiXK
JABOMa abo OaraTbMa ChiBnporpamamu i MOXe pO3Iiis/laTHCh
K O/IMH 3 BU/IB NMPOLIEAYP, JOKaJbHI AaHI AKUX 3a/IUILAIOTLCS
HE3MIHHMMM Bi OJHOrO BHKJMKA 10 HacTynHoro. O6pobka
MOYMHAETLCS 334 BUKIMKOM oOfHi€i cnimporpamu. KoxHa
cniBnporpaMa MOXe MaTH B 0araTboX MiCUsiX IHCTpyKUilO IS
nepeMrUKaHHs KEPYHOUYOro noToKy Ha iHwy crisnporpamy. Lle
HE € MpOoLeyPHUM BUKJIMKOM, TOOTO BUK/MKAHA CiBNporpama
Ma€ BiJUIaBATH KEPYBAHHS Ha CriBNporpamy, Wwo i BUKJKKaNA,
4 MOXE TAaKOX MNEPEKJIoUaTUCA Ha 1HWI cniBnporpamu. Skuio
criBnporpama, 1o OyJjia aKTUBHOIO 10 LibOTO, OJIEPXKYE A03BLI

Ha pecypc, To 06pobka NPOAOBXYETbCS 3 TIET IHCTPYKLIT, Nepel
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#koto OYJIO BUKOHAHO Mepexia A0 iHWo1 cniBnporpamu. SAkio
Ak 1IBIHA CIIBApPOrpaMa TepMiHye (“3aBucac’), TO 3aKIHYYETbHCA
nporce BAKOHAHHA Beix iHWMX criBnporpaM. Ilepexomu Mix
ClisnporpaMamMM  MaloTb  OMMCYBaTUCA — MPOrpaMmiCTOM-
ropircryBadem  y  aBHii  ¢opmi. BiH  noBHHEH — TakoX
IMKIyBaTUCA  Mpo  Te, 1100 KkoXHa cniBnporpama Oyna
AOCTYAHOIO | W06 Kepyrouuil MOTIK MpaBMIbHO BHU3HAYaB
HYHKTW  CIIBNpOrpaM, 3 sSKUX NPOJOBXYETbCA OOUYMUCICHHS
INCist EPEPBM. _

Y 3B’S3Ky 3 THUM, WO U8 KOHUenuis Oyayerbcsi Ha
GIIOMY €IMHOMY Mpouecopl (1 He MoXe OyTH po3luMpeHa Ha
ACKIILKA - MpouecopiB), BOHa He MoTpedye BiJINOBIIHUX
VHPABIIHCLKUX BUTpaT Ha MYyJbTH3aJauHicTb. OjHaK TYT He
nAOVBAETHCS CIPaBXHbOI NapalenbHoi 06pobku!

s nepexoni Mix cnisnporpamaMy B MoBl Moayna-2
Hepe/tbayeHo npoueaypy “Transfer’:

PROCEDURE TRANSFER (VAR Source, Destination:
ADRESS);

[Tig yac KOXHOrO TMOAAAbLILOTO Mepexoay NOTPIOHO
EJWIBATH B SBHOMY BMIJISUII IM' aKTyajlbHOi Ta HACTYIHOI
CHIBIpOTPAM.

4.2. Fork ( posranys;xeHHs, BHUHHKHEHHS apajie/lbHAX
nponecis ) i Join ( 00’eaHaHHS )

KoHcTpykuii fork 1 join (ski B onepauiiHii cucremi Unix
nijloMi 5K fork 1 wait) Oynu BBeaieH! aBTopamu pobit [Conway 63,
Dennis, Van Horn 66) 1 nasnexaTh B3arani 0 Halnepuux
HAPUICTIBHUX MOBHHUX KOHCTPYKLIN (prc.4.2).

B onepauiiinifi cucremi Unix [Kernighen, Pike 84] €
MOJIMBICTD 3aMyckaTH napasielibHi MpoLEeCH 3a JO0NOMOI'0I0
onepauii fork, a 3akiHY€HHS 1X 4ekaTH onepauieo wait. Ha
W/IMIHY BiJl CMIBNpOrpaM TYT MOBa iifle Npo NpHKAaja iICTHHHO
1iPIENIBHUX MPOLIECIB, WO -MOXYThb 3a OpakoM napaesbHUX
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armapaTHUX pecypciB OBpOGAATHCL HA OJHOMY MpPOLECOpi B
MYJIbTU32/1aYHOMY PEXHUMI 3 JIMCKPETHUM PO3MOALIOM yacy. Y
UbOMY C€roco0i mapaielbHOro NMporpaMmyBaHHsi 00'€lHAHO BI
MPUHLUMIIOBO Pi3Hi  KOHLENIil: no-repwe, AeKIapyBaHHs
napajiejbHUX MpoleciB I MO-Apyre — CUHXPOHi3aLlis MPOLECIB.
OckinibkK HAETLCS MPO KOHLIENTYanbHO Pi3HI 3aaaui, Oyjo 0
AOLUIbHILLIE, 3 OIJIsAly HA OCHOBW NMPOTPamHOl iHXKEHepil, 100
BOHM OYJIM UITKO PO3AUIEHI B MOBI MPOTPAMYBAHHS BBEAEHHAM
PI3ZHUX MOBHHX KOHCTPYKTHBIB. '

HogaTox

Kineys

Puc. 4.2. [TapasienbHi KOHCTPYKTUBH Fork Ta Join

VY cucremi Unix BUKIUK onepauii fork pyHKIIOHY€E HE TakK
HAOYHO, K MOKazaHo Ha pHc. 4.2. 3aMiCTb LILOTO BHIOTOB-
JAETLCA 1IEHTUUHA KOMIsl NpoLEcy, 110 BUKJIUKAEThCS, 1 BOHA
BUKOHYETLCS NapajebHo Homy. 3Mitiil BEAUUMHU Ta CTApTOBA
BeJIMYMHA MPOTrPaMHOrO JIYMIIbHUKA HOBOTO MpOLECY Taki
cami, K y BUXIAHOMY Mpoleci. €/iMHa MOXKIUBICTL BIAPI3HUTH
Ll TPOLIECH (SKi 3 HUX — MPOLECH-0aTbKH, a AKi — JIiTH), noJsrae
B TOMYy, WO fork-onepauis Buaae iaeHTU]IKaLLIiHUIE HOoMep,
KMl Tpeba  OLIHMTH. Horo BenmvuuHa ans NpoLEeciB-JliTerh
JNOPIBHIOE HYJO, a 'y npoueciB-0aTbkiB BiH 30iraerbca 3
ineHTUdikauiiHumM HoMmepoM npoueciB B OC Unix (4ucno, wo

3aBXKAM BIAPI3HAETbCS BIA Hyns). Takui cnocid oprauizail
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HPOICCIB HE BiANOBiJae npoOjeMaTHlli NPOrpaMyBaHHA, IO
CHABITD 33 METY MOOYIOBY 3pO3YyMUIMX, 3pYUYHHX JUIS YUTAHHA
Lil HICPETIISIAY NTPOrpam.

HJo6 Bce K Taku 3aMyCcTUTH iHLIY MPOrpamy i yeKaTu Ha
N taKIHYCHHS, MOXHa o0uzaBi cucteMHi  Unix-npouenypu
WHKIMKY CKOHCTPYIOBATH MOBOK nporpaMyBaHHs C B Takuid
vtocio:

int status;

if (fork( ) == 0) execlp ("program_B"....); /* npoyec-oumsa */

wait ( &status); I* npoyec-6amvko*/

Bukauk onepauii fork Buaae ajs 6aTbKiBCbKOro npouecy
HOAICP TTPOUECY-AMTHUHY K 3BOPOTHMH 3B'SI30K (TYT fork() He €
HVICM), Y TOW vac sk Jisi NPOLECY-JIMTHHH BHIAETHCS
HCHHUMHA HYJIb, THM CAMMM T'aPaHTYEThCS, 10 NPOLEC-JAUTHHA
IIYaHHO BUKOHYE HOBY Mporpamy onepauicio execlp 1 Ue He €
1ekeToM  6aThKIBCcbkoro  koay. OjiHoYacHO  6aTbKIBCLKHUM
npoliecc BUKOHY€E HACTYMHI IHCTPYKUIT MapajieibHO npouecy-
werni. BaTubKiBCbKMIE  NpoLEeC MOXe 4YeKaTH  3aKiHueHH:
Hpotecy-AMTUHY  ONepauicilo  wait;  napamerp 3BOPOTHOTO
513Ky MICTHTD CTATYC 3aKIHYEHHS MPOLECY-JIMTUHMU.

4.3. ParBegin ta ParEnd

3a aHAJIOTI€I0 3 BIJJIOMUMHU KIIIOHOBUMHU CJIOBAMM begin Ta
WO BIJJOKPEMJIIOIOTE  MOCI/IOBHI  OIOKH  [HCTPYKLIH,
«IOBAMM parbegin Ta parend BU3HAUAIOTbCA NapalicibHi OJI0KH, B
MKHUX  THCTPYKLIT MalOTh  BUKOHYBATHMCb  OJHOYACHO
HapaiensHo) (puc. 4.3).

Yacto 3acTOCOBYIOTHCS TAKOXK CROBa cobegin, coend. Lls
woHIETIiA IMIIEMEHTOBAHa, Hanpuvkian, B MOBI
nporpaMyBaHHa poboris AL [Mujtaba, Goldman 81], ne
MOKYTH  OJIHIEIO  Mapalie/ibHOK  MPOTrPaMoI0  KepyBaTHUCh
WINOYACHO JieKUIbKa poOOTIB, a 1XHIH PyX KOODIAHMHYETbCS 3a
aonomororo cemagopi (auB. ra. 7). IloaibHy KOHCTPYKLiO
s Anron-68 y Burasjl onepatopa par. BiH  go3Bounse

e,
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papaneibHUl CTApT MPOLECIB. 110 TAKOX CHHXPOHI3YIOTbCS
ceMadopamu. [TonidHO 10 ceMadOPHUX CUIHAIIIB Ha 3aTi3HHLLL.

DocXixoBHO

MapaxexbHO

HocAigoBHO

Puc. 4.3. [TapanenbHuii 610K IHCTPYKLIi

CHUCTEMHI ceMaOpH [al0Th 3MOLY PeanizyBaTH KOHTPOJIbOBAH
3aAHATICTL Ta 3BUIbHEHHS OOUMCIIOBAILHUX 3aC001B, NPUYOMY
34MUTH, WO HE MOXYTb OyTM BHMKOHAHI, COPUYMHAIOTH
OJIOKYBaHHS 3 MOJATbUIUM 3BUIbHEHHAM 3anuTyBauya. OnHak
CHHXpOHI3ailis 3a  JonoMorot  cemadopiB € €0
MPUMITHBHOIO 1 HE Ha0UHO10. TOMY Y KOHLENLT parbegin/parend
HeMae 3acobiB BHCOKOTO PiBHSI CHMHXPOHi3allii Ta nepejaui
iHpopMauii, sIKi MATPUMYIOTH NapasicibHe MPOrpaMyBaHus. Y
3B'A3KY 3 HA3BAHUMH OOMEXEHHAMH KOHLEMUis napajeibHuX
0J10KiB IHCTPYKUIA (KOMAHA) B CYU4CHUX MOBAX Mapaie/ibHOT0
NpOrpamMyBaHHs HE BUKOPUCTOBYETHLCS.

4.4. IIpouecu

Ilpouecn — ue napanenbHa kouuenuis ans MIMD
cucteM. BoHu fexnapyroTbes nopibHO  JO  MpOUEAYp !
3aNyCKalOTbCs B ABHiM GOPMI 3a JONOMOI0I0 eIKOT iHCTPYKLi
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S0 pouec Mae ICHyYBaTH B PI3HOMAHITHUX BapiaHTax, TO
noro  Tpeba  3amyckaTH  BIAMOBIAHO Kijgbka pasiB, {10
MOACTHBOCTI 3 PI3BHUMM NapaMeTpaMu (Tak, ik 3 napaMmeTrpaMmu
uponeyp).  CHHXpOHI3alis — napanejibHO  BHUKOHYBaHHX
HPOICCIB - PETYJIIOETHCA 3@ KoHuenuiewo ceMmagopa abo
soniropa (1. 7) 13 3aCTOCyBaHHAIM YMOBHMX 3MIHHUX BEJIMUUH
[Hoare 74]. MoHiTopy B nNOpiBHAHHI 3 cemadopamu
LIOC3IEYYIOTh HATDIMHILIY CHMHXPOHI3allito Ha BHUUIOMY pIBHI
anCIPaKLii.

MoHitop (puc.4.4) - enuHe uine i3 3arajbHUX JaHUX,
OHCPAUIR A0CTYNY 1 CNUCKY Yepr yekaHHs. TiIbKK OMH npoliec
1 LATATBOX MOXE B CAKMI MOMEHT 4acy BBIMTH B MOHITOD,
qHAL 3 CAMOTO  TOYATKY BHUK/AIOYACThes Oararo npoOliem
cinxpoHizauii.  bijiokyBaHHsi Ta  po30JIOKYBAHHS  NMPOLIECIB
MCCPCAMHL MOHITOpA MPOBOJAMTBLCS 34 YMOBHUMH  CIIHCKAMM
aepr. OHaK sIBHA CHHXPOHI3ALiS mapaieibHUX MpoLeciB aae

Puc. 4.4. Cunxpouizaulisi npoLecisB MOHITOPOM

e TUJIbKU AOJIATKOBUIH 00CAl pobOTH OAO0 KEpyBAHHSA, a i
HOCTIAHUIE ocTpax g0 noMunok. lled cnocib opranizauii
HAPAJICIBHUX 00UHCICtb NOTPedye BOICTUHY BUHATKOBOI yBaru
jL  yac nporpaMyBaHHs. SIKWo pi3HI NpouecH MaloTh
IepraTMCd J10 OJHMX 1 THMX CAMMX JAHMX, TO Ui TaK 3BaHi
"KPATHYHI  po3ainn”  Tpeda 3aXMCTUTH  3a  JIOMOMOIOK
CHHXPOHI3aUiIMHMX KOHCTpYKUiH. Lle o3Hauae, 10 B KOXKHHH
MOMEHT 4acy /10 LbOTO pO3/IJly Ma€ nmpaBo 3BEPHYTHUCA JMLLIE
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OAMH TIpollec 1 MpalwoBaTH 3 3aralbHAMH  [JAHUMH.
HalinowpeHiliMMy NOMHJIKAMHM € HEKOHTPOJIbOBAHUI JOCTYN
/10 KPUTHUHOTO po3ainy abo BHXija 3 HbOTO (Mporpamict 3a0yB
npo  onepauii CUHXPOHi3alii) Ta NOMMWIKOBE KEpyBaHHS
npouecamu, L0 4YeKalwTb, TOOTO OsokoBaHumM. Lli nomuiku
NpU3BOAATb NEPEAYCIM 10 BUHUKHEHHS HEMPAaBWIbHUX AAHUX, &
KpiM  UbOrO, MOXYTb CHPUYMHHUTH OJIOKYBaHHA OKPEMHX
npoteciB aG0 HaBiThb BCI€l CHCTEMU NPOLIECIB.

O6MiH iHPOpMALI€I0 Ta CUHXPOHI3allisl BUKOHYIOTBCS B

CUCTEMAX 3 3araidbHoro naMm'arTio (“TiICHO 3B'sS3aHi” CUCTEMH)
yepe3 MOHITOpU 3 yMOBaMU. B cuctemax €3 3arajibHoOi naM'saT
(“‘cnabko 3B'3aHI” CUCTEMM) NMOTPIOHA KOHLIENLIA nepeaadi Ta
NPUIHOMY (OBIAOMJIEHb, NPO $KY HAETbCA B HACTYMHOMY
naparpagi.

4.5. JlucTaHuiiiHHH BUKJINK

[1]o6 MmowMPHUTH KOHUEILIIO MPOLIECIB HA NapajesbHi
EOM 06e3 3aranbHol mnam'aTi, noTpiOHO  peasi3zyBaTH
CMiJIKYBaHHSl MPOIECIB HA PI3HUX TMpoliecopax uepe3 OOMiH
nopigomaeHHsmu. KoHuenuis nosigomieH, Moxe OyTH
imnyiemeHToBaHa i Ha MIMD-EOM i3 3aranbHoi nam'srTio

(xoMdoprabenbHilie, ajne 3 BUIMMU  BUTPATAMH  Ha
KEpYBaHHA).
[IporpaMHa cucTeMa . TNOAUISETbCS  HA  JieKiJIbKa

napaJjielibHUX NMPOLIECIB, MPUYOMY KOXHHMHI npoliec 6epe Ha cebe
posib abo cepepa, ab6o kuieHta. KoXHHUH cepBep mae B
OCHOBHOMY OJIMH HECKIHUEHHUH LIMKN, B SKOMY BiH UY€Ka€ Ha

YEpProBUM 3anmuT, BUKOHYE OaxaHi mociyru (oO4YMCAeHHS) i

BM/IA€ pe3ynbTaT B 00yMoBieHoMYy Burisal. KoxHuil cepsep
NpH LbOMY MOXE€ CTaTH TaKOX KJIEHTOM, | TOoAl BiH Oepe Ao
yBarv il iHworo cepsepa. KoxHuil kilieHT nepefae OM0KM
3aja4 OJHOMY a0 JeKiIbKOM BIAMOBIAHO KOH(DIrypoBaHHUM
cepBep-npotecam (puc.4.5).
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Client

Puc. 4.5. KnieHT Ta AekiibKa cepBepiB

poo6iT
BUKJIMKY

Llet cnoci®6 napaneAbHOro  pO3MNMOAIIEHHS
INILICMEHTVETLCSE  MEXaHI3MOM  IMCTAHUIHHOTO
( ‘remote procedure call”’, RPC, puc.4.6).

B
e T o

Server

Client

wait/ nowait

Puc. 4.6. RPC-mexaHi3M po3napanetoBatns (Remote
Procedure Call)

CnpoMoxHIicTL 1o 00pobku iHpopMalili, NPUPOAHO,
¢V I'TCBO 3pOCTAE, AKLLO KJIIEHT He YeKA€ Ha PC3ybTaTH cepBepa
;L 4aC KOXKHOTO 3BCPTAHHS /10 HbOI'O, a NapasieibHo HOMY
MOKC BECTH TOAAJLIIT PO3PaXyHKHM Ha CBOEMY MPOLIECOPI.
()1HAK 13 LIE€T BUMOI'M HA KPALLE 34BAHTAXKEHHS ardpaTypu Ta ii
DLy edekTiBHICT BUHUKAIOTH 1 HOBI MPOOJIeMU: napaMerpu
IBOPOTHOTO 3B'3KY HEMOCTYMHI HEraHO Micisi BHKOHAHHS
vepiep-onepatiii, 60 BoHU Oifbllie BIANOBIAAIOTEL onepauii TMny
“mjylaya 3amosiieHHs”. PesyibraTH, Ha AKI yeKdae KIIEHT, B
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UbOMY BHUITAAKY Micjasi OOYMCIEHb Y cepBepi MaloTb OyTH
fiepeciati v 3BOPOTHOMY HAMpsIMKY BiJl cepBepa /10 KJIEHTA y
BULAAI ABHOTO 0OMIiHY gaHumu. Tpyanowi B RPC-meroni
BHKJIMKAE TAKOX BUTOTOBJIEHHs O€3MOMUIKOBHUX MPOTOKOJIB
BBOAY B JiK0 1 TMOBTOPHOI'O MPOMNYCKY 3ajau TICas BHUXO/yY
cepBepa 3 aaay.

4.6. HesiBHA napaJiesibHiCTb

Yei NpeaCTaBieHi KOHLIETLIT napasicbHOCTI
34CTOCOBYIOThH  CrelialibHi, $BHI MOBHI KOHCTPYKTHBHW IS
KEpPYBaHHS napaJsesibHolo 006podkoto iHdopmalli. CyTTeBO
EIEraHTHILMMH € MOBH MPOIPAMYBAHHS, SIKI BUXOUATL 3 TOTO,
wod  pobuTv  MOXKIMBOK — napalielbHy  00poOKy,  He
34CTOCOBYIOUM MOBHMX KOHCTPYKTHBIB Ui OOCIYIOBYBAHHS
napasefnbHocTi. TTojiOHI MOBH MPOrpamMyBaHHs  HA3UBAIOTH
MOBAMH 3 HesBHOIO napaJielbhicTio. [pore nij vac podoTn Ha
LUUX  MOBAX [MPOrpaMmicT Mae Majlo  3aco0IB  BIUIMBY Ha
34CTOCYBAHHS Mapase/bHUX NPOLECOPIB ISl BUPILLICHHS HOTO
npobsiemu. TyT mae OyTH BMNEBHEHICTL, WO Y NPOrpamicra
HasiBHA  JOCTATHS  KIMLKICTL  npoteaypaisiol  indopmaui
(“‘3HaHBL”), wob 3pOOUTH MONUJIMBHM e(peKTHBHE
posnapasemoBants. TloaibHe 3aBaaiins MOXKC BHPIIIYBATH,
HANPUKIAL, “IHTEACKTYATLHUIA KOMIUITOP” O3 CHUIKYBAHHS
3 mporpamicrom-kopuctyBauem.  Lls  rnipobnema  crae
3pO3YMUIOK nepeLycim B JNCKIIAPATHUBHUX MOBaXx

nporpamysants, Takux sk Lisp (pyHkuioHansHo) abo Prolog;

(noriuno). Yepes  aeknapaTuBHe
NPUHARMHI  MOCTAHOBKM  3ajaul  (HANpWKJIald,  CKiajHa
MaTeMaTuiHa Gopmyna), PpO3B’SI30K 1T BWU3HAYACTLCS B
OCHOBHOMY 0/1HO3HauHO. OQ[HAaK CYTTCBI TPY/JHOLILI BUHUKAIOTb
Mpuy cnpobax nepeBecTH 1l 3HAHHS B KOMaH/HWI napaneinbHui

MPOrpamMHHUit npouec, TOOTO CKIaCTH Mporpamy Ajia 0OUUCIIEHD

npeCTaBJICHHA 3HAHD,

3a GOPMYJIOI0 | NpoGaeMy PO3UIEHUTH Ha 3a/1a4i-uacTki, sKi 6;

MOIJIA PO3B’A3yBATHCS [1apAIENbHO.
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HesBHa napajenbHicTb Moxe OyTH  Ge3mocepenHbo
MituicHa 13 BEKTOPHHUX KOHCTPYKUIM MOB mMporpaMyBaHHS,
Manpuknan FP (Functional Programming [Backus, 78], (auB. mn.
I'72) a60o APL (A Programming Language [Iverson 62]). B
APl nemae KOHOT KOHTPOABLHOT CTPYKTYPH BHUCOKOLO PiBHS,
Hhi OC3yMOBHO noTpiOHa B OyAb-akid (MOCHIZOBHIA 4w
HapaJicbHIA) MOBI MpOrpamMyBaHHs.

Ak nokazaHo Ha puc.4.7, MaTeMaTHUYHHUH 3aruc
Uk 1jLlaHHS MaTPHULb MICTUTB Y COOi HESIBHY TapaneibHiCThb, AKa
# 1,oMy BUNAAKY JOCUTh NPOCTO MOXE OyTH MepeTBOpeHa Ha
Aenny  mapanenibHy  OOUMCIIOBAJNIBHY  CTPYKTYPY METOOM
HRIOMATHYHOTO PO3MApANIENIOBAHHA (OUB. NapaiebHICTh Ha
Mk BUpasiB B n1.2.2).

1 npoyecop Ha KOXHHA
eAeMeHT MaTpHLYi

C=A+B =

MaTprUux Opoye-
COPHEX OAGMSHTD

Puc. 4.7. HesBHa napanenbHiCTb NPU BUKOHAHHI
MATPUUYHHUX OfliepaLlii

4.7. [opiBHsHHS ABHOI Ta HEABHOI NapaJebHOCTel

Ha 3akiHueHHs wi€] rJlaBM MPOBEAIMO 3iCTABJIEHHH
SHlepesar Ta  HEAOMIKIB  SIBHOT TA HESIBHOI napaseibHOCTeN
(pie.4.8).

HesBHa napanenbHicTh po3BaHTaxye nporpamicra, 6o
Wi 1€ MOBMHEH TYT 3alWMaTUCA 3ajlayaMH KepyBaHHS Ta
wonrpomo. IlporpamysanHsa BiaOyBaeTbcs Ha BUCOKOMY piBHI

' WOCTpaKLif, TOMY HeABHA Napalie/ibHICTh 4acTo Mae Micle B

HCNpOLEAYPHUX MOBax NMPOrpaMyBaHHS BUCOKOro piBHs. Ha
HPOTUIEKHICTL LbOMY fABHA MAPAJNENbHICTb AA€ MPOrPAMICTY
‘VIreBo Oty cBoGoay  aid, wo®  gocArTH  BuiLol
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004MCIMIOBAJIBHOT  MPOLYKTUBHOCTI
3aBaHTaXceHHs npouecopi. Lls

BipPOTIJIHICTb ITOMHJIOK.

Bif
nepepara
CKJaJHIIUMM MpPOrpaMyBaHHAM, SIKOMY MpUTaMaHHa 6inbmals.

MPaBUJILHOIO
nop’s3aHa 13

3icTaB/ieHHs SIBHOI TA HEIBHOI NapaJle/IbHOCTei

SIBHa napaesibHicTb

HesasHa
napa;iefibHICTh

[IporpaMicT Ma€ MOBHMIl KOHTPOJb Ha

IIporpamicra

napajiejibHUMU onepauisimMu 3BUIBHEHO Bi
3ajauy  KepyBaH
napanenbHUMH
| onepauisiMmn
EdexTuBHE BUKOHAHHA MporpaM (3aJiekuThb | 3a4e0ib1oro
BiA ApOrpaMicTa 1 4acto noTpedye|MeHIl  edeKTUB
cneuiajibHUX 3HaHb) BUKOHAHHS
nporpam
CksagHe, noB’sa3aHe 3 nmomuikamu | [Ipocre
NporpamyBaHHS NporpaMmyBaHHs,
MEHILa
BIPOTIAHICTD
NMOMMJIOK
[lepeBaxkHo NpoLeaypHI moBH | [lepeBaxHo He
nporpaMyBaHHs (BUHATOK — * LISP) NpoueaypHi  MOB

NPOrpamMyBaHHs
abo po3napasnerneH
(BEKTOPHU30BAHI)

KOMIUIATOpH 1
NnpoueaypHUx Mof
(Hanpuknan,

dopTpaH)

Puc. 4.8. [1opiBHSHHS ABHOI Ta HESIBHOT

napajieabHOCTEN
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CTPYKTYPU 3B’ A3KY MIK
[MTPOUECOPAMM

Koxna napaienbHa EOM Mmae y cBoemy ckJadi pan

ﬂupuuccopiB ta OAMH abo Jexinbka MoayJis nam'sti. Lli

WHKIIOHATIBHE  KOMIOOHEHTH MaloThb OyTH 3B'A3aHI  yepe3s
WUIOBUIHT KOMYTaUidHI CTPYKTYpH, LWOO YTBOPHUTHU €IMHY
wi iy cucremy. Bel BUCOKOPIBHEBI KOHLENLIT KOMYHIKaLIH,
tuki K “schared memory” (3aranbHa nam'saTs, peéanbHa abo
mpryvivibHa) ab6o OOMIH MOBIIOMIIEHHAMM, PEAN3YIOThCA B
NAPAICIIBHUX  CUCTEMAX JAESKMMH HAsBHUMH CTPYKTYPaMH.
HWpaxoBylOUM 3a1a4i 0OUMCIIOBANILHOI CUCTEMHU, 1T CTPYKTYpa

WMOIKY  Ma€  BIANOBIAaTH pi3HMM  Kputepisim. [lo-nepiue,
WOENCUYBATH 110 MOXKJIMBOCTI BUCOKY KOHHEKTHUBHICTD, TOOTO
PapiliTyBaTH 3B'I30K MDK JIBOMa OyAb-SKMMU MOPOLIECOPAMH
(nho  mMoAynsiMu  nam'aTl) 0e3 norpebu nepexoay uepes
HPOMDKHI NYHKTH KOMYTaLliii. Kpim LbOoro, Mmae

WOC3IICYYBATHCH HAKOUIbIIA KUIBKICTb OJHOYACHUX 3B'SI3KIB,
b KOMyTalliiHa Mepexa He oOMexyBana napanelibHy
aOpoOky iHbopmai. [1pore 00'€KTHUBHO ICHYIOTh PI3HOMAHITHI
DOMCIKEHHS Ha  peallizallilo UMX KPUTEPIiB: KUIbKICTb JIHIN
IIKY Ha OJIMH MPOLECOP HE MOXKE 301NbIIYBATHCS OE3MEKHO,
AilC TAKOX (PI3UUHI OOMEXKEHHS 1 IWMPMHA YacTOTHOT CMYI'W
HPOIYCKAHHS (LUBHUAKICTD Mepeaadi) KoMyTaliiHoT Mepexi.

Jos nmapanenbHoi  cucTeMM 3 n APOUECOPHUMM
encmerTaMu (TTE) MOXHA BU3BHAYMTH TaKl BUAA BUTpAT:

a) KinbKicmo 36's13ki6 na odun 1L (eumpamu na

BUL0MOGICHIISL CUCIEMU ) |

6) oucmanyist misic I1E (sumpamu nio wac excniyamayii).

SIx BWAHO 3 HABEJIEHMX BHILE MIPKYBaHb, KUIbKICTb
'W3KIB HAa OJIMH MpPOLIecop 1 AMcTaHLis, TOOTO HalkopoTwa
st 3B'A3Ky Mix ABoMa 3asanumu [E, maroTs 6yTH sikomora
meinumu. CTpyKTypa 3B'3Ky Mae OyTU pO3LIMPIOBAHOIO 34
mitciiTabom, TOOTO MasTi Mepexi 3B'3KY MatOTh 301IbLIYBATUCS
NIBJISIKA JIOTIOBHEHHSAM.
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CTpyKTYypH 3B'A3KY MOAUIAIOTLCA HA TPU BEJIMKUX KJIACH, Cuctema KEpyBaHHs WHHOK Mac rapaHTyBaTH
O PO3IIAAIOTHCA B HACTYIHUX naparpadax: HOCINIOBHE YTIOPSIKYBAHHS OJHOYACHHUX 3aMMTIB Ha IOCIYCH

e [IIuHHI ciTKH. TR

e CiTKH 3 KOMYTaTOpaMH. SIKLo cMcTeMa pO3IUMPIOETHCS Ha 6araTto npolLecopis,

e CTpyKTypH, 11O 3aBe3neuyloTh 38'30K Ty “ryHxr{'" LIMpUHA gaCTOTHoi‘ _CMyrM  MpOMYyCKAHHS  IUMHKM

MYHKT”. MAINACTBCS HE3MIHHOIO. Ilefi BaXTUBUHA HEHOJIIK BH3HAYaE
MUCIITAOHT CIPOMOXKHOCTI LUMHHUX CTPYKTYD.

V 3B'A3KYy 13 CKa3aHUM LUMHHI CUCTEMH 5K 3aCO0M 3B'SI3KY
n napienbHUX EOM, B IKMX KiJIbKICTb MPOLIECOPIB NEPEBULLLYE
WOl Th, 3aCTOCOBYBATHCH HE MOXYTh.

5.1. Hnadi citku

[IluHa sk CTpyKTypa 3B'S3Ky BigomMa Ule 3 yaci
nobynosn mawunnd poH Holimana. B rtoii yac sk wuHa 34,2, Cirkn 3 KOMyTaTOpaMu
MOCJIIIOBHUX MalllMHAX 3'€HY€ TXHI QYHKUIOHAIbHI OJ0KH,
napaneabHux EOM d4epe3 Hel MOXHa 3'eiHaTH MiXk €000
npouecopu abo Moy nam'sti (puc.5.1).

CiTkM 3 KOMyTaTopaMW — 1€ AMHAMIYHI CTPYKTYpH
wniky. TyT 3a gonoMorowo JiHid KepyBaHHsS MOXYTb OyTH
peiilizoBaHi PI3HOMAHITHI BapiaHTH CIIJIKYBaHHSI MPOLIECOPIB
nepe/l MOYaTKOM  BUKOHAHHS  MapasiefibHOl  NMporpamu.

"o wsiemMo  OUMHAMIUHI  CITKM  THIY  pO3MOJLIIOBaya
[E1 NE2 Tt OEn HCPCXPCCHUX WIMH, JesibTa-ciTku, Mepexi 3B's3ky Kioca Ta
3 citin iy Fat-Tree.
KepyBaHHA .} ¢ ¢
LWMHOIO . FosnoginmBau nepexpecHux umH (puc.5.2)

WHHA

Puc. 5.1. 11IuHHa cucTeMa
NEt OE2 TNE3.  --- IEn ‘

Tyt kinbkicTb 38's3kiB Ha oauH [1E 3aBxan gopiBHioe | \ :;;'2 ‘
ToOTO ontuManbHa. Bigcrans wmix  asoma  [T1E  raxo E3 N )
30CTAETHCS HE3MIHHOIO | JOPIBHIOE 2 (HEe |, TOMY 10 KOXHHU N4 OysxT es'mexy
38'a30k Mae dtH Big ITE no wivuwm i Hazan: TNEi—wmuna—IIE),  1En
Ile TakoX nNpakTUYHO oNTUMaNbHE 4ucio. Helomku tMH
3YMOBJIEH] THUM, 1110 B KOXHUH MOMEHT MOXKe BiaOyBaTHCh OH Puc. 5.2. [Llunumit po3noainoBay
3'eqHaHHd. [lapanenbHe YATAHHS 32 OAHIEID | TiEl0 ajpeco
MOJyJs Nam'sTi MOXJMBE, OAHaK 3anuc — Hi. Hi B sikomy pa3 Koxnuii TIE mae n-1 nyHKT KomyTauii, 60 AiaroHanbHI

MPOLECOPH HE MOXYTb HE3AJIEHKHO OOMIHIOBATHCS JaHUMHUEHYIIKTH HE NOTPeOyIOTh KOHTAKTY. 34rajioM L ciTka Mae n*(n-1)

nmapaesbHa o6pobka npu oBMiHi AaHMMM MiX npoiiecopamyWYIKTIB KOMyTalii i Ja€ MOXIMBICTb BCTAHOBUTH Oynb-AKy
HEMOXKIUBA. wiILKICTB 3'eqHanb MK BeiMa ITE (koxhna “nepecraHoBka I1E-
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3'caHanb”, 1.2.3.), TobTO 6€3 BCAKMX KO3l Moxe BiaOyBaTH
NOBHICTIO napaieibHUit 00MiH JaHUMHU. CYTTEBUM HELOJIKO
bOr0 KOMYyTaTopa € BUTpaTH Ha #HOro mnoOyaoBy, L
CTAHOBJIATHL n’-n NyHKTIB 3'eqHanb s n [1E. TlpakTHuHo Tak
KUIbKICTb TNYyHKTIB MoOXe OyTH peani3oBaHa JiMlle [l
HeBeJIMKOT KinbkocTi npoitecopie. Bxxe nnst 100 TTE notpibH
9900 nepeMuKkaHb, MO 3abe3neynTh POOOTY BCIX MNYHKTI
3'€JHAHb.

Hdenepra—-cirTxy

{06 3MEHIUMTH BUTPATH MOPAAKY n’°, WO BHHUKAIOTY
Mg yac NoGyNOBM PO3MOAUIIOBAYIB MEPEXPECHMX LWIKH, Oy
po3pobJieHi AenbTa-ciTku. B naiinpocTiwoMy Bunaiky (puc.S.3

T

b
bo—

Puc. 5.3. [lesbTa-mMepexi komyrauli

JBI JITHIT JAHUX MOXYTb MEPEMHUKATUCh HAXPECT 3a AOTNOMOTOK
€AMHOT Jlinil KepyBaHHs a0o Ha MpAMY nepefavy 3 BXOAY Hi
BUXIL.

Ha puc.5.4 nokasaHo, ik NPOXOAATb CUTHAJIW BCEPELH
“YyOpHOro sAUIMKA” AESIKOl AeNbTa-CITKU. KO Kepyrouu
CUIHan JOpPIBHIOE HYJIO, TO OOMABI JiHIT jaHuX ( abo nyuk

'1
<<

Puc. 5.4. [lepemukau aenbTa-mepexi

i

-

-

68

MiNii) NPUETHYIOTLCA MPAMO A0 BUXIIHHUX JiHIA. Y BUNaIky,
KONW KEPYIOYHIl CWrHajl [OPIBHIOE OAMHHULI, JiHIT JaHHUX
HEPCMUKAIOTHCS HA BUXOI HaXpecT.

3 Takux NMPOCTUX 6a30BUX €JIEMEHTIB MOXHa OyayBaTH
Ot 06'€EMHI CITKH. -

Ha puc.5.5 HaBeqeHO TPUCTYNEHEBY AENbTa-CITKY, SKa
‘oumye 8 Bxomis 3 8 Buxogamu. KoxHMIT eleMEHT  CiTKu
nljoBigae 6a3MCHOMY eJIEMEHTY, 110 NoKa3aHMii Ha puc.5.3.

Bxozu Baxozan
1 — 1 1
2 — 2
3 — 3
4 4
§ = 5
6 — 6
7 7
— 8
8 { |

Puc. 5.5. JlensTa-citka po3mipom 8x8

IlepeBaroro  jgenbTa-ciTOK Haj  pO3NOAUIIOBAYAMH
ICPCXPECHUX LUIMH € MeHua noTtpeba y JaenbTa-nepeMHkayax,

: n : .
IO OLIHIOETLCS K E*logn . BupilianbHUM e HEAOJIKOM € Te,

IO 11 BCI MOXMBI KOMOiHALIT 3B'A3KIB MiX NpoLecopamu
MOoKyTb Oyt  peanizoBaHi. TyT MOXyTb  BHHHMKATH
filoKyBaHHS, 1715 3anobiraHHs sikuM Tpeba BHUKOPHUCTOBYBATH
vIelliaibHIL KOHLIENUIT nporpamMyBaHHs. BlOKyBaHHSt CyTTEBO
#1PUMYE BUKOHAHHS MapalieNbHOl MPOrpaMu, WO 3YMOBJEHO
HeoOXIOHICTIO  nepekoHdIrypauii  KOMYTYKOUOl  CITKH  Ta
noOYJIOBU HOBOI CXEMM Crlojly4eHb Mix npouecopamu. Lls
PHIYAllst aHasloriyHa Tid, Wo Mae Micue B TeledOHHUX
MUPCAAX.
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Komyrynouli mepexi Knoca Y TpucTyneHesiit Mmepexi Knoca saranbHa KinbKicTb N
Cnpoby 06'eqHaTH Kpalli BAACTUBOCTI po3noiiioBayal #hnii, U0 NepeMHUKaIOTbCS HACKPI3b, PEANi3y€eTbCsl B MEPLIOMY
MEPEXPECHUX IIMH Ta AeAbTA-CITOK 3pOOJIEHO B KOMYTYIOUMN viviicli a MaJMMHM PO3NOJIIIOBAYaMH MMEPEXPECHUX LLMH,

mepexax Kitoca [Clos 53], [Gonauser, Miva 89]. KOAOIIA 3 IKUX MAa€ m BXOZIB i 2*(m-1) BUXoAiB (N=a*m). [pyruii

BuMororw 1o uie€i MepexxHol CTPYKTYpHU € Te, o Mag . 1yiiih MoOyI0BaHUM Ha 2*(m-1) pO3MOUIIOBAYaX NEPEXPECHUX
6yTu 3abe3neueHa fKa 3aBrOJHO KOMOIHaLis 3B'A3KIB MDK Wi, KOXHHUIA 3 IKMX Ma€ a BXOMIB i a BUXO/IB, a TPETii — Ha
mpouecopaMu, TOOTO He IOMYCKAaeThCs nosBa OnokyBaHb. ¥ pusnojiiioBayax 3  2*(m-1) BXOAaMH | m  BHUXOZAMM.
Apyroro 60Ky, BUTpaTH Ha peaizauilo (KinbkicTe nyHKTIR llupamerpoM,  sikuili  Moxe  BuOMpaTMcs — nig  yac
xomyTaulil) matore 6yTH  MiHiManeHuMK. e nocsaraethed konpirypyBanna mepexi Knoca, €, Takum umHoM, m. Sk nerko
noOy10BO0 MIHIMI3OBAHOT 3a BUTpaTaMu 0araTocTyleHEBOR AomildTUCh,  3arajbHa  KUIBKICTb  TYHKTIB  KOMYTaLii

MEpeKi, NPUYOMY €NEMEHTH OAHOrO CTyMeHio OyayroThCs HE ipheryneHeBol mepexi Knoca 6yae npubnnsHo MiHiManbHOIO,
OCHOBI MPOCTILIMX MAJKX PO3MOALIIOBAYIB [IEPEXPECHUX ILUMH, Wkillo m BUSHAYMTH 3a GOpMYJIoL0

Ha puc.5.6 nokazaHo TpucTyneHeBy mepexy Kioca 3 N=1§ m=~+/N/2
BXO/JAMH, PO3NOAIIICGHUMH HA a=4 TPYMH, KOKHA 3 AKMX MA€ m=¥ .ty N224, konm mepexa Kioca edexkTuBHIlIa, HiX MPOCTHIH
BXOJIB. POHLTOJIUTIOBAY [TEPEXPECHUX LLIHH).
3arajibHa KUILKICTb MyHKTIB KOMyTauii B
Bxozit Buxouu IpnerynedeBlid  mepexi Knoca obuncnioercs 3a popmysioro
; ; K=m*2*m-NH*a+a?’*2*m-1H+(2*m-1)*m*a-=
] 1B =m*2*m-N*2*a+a*2*m-1)

Bona micTuth (2*a) po3nojinioBaya nepexpecHUX LIHH
POIMIPOM “mi(2*m-1)" Ha cTynensx , 3 i (2*m-1) po3noaiaioBaya
poIMipoM “a:a’” Ha cTyneHi 2. 3 ypaxyBaHHAM TOro, wo N=a*m,
6 N 6 MICMO

NZ
S>K=@2*m-N)*(—+2*N)"
m

H

; 7 SKIWO KIALKICTb BXOAIB M ONMTUMalIbHA, TO BUTPATH HA
X : rprcrynedeBy  Mepexy  Kiloca  craHoBisTb  npUOJIM3HO
|| [ | | .o \/35 * N2

Ha nporuBary ubOoMy BUTpaTM Ha  NOBHHH
. MrI0AUTIOBAY  MEPEXPECHMX  LUMH  BIANOBIZHOTLO  PO3MIpY

10 s

" " CHIOBASITH NPUOU3HO N2 .
1

= 7 [pukna.

18 Facrax 2-& xacxaa 3-& xaczax Hus tpuctyneneBoi mepexi Knoca 3 1000 Bxogamu 1a
a peliTox, XOXHA 2m-1 peLWiTOR, XOXHa @ peuliTox, KOXHA ! j ; .
p:mipom m:2m-l  poaMipoM a :a poastiposm 2m-1: m HXOJIAMH CNpaBEAINBO:

m=~+/1000/2 ~ 22,4
bepemo Haibnnxue m=20, mo gac a=N/m=50.
3arasibHa KUILKICTb MyHKTIB KOMYTAaLlii Oye
70 71

Puc. 5.6. Tpukackagna mepexa Knoca ans N=12 (npu
a=4, m=3)



1000000
400

s KigbKicTe 3HAYHO MeHIIA, HIXK Yy TMOBHOMY

PO3IOALIIOBAYI NEPEXPECHUX LLKH HbOT'O PO3MIpY:
Kes =N2-N=999000

Taxum uyuHoM, Mepexa Kioca 3aowmamkye nonan 82%
MYHKTIB KOMYTallii NOPiBHAHO 3 PO3MOIIOBAYEM [EPEXPECHU
wuH. 1T MOXHa Ha3BaTH “6araToCTYNEHEBUM PO3NOALTIOBAYE
MEepeXpPecHUX ILWMH”, B SIKOMY 3MEHIUEHA KIIbKiCTb MYyHKTI
KOMyTalil KoWTye OiNbiliol 3aTPUMKH KOMYHiKallid Mi
npouecopaMy (HaHi MaioTb MPOWTWU Yepe3 CTYyNEHl MeEpex
Knoca). Po3mipy po3noAi/iloBauiB NEPEXPECHUX 1IMH,
34CTOCOBYIOThCS SIK eneMeHTH Mepexi Kiaoca, BuOuparor
BIAMOBIZHO [0 KiJIbKOCTI KOMYTOBAaHHUX MpPOLIECOPIB |
BUKJTIOUAE MOXKIIMBICTb OJIOKYBaHb 3B'3KIB.

.K:39*( +2000)=175500"

Mepexi Tuny Fat-Tree

Fat-Tree - ue BoicTMHY HOBa po3poOka B rajy?’
AcpeBonomiOHUX  cTpykTyp 3B's3ky [Leiserson 85). Il
peLiTYacTa CTPYKTypa MOXe MacliTabyBaTHCh SK 32 KiJIbKICTI
MPOLECOPiB, TaK 1 3a KUbKICTIO MOXJHMBHUX 3 €IHaHb, LI
BiIOYBalOThCs OAHOouYacHO. Ilpouecopu — ue JUCTS MOBHOT
JIBOTUHOTO JIEPEBa, B TOH 4aC SIK BHYTPILLHI BY3JI{ — Lie KJHOYOB
eneMeHTH (puc.5.7). ‘

“Barsxm”

KoByenT-

“Outa 3niBa” “AuTa cnpasa”

Hpoyecopr

Puc. 5.7. Mepexa tuny “baTbkiBcbke A€PEBO
Ta repeMMKay
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KulbKICTe MpoLecopiB CTaHOBUTbL JBOIYHHH MOPAAOK
N#2" . a KUIbKICTb KIIIOYIB MepeMHUKaHHs AopiBHIOE N-1. Uum
PMINC MICTUTBCS KJIIOYOBMH €IEMEHT y JepeBi, TUM Oinblie
ahit 3B'I3KY TMEpEMHUKA€TbCs B HbOMY (3BHUYaiiHO, Hemae
noipeOu y MOABOEHHI KUIBKOCTI JIIHIH Ha KOXHOMY PiBHi
epena).

Y nyb6uikauii [Leiserson 85] noxaszaHo, wo ajas Oyab-
WK IOBIIBHOI  KOMYHiKaUiliHOi  Mepexi Moxe Oyrtu
oy l0BaHa Molenb y Burnsaai mepexi Fat-Tree Takum camum
wh''moM  anmapatypu 1 i WIBHAOKICTH KOMYyTalil MeHuia. 3a
IMLIKICTD  JOBUIBHOI ~ MEpEXi  Ha  BEIMYMHY,  LIO
WpuKTepu3y€eTbes  nosiiorapupmiunum - paxtopom.  lle
sidac, Wo KomyTtauiiHa crpyktypa Fat-Tree 6musbka j0
wittiMiuibHOIL. Ll BnacTuBicTb poOOUTDH i AyXe LIIKaBOIO (s
wurocysaHHs B napanenbHux  EOM.  Cucrema CM-5
(Connection Machine) gpipmu Thinking Machines Corporation
nohyjloBaHa Ha ocHoBl Fat-Tree.

A.). CTpykTypH, W10 3a6e3ne4yl0Th 3B'I30K THITY
"NyuKT-nyHKT”

PO3rnsIHBMO CTATHYHI CTPYKTYPH 3B'A3Y “NyHKT-MyHKT .
Hpi oMy 3acToCy€eEMO Taki napaMeTpu:

n — KUIbKICTb npouecopHux enementis (ITE) B mepexi.
V- KIIBKICTb MiHii 3B'A3Ky y koxHoro I1E.
A- MakcUMabHa BiacTaHb Mix asoma I1E.

Kinnge
KinpueBa crpykrypa (puc.5.8) Mae TUIbKM ABi JIiHIT

wwiky Ha koxuui [IE (ayxe NO3MTHBHA BJIACTHBICTb) i
nipebye B HalriplioMy BUMAgKy n/2 KpPOKWM s OOMIHY

» (Fat-Tree W'MH mixk asoma ITE, wo po3milyoTbcsi B Kilblli Ha

He0LILWIE  BiACTaHI OJMH BiA OAHOro (AyXe HeraTHsHa
RARCITHBICTD).
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Pouirxu i wopm

Jlyxe yacro 3acTOCOBYIOTbCS pELIITYACTI CTPYKTYPH
W N Ky 1 IXHI 3aMKHYTI BapiaHTH — TopH. Ha puc.5.10 nokasaHo
PHUIITIIO MK YOTHPU- 1 BOCbMU3B'I3KOBUMH CTPYKTYpPaMH.

> <
i
CERY

o
- V=4 V=4
A=2%-2 A=vh
=2*n
Keadpamna pewimxa Keadpamnui mop
(4 nixii 3B’A3ky B NE) (4 ninii 38’'aA3ky 8 NE)

Puc. 5.8. Kiigbue

V--SVE V=8§
A=vyn-1
v % ok
HoBuun rpag
KeadpamHa pewimka Keadpamnud mop
: : R N '3 (8 niHiit 38’A3ky B NE) (8 niniw 3s'ssky B NE,
[TpoTunexHictio KilbLiA € NOBHUH Epd@ (puc.5.9). Uora miaron.  Kinont ninii He
ONMTUMajbHa KOHHEKTUBHICTb (kOxHUH TIE pocsraersc noxa3ani)
6e3nocepeaHbo 3 H6yab-axoro iHworo I1E) 3abe3neuyerbes n- ' _
JIHIEH0 3B'3KY Ha KoxHuH [1E. Puc. 5.10. KBajipaTHI pewiTk1 Ta TOpH
® Yc¢i KBaJpaTHI PELliTKH MalOTb MaKCMMaJIbHY BIJCTaHb
min 11E, 110 nopiBHIO€ KBaipaTHOMY KOpeHto BijJl KiibkicTi ITE.
YOUILILEHHS KUILKOCTI JiHIH B/BiYl Y BOCbMH3B'A3KOBIM peliTui
poOiTs BiacTadb Mk [TE Hanonosuny MeHioio. Takuid camuid
¢leKT OCATra€eThesl NEPEXOAOM A0 3aMKHYTOTO TOpa, B SKOMY
VYV =n-1 kKinLkictb T1E 3anuuaernest 6€3 3MiHM.
A=1
: lMexcaronanena pewiTxa
['ekcaroHanbHa peuliTka, 1O TAKOX Ma€ ABI KOOPIM-
HI'TH, MOXE PO3IJISAATUCH SIK BUJO3MIHA KBAJPATHOI PELIITKH.
Puc. 5.9. Mosuuit rpad HWICKHO B TOrO, € PO3MIlLLEHI MPOLIECOPHI e/ieMEHTH (Ha
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nepexpecTi 4M B LIEHTPI CTiUIbHMKA, puc.5.11 a,6), Bouu
norpebyioTh 3 abo 6 iHiii 38'13ky. MakcuMasbHa BIACTaHb
MIX [pOLECOpaMU 3YMOBJIEHA JABOBMMIDHICTIO PELUITKH 1 B
060X BUManKax NponopuiiiHa /n .

a) NEBXYyTK
Vo3 YRy
A=2%4

by JE B yewTpi

V=6
A=3r Vb

Puc. 5.11. ["'ekcaronanbHa pewiTka

Ky6iuna pewmimrkxa

Y ky6iyHiii pewitii 3pobaeHo nepexia Bift ABOBUMIPHOI
JI0 TPUBMUMIPHOT peltiTku. T1pouecopHi enemMenTr po3MILLEH] B
npoctopi kyba, noTpedytots 6 niHid 3B'a3ky 3 [1E-cycipamu.
MakcuMmanbHa Bigctanb Mik IIE TyT 3MeHWyeTbes, BOHA
nponopuiiHa Un (puc.5.12).

‘i' %2""3 » V=6

ER ¥R ,

R ER R A=3*31-3
KA KN § <

P2 5 i & =3+

Puc. 5.12. Ky6iuHa peuitka
I'inepxy®6

[inepky6 HyIbOBOI BUMIPHOCTI — i€ €AUHUK E€JIIEMEHT
(puc.5.13, niBopyu). I'inepky6 BUMipHOCTI i+ BHHHKAE 3 JIBOX
rinepkyb6iB BUMIPHOCTI £, B SKHX €IEMEHTH, LIO B3aEMOJIOTD,
3'eiHaHiI Mix cob6oto. Hanpuknan, Ha puc.5.13 nokasaHo, 1o 3
JBOX KBajipaTiB (rinepkyoOiB BUMIpHOCTI 2) MOXHa noOy/lyBaTH
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KYO (rinepky6 BuMIpHOCTI 3), 3'€HABIUM KOXHHI €IEMEHT
tH
Nepe;LOr0™ 3 KOKHUM EJIEMEHTOM “3aJHbOro” KBaJparta.
n=2m
V =log,n
A =log,n 3

ekl
|i|l!|
[ ] & . P

0 1 2 3 4

Puc.5.13. 'inepky6 3 po3MipHOCTAMHU Bil HYJIS 10
4OTHPbHOX

Koxnuii ITE norpebye log, n 3’¢ananus 3 cyciaHim I1E.
KinnkicTs 3B'a3KiB TYT Ha BiAMiHY BiA MOMEPEAHIX PELITHACTUX
VIPYKTYp He € nocTiifHo10. /o Toro % MakcumajbHa BiACTaHb
Mik |IE 3MiHIO€TBCA HA Taky camy JIorapupMiuHy BeTHYHHY.
lomy rinepky6 € yHiBepcanbHOIO Mepexero 3B'A3Ky 3
HEWCIMKOKO JIOTapU(PMIYHOIO BIJICTAHHIO | HE JYXKE€ BEJHMKOIO
11 4pUPMIYHOIO KUIBKICTIO JIiHIH 3B'A3Ky y KoxHoro I1E.

Amoivne gepemo

HactynHa crpykTypa 3B'a3ky, 110 Mae€ JoraprudpmMiuHy
nieranb Mk T1E, ue aBoiuHe gepeBo (puc.5.14). YV jaBoiuHMX
ACpeB, IO TYT PpO3rAsaaloTbes, JorapudMiyHa BiJCTaHb
mOciedyeThes JIKUIE TPbOMA JliHIAMU 3B's3Ky KoxHoro I1E.
HeponikoM wi€l aepeBonoaibHOT CTPYKTYpu € “By3bKe Micue
Kopens”, ake obMexye oO6MiH aaHumu Mix napamu [IE 3
pwHX nmigaepeB nofdibHo A0 Toro, sk 1e poOWUTH IIMHHA
vmerema. Jeskoro Mipoo ued Hellonik 3MEHILY€E 3aCTOCYBaHHS
Iat-Tree (n.5.2).

n
V=3
A=2%log, (n+1)-2
=2*log,n

L]

Puc. 5.14. ]IBoiuHe aepeBo
7



Ilipaminansne JepeBo

VYV upomy aepeBi (quadtree, puc.5.15) KoxHa BEpLIUH
Ma€ 4 TOCHIIOBHUKM B JEpPEBi, WI0, MIiX IHIIAM, MOX
BUKOPMCTOBYBATHCA /[AJI1 MOOYIOBU ajrOpUTMIB PO3MOALN
obpasziB y kBajapaHtax. MakcumainbHa Biactanb Mk [IE
JepeBax 3aBX AU JOPIBHIOE MOBOEHIN BUCOTI epeBa, TOMY 1Lt
B HallHECNTpUATIIMBILLIOMY BHIMAIKY 3B'I30K MK JBOMA JIUCTSM
Mae BiOyBaTUCs uepe3 KopiHb. Llg BijicTaHb OOUMCIIOETHCS 3
($hopMyJI010, 110 HaBe/eHa Ha puc.S.15.

F4m- 1)

*logs (3*n+1) -2
*logs n

Puc. 5.15. IlipamijanbHe aepeBo

Porauis-samina (Shuffle-Exchange)

J1o cTpyKTYp 3 Jjiorapu(pMIUHOIO BUMIPHICTIO HANEKH
Takox Mepexa Shuffle-Exchange (porauis, a6o uukiiuH

3CcyB T4 3aMiHa). BoHa cknajaeTbest 3 [ABOX PO3IIEHHX BHA

3B’SA3KY oIHOCTOPOHHLOrO “Shuffle” Ta ABOCTOPOHHBLO
“Exchange” (puc.5.16).

4 5 6
e U .
[4] 1 2 3 7

Bn=2m

V = 2 (1 apoHanpapAeHa i 2 0ZHOHANPABAEH] ABHi)
A

=2*logn

Puc. 5.16. Mepexa tuny “Shuftle-Exchange”

O6uABI CTPYKTYp#H 3B'SA3KY MOXYTb OYTH jtyXe npoq

NpeACTaBleH] 3a JOMOMOrow onepaliii BiioOpaxeHHs Home
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enemeHTIB - T1E)
+IPYKTYP 3B'A3KY, 5Kl MO3HAYAIOTbCS K

Ml Ginapaum criocoboM 3anucy (p,—-6it GiHapHOro HoMepa
i i=1, 2, ..., m):
Shuffle  (Pr,Prmtse-sP1) = (Prts---sP1sPrm)

poriais BaiBo 6iHapHoro HoMepa [E (m pa3siB);

Exchange (py.---»P1) =(Pmps---sP2,P1) — 3aMiHa MOJOJ-
toro Oita 6iHapHoro Homepa I1E onepalliero 3anepeyeHHs.

Shuffle-uactvHa 3'eqnye . koxHud ITE 3 Tum TIE,
OinapiiMii HoMep SIKOTO OOYMCITIOETHCS LIMKITIUHOIO OflepaLicio
porayl BaiBo. Ilepwmii Ta ocTaHHIA €1E€MEHTH, IO MarTh
WULIKOBI JBOIYHI po3psiad B HoMepax (Ha puc.5.16 ue I1E
N. » 000, I1TE N, —111) BigoGpaxkaroTbCcs caMi Ha cebe, Toal K
it 11E 3'¢1HaHI B UK.

Exchange-3B's30k y nBotuHiii ¢opmi 3anucy 3anepeuye
nmnhmonoammd - 6it IIE, Tobro  Exchange  3'eaHye
anonanpasieHo KoxHui napHuil [TE 3 cBoiM npaBum cycigom.

oxHa

[Ipuknan 3acrocysandg onepauiid Shuffle ta Exchange:
) 001 —2£5010 —25100—2— 001
WOl —=>010—=—> 011 nBocToponHiii 38’130k I1E3 «->I1E2

Nnoc-Minyc 2*-mepexa (PM21)
OcTaHHs 3 PO3MJIAHYTHX TYT MEPEX ACLO CKJAajHilla.
Hpo nagBHOCTI 1= 2" By3/1iB (BEPIUMH) MEPEXI (MPOLIECOPHHX
BOHA cKnajgaerscs 3 2*m-1 okpeMux

+1°

PM,,,PM 4, PM,,,PM_,,PM,,,PM ,....PM, ,.

Hos PMs cnpaBeanusi Taki BU3HaAYCHHS:

PM, (j)=(j+2")modn;
PM_,(j)=(j—2")modn.

IHjIeKC KOXHOI OJHOCTOPOHHBLOI CTPYKTYPH TMOKa3ye,
#ko Mae OyTH BIACTaHb A0 CYCIAHbOI BEPIIMHHU (Y JABOIYHOMY

nopsaky).  das PM  siactans  6yne  +2° =+1, ans
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PM_OBiL[rIOBinHO—?.O:—l, BiacraHb MiX BeplUMHAMHU A

PM,, npn upomy € +2° = +4, mis PM _, 6yne — 4. [ins BUworo
nokasHuka m-1 3 ypaxyBaHHAM 3aMKHYTOCTi CTPYKTYpH Mae€

. MiclUe CIiBBiIHOLIEHHS:
PM = PM

+(m-1} ~(m-1) *
OOunei CTpYKTYpH iI€EHTHYHI, TOMY iCHYE  TIiJbKH
2*m-1, a He 2*m CTPYKTYp.

Ha puc.5.17 nokaszano mepexy PM2I 3 n=8 TIE. PM,,
i1PM_, 3B's3ytoTb koxHuiA ITE 3 cBOiM npaBum abo nism{
CycilOM 1 CTBODIOIOTb TaKHM YHMHOM JBOCTOPOHHE KiibL€
38’3Ky. PM,, i PM_, BKJIIOYAIOTH ABi pO3MijeHi OIHOCTOPOHH]
crpyktypu no yotupH I'1E. Koxhuii T1E mae cyciga 3 Homepoﬂ
yepe3 oAHMH, npuyomy Modulo-onepauis yTBOpioE CTPYKTYpY
3B'3KY TUMy “Kijble”. Pa3oM BOHU yTBOPIOKOTH [IBa OKpPEMMY
JIBOCTOPOHHIX KiftbLisl, IK MPEACTABNEHO Ha puc.5.17. OcTaHHs
ctpyktypa PM,, inentnuna 3 PM_, Koxuuii TIE 3B’a3anud

TyT 3 iHWwMM [1E Ha Biacrani 4 (Modulo 8).

PM 12

T S
L

V=2*logn-1
A=logn-1

Puc. 5.17. Mepexa tuny PM2]

5.4. IlopiBusinns Mepex

Sx yxe Oyno 3ayBa)KeHO, MOPIBHAHHA MEPEX MOXIIH
TiIbKK Ha OCHOBI MapaMeTpiB V ( KiibKiCTb JNiHIH 3B'A3
koxHoro [1E) i A (MakcumanbHa Biacranb mix asoma I1E).
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Popinusing abo aHani3 Toro, ki NepeBaru Ma€ rneBHa Mepexa,
MOXYTL JIaTH KOPHMCHI pe3yJibTaTU TUIbKKM 3 ypaxyBaHHAM
#eoHIHBOCTEN BUPILLIYBAHOT NapaelibHol 3aaaui. 3ajexHo Bl

YMOlt 3aCTOCYBaHHsSI OJHA CTPYKTypa 3B'A3Ky MOXeE OyTu
edex rusninioro  3a 1HOIY  CTPYKTYpy. SKWO anroputm
fMyin'stsyBaHHS 3aa4 NOTpedye NEBHOT MEPEXi, TO, K NPaBUIIO,
$ivviia  peanmizauis  skpa3 Li€l, MoxaMBO “ripwoi”  3a

nRpaMerpaMu Vo 1 A Mepexi, AacThb Kpallii pe3yabTaTH, HIXK
fpHCrocyBaHHs  Ang  wie€l 3ajaui iHIIOT Mepexi, o Mae
"wopoii’” napaMeTpu.

OckilbkM A7 BUpILIEHHS  KOXHO1  mpobiemMu
HeMoKIMBO OyayBaTH cnellianbHy EOM, tpeba HTH iHWMMHU
nomxamu.  Koxna napanenbHa EOM  mae 'y CBOEMY
PONOPSKEHH] TUIbKM OJHY a0 ABi (K B AEAKMX BUMAaaKax)
KOMVIQUIHHUX CTPYKTYpH, sKi, 3BMYaiiHO, MOXYTb OYyTH $K
Ui 0jiHO 06araTOCTOPOHHIMHU 1,  MOXJIMBO, 3JaTHUMU [0
amamivHol koHdIrypauii. Yci anropuTMmu, fKi MIAIATaloTbh
iMinemedTayii | B LI napasjesbHii EOM, MaloThb
WWLOBOJIBHATHCA  HasABHOW Mepexet (abo i1 4acTUHOL0).
Hinicrs Mepexi 3a)1eXHTh, TAKUM UHHOM, BijI TOIO, HACKUIBKY
WKiCII0 BOHA MOXE BHUKOPUCTOBYBATHCb B CEpPENHbOMY s
mpiieHHa npobieM, 140 nocralTs Harhvactiwe. [Tapanenbna
OM MasPar MP-1 (auB.n.11.1) dyuxuionye, Hanpuknai, i3
fICTOCYBAHHAM JIBOX Pi3HHX MEPEX: PELIITYACTOI CTPYKTYPH Ta
1pucryneneBoi Mepext Kiioca, sska nponoHye xopotuy 3arasbhy
KONICKTUBHICTb. AJICOPUTMH, siKi MOTPEOYIOTh pelliTYacTol
VIPYKTYPH, MGXYThb BHUKOPUCTOBYBATH O0€3M0CEPEUAHBLO  LIO
IBIYIKY JIOKQJIbHY CTPYKTYpPY, TOAI SIK aJNlOPUTMHU, AKHUM
NOTPIOHT iHIIT MEPEXHI CTPYKTYPHU, MOXYTh OyTH peaJtizoBaHi 3
WIKOPUCTAHHAM MapuipyTH3aiiii Ha riobanbHii Mepexi Kiloca
' kMMM BTpaTaMu edextuBHocTti. [Hwi napanensHi EOM,
tuki ax “Distributed Array Processor” (DAP, aus. n.11.1),
MIlOTh JIMIIE KBAAPATHY PEWITKY, WO OOMEXYE MOXIMBOCTI
BHKOPUCTAHHS 1X, NOPIBHAHO 3 HABEACHUMH BHILE, Ha Ti
NpuKIagHi o0sacTi, siki MOXYTb €PEKTUBHO (PYHKLIOHYBATH 3
PENTYACTOIO CTPYKTYPOIO (HAMPHUKIIAA, YMCEIbHI ANTOPUTMHU
nho po3nizHaBaHHA 0Opa3iB).
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3irenis  [Siegel 79] wmogentoBaB  oaHi  Mepexi
34CTOCYBAHHSAM IHWMX Mepex. [IpM UbOMY BHSABISETHC
nepegyciM nepeBara Shuffle-Exchange Ta rinepkyba s
“YHIBEpCAJIbHUX Mepex~, ToO6To sk 3acobiB  eheKTUBH
eMysAUil  AEKUIBKOX PIBHOMAHITHUX MEPEXKHHX CTPYKTY
PeitriTka TUIbKM TOAi BUMPaBAaHa, KOJM PeIiTYACTa CTPYKTYP:
notpibHa Juisi peanizauii ajiropuTMiB, I MOAEIIOBAHH
IHIUMX MEpex BOHa HenpuaatHa. Hacamrepen emynsuis Mepe
MO€e OYyTH BUKOHAHA aBTOMAaTUYHO KOMMLISTOPOM JIMLIE TOA
KOJIM KPIM MEpeXHO1 CTpyKTypH LiiboBoi EOM Binoma Tako

CTPYKTypa, ska noTpidHa ans peantizauii  npukaamH
nporpamu. OpHak, Ha XKajb, Ue TPAIUIAETLCA JIMLIE
HebaraTbox  Bumaakax. Haiuacriwwe Ti  pensuil  mnp

MDKNPOLIECOPH!  3B’A3KH, IO MaloTh 3abe3neyutv  oOMi
NAHWUMM, 3a/laHl y BUTJISAl CKJIAJHUX apH(PMeTHYHUX Bupa3si
Majl0  BIOPI3HAIOTBCA  BiX  “craHaapTy” abo  B3ara
OOUMUCITIOIOTLCS 1 CTAlOTh BIAOMUMM JIMLLIE Mepes 3anycr<0rj
nporpam. 3 UMX BIAOMOCTEH HEMOXJIMBO AaBTOMATHYH
BU3HAYUTH , NPO AKY CTPYKTYpPY KOMYTaLiiHOI Mepexi il
moBa. OOMIH JaHMMM B LMX BHMMAaAKax MOXE MPOBOJHUTHCY
TIIbKA 3a AOMOMOIOI0 3arajbHOro i HaiMeHill eeKTUBHOI(
aAropuTMy MaplipyTu3ailii, kUil He Oepe N0 yBaru XoIHO!
iHbopmauii 3 NpuKNaHUX nporpam.

Tabauus Ha puc. 5.18 fae kiIbKiCTb MOTPIOHUX LIMKIif

MOZIC/IOBAHHS 3aJIe)KHO Bil KIJIBKOCTI N MPOLIECOPHM)
€JIEMEHTIB. ‘
Mepexa | Mozemoe JBoBumipHa PM2I Shuffle-Exchange | Iinepky6

l Mepexy 2 pemiTka

—_—

JBoBuMipna pewitka _ ~Jn/2 <n Jn
PM2] ! — ~log,n 2
Shuffle-Exchange = 2log,n = 2log, n - ~log, n+1
Tinepky6 log, n log, n log, n -

Puc. 5.18. IopiBHsiHHA KOMYyTaUidHKHX Mepex /Siegel 79/
32

Bupasu 10 posaiay |

1. BextopHuit (nepexpecHuil) A00YyTOK BIA MHOXEHHs
ABOX BekTOpIB Tpeba IMpeAcTaBUTH 3a IONMOMOroK Oa3uCHHUX
onepintiii. OKpiM paay MPOMDKHHUX KPOKIB TYT CJiJl TaKoOX
WMINCYBATH B 1AM’ Th BEKTOP MPOMIXKHUX Pe3yJbTaTiB y Gopmi
AOUOMDKHOT 3MIHHOI:
Wa a a )b, b, b ). —(ab ~ab,.ab —-ab. .ab,-ab,).

y 3

2. 3anponoHyite npocty Mepexy Ilerpi  ans
CHIINpOHIZaLil TPbOX napaliebHUX FPOLIECIB.
3. TioOyamy#rte po3wupeny wmepexy Ilerpi, koTpa

HHROITVE TAK] OOUYUCTIEHHS
X+2, akumo Y>0;
Z:=
2*¥X, axmo Y=0.

4. TIloGynyidte poswnpeHy wepexy Ilerpi, koTpa

mitkonye onepaiii “po3guinTu’:
Z:=XdivY.

Bepumnn ana X, Y ta Z MICTSTh HEBLI'EMHI Yucia i
MOKYTH 3’'SBIIITHCS JiMUIE OQUH pa3. Y pO3LIMPEeHi Mepexi
Herpr MaloThb OyTH nMoMiyeHi BeplIMHM ‘“‘CcTapT’ , “I'OTOBO”,
"nomuiaka”. B pa3si cnpobu “po3AlIMTA HA HYJb~ FOBUHHI
MilPKYBATHCH BEPIUMHU “TOTOBO™ Ta “nomunka’.

5. Ilobyayiite poswnpeHy wMepexy Ilerpi, xorpa
RHKOIYE TAKi OOUUCTICHHS:
Z:=XmodY

Bepuimnu gns X, Y, Z Mictarb HeBiI'€MHI 4Mcia |1
MOKYTh 3’SIBUTHCS JIMILE OAMH pa3. Y wmepexi MalTb OyTu

NoAtineHi BepluMHM  “cTapT”, “roroBo” Ta “‘nomuika”. VY
MKy, akimo Y=0, MaroTb MapKkyBaTHCs BEPLUMHH “TOTOBO”,
"Homuika”.

6. [lobOynmyitre posiuupeHy Mepexy [lerpt  ans
Wi, UHMAHHS LIAMX uKcen. 3HaK uuclia Ma€e BCTAHOBJIIOBATUCA 34
AVIIOMOTOI0 JOAATKOBOT BEPUIMHH.

7. a) JAOBeAiTh, IO B KOMyTaUiiHiA Mepexi Tumy
Nhutfle-Exchange Ttpeba BMKOHATH B HAWHECMPUSATIMBILLIOMY

83



BUNAJKY 2*log(n)-1 KPOKIB, ki 3a0e3neyaTb OOMiH JAHUMH MiX
JABOMA MPOLIECOPHUMHU BY3J1aMH;
0) v uYoMy noJjisrae B3a€EMO3B’S30K MiX Je/bTa-
mepexero Ta mepexero Shuffle-Exchange?
B) Y 4OMY MOJIAra€ B3a€EMO3B’A30K MiX FinepkyOom ta
Mepexero Tuny PM21?
8. Haiinith (npubau3HO) onTUMaibHiI 3HAYEHHS IS m
Ta a B TpUCTyneHeBii Mepexi Kiloca 3 N=16.384
9. 3aranbHa KiJbKICTb JIiHIA 3B’SI3KYy TPHUCTYIEHEBOI
mepexl Kinoca € maiixe onTUManbLHOW0, SKILO AJIs TPYNyBaHHS
m BUOpaTH YMCI0O m= JN/Z .
JoBeiTh Le NpaBUIo ONTUMI3ALII.
10. Mepexa Kinoca nuiue 3a yMOBH N > 24 €KOHOMIYHO
BMT1JIHILIA, HIX ME€PEXPECHUH ILIMHHUI PO3NOALTIOBAY.
JoBeniTh cnpaBeAiMBiCTb UbOI'0 TBEPXKEHHS 3a A0MO-
MOT'OI0 MpaBuJia i3 3aBAaHHA 9.

——

ACUHXPOHHA
I[MTAPAJIEJIBHICTD

BiinoBiagHO 110 JIBOX BENMKUX KJIACIB  MNapanicibHOl
0OpobkK IHGOpMALT PO3PIZHAIOTL CHHXPOHHY Ta ACMHXPOHHY
HAPANENLHOCTI. 33 “KJIACMYHOI” ACHMHXPOHHOI MapasenbHOCTI
1wjaya, wo MiuisSrae po3B’A3aHHIO, MOJUIAETLCS Ha 3ajadi-
WACTUHH, KI vV (opMi NponeciB MANoOpsAKOBYIOTbCS [pyni
CAMOCTIHHHUX, HE3AJICKHUX TPOLECOPIB, TOOTO ACHHXPOHHA
apanesibHa nporpaMa ckJaJacThes 3 0araTbox Kepyrlouux
NOTOKIB.  3ajayi-yacTUHM HE MOXYTL OyTH  MOBHICTIO
HC3AIEKHUMH OJIHA Bi OJHOI, TOMY BIAMOBIAHI UM 3aJa4aM
NpoLeCH MAlTb OOMIHIOBATUCS JaHHUMKM 1 U1 LbOI'O OOMIiHY
ceObe B3aeMHO CcUHXpoOHi3yBaTu. [lpouecu BHKOHYIOTH, K
NPaBUIIO, BENIMKI 3ajayi-uacTUHU, TOMY 1O MO/ HA MEHLI
1a/1aul, Taki K apuPMETHUHI BUpa3y, BUMArae B MOPIBHAHHI 3
¢peKTOM po3napaneoBaHHA Jy)KE BUCOKMX BHUTpal Ha
CHHXPOHI3aL0. 3 Wi€l NPUUYMHU ACUHXPOHHY NapaleibHICTDb
HACTO HA3MBAIOTH “BENMKOOIOKOBOIO NMapaesbHICTIO” .
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6. TIOBYJ1OBA MIMD-EOM

Y3aranbHeHy MOJEJb MIMD-EOM
instrucktion, multiple data) mokaszaHo Ha puc.6.1.

(multiple

KomymayilHa mepexa

3araArHa 1aM ATH JOCTyIIHA
BCIM IIPOUECOPHHEM eAeMeHTaM

Puc.6.1. MIMD-Mozenb 004MCIIOBATIBLHOT CUCTEMH 3
3arajibHOIO nam’siTTio

I'Tpouecopu (ITE) — e caMOCTiliHI MAalWWHU, AKi MOXYTb
BUKOHYBATH MPOrpaMK HE3aJI€HHO OJIMH Bill OJHOTO. 3aJIe)KHO
B/l KOHGIrypauii BOHH MOXYTb MaTH Y CBOEMY PO3NOPS/KEHHI
JIOKaJIbHY NaM'sTh abo 3BepTaTvcs A0 3arajbHUX riobanbHuX
0JI0KiB Mam'aTl. 3B'I30K MK MPOLECOPAMH 1 FN0OANBLHHUMH
0710KaM{ nam'siTi 3AIACHIOETLCS YEpe3 KOMYTAllidHHYy MeEpexy.
I1po pi3Hilo Mix TicHO 3B'13aHUMMU MIMD-EOM 3 3arajibHow0
raofanbHO nam'sTTio 1 cnabko 3s'13aHnmu MIMD-EOM 3
BUKJIIOYHO JIOKAJIbLHOK NaM'sTTIO BXE roBopuiioch B nr2. Y
Ton 4Yac sk 'y MIMD-EOM i3 3aranbHow nam'aTTiO B
OCHOBHOMY 3aCTOCOBYETbLCS WIMHHA CUCTEMA 3B'3KY MiX
npouecopamu, B MIMD-EOM 6e3 3arafibHoi nam'aTi 4acTo
BMPOBAIKYIOThCA CKJIaJIHILL} MEPEXHI CTPYKTYPH.
BpaxoByiouM, WO IMHHA CTPYKTYpa TOAMTLCA TUIbKH 14
0OMEXEeHOT KiIbKOCTI mnpotiecopis, 6inbiwicte MIMD-EOM 3
BEJIMKOIO KUJIBKICTIO MPOLIECOPIB HE MaIOTh (PI3MUHOI 3arajibHO
mam'ati. Y LHUX CHCTEMAaxXx MOXE MOACTIOBATHUCH 3arajibHa
obnacte nam'aTi, WO noTpidHa JUIA NPOTOKONIB OOMiHY
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JIMMM, Ha OCHOBI KOHUEMNUWii “BIPTyaJlbHOI ~ CYMiCHO
wukoprcToByBaHOi nam'sTi” (“shared virtual memori”).

Hpouecopn MpalllTbL HE3AICKHO OIHH BiJl OJHOTO.

Jlis  oOMiHy JaHMMM BOHM MAarOThb CHHXPOHI3YBATHUCH.
Cipykrypio  MIMD-nporpama  BiioOpaxae = anapaTHy
CIPYKTYPY: BOHA TMOMINSETbCA Ha JIEKIJIbKA CaMOCTIHHHUX

IpoLeciB, SKi BUKOHYIOTbCS ACHMHXPOHHO MAapaliejIbHO Ha
WIKPIUIEHUX 32 HUMHK [Tpouecopax i A 06MiHy JaHUMH MalOThb
(HHXPOHI3YBATUCS 32 JONOMOIOI0 creuiaibHUX MEXaHI3MIB.
bicanbHUM 4018 UUX cUcTeM OyIo 6 criBBiAHOLLIEHHS 1 npoiec/ 1
HPOLECOP, ajie HAa NMPAaKTULI Y 3B'A3KY 3 0OMEXEHOIO0 KUIbKICTIO
IPOLIECOPIB, 1O MAKThL Y CBOEMY po3nopsipkeHHi MIMD-
vicreMu, e HemoxauBo. Tomy 3arajbHe CHiBBIIHOILUEHHS
muiisgae sk n npouecie/1 npouecop. lle o3nauae, wo oauH
npoiecop Mae oOCIYroByBaTH AeKijibka MPOLECIB 32 METOAOM
posnoainy vacy, sikuii norpebye nporpaMu-gucneTyepa s
KOXKHOLO Mpollecopa Ta AOJATKOBUX BHMTpAT pECYpCIB Ha
KCPYBaAHHS.

Sx tunosl npeacraBuiky MIMD-knacy napanenbHux
CHCTEM 13 34rallbHOK MaM'sATTIoO Ta 6e3 HEl TYT pO3IisHYTO
cncremu Sequent Symmetry, a Takox Intel IPSC Hypercube ta
Paragon. TMosHiwy indopmauiro npo noOynoBy i, 30Kpema,
WIAPATHY CTOpOHY napajefibHux cucreM aaHo B [Hwang,
Briggs 84], [Almasi, Gottlieb 89].

6.1. O6uncoBanbhi cuctemu Tuny MIMD

YV  upoMy naparpadi  KOpPOTKO  MpeACTaBJeHi
nOuncmoBanbHi MIMD-cuctemu Sequent Symmetry (iuMHHa
CIpYKTYpa 3B'a3ky), Intel Hupercube (Mepexa rinepky6a) i Intel
Yiragon (ABOBMMIpHA peLUITKA).

Sequent Symmetry
I{s cuctema € MOPHUKIAAOM TICHOTO 3B'A3KY MiX
fipolecopaMu Ta 3arajlbHoOK IJ100anbHOO NaM'ATTIO Yepes
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LEHTpaJbHY 1IHHY (pUC. 6.2).

CucteMu 3 3aranbHol NaM’aTTIo

WuHa
MyABTHIWHHA Bhermet SCH
WHEEHR SCED

azanTep

AT R RO

2

]

I3

"/,
TEIIIITEIEIY,

SlS LTI

o777,
33535082

on A
.

Puc. 6.2. biouHa cTpykTypa cucremun Sequent Symmetry

Yl AecsaTh  UCHTPadbHUX TPOLIECOPHUX  MPUCTPOIB
(CPU), 3aranbHa nam'sth Ta 3aco0u NPUB'A3KU nepudepiiiHux
NPUJIAAIB B3aEMOAIIOTb YEPE3 CUCTEMHY LIMHY.

[llnda He nonyckae napajeibHOCT Mij yac oOMiHy
JaHuMK, 60 TYT 3aBXAM MOXYTh B3AEMO/ISATH JIMUIEe [Ba
naptHepy. Lle oOMexXye MOXIMBICTL PO3LIMPEHHS L€
napanenbHol cuctemu. [lpouecopu, 1O 34CTOCYBYIOTLCS B
Sequent  Symmetry (80386), Bxe He Hajhexarb [0
HainpoaykTUBHIWNX. CbOro/ti Ha PHUHKY € OAHOMPOLECOPHI
poGoui Micus, 110 MalTb Oilblly TMOTYXHICTb, HDK UA
napasienbHa EOM 3 aecsrbMa npouecopamu, i He noTpebyoTh
po3napanetoBaHHs MPOrpamu.

Intel iPSC Hypercube Ta Paragon

Paa Intel Scientific Computer (iISC) cknagaersca 3
Tpbox nokoJikp iPC/1 (Intel Personal Supercomputer), iPSC/2
Ta iPC/860 [Trew, Wilson 91], 6a3010 aKkux € MPouUecopHi 6J10kH
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‘(‘I’U 80286, 80386 ta 80860. [lonepeaHukoM apxiTeKTypH, L0

sucrocoByeTbes dipmoro Intel | 6yB xomm’otep CosmicCube,
nobynoBaHuii Ha CalTech, Pasadena.

B cucremi iPSC/860 MmoxyTb o0’caHyBaTtHcsa no 128
RHCOKOMPOAYKTUBHUX npouecopiB. s cTpykTypa 3B'a3Ky
mbesnedyye HabaraTo BMLlY MapalielbHICTL OOMiHY JaHHUMH,
HOX ILMHA 260 KiJIbLIE.

CuctemHa apxitektypa Intel Hypercube He mae
wibHOT nam'saTi. Ilpouecopn “cnabko” 3'enHaHi TUIbKK yepes
KOMYTaLiHHY Mepexy | i oOMiHY TaHUMH MIX COO0I0 MAarOTh
WHKOPUCTOBYBATH  BIAHOCHO MOBiJILHI  3acobM  nepeaaul
nosyloMiIeHb.  MexaHi3MM  CMHXPOHI3alUll  MpoueciB, L0
OwiyloTbCs Ha 3araibHid nam'sTi, Hanpukiaa cemadopH Ta

MOHITOPH, MOXYTb BUKOPMCTOBYBATHCS JIUUIE JIOKAJIbHO Ha
OKPEMUX TPOLECOPAX, aNe HE MiX Pi3HUMH MPOLECOPHHUMH

BY3JIAMHU.

Paragon XP/S - ue HalHOBilIa Ha uLeH uyac Mojelb
tupanensHoi EOM dipmu Intel. Bona 3'aBuniach 3a npoekTom
*Touchstone-Delta” i 6yayeTbcs Ha npouecopax i860XP. Lis
obuMcmoBasbHa  CUCTEMa MOXE MicTUTH a0 512 By3nis,
NPHYOMY KOXHHUA BY30J1 CKJAAAETHCS 3 ABOX MPOLIECOPIB THITY
k60  XP, oauMH 3 SAKUX TIpU3HAYEHWH [JAS BUKOHAHHS
ApMOMETUKO-NIOTIYHMX 3a/1a4, a APYTHiA — TibKU U1 OOMiHY
vy, CTpykTypa 3B'I3Ky MK By3Nlamu cucremu Paragon
mbarato npocriwa, Hix B cucremi IPSC Hypercube: By3nu
W's3aHl MDK Co0010 uepe3 ABOBUMIPHY pelliTKy (4-way nearest
neighbor). By3nn MOXyTb AMHaAMi4HO KoOHQIrypyBaTHcs 3a
CTOBMUAMM Ha noTpedy kopucTtyBaua (compute node), ans
CHCTEMHHX Liijier (service node) abo 3 MeToIo MiAKJIIOUEHHS
nepudepiiinoi anapatypu (1/0 node).

6.2. Cranm npoitecis

IIpouecc - ue camocTiiHa 4YacTMHA MNpPOrpamMH, Lo
BMKOHYETbCS  ACHMHXPOHHO MapajiefibHO BIJHOCHO  iHLUMX
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npoueciB. Y 3B'A3ky 3 THUM WO B 3arajbHOMY BUMNAaJKy Ha
OJHOMY MPOLECOP] BUKOHYEThCSA [EKUIbKA MPOLECIB, PO3NOALN
NPOLIECOPHOIO Yacy MiXK MpoUecamMu 3AIHCHIOETbCA Y dopmi
4yacoBUX cerMeHTiB. [iciaa 3aKiHYEHHS HAJEXKHOIro WOMY dacy
AKTUBHMI MpOIIEC, IO BUKOHYETbCA, MNEPEXOAUTb 31 CTaHY
“PpO3paxyHOK™ B CTaH “TOTOBHWI" | Uekae B Uep3i HA CBOIO HOBY
akTuBizauiro. [lpy UbLOMY B CUCTEMHOMY OJIOLI KepyBaHHS
npouecoM  (Process-Control-Block PCB) mycars  Oytu
3anam'sTOBaHl AaHi Jing 3MIHM CTaHIB Mpoliecy (NporpaMHuii
AIYUIBHMK, PETICTP, aPpeECH AaHMUX TOLLO), OO MOTIM 3HOBY
OyTH BBEACHUMH JUISl MPOJOBXKEHHS BUKOHaHHSI npouecy. Hogi
NpouUecH, WO 3'ABJAIOTLCA HA BXOAl CHUCTEMH, BBOJATHLCH B
uepry 4eKaHHs “TOTOBMH™, a Ti. WO BUKOPHUCTAJIM CBIM 4ac,
3BUIbHAOTH MPOLIECOP A5 HACTYMHOTO Mpoiieca.

[lpouecn, mo 3MyuieHi NMOPIBHAHO JOBrO Ye€KaTH Ha
MOSIBY YMOBHM, 32 IKOT MOX€ OyTH MPOJIOBXEHE BUKOHAHHSA 1X
(3BIJILHEHHSI MEBHOTO ONEpauifHOro pecypca, CHHXPOHI3allis 3
IHILIMM  [IPOLIECOM  TOLIO), He  OOOB'I3KOBO  MAOTh
3aBAHTAXyBATH NPOLIECOP NEPEXOJaMU 3i CTaHy “roTOBUMHA” B
craH “po3paxyHok”. Bouu nepexousitb B ¢TaH “0J0KOBaHUI” |
YEKAIOTbL B cneurdiyHlii  uyeps3l Ha nNoABY YMOBM A
po30aokyBaHHs. Tinbkn 3 nosiBOIO Li€l yMOBM OJIOKOBAHMH
NpoLec 3HOBY MNEPEBOAUTLCS B 4EPry “TOTOBUR™ 1 3AIHCHIOE
34IMAT Ha 00CAyroByBaHHs npoilecopom. HacTuHa onepauiiHoi
CHCTEMH, $IKa BMKOHYE onepauil 3MIHM  CTraHy MPOLECIB,
HA3MBAETBLCS  MUIAHYBAJILHUKOM  (scheduler). [l KOXHOTO
npouecopa  ICHYE  TaKMM  TUIAHYBaJILHHK, SKMH  KEpye
MOCHIJIOBHICTIO  00pOOKK  npoleciB B UbOMY  MPOLECOPI.
CkhajHii METOAM, MPO sKI MOBA WTUMe [aji, BUKOHMYIOTb
FUIAHYBAHHS  BIAHOCHO  JEKIJILKOX — MPOLECIB  OJJHOYACHO
(HAMIPHUKJIA L, MEPE3aABAHTANKEHHS JICSIKOIO MPOLEeCy 3 OAHOTO
MpoHecopa B tHUIMK, MEHIU 3aBAHTAXECHHUH Npolecop). MeToro
TAKOIO T[UIAHYBAHHS € KpalMh pO3NOAIT  3aBAHTAXEHHS
cucremu.  Tlpu  ubomMy nuTaHHs, SKUA  Mpolec  SIKUM
NpoLecopom 00CIYrOBYETLCS, BHUPIIUYETLCA HE3AJEKHO BIil
nporpamicra. ‘
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CHUHXPOHI3BALIIA TA
KOMYHIKALIA B MIMD-
CUCTEMAX

Y Wil Ta HaCTYMHMX TrijaBax OEpeTbCsd 3a OCHOBY

S ROINCNUIS lapanenbHOCTI MpoueciB Ta iXHbOI B3aemoail i3
© i 1OCYBAHHSIM

Remote-Procedure-Call  (puc.7.1), o
4.4. 45, 3a yMOBHM 11apajieJibHOIO
npobsemu MIMD-

fipe raBaeHa B OTLIL
PUKOHAHHA  MPOIECIB  BUHUKAIOTb  JIBI

WpoLpaMyBatns.
———>Flominom-| -
NeRHs

Puc. 7.1. OO6MIiH NOBIAOMIICHHAMH

1. JIBa npouecn OGaxaiorh OOMIHATHCS MDK ¢c0bOIO

JAaHHUMM.

2. ko € 3arajbia nam'aTh, TO Mac OYTH BUKJIIOUCHA

MOXJIMBICTH OJIHOYACHOTO A0CTYNY JIEKIILKOX MpoLecis

0 OJHICT W Tiel o0nacTi JlauuX (CUHXPOHI3aLlis Juis

2ano0IraHHA BUHUKHEHHIO MOMMIIKOBUX JaHUX a0o

OJ0KYBAHL -~ JUB. T'71.8).

JABa napruepn  ogHOro  OOMIHY  aallUMU  JHIOTH
I EUIEKHO, ACHHXPOHNO {, MOXJIMBO, Ha PI3HMX Tpoliecopax.
A OOMIHY JI@HUMI BOHW MAIOTh CIIOUATKY CUHXPOHI3YBATHCL!
OOMINT MOXKE OYTH 3JIRCHEHHIA TUILKU MICast TOro, Kk 00MaBa
apraepu OyyTs Juist 11LOro roToBi. Jdpyra npobiiema BUuHukac
L 1AC BUPILLICHHS TICPILIOL AKIIO OOMIH JIaHMMH MTPOBO/IMTHCS
HEPCS 3ACAIBLHY 4daCcTHHY naM'siTl, To Tpeda OyTH NEBHUM, LLLO
AOCTYI (Ha ydTaHis ado 3anue) € nocii/lioBHuM. SKino ue ue
1K, TO MOXYTb BUHUKHYTH MOMMJIKOBI aatil abo Oi0KyBaHHS
(HIPUKJIAL, 34MUT NOMMIIKOBHX JIAHWUX [I€pe/l  onepal{isiMK
CHUXPOHI3aALLIT).

TTouHeMO po3risyl 3 HANNPOCTILIONO BUNAAKY, KOJIH
ofiiiBa  Mpouecu, 1O MAlTh  3MHCHUTH  B3acMOJIO,
BHKOHYIOTBCS H OZHOMY H TOMY npoliecopi. st 1iboro icHye
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WiAMA psg pilleHb Ha PI3HUX plBHﬂX abcrpakiyi. buibw
CKJIAJIHNI BUMAJ0K B3a€EMOJIii MK ~ TpolecopamMy
pO3rsNAaeThCs HAMPUKiHL IiaBW. 3aranbHuil Xifg onepauiil
CUHXpOHI3alil MOXe -O6yTH NPOMOAEIIbOBAaHUIA i
npoaHanizoBaHuii 3a gorioMoroio Mepex Ilerpi (aus. ra. 3).

7.1. IlporpamHe pilieHHs

IlerepcoH i 3inbGepuiaTL ONMCYIOTH PillIEHHS NpoOiIeMH
CUHXpOHI3aUil [l cuUcTeM 13 3arajbHOK NaM'iTTIO, sKa
00XxoauThea 6e3 cnewianbHol anaparypu [Peterson, Silberschatz
85]. Lle uucTO nporpaMHe DpPilliEHHS PO3MIANAETLCA  TYT
MOCTYIOBO.

ITporpama ckiafaeThcs 3 ABOX MapaiejibHUX MPOLECIB,
if0 XOTiNM © 3BepHyTHCS JO 3arajbHoi o00JacTi AaHMX
Ornepauii Haa gaHuMH (4dTaTd abo 3anucyBaTH) HE MalOTh
MNPUHLIMIIOBOrO 3HAYEHHS |
<kpumuuHuti po30in>. [HCTPYKUIl KOXKHOro mnpouecy, IO He
MOB'A3aHi 3 CHHXPOHI3alli€l0, MO3HAYCHI AK <iHwi IHCMPYKYii>.

O6uasa mpouecu -P; i P2 3amyckaloTbCs B TOJIOBHIR
nporpalvu OJMH 334 OAHWUM | BUKOHYIOTbCS 3 LbOTO MOMEHTY
Jiajil napajenbHo:

start(P1);
start(P2);

Hepunst gocnin

JlocnikyBaHa TYT MOKIIMBICTb AUt CUHXPOHI3aLIT ~ 1y
3aCTOCYBaHHs 3MIHHMX cuUHXpoHizauii. OO6uaBa mpolec
MOXYTb 3BEPHYTHUCH [0 3aralbHOI 3MiHHOT BEIMUUHH turn. TIp
1IbOMY UMTAHHS a00 3aMuc 3HAYCHHS 1{I€1 3MIHHOT PO3YMIIOThC
SIK aTOMapHi (eJIeMeHTapHi, HEAIIMMI) onepauii.
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var turn:1..2;
: Ininianizauis: turn:=1;
P 1 P 2
loop loop
while turn=1 do (*nycmo*) end; while turn=2 do (*nycmo*) end;
<KpUMUYHULL pO30in> <KpUMUYHUIL pO30iN>
turn:=2; turn:=1;
<ini IHCmpykyiir> <inwii incmpyxyii>
end end
Ananis:

e Le PpILEHHS TapaHTye, WO B <KPUmuuHuil po30ir>

MOJ€E 3BEPHYTUCS JIMILIEC OJIMH MPOLIEC,

® ajge TYT ICHY€ CYTTEBHUM HENOJIIK: NPUMYCOBHH

anbTepHATUBHMI foctyn o0ox npouecis. Lled Heaonik

OOMeXyC MOXJIMBOCTI  MPOrpamMHOro  po3B’s3aHHs

3aja4i CHHXpoOHi3allil.

Kosxen npotec (Pri P2) uekae Ha fHocTyn B <kpumuuiuil
potdin> B UMK TMMY “‘busy-wait” (3alHATH uepry) A0 TOro
MOMEHTY, KOJIM 3MIHHA CMHXPOHI3ALLT turn He HaOy/1e 3HaueHHS,
o JIOPIBHIOE HOMEpY AaHoro npouecy (rak, aus P turn=1).
[licua uporo BukomyeTbes mporpama <kpumuunuii po30in> i
Mina turn HabyBae 3HaueHHs HoMepa iHworo npolecy. Ls
CHHXpOHIZaLliss (QYHKIIOHYE, ajie TakK, WO Mcihs 3aKiHyeHHs
ipoiecom P pobotu B <xpumuunomy po3diai> BiH MOXe 3HOBY
TV 3BEPHYTHCA JMLIEe  MICisl TOro, sk npouec P2 BUKOHae
Nporpamy <kpumuunuti  posoin>. Taka  nobyaosa
CHNXpOHI3allll O3HA4yae HIYMM HE BMIPABJAHE OOMEXEHHS
ARICMOJIIT MPOLIECIB: HA  MPAKTHLI 4acTOo MOXe OyTH Taka
tiryauis, wo npouec P; mae 6araropa3’oBo  BHKOHATH
fiporpaMy  <kpumuynuii pozoir> 1 3anucaTH TaMm Aadi, sKi
Hpoiiec P2 mae idie oMt pas npovnTaTH.

Rpyrui pocnig
3MlHHd CHHXpOHl?d[Ul 3dMlH}OF'I bCA TYT ITOJCM 3 JABOX

Bynincbkyx 3HauEHDb (OAHE A5 KOXHOTO npouecy). Tlepes ThM,
WKk 0jlepKaTH JOCTYN B <Kpumuunuii po3oin™>, KOXHUHA mpoLec
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Ha/lac CBOEMY CJIEMCHTY TMOJIsi 3HAYEHHS true i Micss 3aKIHYEHHS
porpamMu <kpumuyHuil po30in> MoBepTac KoMy 3HaucHHs false.
[luM mpolec Mo3Hayae st OyAb-IKOTO IHIIOIO IPOLIECY
OllepKaHHA [O03BOJY Ha JOCTYN B <kpumuunuii po3dir>. Bci
iHLII TIpPOLIECH YEKaKTh B UMK TUMy “busy-wait” (while...do
(*nycmo*) end) MOMEHTY, KOJIM 3BIALHUTLCS <KPUMUYHUN
posoin>. Lle pllieHHs NPOrPaMy€EThLCs TakK:
var flag: array [1..2] of BOOLEAN;
Iniuianizauis: flag[1]:= false; flag[2]:= false;

P P;
loop - loop
while flag[2] do while flag[1] do
(*nycmo™*) (*nycmo*)
end; end;
flag[1]:=true; g[1]:=true;
<KpumusHul po3oin> <KpumuuHul po30LT>
flag[1]:=false; flag[2]:=false;
<imi inempyxyir> <imi incmpyKyii=>
end end

Ananis:

e [E3BAXAIOUM HA [MOMEPEC/HIO TMEPCBIPKY 3HAUCHHA

3MIHHOT flag B LMKJIAX UCKAHHS, ICHYC MOXUIMBICTb

OJIHOYACHOTO A0CTyny 000X TPOLECIB jI0 <KPUMUYHO20

po30iny>. Lie 3ymoBtoe Hebesneky noMunok!

AHANI3 LLOTO PIUEHHS MOKA3Ye, 110 CHHXPOHI3aLif
JacThesl He Tak rnpocto. B oTomy Bunajxky, konu oOuiBa
NPOLECH  OJIHOYACHO  3A/MWIAIOTE  CBOT  while-lLIMKJIH, BOHH
OJIEPXKYIOTL JOCTYN B <Kpumuynuii pozoir>. Ane sxpas uf
cuTyallis Mac OyTH BMKIIOUYEHA, SIKIIO  CHHXPOHi3aLis
npaBusibHal

TpeTit Hocn

Sk nokaszaB Jpyrdid J0CAL, MONEPEHE OTNMUTYBAHHS
3HAUEHHA 3MIHHOT CHHXPOHI3ALIT HE 3a/10BOJbHsIE OPraHizalliio
B3acmoaii npouecis P; i Py ToMy Hanpolyerbes ijest Takoi
mojaudikauii nporpamu, sxa O 3abesneuyBajia NPUCBOCHHA
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WNCHHSA true JIOTIYHIH 3MiHHIH flag LIMKJIOM 4YeKaHHs while 1ie
v “busy-wait”. THUM caMHUM OMMUTYBaHHA 1 YEKaHHS, Tak OU
MOnITH, BiIOYBAIOTLCS PA30M 3 <KPUMUYHUM PO30INOM>.
IIporpama 3 i€t Mmoaudikalii€o:

var flag: array [1,2] of BOOLEAN;
Inijanizauin: flag{1];= false; flag[2]:= false;

Py 2
foop ' loop
lag{1]:= true; flag{2]:= true;
while flag[2] do (*nycnio*) er‘Ti: while flag{1] do(*nycmo*) end,
 WPHUIMUYHUE PO30LT> <KpUMuUYHUL PO30IN>
flag[1]:= false; flag[2]:= false;
<1l IHempyKyiir=> <imwi iHcmpykyii>
and end

Ananis:

® TYT rapaH1yeTbCs, WO B A€AKMH MOMEHT TUILKH OJMH

MPOUEC MOXKE BBIHTH B <xkpumuyiuii po30in>;

e y BMMNAZKY, KOJM OOMABA ~ MPOLECU OJHOYACHO

“BUCTaBSTL” flag:=true 1 MOTIM OYAYTb YeKaTH, BHHUKHE

O6nokyBaHHs (“Livelock™).

Omxe, UEH BaplaHT MOXC TPU3BECTH IO NOMMIOK |
"uIsMCaHHS”  OOUYMCIIOBAJILHOTO — [polecy. Xou  yMmMoBa
OOOIIIBHOTO BUKJIIOUEHHS OJJHOYACHOIO AOCTYMY JOCATHYTA,
e K MOXE BMHMKHYTH CMTYallisl, KOJM >XOAEH NpoLeCc He
IMOXKE BUHTH 3 LMKIIY YEKAaHHA, TOOTO HacTaHe OJIOKYBaHHS
MpPUIENBHOL CHCTEMH POrPpaAMYBaHHs.

Verseprusi mocmn
e nocnia jiae HalckIaHilWe, ae (HapeLuTl) KOpeKTHE
IICHHS npoOemu cuuxpoxizauii 3a [lerepconom  [Peterson
c 1. TyT 3aCcTOCOBYIOTBCS SIK NPOCTA 3MIHHA CUHXPOHI3allif turn,
fik | Tojie oriyHMX 3MIHHKX flag. CrnoyaTky 3a JlONoMoroio
MINHOT flag NPOLIEC NOKAa3ye, Lo BiH Ma€ 110Tpedy 3BEPHYTHCS
A0 <kpumuunozo posoiny>. TToTim BiH ja€ 3MIHHIA turn HOMEp
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IHIIOTO TpouecYy i uYekae (AKWO IHWMWH Mpouec TaKoX ymj
BUCTaBWB flag i JaB 3MiHHIH turn HOMEp LLOro Mpoulecy) J
MOMEHTY, KOJIM HacTaHe 3miHa. Ilicis goctyny B <kpumuynull
p030i7> KOXEH MPOLEC TaCUThb CBIH €1EMEHT flag.

[Iporpama mae BUrIs:

var turn; 1.2

flag: array [1..2] of BOOLEAN:
Higianizauis:  turn:= 1; (*6yob-axa™)
flag{1]:=false; flag[2]:=false;

P, P;
loop loop
flag[1]:=true; flag[2]:=true;
turn:=2; turn:=1;
while flag[2] and (lurn=2) while flag[1] and (turn=1)
do do
(*nycmo*) (*nycmo™)
end; end;
<KpUNIYHUTL PO30LN> <KpUMuHHULL po30in=>
flag{1]:=false; flag[2]:=false;
<iHWi IHCMPYKYIT> <iHWwi iHempyKyii>
end end
AHauiz:
® TYT TCAapaHTye€TbCd, WO B ACAKUH MOMCHT 8

<Kpumuunuil po30ir™> MOXe BBIATH TUIbKH OJIMH NPOLEC;
e y L[bOMY BapiaHTi HE MOXE BUHUKHYTH OJIOKYBAHHS.
TakuM YMHOM, O/IEP)KAHO KOPEKTHE PilLICHHS.

Po3lumpeHe onMUTYBaHHA yMOBM uekaHHs B while-LMK|
Jgornomarae yHUKHyTH 6J10KyBaHb. [lpoliec uekae TibKu TOAj
KOJM IHIUMI MpoLec BUCTABMUB 3MiHHY flag i BiH (pakTH4H(
CTOITb y 4ep3i Ha JOCTyn B <kpumuuhuil po30in>. SIK TibKH
MPOLEC, 1O MEPLINM OJEPXKAB JOCTYN, 3aNULLAC <KPUMUYHU
pO30in>, BiH FaCUThb 3MiHHY flag i IHILIWMH MPOLIEC MOXKE BUATHU
LMKJTY YEKAHHS, 1106 OAepkKATH JOCTYIT B <KpurmuuHuti po3oin>
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IcHyroTb Takoxk onybJiikoBaHi anrOpUTMH, HaANPUKJIaJ B
en-Ari 82], [Eisenberg, McGuire 72], sAxi BHpilIyHOTb
00JIeMY CUHXPOHI3aLiil Uit JOBUILHOI KUILKOCTI MPOLECIB.
ANC UMM aJITCOPDMTMaM NPUTAMaHHI Taki HEJOJIKH: Ma€ MICLE
A BTpaTa 0O0YHMCIIOBaIbHOI MOTYXHOCTI, 60, K NMpaBUIO,
[HeMac  MOXJMBOCTI  KOXHOMY TNpoueCcy BHUIUIMTH - CBiii
ppotecop. CkNagHICTb NEPELIKOMXKAE NMPAKTHYHOMY 3aCTOCY-
HHIO AJITOPUTMIB ( OMB. anapaTHe pilleHHS B HACTYMHOMY

parpadi).

5.2. Anaparue pilueHHs

‘ Xo4 rmporpaMHe piuleHHS MpoOAEeMH CHHXPOHi3awii
ApaicIbHAX TNpOLECIB, K [0Ka3aHO B MOMNEPEAHbOMY
Bparpagi, MOXJIIMBE, ajl€ BOHO NOCHTb TpoMmisake. 3 wi€i
HUUHU B 6inbLocri 00UYUCTIOBANILHMX CUCTEM
JCTOCOBYETLCS anapaTHe PiLLEHHS. B NpocCTii
IOIPOLIECOPHIil  cucTeMi, Ae npouecH o6pobsIOThCH 32
MYJIbTUIUIEKCYBAHHA, L€  pIlUEHHA  MOXe
giliciiioBaTcs GJIOKYBaHHAM peakuiii Ha BCi MepepuBaHHs
eable). Lle o3Hauae, 10 nepepMBaHHA MPOrpaM 3a 4acoMm
IEMOXIMBI | HE MOXe TpanuTucd 3MmiHa npoueciB. Tiabku
JUkonyBaHuii  mpouec Moxe 6e€3  nepewkod  yBiiTH B
Bkpumuynuii  po30in> 1A BUKOHAHHA TaM  BIANOBIAHWX
Aepanid. CyTTeBO Kpawe mniaXoAMTb A Ui€l npoOsieMu
epailig “test_and_set” (nepeBipUTH i BcTaHOBHUTH). Lle He sika-
ROy, TaM “ek30TMYHA” onepaliis, BOHA dyXX€ KOPHUCHA is
)0y l0BU MYyJIbTU3aAa4YHUX OMEpALifiHUX CHUCTEM, a TaKOX
/\clia B cMCTEMY KOMaHA mikpornpouecopis 68020 (TAS test
set, CAS compare and swap) Ta 80286 (XCHG exchange).
Onepauis test_and_set — 1€ AyXe NpocTe anapaTHe
bmcmm i CKJ1aAa€eThCs 3 ABOX cybonepaliii: '

Nerojom

|. YutaHHsA 6yNiBCHLKOrO 3HAYEHHS 3MiHHOT.
2. [lepenucyBaHHs LbOr0 3HAYEHHS 3MIHHOI Ha true.
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procedure test_and_set
(var lock: BOOLEAN): BOOLEAN;
var mem:boolean;

egin (*uedinuma onepayia™)

mem:= lock;
lock:="true;
return(mem)

nd; (*nedinuma onepayis™®)

i oOuaei cybornepauii MalTb BUKOHYBATHCA
6e3nocepelHb0 OJIHA 3@ OJHOK fK HEALIMMa Orepauis, YuM

BUKJIIOYAE€THCA MOXJMBICTb TOrO, WO MDK HHUMHU MOXeE
“BKJMHUTHCL™ IHIIMA npouec 31 cnpoborw JOCTyny B
<kpumuuHuti  po3din>. Tomy  onepauis  test_and_set

BM3HAUYA€TbCA K aTOMapHa onepawis i yacTo peanizyeTbCs y
BUIJIAI CrieliaibHoi KOMaHAM Mpouecopa, Lo BUKOHYETLCS B
OAHOMY LMKAI iHCTpyKuik. Hanpuknan, B komanaax TAS i CAS
npouecopa 68020 ue OCATaeTbCS aKTUBI3aLi€l0 cUrHany RMC
(read-modify-write cycle), BMpPOAOBXK $KOI HiiKHA MpUCTpiit He
MOXe OJIEpXKaTH AOCTYNY A0 LUMHW aDO BUMAraTH nepeprHBaHHA
BUKOHYBAHOI MTPOrpaMu.

I3 3acrocyBaHHsM anapaTHOTO pilleHHs test_and_set
3HAYHO MPOCTille BUPiluyeTbCst npobaeMa CUHXpOHi3auil 6yap-
SKOI KINIbKOCTI MPOUECIB. 3BOPOTHE YCTAHOBJIEHHS 3HAUYEHHA
3MIHHOT B false MOX€ BMKOHYBATHUCh SIK MpOCTa ornepauis
NPUCBOEHHSA 1 HE NMOTpedye crneuianbHOI anapaTHON NIATPUMKH.

IIporpama ans npouecy P;:

var lock: BOOLEAN;
Iniuiamizauis : lock:= false;
Pi
loop
while test_and_set (lock) do (*nycmo™) end;
<KpumuyHuil po30in>
lock:=false;
<iHwi incmpyKyii>
end.
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Koxuuii npouec uvekae B onepauii “busy-wait” Ha
MOMCHT, KOJIM 3MIHHA CUHXPOHI3awii lock OJEPKUTh 3HAYEHHS
Wise. SO 3anUT KOMaHIOI0 test_and_set ycnilllHWi, TO 3MiHHa
0ck oaepkye 3HaveHHs true i npouec P:; Moxe BBiliTM B
Enpumuynuti pozoin>. Ilicns BUXoAy 3 UbOTO PO3MAiNY Ipouec
Wony HaJa€ 3MIHHIN lock 3Ha4YeHHs false | Temep MpoLec, Lo
PUIKYC, MOXKE 32 JIOMOMOTOI0 KOMaHAM test_and_set pe3epByBaTH
BOOL LI 3MIHHY.

PilueHHs nipobieMu  CUHXpOHi3alil crano  Tenep
fpocitum 1 HAaouHMM, &€  BOHO  3alIMLIACTLCA  JEIIO
HevhekTUBHIMM  depe3  HEoOXiAHICTb BMKOHYBATH  LIMKJIM
WekanHsg  “busy-wait”. B uMx uMkiax BTpayaeTbcs Oarato

MuntHoro uacy. Slkpas ais 3aMiHU LUMKJIIB 4eKaHHst OUIbLl
PO/ LYK TUBHUMHU uepramu YyeKaHHs NMpU3HAYEHO
ENNXpOHI3aLifHI KOHCTPYKTHBM BMCOKOIO pIiBHS, PO SKi
Mictiest B HacTynHKMX naparpadax.

1.3, Cemadropu

Cemadopu BeeseHi B 1965 p. [ilikctpa 3a ananorieio 3
€W HaslaMK, 110 3aCTOCOBYIOTbCS ISl PETYIIOBAHHA PYyXy
foryus [Dijkstra 65]. IoaiOHI koHCTPYKTHBH BXe Oyin paHiwe
MiuicMeHTOBaHI B JIEKIILKOX omepauiiinux cucteMax, ane 6e3
ARnoi HasBK. B HadinpocTtilnomy Bunaaky cemadop Moxe OyTH
thinkn B aBoX cramax: BinmbHO a6o 3aiinsto. Lle Bianosigae
A0oNly Ha nocryn B <kpumuyHuil po30din> abo CBIAYHUTHL MPO
fiorpedy uekatd uboro pospony. Onepauii BMukanhs abo
PMItkaHHs curHany cemadopa (1106, Hanpuknaa, MoxHa 6yno
fpoixaTv OAHOKONINHHY YacTHHY Maricrpaii) HasuBaloThes P Ta

nji TOJUIAHACLKMX CJIB, U0 O3HAYAIOTbL ‘‘3alHATM” Ta
®wnunTa”  <kpumuunuii - posdin>. Cemadopu  MOXYTb
MUIOCOBYBATUCHL  HE  TiJIbKM IS 3aXUCTY  <KPUMUUHUX
"amiﬂi6>, a W 1A curdajizauii npo 3alMHATICTb Ta 3BUILHEHICTh
#hepauiiinux  3acobiB  (npiHTep, TepmiHan Towo). Ha
RZ'I‘MBaFy UMKJIaM YeKaHHsA ‘‘busy-wait” cemadopu € Jyxe
PMPeK TMBHUM METOAOM CHHXPOHI3aLii.
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3acrocyBanHs cemadopy 1o npouecy Pi
P;

P(sema);
<Kpumuunuit po3oii>
V(sema);

Ak BUIHO 3 LbOTO HpArMEHTY NPOrpamMM, 3aCTOCYBAHHA
cemaopa MUCIHUTBLCS MPOCTO: KOXHUHA npouec P; “Oepe B
AYKKN” CBOT <kpumuuni po30inu> ceMapOpPHUMU onepallisiMi
P(sema) Ta V(sema). [lpu ubomy ans BCIX NPOLECIB, 110
f0axarTb MaTH JOCTYN B OJMH | TON camMuil <kpumuunuil
pO30in> IS OJIEPXKAHHS TaM 3arafjibHUX Uisl HUX JaHuX, Mae
OyTy 3acrocoBaHa iJleHTUYHA cemadopHa 3MmiHHa! Takum
YMHOM, cemadop MEBHOIO MIPOK HANEXKWUTHL A0 3aranbHUX
JIAHUX, & HE 10 OKPEMOI'O MPOLECy.

Peasrizanis ceMadopa

CTpykTypa [daHuMx Aias cemadopa — U€ MOEJHAHHS
ceMa(OpHOT BEIMUMHM Ta CIIACKA YEPry MPOLIECIB, 1110 YEKAIOTh
Ha curHaj “BuibHO” uboro cemadopa. CemadopHa BejMUUHA
(3MiHHA) B TNPOCTUX BHUMAAKax Moxe OyTh OyIiBCbKUM
3HAYEHHAM ICTMHHOCTI W TOAI HAETbCSs Mpo  ““OyJiBCbKUH
cemadop”. Ls BennunHa MOxke OyTHM TAKOXK YUCIOM TUIY
integer (K onucyeTbcs TyT). B upbomy Bunaaky Oyje Tak
3BaHUH “3aranbHui cemadop’™

type Semaphore = record

value: INTEGER,;

L :List of ProclD;
end;
var S: Semaphore;

Onepauii P 1 V 3a Jorikoro ceMadopa MawoTb
IMIJIEMEHTYBATUCh K aTOMAapHi (HedlauMMi) onepalil, 60 pi3Hi
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‘fipouecn OaxkaroTb MaTu JOCTYN OO 3arajibHUX ceMadopHHUX
Aninx.
IHiuinizauis cemadopa:

8L « nycmuil cnucox
8value « kiavkicmb 0o3s0neHux P-onepayiii 6e3 noseu V-
onepayin.

Ilpoctuii cemadop, Hanpukiaa IS 3aXMCTY OOHOTO
KKkpumuuH020 po30iny>, 3aBXIM iHILIANi3yeTbCs 4YHUCIOM 1. €
THKOX BUMAIKM, B SKMX JOLUUILHO BUKOPHUCTOBYBaTH Oisblie
(860 MeHiue) uucno iHiuiamizauii. Ywucmo, Oimbuie 3a 1,
BIAIIOBIJAE KiNbKOCTI MOCTIJOBHO BHUKOHYBaHWX P-onepatlii
(kpiM BUKOHYBAHOI MOMIiX HUMH V-onepauil) 6e3 610KyBaHHs
fipouecy B cemadopi:

P(S): S.value := S.value - 1;
if S.value < 0 then
begin
append (S.L, actproc); (*yei: npoyec 3asecmu 8 S.L*)
block (actproc); (*i nepesecmu ¢ cman "6noxosanuit'™*)
end;

P-onepauis 3MmeHwye cemadopHe uYucio Ha 1 i
flepeBipsie, UM HE MEHLIE BOHO BiA HYyJs, TOOTO uYM BXe
wiinatuit cemadop. Sxuwo Tak, TO BHMKOHYBaHWi mnpolec
#ro/1uThCs B uepry cemadopa i 6J10KyeETbCS:

V(8): S.value := S.value + 1;
if S.value < 0 then
begin
getfirst (S.L, P); (*npoyec P sugecrmu i3 S.L*)

ready(P);  (*i nepesecmu 6 cman  "20mo8uii**)
end;
v-onepauis 30inbwye cemadopHe uMmcio Ha 1 i

Pepesipsie, YK HE 3aJMLIAETLCA BOHO MEHUIMM abo TakuM, 110
Wopisaioe 0, To6TO npouecH e nepebyBaloTh B qep3l
Womadopa. SKkWwo Tak, TO HACTYNHHUIA MpOLIEC, LIO OYiKYE,
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mrogoporax npouecu PP, MOXYTb MNOTpanuTH B 4YEpry
PUIKYBaHHSA, AKLIO BOHM 4acToO i PEryNsSpHO BUKOPUCTOBYIOTb
pemaopu (high traffic lock). Lleii ¢peHOMEH Mae Micle TOMi, KOJIH

BUBOJUTLCS i3 YEPry ueKaHHS i BBOAMTLCA B CIIUCOK I'OTOBHMX
NPOLECIB.

Ak xe AoCATHYTH Toro, wob P 1 V cami OymM  yjykicTh npoueciB 3HAYHO MEPEBMILYE KiNbKICT NPOLECOPIB i

4TOMapHHMH onepaliaMu: KUl MPOBOAMTBLCS MPIOPUTETHHI (“pre-emptive”) Ppo3Moaia
_— ¢y 3a FIFO-cTpareri i iopH i

o [porpamhe piwenHs (ams. n. 7.1): ;:’)Jltllcle B TOOM b :Fnazr(f;r:ttuull t;lrfleﬂoutazn I;I{gi(OIZSCT;T; llCTl;

JOCATAeThCA 33 JOMOMOroK KOPOTKOTO ‘‘busy-wait”- Y, o nporp " yBdilb eduter

LIMKJTY 3 KOPOTKOIO P- 200 V-onepaui€lo K <kpumuuHum
posdinom>. LI  UMKIAM  3anMILAIOTLCA, NPUPOIHO,
HeeEKTUBHOI Orepalli€lo. ajle Tenep <kpumuuyHuil
po30in> MICTUTb BCbOTO [BI-YOTHUPHU €JIEMEHTAPHUX
iHCcTpyKkuUii P- abo V-onepauiil cemadopa. Lle o3Hauae,
10 BUTPATH Yacy Ha YeKaHHS CYTTEBO 3MEHILYIOThCA.

e AnapaTHe pillieHHs (auB. n. 7.2):
JIOCATAETbCA 3a JIONOMOrOK KOPOTKOroO ‘‘busy-wait”-
LMKy A KOMaHaM “test_and_set” nepea noyaTtkom P-
abo V-onepaiii. B anapaTHOMy pillieHHI TakKoOX
HEMOMJIMBO YHMKHYTH KOPOTKOTO LIMKNY YEKAHHs, ajie
TYT CNpaBeANiMBE T€, UIO CKa3aHO BMLUE: 3aBASKH AYyXe
KOPOTKOMY <KpumuuHOMy po30iny>, TOOTO camum P- 1 V-
onepauisM, He BUHUKAE NMOMITHMX BTPAT €HEKTUBHOCTI.
OpHak BMHMKae npobnema, SKWo npoliec BTpavae CBiii
YacoBMM IHTEpBad (CErMEHT) Il 4Yac BMKOHAHHA LKX
“YOTUPLOX eNeMEeHTapHUX orepauii”. B ubomy BUnaaky Bci
IHWI TpolecH, fKi XOTiIM TOYHO Tak BMKOHATH ceMadopHy
onepauiro BHKOPHUCTOBYIOTH CBiii 3arajibHUii YaCOBHIi IHTEpBAN
18 “busy-wait”-LUMKIYy A0 TOrO0 MOMEHTY, KOJIH Ha3BaHMI
MPOLEC MOBEPHETLCS B HEPry I MOX€ 3aBEpLIUTH cequ)opHy
onepauito. Sk nokasaHo aaii, Us npobieMa cTae NOMITHOIO,
SIKILIO BOHA BUHUKAE Ha PIBHI YEPry YEKaHHS.

Kouposi-penoMern

Hoceix nobynoBd onepauiiiHUX cHcremM  MEPILUX
MOKOJIiHb MOKa3aB, WO BHACMIAOK HEBAANOl iMITIEMEHTauil
cTpaTeril po3no/ify yacy MaB Miclie KoHBoH-peHoMeH [Blasgen
ta iHwi 79). IlogibHo no aBTomMobinbHUX npobOK Ha
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‘MOXe mepeBecTH MPOLIECH, L0 3a14mum ceMad)op 13 CTaHy
‘*¥puipaxyHok” B cTaH “roTtoBuii”. FIFO- crpareris o3Hauae,
Wo npouecu, skl 4ekaloTb Ha ceMadop, 3BUIbHSIOTLCA B
HOPsIKY PO3TALLYBAHHS 1X y 4ep3i.

‘ Y Ttomy Bunagky, koanu npouec P; BTpauae CBii
repsan yacy skpa3s Mg Yac BMKOHAHHS CBOIX KPUTHUHMX
dnepadiit, TobTto B MOMeHT “3aiHATTS” cemadopa S (high
truflic), xonex 3 pewTh npouecis P2 -P, He 3MOXe 3afiHATH
¢emadop. LlonpaBaa BipOriIHICTb TaKOTO BHIMAJAKY HEBEJIMKA,
Mie Bce X Taky He JOPIBHIOE HYNIO, a L|¢ O3Hayae€, WO Taka
HTyaLis MOXe BUHUKHYTH Oyab-konu, HenepeabGaueHo i 6e3

'MOXJIMBOCTI 1 penpoaykyBaTH. BTpaTa iHTepBany 4acy 3a

ymosn 3aiiHaToro “high traffic”-cemadopa o3nauae, o ayxe
Wm0 micns uboro npouecu P; - P, (Benuka KiJIbKICTh
hpotieciB), siki 6axa0Tb BUKOHATH TiJIbKM KOPOTKY OMepauiio B
WXHILEHOMY CEMA(POPOM  <KPUMUYHOMY PpO3OINi>, 6y11yTb
#HiuiMkyBaHi B uepry cemadopa i NPOAYKTHBHICTb
Q0MUCITIOBAJILHOT CUCTEMU APAMATHUYHO 3MEHWUTLCA. Tinbku
flcis Toro sik P; akTMBI3YETbCS Ha HOBOMY iHTepBai yacy i
wlisHUTb cemadop, HACTyNHKMIH npolec Pz 3MOXe MPOAOBKHTH
#buncierns. BpaxoByrouu Te, 10 3MiHa MPOLECY, NOPIBHAHO 3
#pupmeTHUHMMY KOMaHAaMK abo ceMadOpHUMHM ornepaLliiMy €
dyxe goporoto onepauicto i P; Mae WWBHAKO 3HOBY 3aHHATH
$eMadop 1 BUKOHAHHS KPUTHYHOI onepadlii, npouec P 6yne
epratrch y yepry Ha obcnyroByBaHHs cemadopoM S skpas
N8 ubOMy iHTepBaJi yacy MicAf OCTaHHLOI aKTHUBI3aLil.
Bunnkae “npo6ka” (lock thrashing), ska camoctiiiHO MoXe
MxBinyBaTHcs 3 BenukuMMM TpydHowamu. B ubomy BUMajIKy
lnuwicts npolecopHOro 4acy BUKOPHMCTOBYETbCA Ha 3MiHY
Apouecis, ska He nae epekTy.
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VY cyyacHux onepaulifH{MX CUCTEMax BHAJIOCH YHUKHYTH
KOHBO#-peHOMeHa 3aBASKHU TaKUM 3acobam:

e 3MiHA AMCreTyYepa, o 6a3yeTbCs Ha NOBIAOMIICHHSAX
npo 3aiHATHIA ceMadop 3 HalBHILOKW 3aBaHTaXeHICTIO (“high
traffic”-cemacdop);

e 3MiHa cTpaTerii po3noniny pecypcis; 3amicts FIFQ
BUKOPUCTOBYIOTLCH UHWKIIM YEKAHHA ‘“‘busy-wait” abo mnpu Ve
onepauii 3BUILHAIOTLCA BCl MPOLECH, IO OYIKYIOTb i MaIOTh
3HOBY BUKOHATH P-onepauito (BKIOUKUTH P B LMK while);

e reHepanibHe YHUKHEeHHs cuTyauil “high traffic lock™;

e 3MCHLUEHHA KIJIbKOCTI OMepauiil, siki noTpiOHI Ana
3MIHM MpOLiecy.

Ha 3akiHYeHHs pO3rJsiHBMO JiesKi TUMOBI MPHKIAAN
3aCTOCYBaHHSA cnocoGiB cMHXpoHizalil. [l1s 3anucy nporpam B
UbLOMY Ta HacTynHoMy naparpadax BUKOPHUCTOBYETLCS MOBY
Modula-P [Briaunl, Hinkel, von Puttkamer 86], ska ¢
PO3UIMPEHMM 34 PAXYHOK KOHLIENUii NMpoueciB BapiaHTOM MOBH
Modula-2 i peranbHo onmcyetbess B n. 9.2, Tyt Mosa
NPUCIYTOBYE IWLLIE A INFOCTPALl KOHLIENLIA CHHXPOHI3aLii.

IIpobnemMa “BHPOOGHMK-XKOPHCTYBaw”

Tpeba cuHXpOHI3yBaTH ABa NPOLECH, AKi OOMIHIOTHCA
AaHUMM yepe3 3araibHy OydepHy obnactb nam'sti. [lepunit
npouec reHepye aaHi i 3anucye ix y 6ydep, apyruii npoiiec oepe
ui aaHi 3 6ydepa i 06pobnse ix pani. 3a gonomoroio cemadopis
BUK/IIOYAIOTLCA TaKl MOX/IMBI CUTYaLil:

i

e SKWO  Npouec-BUpOOHMK  (reHepaTtop)  Oubl

WBUAKWIA, HIK KODHUCTYBauy, TO Ha MiCLe IUE He

BUKOPHCTAHUX JAHHX MOXYTb NOTPANMTH HOBI JaHi, K

3HMILATD YACTUHY iHGOpPMaUii;
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e SKILO MPOUEC-KOPUCTYBay Oibli  (IBUAKUH, HIX
Npouec-TeHEpAaTOp, TO  MOXUIMBE  6aratopasose
3UMTYBAHHS ONHHUX | THX CAMUX AaHUX.

Hns xepyBanns 6ydepHow nMam'aTTIO B UbOMY NPHUKIAI
BUKOPUCTOBYETLCS 1Ba OyniBCbkuX cemagopu. OauH 3 HMX
nokasye, um Oydep nyctuit, a apyrud - uu Oydep Bxe
J4NOBHEHWUI JaHUMU. TekcT nporpaMu Mae TakUil BUTJIAA:

exnapyBanHd Ta iHiuianizauis:
var leer : semaphore [1]; (*nycrur*)
voll : semaphore [0]; (*nosHuit*)

zenepamop Kopucmysau
process Erzeuger:; processVerbraucher;
begin begin
loop loop
<eenepyit dani> P (volt);
P (leer), <3gi1bHU Oy ep>
. <sanoetu b6ychep> V (leer);
V (voll); <obpobasit dani>
end; end;

end process Erzeuger. end process Verbraucher.
Crnovarky iHilliafi3alliclo  3a4al0TbCd 3HAUCHHA 1
ceMadopy leer (myctui) Ta 0 cemagopy voll (noBHUK), TOOTO
bypep nepeBoauThes B cTaH leer (nyctuid). Tpouec-BupoOHuK
felepye HOBI JaHi, NOTIM CcTpaxye cebe P-onepaui€lo Ha
¢emagopi leer, TOOTO BMEBHIOETHCA, WO Oydep nyctuit (abo B
Apouect poboTH Yekae, nokn Oydep craHe nycTum), 3anOBHIOE
8ydep cBoiMM nanumu (ue onepauis <kpumuuno2o po3diny>) i
MANDHKIHLI CHMrHaNi3ye V-onepailiclo Ha cemadopi voll, 1o
KopucTyBad, WO OYiKye, BXKE MOXKe uutaTh JaHi 3 6ydepa.
KopuctyBau 3i csoro Goky nepesipse, uu Oydep Bxke
WnosHeHuit ab0 yekae 3amOBHEHHsA (P-onepauifs Ha cemadopi
Wi), noTiv uuTtae aaHi 3 Oydepa (<kpumuuuuii po3dinr>),
PMKOHYE HanNpHKIHLI V-onepauito Ha ceMadopi leer (TUM caMUM
$rHanizye npouecy-BUpoOHMKY, 10 BIH MOXE 3anucyBaTu
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HOBI fAaHi B Oydep) i TiIbKK 0iCAA UBOTO BHUKOPHCTOBYE
0J€pKaHi 1aHi.

Ha pwuc.7.2 npobnema CHMHXpOHI3alLlii MOACHIOETHCA 3a
aonomorow npocroi mepexi Ilerpi. KoxHuit 3 ABOX npoliecis
ABJs€ cODOKW OJWH KOHTYpP, WO BiAAMOBiIIa€ HECKIHYEHHOMY
UMKay loop y mnporpaMi. P-onepauis Ha OOHOMY 3 JBOX
cemagopie leer abo voll 300paxcacTbCs BXiOHOIO IYyrolo
nepexoay, V-onepatis — BUXIIHOO Ayroio. SKui0, Hanpukia,
NepeMUKAETbC BEPXHIA MeEpexii B MNpoLeCi-reHepaTopi, TO
3HUKa€ Mapka B ceMadopHiii BepLuHHi leer i 6J10Kye Uei npotiec
B HACTYNMHOMY poOO4YOMY LMKII (MOXIJIMBO IHIUKHA, TYT He
NOKa3aHWi NpoLec-reHepaTop) 10 MOMEHTY, MOKH KOPUCTYBay
BUMKOHYe V-onepadito. Lle Bianosinae Ha puc.7.2 NepPEMUKAHHI0
BEPXHBOTO MEPEXO/ly KOPHUCTYBaya, SKMH 3aiiMae BUXIHY AyrY
Ha BEpUIMHI leer i THM CAaMUM BHAA€ 3HOBY MapKy.

OzepxaHrA BHXOpHCTaHHA
AaHHAX AaHHX
BrEpoGHAX KopHECTyBAY
Puc.7.2. Mepexa Ilerpi ans npobnemu “BUpOoOHUK-
KOpHCTYBay”

Ilpo6reMa oBMexeHoro Oydepa

Xoya B PO3IJAHYTOMY BHUIE MPHKAaAl MPOLIEC
“BUpOOHMK” 1 ‘“KOpUCTYBau” MOIJIM MpPaUIOBATH JOCH
He3aleXkHO | napanienbHo, Bce X OydepHa obnacTb, WO M
OJiHE Micle /18 AaHUX (BOHO abo BinbHe abo 3alHATE), CYTTE
0oOMEXYe€ MOXIIMBY MNapalieNibHICTh: Hanpukiaajg, LUiIKo
iMOBIpHO, 110 fK MiJ Yac reHepyBaHHs, Tak i 0OpoOkH AaHH
OyayTb noOTpiOHi Ppi3Hi iHTEpBaiM yacy Ha OGUMCIIIOBAJb
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WhHATI

ounepauii. Sxuio o6pobka iHae 3 ogHum OydepoM, TO Ui
lirepBany cknagalThCs B HEBMIigHMH cnoci6. 3apaautd wiit
npobiieMi MOXHA, BUKOPUCTOBYIOYH pPO3MMpeEHY (abo, fAK i
puititue, obmexeHy) OydepHy obnactb. Y npukiaami, o
flojlaeTbCs Aaji, OpraHi3oBaHO kepyBaHHs OydepoM, 10 Mae n
O6ypepHux wMicup mnam'ati. TyT BUKOPHUCTOBYETHCA OAMH
OyuiBcbkuii cemadop s 3aXUCTy <KpUmMuyHo20 po3diny> i iBa
WraJpbHUX ~ ceMadopd O KepyBaHHS  MOKa3HUKOM
JuBaHTaXxxeHHs Oydepa.

HexnapyBaHHs Ta iHiuiamizauis:

var kritisch : semaphore [1]; (*kpumuunuir*)

frei : semaphore [n]; (*sinvrui, n 6ygeprux Mtcub*)

belegt : semaphore [0]; (*3aiinamuii*)
supoGHUK Kopucmyeéay
process Erzeuger, process Verbraucher;
begin begin
loop loop

P (belegt); (*zaunamuii*)
P (kritisch); (*kpumuyunuir*)
<yumamu i3 6ypepa>

<2eHepyBaHHA OaHUX >
P(frei);(*einbruir*)
P(kritisch); (*xpumuunuir*)

<sanucyeamu ¢ Gyghep> V (kritisch),

V (kritisch); V (frei);

V (belegt); <o6pobka danux>
end; end,

ond process Erzeuger; end process Verbraucher;

ITig vac iHigianizauii ceMagop frei (BinbHUIA) oaepxkye
¢TAPTOBE 3HaYeHHs n, a ceMadop belegt (3alHATHIA) - cTapTOBE
JHayeHHs 0, To6To Oydep Mae n BiNbHUX MiCUb IS JAHHX.
Cemadop kritisch (KpUTMUHMEA) iHILIANI3Y€TbCA 3HAYEHHAM 1; LiE
fApaHTYye, 1O TUIbKK OJWH NMPOLEC MOXE BBIATH B <kpumuuHuii
po1oin>. B nporpamHomy posfini obox npouecis onepauii
fnucy B 6ydep ta uyuraHHs 3 Oydepa 3aMkHyTi P- Ta V-
Ayxkamu 3 cemadopoM ans  <kpumuunozo po3oiny>. LUe
Beo6xigHO, 60 Ha MPOTHBAry paHille pO3riSHYTOMY NPHUKIAAY
fydpepHa obnacTb MOXe MAaTM OAHOYACHO AK BiNbHi, TaK i
Mmicus. Sk 1 paHdiuwe, npouec-BUpOOHUK BHKOHYE
#nhouatky P-onepauilo Ha cemadopi frei, 3anucye AaHi B Gydep i
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BMKOHY€E HanpMKiHUi V-onepauilo Ha cemadopi belegt. Y Takuit
CaMHii Cnoci6 Mmpoliec-KOpUCTYBay nounHae P- -omnepalli€lo Ha
cemadopi belegt (Tinbky micng Toro, Ak y Oydepi € mani) |
BMKOHYE HAMpMKiHLI V-onepauilo Ha cemadopi frei (3aBasku
3YUTYBAHHIO €JIEMEHTa AaHUX i3 Oydepa 3’ABIACTbCA HOBE
BilbHe Micue B nam'sti). 3HayYeHHS MNpPH LUbOMY JIETKO
aMiHmiocs, 60 Tenep n Miclb B MaM'iTi KEPYIOThCS IBOMA
3aranbHUMH cemadopamu 3aMiCTh KEpyBaHHS OJHUM MICLIEM Y
nam'sTi aBoma OyniBcbkuMmu cemadopaMu. B cranax frel
(BinbHUMI) Ta belegt (3aMHATHI) BiNbHI Ta 3alHATI Micus B
nam'saTi paxyloTbCs BiANOBIJHO B MpPAMOMY Ta 3BOPOTHOMY
MOpsAKY, MPUYOMY KOXHE 3 HUX BPaxoBYETbCH Micas TOro, fiK
Ha/1 HUMHU BUKOHaHa P- abo V-onepauis.

Ileii MexaHi3M CHHXpPOHi3aLii NOsACHIOETbCA Ha puc. 7.3
3a JOMOMOrok po3iuupeHoi mepexi Ilerpi. BoHa BuHMKae 3
Mepexi, 110 MokazaHa Ha pHC.7.2, AKIWO 3aMiHUTH OOMIBI
OyniBcbki ceMadOpHi BEpLUMHM 3arajibHUMH cemadopaMH, sKi B
po3wMpeHiit mepexi [lerpi 306paxatoTbcs BEPLIMHOW 3 OYabs
KOO KiJIbKIiCTIO MapKyBaHb.

1) BUEOpHCTaRHA

OaepXaHHA
AaHHX

JAAHHX

KopucTynau

Bupobaux

Puc.7.3. Posupena mepexa Ilerpi ans npobnemu
obmexeHoro 6ydepa

KpiM uboro, BBOAMTHLCA BepuiHa-ceMadop kritisch
(kputnunmii). Lled OyjiBcbkuii cemadop BHUKOPHUCTOBYETHCH
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: BAHOYACHOTO

AMKOMY BUNAAKY 3MiHHA
‘MOPIBHIOE HYJIIO 1 ceMadop r_w 3aaisHuii 1na ymtava. Hactynsi

gmn CHHXpOHi3alii 6araTtb0X mNpoLECiB-BUPOOHHKIB  Ta
RopucryBauiB. BepwuHa belegt (3aiiHATO) MJa€ KiJbKiCTb
SMANATHX B JaHMH MOMEHT GydepHUX Micllb, 2 BeplUHMHA frei
{IMiNbHEHO) — KUTIbKICTb BUIbHUX OyhepHUX MiCLlb.

fpoGrema sanucy-sunryBanms

Lls mpo6neMa BUHMKAE, SK MPaBUIIO, TOIi, KOJM OJHA
fpyna mpoueciB notpebye Aeskoro omnepauifHOro pecypcey
MOHOMOJILHO, & (HWIA TpyMi NPOLECIB HAJAETHCA MOXUIMBICTb
napajeJbHOr0 Horo BHKOpHUCTaHHA. Taka
Opradizauis poboTu npoieciB Mae Micle, Hanpukiag, TOMi,
KoM eKkibKa MpOUECiB XOTUIM 6 MaTh JOCTYMN 10 3arajbHol
06sacTi nam'aTi, npuYOMy, OIHI 3 HUX — B PEXHMMIi 3amucy, a
Wi — B pexumi 34uTyBaHHA. B TOM 4Yac K B pexHMI
JUHTYBAHHS OMHMX | THUX CaMHUX JaHHMX MOXHA JAOMYCTHTH
pAnoyacHy poboTy 6aratbox MpPOLECIB, PEXUM 3aMUCy MOXe

;zﬂy'm rapaHTOBaHWM Juile ogHoMy npouecy. Ilin yac 3anucy

$400pOHSAETBCA AOCTYN BCIM YMTayaM, 60 MOXYyTb BUHUKHYTH
MexopekTHi aaHi (auB. puc. 8.1). 3a TpuBiasbHOrO pillEHHS 3
O/nuM ceMa(opoM aKTHBHHUM MOXe OYTH TiIbKH OAMH Mpouec-
WHTad, TOOTO BTpPaya€TbCA MOXJIUBE pO3MApaJIENIOBaHHS.
Huscaene Tyt piwenHs Tak 3BaHOi npobGiemM  3amnmcy-
yumryBanHs  [Courtois, Heymans, Parnas 71] ponyckae
MiKCUMaJIbHO MOXJIMBY MapaesibHICTb.

KoxeHn npouec-uvtau Mae nepea AOCTYNOM A0 AAHHUX
fePCBIPUTH, UM HE € BiH NMEPLUMM 3 NPOLECIB, AKi O XOTIIM MaTH
Aocryn y 3arasibHy AJf BCiX MpoueciB 06acTb AaHux. Y
readcount (MYWJIbHUK YHWTauiB)

Ppouecu-ynuTayi  3BUIbHAIOTL JIIYMIBHMK readcount, aje He
BHKOHYIOTh cema(bopnux onepauiid. Akuwo Tenep oAMH NpoLec-
Mnucysau 3axotiB 6M MaTM JOCTyn OO 3aranbHoi obmacri
ﬁﬂux TO BiH 610KyeTbCA Mg 4ac BUKIMKY P(r_w). Y Mipy Toro,
Wk npouecu-uMTaui 3aNMWAIOTH KPUTHYHY O6NACTb, BOHU
MeniyloTb uncno B readcount-niynnbHuky. Komu ocraHHiii
fipouec-unTay BUKOHYeE V-omepallito Ha cemadopi r_w, npoLec-
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3anucyBay, MO OYIKY€, aKTUBI3YETbCA, a BCl IHLII FPOLIECHs
YMTayi 1 3anMcyBayi MaloTb YeKaTH O MOMEHTy, KOJH
3aKIHYMTbCS MOHOIOJIbLHE BUKOPUCTAHHS PECYPCY MPOLECOMe
3anucyBaueM. [Iporpama Mae Takuid BUIIIAN:

JexnapyBanHs Ta iHiuianizauis:
var count :semaphore [1];
r_w :semaphore {1];
readcount :INTEGER;
Iniyianizayia:
readcount ;= 0;

(*00un 3anucysau abo 6acamo wumauis™)
(*nivunsrux yumavis*®)

process Leser; (*vumau*) brocess Schreiber; (*sanucysau™®)

begin begin
loop loop

P (count); <eeHepysanHa 0aHux>
if readcount=0 then P(r_w) P (r_w),
end; <sanucu ¢ bygep>
readcount := readcount+1; V (r_w);
V (count); end; (*loop™)
<wyumamu 3 6ygepa> end process Schreiber;
P (count);

readcount := readcount-1;
if readcount=0 then V(r_w)
end,
V (count);
<EUKOPUCIAHHS OGHUX >
end; (*/oop*)
end process lLeser;

Tyr onepauii-TiuMabHUKM Ta YMOBHI  onepauiis
cemadopy yTBOPIOIOTb B Mpollecax-yuTayax JABa JOAATKOBHX
KPUTUUHMX DPO3JUIH, $Ki MAalTh 3aXMLATHCL OKDEMHM,
cemadopoM (count). [Ipu TakoMmy pilIEHHI UIJIKOM MOXXJIMBY
cCUTyallif, KOJM BMHHMKAaE “ronol’” Ha 3anucyBaHHd T[PH.
HaABHOCTI  3HAYHOI  KINbKOCTI  MPOLECIB-YMTAUIB:  SKLIO
MOCTIAHO 3pOCTAaE KiJIbKICTh HOBHUX TPOLIECIB-YMTAYIB, UIO,
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OTPUMYIOTb JOCTYN B <Kpumuunuil po3din>, TO TMNpOLIECH-
MIMCyBayi MOXYTh HE MOTPanuTH B yepry. Taka MOXJIMBICTb
WHKJIIOYAETLCS MPH OUIbLI CKJIAAHOMY PIIUEHHI THM, IO MpH
fosBi B 4Yep3i MEpWoro npouecy-3anucyBaya Hi OAWH 3
NpoleciB-UUTaYiB HE OAEPKYE NOCTYIY B <KPUMUUHUL pO3OIN>.

Ha puc. 7.4 ue pilleHHs TMpEACTAaBiAEHE Y BUIIsALI
poswpeHoi mepexi Ilerpi, mpu4yoMy TYT MoOKa3aHO TijJbKH
OJIMH OpoLec-YMTay i OUH npoliec-3anucyBay. s Hao4HOCTI
W'S3KH 3 LIEHTPaIbHOIO ceMaOPHOIO BEPILHHOIO r_w BUKOHAHO
TOBCTUMM JIIHISAIMM, @ CTOPOHHI 3B'I3KM MIDX BEpUIMHAMH Ta.
ficpexofaMu - MnoAsiiHUMUM  cTpinikamMu  (abo  cTpiikow 3
Insepciero, 3anepeuyeHHsM). S0 € JeKibKka NpOLECIB-
“HTa4iB, TO BOHW 3BEPTAIOTLCA IO BEPLUMH count, read_count Ta
f w; BIAMOBIIHO BCi MPOLECH-YUTAUi CMJILHO MAIOTh OJHY i TY
CiIMYy BEPLUMHY r_w!

OXepKaHHA
AaRHEX

HYETaw

Janmcymay

Puc. 7.4. Po3wmnpenus mepexi [letpi ans npobaemu
“YutaHHA—-3aMUCyBaHHS "

ITicns Toro six nepLuMii npouec-4uTay 3aiiHaB cemadop
eount (BUBEJEHHS MAPKH), MPOBOAMTbLCA aHaJjli3 Ha BU3HAYEHHSA
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BUIAJKY, IKMI Ma€ Miclle, 3a JOMOMOTOI0 AyTU-3anepeyeHHs,
TOOTO 3'ACOBYETbCA, YU 3MiHHA read_count JOPIBHIOE HYJIIO
(npouec-ynMTay € nepiunM), 4u Oinbilla 3a HyJIb (Ha OAHUA
MOMEHT BXE€ HEKiJibka MpPOLECIB-4YUTAau4iB KOPHUCTYEThCA
3arajbHo obnactio aaHux). Tinbky KO readcount=0, MiJ Yac
NEpEMUKaHHS BIAMOBIAHOTO MEPEXOAY BUKOHYETLCS TAKOXK P-
ornepallis Ha LIeHTPaJIbHOMY cemadopi r_w (BUBEIEHHS MapKH).
B o00ox Bumaakax niJ 4Yac nepeMuKaHHs TEPEXOAy 3MiHHA
read_count 30iNbIIYyETbCS Ha 1 (AKLLO read_count>0, TO CIIOYATKY
BiAHIMA€ETbCA Bara JAyrd 1, a MOTiM A0JaeTbca 2, TOOTO B
pesyibTaTi aojaeTbes npupict Ha 1). Ilicns uboro mnpotec-
YATAa4Y MOXE BHMKOHYBAaTH CBOi onepauil Haj 3arajbHOI0
obnactio Aanux. Skwo oMy Tpeba 3annunTH Lo 06JacTb, TO
BIH Ma€ 3HOBY 3alHATH ceMadop count JJisi KPUTHYHOTO PO3/LTY
1 BMEHLUMTH Ha 1 YKUCJIO B JIUMIBHUKY read count. TiabKH TOAI,
KOJIM HapeLuTi read_count=0, TOOTO 3 3arajibHOK 00ACTIO AaHUX
BIAMpPaLIOBaB OCTaHHIl aKTUBHMI Npouec-unTay, MPOBOJUTHCS
V-orepauis Ha ceMadopi r_w (TeHepyeTbCcs Mapka B r_w), a
cemadop count 3BiNILHAETbCH (TEHEPYEThCS Mapka B count)
TUIbKM MICAS BAKOHAHHA UUX ABOX YMOB.

[MoBeniHka npoueca-3anMcyBaua MOPIBHAHO 3 OMUCAHUM
€ ayxe npoctot. Ilepen KOXXHUM JOCTYNOM TFacHThCS Mapka
ceMaOpHOT BEPLIMHW r_w 3a JONOMOIOI0 BXifHOT ayru (P-
onepauis), a Micis KOXHOro AOCTYNY BOHA 3HOBY I'€HEPYETHLCH
BUXiHOIO yroo (V-omnepallis).

VY cucremax 6aHkiB JaHUX NOPSA 3 PO3LASHYTHM TYT
ceMahopoM  BMKJIOYHOTO TUNy (“exclusive” semaphore)
3aCTOCOBYETbCA TaKokK cemadop 3aranbHoro tvny (“shared”
semaphore) [Gray, Reuter 92]. Leit cemadop moxe Oyt abo
3alMHATUM OfHOYacHO ©OaraTbMa npouecaMd B  PeXHUMi
“3aranbHAR” (Hanpukiag, GaraTbma npouecaMu-uMTayaMy),
abo nuile OAHMM TMPOUECOM B DPEXUMI  “BUKIIOUHMNA”
(Hanpukiaa, ogHMM 3anucyBaueMm). Lle o3Hauae, wo npobiema
3aMUCY-YUTAHHA MOXE BUPILLIYBATHCS 3arajbHuUM ceMadopoM
TpuBianbHO. OTXKe, Ue yHiBepcasibHila Mozenb cemadopa, siKy
MOXXHa  IMIJIEMEHTYBaTH 3a  JOMOMOIrOK  BUKJIKOYHOIO
ceMadopa nNoAibHO pPO3TNAHYTOMY BHLIE.
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3akiHuylouM L€l po3aln, Tpeda MiAKPECHWTH, IO
temadopu, Oyaydn NpoCTHM 3aCO6OM CHHXPOHI3aLlil MPOUECIB,
¢ | OCHOBHMM JDKEPENIOM TMNOMHJIOK. BOHO oOXoOIUIOE BCi
AOMUIKK— Biz yacTo “3abyBaHHUX” P- Ta V-omnepalliii 10 peakuii
H@ BUHATKOBI cuTyadii (exeption handling). SIkio B ogHOMY 3
fipoueciB micnsa 3adHATTA ceMadopa (P-omepalifi) BHHHKAE
Romuika (exception) i BiH 3 Ui€i NMPUYMHH NPUMUHAE CBOE
PHKOHAHHS (TEPMIHYETHCS), TO 3a LIMX YMOB MOXe OJIOKyBaTHCS
#CH  cucTeMa  B3aeMOAil  OpoLeciB: He MOxe BiAOyTHCH
Y8iibHeHHs cemadopa. Jluiie B onepauiliHUMX cUCTEMax, LHO
MiioTs Jopori 3acobu “QyHkUiOHANBHOrO BiXHOBIEHHA”
(“functional recovery”), Moxe OyTH JOCATHyTa TNEBHa
TOJIEPAHTHICTb [0 MOMUJOK 3a PaxyHOK cnpod 3BiJIbHUTU

temadopd, 1o 3aiHATI  “TEpMIHOBAHUMM”  MPOLECAMM.
Cemadopn  Hamexarb [0  IHCTPYMEHTApil0  CHCTEMHOIO
nporpaMyBaHHs i MawoTb OyTM 3aMiHeHi B MNPHUKIAIHHUX

nporpaMax rno MOXJIMBOCTI 3ac06aMH 6ibLl BUCOKOTO DIBHA,
TUKMMHU, HANPUKJIAJ, IK ONMUCYBaHi HUXUE MOHITOPM.

7.4. MoHiTopu

MoHiTop - L€ Kepyloua nporpamMa, BHUCOKOPIBHEBUH
MCXaHi3M B3a€MOJIii Ta CUHXPOHI3aUii npouecis, 110 3abe3neyye
opraHizalilo JOCTyny [0 HEpO3AUIbHUX pecypciB. MOHITOp
CKNaJIa€TbCA 3 MPOLIEAYP AOCTYIMY O PECYPCIB, KOXKHA 3 SKMX
MOXe OYTH BMKJIMKaHA TUIbKM 3 OAHOTO FMPOLECY OAHOYACHO.
Ilpouiec, axkuil pobuth crpoby 3BEpHYTHCA A0 HAPOLEAYPH
MOHITOPY, KOJIK TOW 0OCNIyroBye iHLWMKA MPOLIEC, CTABUTLCA B
4yepry i NepexoAnTb B CTaH OYiKYBaHHS.

MoniTopu 3anpornoHoBaHi B 1974-1975 pokax sk HoBa
KOHLIeNLis cMHXpoHi3auii npouecis [Hoare 74], [Brinch Hansen
75]. Ha BiaMiHy Bia po3risHyTHX cemadopiB, MOHITOpH €
THNAMM JaHUX BUUIOrO piBHs abcrpakuii. KoxHui MoHiTOp
OXOMIIOE fK 3axWilyBaHi JaHi, Tak i MiONOpSAKOBaHI iM
MEXaHi3MM [JOCTYMy Ta CHUHXpPOHi3auii, fAKi Ha3UBalOTbCs
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“Bxomamu”  (“Entrys”) Ta  “ymoBamu”  (“Conditions”),
3acTocyBaHHS MOHITOpAa MOYHA MPOLTIOCTPYBATH TaK:

Tpouec P; Hpouec P

Puffer.Daten Lesen(x)
(*uumanna oanux*)

Puffer:Daten Schreiben(x)
(*3anuc danux™)

BUK/IMKM B3a€MOBMKIIIOYAKOTL OJIMH OJHOTO, BOHH
CHUHXPOHI3YIOTbCS.

IlpakTuyHe  BUKOPUCTAHHA  MOHITOPIB  3HAUHO
npocrtiwe, Hik cemadopis. [Ipouecu, U MawTL CHHXPOHI-
3yBaTHCSl, BUKJIUKAIOTH MOHITOPHI BXOAM 3 BIAMOBIIHUMH
napamMeTpaMu 3a JOMOMOTOIO CNELIAJIbHUX NPOLEAYP BUKIIHKY.
TyT He MOXYTb BUHUKHYTH NpobsieMu Tuny **3abyTux P- abo V-
onepaui”. Sk noka3ye HAcTynmHWd npukaaa, po3podka
MOHITOPHUX BXOAIB (BUKIMKIB) pPa3oM 3  BIAMOBIAHUMH
YMOBAMU — UE HE npocTa cnpasa. Tpeba po3nopsauTUcs
OybepHUM NaKkeToM (CTEKOM), MOKA3aHUM Ha puc.7.95.

NlakeT

DINNNANN
LA

2 DONNNNNN
1Vl
0

Puc. 7.5. Haxker 6ydepa

BrasywuHga aHak
~g—

Y MOHITOpI nepeayciM BM3HAUYAIOTbCS MOHITOPHI JAaHI,
K MAlOTh TaKi BAACTUBOCTI:

¢ CTATHYHICTb, TOOTO MOHITOPHI JaHi 36epiraloTb CBOI
3HAYEHHA MK JBOMA BUKJIMKAMMW BXOAIB MOHiTOpa (Ha
NPOTHUBAry JaHUM MPOUEYP);

® JIOKaJIbHICTb, TOOTO AOCTYN 00 MOHITOPHHUX JAHHX
3a0e3neyyeTbCs BUKIIOMHO 4epe3 BXOAM MOHITOpa
(aHaJOTIYHO JOKANbHKUM JaHUM NPOUEAYD).
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Hani gyt  OexjgapyBaHHs BXoiB . (“MOHITOp-
npouenyp”). Lle €auMHi KOHCTPYKTHBM, W0 BUAMMI 330BHI I
MOXYTb BHKJIMKATHCSA TIpOLIECAMH 3a JOMOMOIOI0 YHMCIIOBHX
napameTpiB abo mapaMeTpiB pe3ynbTartiB oOuyHcneHb (VAR). Y
W'A3KYy 3 THMM, 1110 MOHITOPHI BXOAW BEAYTb JO 3arajbHMX
JUKAX, BOHU BUKJIFOYalOTh OJMH oAHoro. IloTpibHa ans uboro
CMHXPOHI3allis  BUKOHYETbCA aBTOMATHYHO  OMEpPaLIfHOIO
cucremoro. Ile o3Havae, WO NiA 4YaC BHMKOHAHHS OJHUM
IPOUECOM MOHITOPHOTO BXOJY BCI iHLUI MPOLIECH, LLO 0axaroTh
IBCPHYTHUCS TYAU XK, MYCATh YEKATH.

VY KiHLi MOHITOpa po3TaliioBaHa iHiliajlizyloua yacTHHa,
iKa BUKOHYETHCA TiJIbKW OJIMH pa3 Mij 4ac CTapTy BCiel
UPOrPaMHOT CUCTEMHM ULIE A0 CTapTy Mpolecy, Tob6To A0
1Hitianizanii roJoBHOI MPOrpamu.

VYMOBH (Conditions) — Lie Yyepru O4iKyBaHHS, aHaJOTiuHi
yepram cemadopis, aje BOHM HE MAalOTh JiuniabHUKIB. Ha
yMOBax  BW3HAYeHO TpWH  oOmepauil, fAKi  JAeTalbHilIe
NOACHIOIOTLCA B PEATI3YIOUIH YaCTHHI:

e wait (Cond)

BukonyBanui npouec 6i1okye cebe cam i yekae, NOKM
JICAKWIA IHIIKMI Dpouec BWMKOHYe signal-onepauiro Hal UI€lo
VMOBOIO.

e signal (Cond)

B yMmoBi Cond yci nApouecu, 1MO  OUIKYIOTb,
|PCAKTHBYIOTLCS | 3aBJIAIOTL NMPO CBOIW NoTpedy jpocTyny 10
MOHITOpA (IHWWA BAPIAHT 3BUIbHAC JIMLIE OAMH MNPOLLEC, & came
HACTYMHKI B MOCJIJOBHOCTI NPOLIECIB).

e status (Cond)

115 dyHKLUis BUOAE KUIbKICTb NPOLECIB, 5IKI OUIKYIOTh Ha
BUKOHAHHS YMOBH.

PosrasHsMo nporpamy-npuknan Ha mosi Modula-P, B
AKiH peam3yeTbes kepyBaHHs Oy(hepHUM CTEKOM.

monitor Puffer;

var Stapel: array [1..n] of Datensatz; (*cmex danux™)

Zeiger: 0..n (*noxaxcuux™)
frei, belegt: condition; (*sizeno, 3aiusmo™)
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entry DatenSchreiben (a: Datensatz); (*exio 3anucy oanux*)
begin ‘ ‘

while Zeiger=n do (*cmex nosnuii*)

wait (frei)

end;

inc(Zeiger)

Stapel[Zeiger] .= a;

if Zeiger=1 then signal(belegt) end;
end DatenSchreiben;

entry DatenlLesen (var a:Datensatz);
begin

while Zeiger=0 do (*cmex nycmui*)

wait (belegt)

end;

a .= Stapei[Zeiger];

dec(Zeiger);

if Zeiger=n-1 then signal(frei) end;
end DatenLesen;

begin
Zeiger := 0; (*iniyianizayis monimopa*)
end monitor Puffer,;

Y upboMy npuknaal JekiaapyrTbes /Bi YMOBH, SKi
Ha3UBAIOTbCA “BIILHO” (frei) 1 “3aiiHATO” (belegt). Y uepry
YEKaHHs CTalOTb MPOLIECH, SKI YEKAIOTb HA MOSBY BIAMOBIIHOT
ymoBu. Jlna Bxoay 3anucy paaHux (entry DatenSchreiben)
3a0€3MeYeHO TaKWH MOPAJOK: AKIIO YyMOBA zeiger=n BUKOHAHA,
TO CTEK MOBHMI1 i MPOLIEC MOBUHEH YEKATH, MOKHU 3BLIbHUTLCA
micue B Oydepi. Lle uekaHHs Mae BiaOyBaTHCA B LMK/ while,
iHaKwWe Morno 6 TpanuTUCh TaK, IO NMPU HAABHOCTI BararnLox
NpOLECIB, 11O OYIKYIOTb B 4ep3i, MIr OM 3'IBUTHCHL IHLUWH
Mpouec | BUKOPUCTATH 3HOBY 3BiJIbHEHE Micle (onepallis signal
pPEaKTHUBYE BCI MPOLIECH, 11O YE€KAIOTh B Condition).

Hanpukinu #nyTe onepauii Hal JAHWUMU MOHITOpA
(3anMc MacKMBY JaHMX) I OCTAHHIM MOAAETLCS CUTHA PO YMOBY
belegt (3ailHATO), iIKka aKTUBI3Y€E MPOLIECH, L0 YEKAIOTL HA BXij
/10 KPUTHYHOTO po3/Uly DatenLesen (UMTAHHS AAHMX).
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Bxin (entry) DatenLesen nmoOygoBaHuii aHanoriyHo. TyT

1peba yekaTH Ha HacTaHHA YMOBM belegt (3aHHATO), KOJIH

MOXYTb YATATHCS JaHI 13 CTeKa, a OCTAHHIM MOAAETLCS CUIHAl
npo yMmMoBY frei (BiNIbHO), sIKa aKTHBi3y€ NpPOLECH-3AIMMCyBaui,
o ouikyioTh. Onepauii signal moTpebyioTb AOCUTh Garato
qacy, TOMY BOHHM BKJIIOYEHiI B if-3aMUTH i BUKOHYIOTbCS JIMLIE
Todi, KOJIM € peajbHa MOXJIMBICTH TOTrO, IO Ha ‘LII0 YMOBY
YCKaKTh NMPOLECH (HampuKIaa, yMoBa Zeiger=1 A CUTHaly Ha
(TaH belegt B entry DatenSchreiben O3Hadae, WO Mnepea LHM
nokax4uk OyB Zeiger=0 i 6ydep 6yB MOBHICTIO NYCTHM).

Peanisanis

MOHITOpPH IMIJIEMEHTYIOTHCS B 3arajlbHOMY BHUIAJKYy 3
HUKOPUCTaHHAM ceMadopiB 3a wicth eranis [Nehmer 85]:

1. JexnapyBaHHs OyniBcbkoro cemadopa 1isi KOXKHOIO
noTpibHOro MoHiTOpa

var Msema: semaphore[1].

2. Tpancpopmauis BXOAIB (entrys) y NpOUEAYPH,
NPUYOMY KOXKHA 3 MPOLEAYP 3aKPHUBAETLCA AYKKAMH i3 P- i V-
onepauiii Hag MoOHITOpHMM cemadopom. Lle rapanrtye, 1o
TiIbKK OJIMH MPOLIEC MOKE BUKJIMKATH BXi MOHITOpA:

procedure xyz(...)

begin
P(MSema);
<incmpyxyii>
V(MSema);

end xyz.

3. OdopmaeHHs iHiujanizauii MOHITOpa y BHIIAMN
fnpoueaypy i poO3TallyBaHHA BiJMOBIAHOTO BHKIHMKY Ha
NOYaTKy rOJAOBHOI MPOrPamMM.

4. ImnnemenTauis onepauii wait. BukoHyBaHu#l rpouec
3aBOJMTLCA B YMOBHY 4epry ouikyBaHHs (Condition-uepra) i
6nokyerbes. [licas UbOro 3HOBY 3BiNILHAETHCA MOHITOPHHMM
cemadop (ue ans Toro, wWoo sKuiicy IHIWKA Npouec MIT JicTaTh
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JOCTYN [0 MOHITOpa) i HACTYMHWIA npouec, L0 Mae CTaH
“rotoBuii”, - BBOAUTbCA B MPOLECOP MJii BHUKOHAHHA.
ITapanenbHa KOHCTaHTa actproc BKka3ye HOMEp npoleca, AKHii €
aKTUBHUM Yy JaHUI MOMEHT:

procedure wait (Cond: condition; Msema: semaphore);

begin
append (Cond, actproc); (*ProcID esecmu ¢ Condition-uepzy*)
block (actproc); (* ProcID esecmu 8 cnucox bnoxysannv*)

V (Msema); (*mouimoprui cemaghop 3108y 38inbHUMU™)
assign, (*ssecmu Hacmynnuii 20moduil npoyec™)
end wait;

5. IMnnemeHTaLIis CUrHAaIBHOT onepaLii:

a) BapiaHT KMl BHUBOAWTbL 3 YEPrd TUIbKM OAMH
npouec, o oqmye (puc. 7.6): wan—onepaum TYT 3aBX/H Mae
OyTH B cepeamHi if-unkily, 1100 He yekaTu Ha YMOBY, IO BXe
3'apnserbed. HacTynHuid npouec, Wo 4vekae B uep3i Condition,
BUBOAUTBLCA 3 HEl, | JJIS UbOro MNpOLIECY BUKOHYETLCA P-
onepailis Hag MOHITOPHHM ceMadopoM (aje He AnA MpoLecy,
SIKMil BUKOHYE CHMTHAJIbHY onepaliio!)

Puc. 7.6. Onepauis “Curnan’ (wait), BapiaHT (a)

procedure signal (Cond: condition; Msema: semaphore);
var NewProc: Proc_ID;
begin
if status(Cond)>0 then
geffirst (Cond, NewProc);
putfirst (MSema.L, NewProc);
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dec (MSema.Value)
end i
end signal,

0) BapiaHT, SKMii BUBOJAUTb 3 Yeprd BCi MpoLECH, 10
OMIKYIOTH (Hanpuknaz, B Modula-P) (puc. 7.7)

m«m*{}—-»{}—»———ij

Puc. 7.7. Onepauis “Curnan” (wait), BapianT (6)

Wait-onepatisi TyT 3aBxau Mae OyTH BcepelMHi while-
1Ky, 00 1Hakiie IHWKWIA npolec, KW WOoKWHO AicTaB AO3BiA
11 BUKOHAHHS, MOXE 3HOBY 3pOOMTH HECOPUATINBOIO YMOBY
JBUIbHEHHS 3 YEeprut:

procedure signal (Cond: condition,; Msema: semaphore);
var NewProc: Proc_ID;
begin (*mym ne mpeba pobumu sanum npo cmamyc*)
MSema.Value := MSema.Value - status (Cond);
append (MSema.L, Cond),
(*Hasiwysanns cnuckis 0OuH Ha 0OHO20™)
Cond := nil;
end signal;

6. IMnnemenTauis status-onepadyi.
s dyHkuis nae iHpopmaiiio npo JOBKMHY 4Yepru
ouikyBaHHs Condition:

procedure status (Cond: condition): CARDINAL;
begin

return length (Cond);
end status;
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7.5. IloBinomiaeHHs T2 AMCTAHUWIAHHA BUKIMK
(Remote-Procedure-Call)

Yci po3rIsiHYTI MEXaHi3MH CHMHXPOHI3aLil MOXYTb OyTH
BUKOPUCTaHI JiMILIE TOMAI, KOJIM BCI MPOLIECOPH, HA SAKHX
BUKOHYIOTbHCS MPOLECH, B3A€MOIIOThL Yepe3 3arajbHy nam'saTh.

B posnoaineHuX cucTeMax €IMHa MOXKJIMBICTb CHHXPOHI3aLii

npoiueciB ad0 oOMiHy JaHMMM — LE OOMIH MOCAaHHAMM 4H
NOBIAOMJIEHHAMH. 3 apyroro ©0OKy, KOHLEMNLii OOMIHY
NOBIAOMMEHHAMU Ta NOOYHOBaHWHA Ha Uil OCHOBI MeEXaHI3M
JAUCTAHUIAHOTO BUKJIUKY (Reamote Procedure_Call) roasaTbCsd A
3aCTOCYBaHHS | B cucTeMax i3 3araipHoio nam'aTtTio. Llei
MeTol, Oyayuu nyxe kompoprabenbHUM, BCE XK Taku NoTpedye
OUIBIUMX BUTPAT OOUYMCIIIOBAIBHUX PECYPCIB Ha PO3B’A3YBaHHS
3ajay kepysBaHHs. [Ilpouecu, ski BHMKOHYIOTH MpPOLEAYPY
JUCTAHUIMHOIO BHK/AMKY, HA3MBAIOTbCA Jali  ‘“KjieHTamMu”
(client; BoHM BHCTYnawTb, TaKk OM MOBHTH, KOPHCTyBauyaMu
pPECYPCIB  IHIUMX TMpOLECIB), a MPOUECH, [0 BHKJIMKaHI,
HA3WMBAIOTbCA “cepBepaMu’ (LI MPOLIECU MPOTMOHYIOTbL PECYypPCH
JU1Sl IHILIMX MPOLIECIB).

Ha pwuc.7.8 nokazaHo npocty Mojenb BUKOHAHHS
3a8BOK 338  JIONOMOIOIO 06M1Hy MOBIJOMJICHHAMH  MIX
npouecamu [Nehmer 85]. V 3B ﬂjKy 3 TUM, LIO KOXEH Mnpouec
MOXe OYTH K KJIEHTOM, TaK I CEpPBEPOM, KOXKHOMY npotiecy
MIANOPAAKOBYIOTbCA ABa pi3HUX Oydepu juis inpopmailii: “A”
A1 3a9BOK 1 R 514 3BOPOTHHUX BIAMOBIACH.

N/
O6AacTi 6ygepHaayil A- ‘afBKE
moBiAOMAEHE R - Bianmopiai

Puc. 7.8. IIpouecu 3 6ydepusauieto noBigoMeHb
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Jns o6MiHy NOBIAOMIEHHSMH BU3HAYEHO TaKi ONepaLii:

e Bianpaska 3aMOBJIEHHS

Send_A (npuitmMay, NOBIAOMIICHHSA);

o TlpuitMaHHS EeAKOro 3aMOBJIEHHSA

Receive_A (var BiINPaBHUK, var NMOBIOMJICHHS);
¢ BianpassieHHs aedKoi Bignosiai

Send_R (npuiMay, NOBiAOMJICHHS);

o [IpuiimMaHHs nesKoi BiAnoBimi

Reseive_R (var BianpaBHUK, var NOBIIOMJIEHHS ),

[IpupoaHo, o MoxHa 6yno 6 obiliTHCs BCbOTO ABOMA
oliepaliiMy U1 BIANPABJICHHSA Ta MPUAMAaHHA TOBIAOMIJICHD.
OjiHak BUOpaHi TYT BapiaHTM [JAKTb 3MOTY BIAPI3HATH
0J/IEpKaHi 3aMOBJIEHHS | BIATMOBI/, T2 BUOUpATH Oinblll THYYKY
HOCTIIOBHICTb O00pPOOKH, 1100 HE MIr BMHMKHYTH BHUMAMOK,
KOJIK IPOLIEC, L0 OUIKYE, HAMPHUKIIAJL Ha BIANOBi/lb, 6JIOKYETHCH
HOBMM 3aMOBJICHHSAM, 10 HaAIALLIO Yy Liei Yac.

SacrocyBanmas

Knient-npouec P, Bianpasisi€ CBOE 3aMOBJICHHS CEpPBEP-
npouecy P,. 3apa3 e micng UbOrO BiH MOX€ BHUKOHYBAaTH
HACTYIHI 3aBA@HHA BMPOAOBX Yacy OYIKYBaHHS Ha MOABY
sianosiai cepeepa. CepBep 00pobiife 3aMUTH Pi3HUX KIIIEHTIB-
npoueciB  y  O€3kiHEUHOMY UMK,  3amHT  YUTAETbCA,
BUKOHYEThCS |1 Pe3yJIbTAT BiANPABISE€TbCA 3aMOBHUKOBI:

P. P;

loop
Receive_A (knrienm,3anum)
<sanum euxoHamu>

Send_A (zanum na_cepeepy,

Receive_R Send_ R
(610 cepeepa, pesyavmam) (knienm, pe3ynomam);
end
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Peanizanis
pfree : CONDITION;

Y‘ napancibHuX EOM i3 3arajlbHoIo nam'sTTio (*uepea uexanns, akuwo Pool nocmiiino 3ainamo™)
KOHLIETLIs MOBIAOMJIEHb MOXe OyTu peadi3oBaHa 3a Afull, Rfull : array [1..anzahlProcs] of CONDITION;
JOTIOMOTOK MOHITOpa. Y napajienshux EOM, 10 He MaloThb (*yepza Ons KOHCHO20 npoyecy 8iON0GIOHO 00 HOGIOOMAEHHA™)

queueA,queueR: array 0[1.. anzahlProcs] of Schiange;
( *1oxanvHuil Pool nogidomnenv o1s KodxcHozo npoyecy *)
antry Send_A (nach: 1.. anzahlProcs; a: Nachricht);
var id: 1..max;

© 3arajbHol nam'sari, noTpibHO MaTH JIOMOMIXKHUH
ACLIEHTPaNi30BaHUI MPUCTPIl 3 NPOTOKOJIAMH TMOBIIOMJIEHD |
METOAAMU MapLIpyTH3aLil, Npo fAKi TYT He Oy/1eMO BECTH MOBY.

Po3riasHbMO KOPOTKMIA ecki3 iMIUIEeMEHTalil KepyBaHHS begin
MOBIAOMJIEHHAMKW B MeXax OO4YMC/IIOBANbHOTO By3fia (4js while not GetFreeElem(id) do wait (pfree) end;
PO3MOAINEHUX cUCTEM) abo XK /I CUMCTEM 3 SIK 3aBrOJHO with pool [id] do
BEJIMKOK 'KIJIbKICTIO MPOLECOPIB | 3arajlbHOIO NMaM'aTTIO. free := false;
Sk nokazaHo Ha puc.7.9, yci NOBIAOMJIEHHS MarOTh from := actproc;
KEPYBATHChb B AesIKil rno6aibHiit 061aCTi, WO PO3MONIAAETHLCS em';ffo =a
IuHaMmiyHo. [lapasenbHa KOHCTaHTa actproc  JIOKaJibHO append (queueA[nach],id);
nocravae 1 KOXHOI'O rpoteca Horo HoMep. (*8HecHu HoMep NO3UYIL 8 (queue 30MOBIEHb™)
signal (Afull [nach]);
end Send A,
] Pool
#nlry Receive _A (var von:1..anzahlProcs; var a: Nachricht);
var id: 1.max;
begin
. while empty(queueAlactproc]) do wait (Afullfactproc]) end ;
Puc. 7.9. Pool nosigomiexs ' id := head(queueA[actproc]);
von := pool[id].from;
3a Hemepom [Nehmer 85] eckisz iMmnemenTauii mac a = poollid].info; (* pool [id] 1ye He 3sinbHeno™)
BUTIISIL: end Receive A,
type PoolElem = record . .
free: BOOLEAN: #ntry Send_R (nach: 1.. anzahlProcs;ergebnis: Nachricht );
from: 1..anzah!Procs; (xitexicine npoyecis) o (* ergebnis - pesyremam *)
info: Nachricht; (nosioomnenns) Var id: 1..max;
end; begin
Schlange = record id‘:= head(queueA[actproc]),
contents: 1..max; tail (queueAlactproc);
next : pointer to Schlange (vepza) * BURYHACTNLCA nepwwit enemenm (head) wepau *)
end- pool[id].from := actproc;
’ pool[id].info := ergebnis;
append(queueR[nach},id);
monitor Nachrichten; (nogidomaenis) (* 6HecHu HoMep no3uyii 6 queue sidnosideii *)
var Pool : array [1..max] of PoolElem; signal (Rfull[nach])
(*2r0b6ansra 0baacmes nogidomnens™®) ond Send R;
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entry Receive_R (var von: 1.. anzahlProcs; var erg: Nachricht);
var id. 1..max; B
begin

while empty(queueR[actproc]) do wait (Rfull{actproc]) end ;

id := head(queueR[actproc));

tail(queueR[actproc));(*sunyuacmocs nepwuii enemenm( head )uepzu™)

with pool[id] do

von := from;

erg := info;

free := true ; (* 3¢inbHenHs Pool- enemenma *)
end

signal (pfree); (* € sirbnuit Pool- exemenm *)
end Receive_R;

Mu 1yt posrasHynn MIMD-cucremu 6e3 3arajibHoi
naMm’ati ayxe kopoTko. Buibli aeranbHy iHdopmaliro 11040
PO3NOAINEHUX OOUYMCIIOBANBHUX CHUCTEM MOXHA 3HAWTH B
npausx [Mullender 89], [Coulouris, Dollimore 88].

8. ITPOBJEMHM ACUHXPOHHOI
IMTAPAJIEJIBHOCTI

SIk Oyno nokazaHo B MOMEpE/AHIX IJ1aBaX, ACHHXPOHHE
napasejbHe NPOrpaMyBaHHs € JAOCUTb CKIAJHUM i TakuM, LU0
JAyxe cnpuiHaTauMBe o mnomuiok. Haluactiiiue nomuixu
nos'a3aHi i3 ‘“3abyBaHHsM” P- Ta V-onepauiit a0o
3aCTOCYBAHHAM HempaBuibHoro cemadopa. BoHu npu3BOaATh
JI0 CepHMO3HMX HACHIAKIB Ha cTajil BUKOHaHHA nporpam. I3
3aCTOCYBaHHAM MOHITOpIB icHye Hebe3neka 3poOUTH NOMMIKY
BXMBAHHA YMOBHMX 3MIHHUX Ta onepauii wait i signal. AHani3
MoKasye, 10 MOMHUJIKH NMPOrpaMyBaHHs CUHXPOHI3aLIl NPOLIECIB
MOXYTb CPHUUYHHHUTH Taki npodnemu:

a) HeCyMicHIi AaHi,
6) B3aemobnokysanHs (DeadLock/Livel.ock)
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Y HacTyMmHMX [BOX naparpadax po3riasarTbes
IPMMMHM BUHMKHEHHST UMX npolyieM, 1XHI  HACTiJKH,
MoaIMBOCTI nepeabayeHHs 1X Ta 3anobiraHHs iM. Y TPETbOMY,

JuKJII0YHOMY, naparpadi JIUCKYTY€ETbCSA npoGnema
BuiaHcyBaHHA  3aBAHTAXEHHA, BUPIIIMBIUM Ky, MOXHA
JocrTH epeKTUBHOTO BUKOPUCTAHHS [TPOLIECOPIB.
8.1. Hecymicui nani

[Tichs BHKOHAHHS mNapalejlbHOiI oOrnepauil YuCIoBE

JuateHHa abo cniBBIAHOLIEHHS MiDXK JJAHUMM CTA€ HECYMICHUM
MKpa3 TOAl, KOJM BOHO HE AOPIBHIOE YMUCIY, AK€ MOTJIH ©
AlCTaTH B pe3ysabTaTi NOCHIOBHOI poboTn pecypciB. bes
AUCTaTHIX NMapaneibHUX MEXaHI3MIB KOHTPOJIO MPH BUKOHAHHI
flpajieIbHUX MpOLECIB IOCUTb JIETKO BUHHUKAOTb JaHi, IO
MicraTh v cobi nomunku. Sk nokasaHo B [Date 86], cnin
PiIPIBHATH TYT Taki NpoGieMu:

e BTpaueHa moaudikauia gaHux (lost update problem);
e HecyMicHuUil aHami3 (inconsistent analysis problem);

e He niATBEpKEHA 3aJIEXKHICTh (uncommitied

dependency problem).

drpavena Mogmpixauis maHux

o npobieMy MOSCHAMO Ha TAaKOMy NpuUKIaal Xad
mpobiTok naHa Mrwosuiepa cranoBuTbh 1000 DM. [Ipouec 1 mae
(nopsx 3 iHWKM) 36inbWMTH 3apobiTok naHa Mioaiepa Ha 50
DM. Ilpouec 2, WO BUKOHYETHCS NapanelbHO 3 MEPLIMM

“fipouecoM, Mae 36ibKMTH 3apo0iTok naHa Mionnepa Ha 10%.

TiexHO Bi MOPSAKY BMKOHAaHHs abo o6'eqHaHHa 000X
HPOLECIB MPH IXHbOMY BUKOHAHHI, AICTAHEMO Pi3Hi Pe3yJIbTATH.

Bouu, nprpoaHo, He MOXYTb OYTH BCi 0JJHAKOBO KOPEKTHUMH.
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Ilpuknan Ha puc.8.1 mokaszye BCi YOTHPHU MOXITUBMX
pe3ynbTaTH. B3arani Bci pe3yiabTaTh MOXYTb OYTH 3HAlIeHi
LIAXOM CUCTEMATUYHOTO BHUIMPOOYBAHHA BCIX MOXJIIMBUX
CYMICHHUX MOCIIIOBHOCTEH BUKOHAHHS MPOLECIB.

Pamiwie:  GenypMiller] = 1000,-

P] P2
X m Gehal tf4dl lec); ¥ v Gahalt Ml ler};
X oow o xeB0; ¥ oie Lltys
Bnaltiml ler]| = ox; Gehalt MOl ler] = gy

OkkAA Yyboro:

1050.- KoXHe 4HCAO BlARORIAHO 40
GebalMulier] = 7 {{]%)  posmosiny aoctynis z0
1155 nas'ATi

Puc.8.1. BrpauecHa MondikaLis gaHux

Yucito 1050, Hanpuknaj, aicrainu B TakMi cnoci6:
O6ujaBa MnpoLEecH BUKOHYKTLCS CMOMATKY OLHO4YacHo. B
pesyabTaTi TeplMx onepauid MpUCBOEHHS 3MiHHI X 1Y
HabyBalOTh no4yaTKOBMX 3HaueHb 1000. [dani npouec P:
BUKOHY€ CBOT JIBI KOMAaH/AM, U0 3aJIMIIWIIMCL, | BCTAHOBITIOC
naHoBl Mrosnepy 3apobitok 1.1*1000 = 1100 DM. Oanak pani
npouec P; BUKOHYe CBOT B KOMAHAM,ILO 3ajMIIMINCE |
BCTAHOBJIIOE  OCTATOYHO 3apobitok 1000+50 = 1050 DM.
Hucno, oaepxane paHile npotiecom P2, He NPUIHSATE 10 yBATH
1 HE meperucaHe.

BianosijiHO 10 3MICTOBHOT MeTH 060X TpaH3akLii (sKi
TYT HE OMUCYIOTHCA) MAEMO TOYHO BU3HAYEHY MOC/IJIOBHICT iX
BUKOHAHHSA, Hanpukial P; BUKOHYETbCS MOBHICTIO nepes Po.
Taxe nocliioBHEe BUKOHAHHS Ja€ KOPEKTHUIR pe3ynLTar (a came
1155 DM). Bci iHWI uMciia HenpaBMIIbHI, BOHM 3'SIBASIOTHLCH
BHACJII/IOK MOMWIJIKOBOI MOC/IJOBHOCTI BHUKOHAHHS MPOLECIB.
L{i moMuaKK po3rnsaaloThes K “3a/eXHi BiJ yacy noMuiku™.
Y 3B'SA3KY 3 TUM, WO Ui MOMMJIKH 3aJI€XAaTb Bif AeAKOT KiJIbKOCTI
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paMeTpiB, IO BIUIMBAE Ha MPOLECH HE 6e3rocepeaHbLo
libKiCTb HAABHMX MPOLIECOPIB, 3aBAHTAXEHHS CHCTEMM TOLLIO)
pHu ocob6auBo miAcTynHi. IToMuiku, 3anexHi Bif gacy, fK
puBUIO, HE MOXYTb PENPOAYKTYBATHCh I, TAKUM YMHOM, HE
10XyTh OYTH 3HAIIEHI 32 JONOMOTOI0 CHCTEMAaTHYHMX TECTIB!

Pecyricrmi amanis

THUITOBMH NPUKIAA WOAO UbOro — 6aHKIBCbKUi nepekas
Pponeii. Cyma 060x paxyHkis, o 6epyTh yyacTb B onepaii,
A0 | nmicns TpaH3akuii (onmepauii nepekasy rpoulei 3 OIHOTO
PEXVHKY ‘Ha IHILIA) 10eHTHYHA. Ane Jedkuil iHWMA npouec,
fkiit yuTae (aHanizye) akTyalbHUA CTaH paxyHKIiB MiA y4ac
PposenenHs  onepauii  fepekasy, MOX€ MPHHTH [0
NelipaBUIIbHMX pe3ynbTaTIB.

Ak noka3aHo Ha puc. 8.2, y Toi uac, konu npouec Py
PMKOHYe TpaH3aKililo nepekasy, Neskuil 4ac CriBBIAHOLICHHS
Mix 1BOMa JaHMMU (CTaH PO3PaxyHKIB) He BiANOBigae
ilﬂCHOCTi. Ipouec P2, WO aHaMI3ye, OAEPKYE MOMUIKOBI JaHi,
AKNO0 BiH uMTae fAKpa3 y 1ed MOMEHT aKTyaslbHl 3HAYEHHS
8/ioro abo 060X €1eMEHTIB NaHUX (CTaH PaxyHKIB).

Kontel A} = 2000,-

pPariwe: Konto[B] = 1000.- Swmme(A,B) = 3000,-

Pl PZ

x 1 tortold);

X iw x-200; a = KrtoRl:

Kyt oA) = % b = KrtoBl;

sum = aby

x = KrtoR);

X t= x+400;

KrtoBl = x
NicAA KontolA} = 1600,-
usoro:;  Kontol[Bj = 1400,- Summe(A.B) = 3000,
. 2 %%' KoxHe 4¥cAC BlanoBUAHO A0 pos-
sum = 3 3400 - DOXIAY AOCTYMIE Z0 nam AT

Puc.8.2. HecymicHuii ananis
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He niprBeppxeHa 3anexHicTs

Moxnusa 3aJIeXKHICTb BiJl HEMATBEPAXKEHUL
(uncommitted) TpaH3akuid — ue THnoBa mpobnema B OaHkax
JaHux. Y 3B'A3KYy 3 TUM, LLO TPaH3aKLif MOXE 3aBEPIIYBATUCh
ycnimHo abo Hi, 3MiHK rno6GanbHUX JAaHUX, BHMKOHYBaHj
TPaH3aKUIAHO nepea il yCnilHUM 3aKiHUEHHAM, 3aBXaAu HiiicH
JMLIe 3 3aCTepeXeHHAM. SIKLIO TpaH3akuUist A BHOCUTb 3MIHH B
ra06aibHi AaHi, TpaH3aKilis B Ui JaHi 4uTae, a TpaH3aKLin A
HanpUKiHLi He 3aBEPLUYETHCS YCMILWHO (($iacko TpaH3akiii), TO
TpaH3aKLisg B BUKOPDUCTOBYE HEKOPEKTHI AaHi.

Y cucremax 6aHKIB J1aHUX TPaH3aKLii IMIJIEMEHTYIOThCA
K ‘“‘aToMapHi onepauii” (ue 30BCIiM He npocTa 3ajaada, AK
NoKa3ylTb po3risHyTi TyT Bunaaku [Date 86]). TpaH3zakuis
moxe OyTH abo ycniwHOl, abo 3a3Hae HeBaaui. YcridiHa
TpaH3akUis oOpobJIIOETLCS MOBHICTIO (commit), a TpaH3aKLis,
IO CYNPOBOJXKYETbCA TOMMWJIKaMHU, Mae OyTU TMOBHICTIO
MOBEPHYTA y BUXIAHE MOJOXEHHs (rollback) njis nepesanycky.
Y Bunaaky, Koiv A0 MOSIBU MOMMIKM BXE BHUKOHAHI JesKi
onepauili B OaHKy J[AaHuUX, iX Tpeba 3BOPOTHMM METOAOM
MOBEPHYTH y CTaH, WO BIANOBiAAE CTaHy CnpaB A0 BUKOHAHHS
uiei TpaH3akuii. JloTpMMaHHs KOHUENLUIiT TpaH3akuin 3anobirac
NOSABI HECYMICHUX AAHMX.

8.2. biioxyBaHHs

€ nmBa tunu OsokyBanb. DeadLocks i LiveLocks.
DeadLock onucye craH, B ikoMy Bci npoueck 6JI0KOBaHi i He
MOXYTb CaMi BUBECTH cebe i3 cTaHy OJOKYyBaHHA. Y BUNAIKy
LiveLock iaerbes npo 6J10KkyBaHHS aKTUBHUX MPOLECIB, TOOTO
TUX MPOLECIB, fKIi XO4 1 He € B CTaHi “OJO0KOBaHO™, aje
BHUKOHYIOTb fIpW LIbOMY, HAaNPHUKa/, orepallii OYiKyBaHHs i BCe
K TAKW HE MOXYTb BUITH 13 OJIOKYBAHHS.
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‘DuikypanHs cemadopa abo yMOBM.

bxsaaqem-m DeadLock (BzacMHe 6BJOKYBAaHHST)

['pyna npoueciB yekae HA MNOABY YMOBH, KA MOXe OYyTH
TBOPEHA TiIbKK NpOLECAMH Li€T TPYNU (B3AEMO3ANIEXHICTD)

(DeadlLock) 3'ssasrorbes,
npouecy ONOKOBaHI B 4ep3i
Hactynuuii npuknag
NoKa3ye BUHMKHEHHS B3a€MOOJIOKYBaHb y pa3i 3aCTOCYBaHHs
temadopiB. KoxHuil 3 ABOX NpoLeciB BUKOPUCTOBYE CUCTEMHI
pecypen, nanpuknan tepmiHan (TE) 1 apykapcbky MailMHKY
(DR), ane 3anuTn BUKOHYIOTLCS Y GOpMI p-onepauiil B pisHii
PocigoBHOCTI. Y TOM Yac, ik P 3anuTye 3n04aTKy TepMiHai, a
ROTIM ApYKAapCbKy MauUlMHKY, P2 HAaMaraeTocs BUKOPUCTATH Ui
tHCTeMHI pecypcy B 3BOpOTHOMY nopsiaky. He3Baxatouu Ha Te
Ao KOXHHIN npouec BeAe cebe KOPEKTHO 3 TOYKH 30py HOro
0coOMCTHX DYHKLIN, B32EMOAIS ABOX MPOLECIB MOXe NPUBECTH
Ao B3aemobnokyBaHHsa (DeadLock). ‘lle TpanaseTbca .He
WBKAM, a TiAbKKW ToAi, koiu P; 3aiinas TepMinan, a Py —

B3aemni  OnokyBaHHs
Wanpukiaj, ToAl, KOAW BCl

‘Apykapcbky Mawuuky. Toal P; uekae B cBoidi P-onepauii Ha

ApyKapcbKy MalIMHKY, SKY 3aHHAB P2 i 3BiIbHUTS 1T JiMLIE TOMI,
KoM BiH 3MOXE 3alHATH TepMiHaid, AKWH B CBOIO uepry
WitHaTuit  npouecom P;. Tum camum obuasa mnpouecu
ONMHUINCG Y  B3a€EMO3AJIEXKHOCTI, 13 SKOI HE 3MOXYTb
WubHUTUCL. Lle o3Havae, w10 HAcTano B3aEMOONOKYBaHHA
(DeadLock). Ha puc.8.3 MoKa3aHo Hebe3neky
P1eMODJIOKYBAHHS Y BUTAAAI IPOrPaMH.

: P, P,

PTE), “— " P(OR);
P(DR), P(TE);
<Obyucnens> <Obuucnenns >

V (DR); V (TE);
V(TE), V (DR);

Puc. 8.3. Hebe3neka B3aeMoONOKYBAHHS
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Mepeaymosu, 34 AKUX MOXE
B3aeMmobnokysanus [Coffman, Elphick. Soshani 71]:

3'ABUTUCh

1. OnepauiiHi  3aco0M  MOXYTb BHKOPHCTOBYBATHCH
TiJIbKM Ha OCHOBI BUKJIFOUHOTO MPaBa (€KCKIHO3ZUBHO).

2. Tlpouecn nepeOyBaloTb B PEXUMI BUKOPUCTAHHA
onepauliHuX 3acobiB B TOM 4dC, KOJAM BOHHM BKe
noTpedyIOTh iHUWIMX, HOBUX PECYPCIB.

3. OnepauiiiHi  3acobKM  HE MOXYTb
MPOLIECIB B NTPUMYCOBOMY MOPSIKY.

3abupatuca Yy

4. IcHyc UMDKYJSPHHI  JAHLIOr TMPOLECIB, TaK L0
KOXHUIA MpoLEC BUKOPUCTOBYE OrepauiitHuii pecype,
IKUA  3aMOBJISIETLCA  HACTYMHUM  NPOLIECOM  LbOIO
JaHutora.

Ha npakTtuui icHye psj anropuT™MIB sl po3rizHaBAHHA
BKA3aHUX YOTHPbLOX TMYHKTIB i CApsiMOBaHi Ha Te, 1006 ne
BMHMKAJO NEPEAyMOB MOsiBH B3aEMOONOKYBAHb.

- PosrnsHbMO npukinaaM  TOro, Sk He  JOMYCTHTH
nepeayMoB OJ0KyBaHb.

® YHUKHEHHS NEpeayMOBH 3:

Sxuo BuHMkae B3aeMOONOKYBaHHS, TO npoiieck Tpedd
3BUILHATK BiA poOOTU 3 pecypcamu, aki Oyau MiX HUMH
posnoaineHi. Jas  uboro  notTpiOHi  HamiiHi  METOJMH,
po3nizHaBaHHa dakTiB B3aeMOOJOKYBaHHs | BBOAY B i,
npouecis, U0 NOBEPHYTI B MOYaTKOBMH CcTaH npH
PO306JI0KYBaHHI.

® YHUKHEHHS NEPEeAyMOBH 2:

Koxuuid npouec Mae oavi pa3 3aMOBUTH onepauiii
pecypcH, ski omy notpibHi. Lleit meron nepepbauae sejetil
MPOTOKOJY 3aMOBJIEHb, SKOTO MalTb AOTPUMYBATHCH B

130

Mpotecn. 3anuT Ha ekilbka onepauiiHuX pecypciB  Mae
PLLI3YBATUCh SK aTOMApHa onepauis, Tob6To, Hanpuknan, s
KPIITHYHOrO CErMeHTa BOHA MAac 3aMMKaTHCa depe3 cemadop.
Axio npouec Ha MOMEHT BHMKOHAHHSA BMABJAC, WO BiH
forpedye HOBUX onepauiiHMX 3acobiB, TO BiH Mae crepuuy
JULILHATH  Kpa3 /IO UbOTO  MOMEHTY BCi 0€3  BHMHSATKY

nepauiiAi 3acobu. 1o Oynu 3aiHATI, NOKU BiH 3aHOBO 3MOXe
gnnpocn'm OAHOYACHO BCKO CYKVIHICTb onepauiiHux 3acobis,
o renep notpedye.

SAxuto BCl npotlecd AOTPUMYIOTbCS LbOFO MPOTOKOJY
WMMOBJIEHb, TO B KO/J€H MOMEHT HE MOXKE BHUHHUKHYTH
fiokvBanns. Lle norpebye 36inblueHoro 06'eMy ynpasliHCbKHX
VicpaLii g 3aiiHsaTTa Ta 3BITbHEHHS OnepauifHuX pecypcis.
Kpiv TOro. KOHTPO/IL NPaBUIBLHOCTI JOTPUMAHHA MPOTOKONY
BUIMA NPOLECAMM BAXKO peanizyBaTH, a onepauiiHi pecypcu B
Wnx ymoBax OyayTb 3aiHATI MOMITHO [OBilie, HIXX LbOTO
AOTPEOYIOTH NPOLECH.

‘ [HWI METOAM YHMKHEHHS B3a€MOOJIOKYBaHb HAaBEJEHO B
‘khnsi [Haberman 76).

8.3. basaHcyBanHs 3aBaNTa)eHHS

Llle oAHWMM BENMKMUM KOJOM npobjieM ACUHXPOHHOrO
AporpaMyBaHHs, LIONPABAA HE 3 TAKUMH PI3KMMH BIJIMBAMM Ha
ApauUe3aaTHICTb MPOrpaM, K Y BULIE PO3LISHYTUX npobiemax,
t OanaHCyBaHHs 34BaHTaXeHHs npouecopis. Hesminuii
POINOAIT NpOLECIB MDK NPOLECOPAMU MOXE NPU3BECTH JI10
IOMITHUX BTpAaT €(EKTUBHOCTI, AKMX CaM€ MPU 3aCTOCYBAHHI
NapanenbHOl  OOUMCIIIOBANLHOI  CUCTEMH  XOTINOCL  OM,
NPHPOAHO, YHUKHYTH.

’ Y Bunajky npocToi MoAeni nulanyBaHus (scheduling-
MO;1CTIb) 3aCTOCOBYCTHCS CTATMYHWI PO3MOAIT NPOLECIB MiXk
pouecopamu, TOOTO Ha MOMEHT BHKOHAHHSA He Bil0yBacTbCs
CPECHIIKK NPOLIECIB, WO BXE PO3NOAIICHI, HA IHLLI NMPOLECOPH,
0 B JAHMI MOMEHT MEHLLUE 3aBaHTaxeHi. Sk nokasaHo Ha
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puc.8.4, el METOA 3a TAKMX YMOB MOXE NPHU3IBECTH 10 BETUKHR
BTPAT e€(PEKTUBHOCTI MapaliebHUX OOUYHCIIOBAILHHX CUCTCM,
Hanpuknaa, Ha noyatok OOUMCHIOBANLHUX MPOLIEAYD AEB'STh
NpoueciB PIBHOMIPDHO PO3NOAIIEHI MK TpPbOMA HUSABHUMK
npouecopaMu. [ligl yac BUKOHAHHA BCI NpouecH Apyroro |
TPETHOTO MPOLECOPIB OJIOKYIOThCS B 4Yep3i OYiKYBaHHS, a Bl
NpoLieCH NEPWOro npouecopa 3aJWIAITbCA  AKTHBHUMM,
[TotyxHicTh napanesnbHoi EOM napae go Moxnusocteh
OJHOFO TIPOUECOpd, TOAI SIK y AaHiil cuTyauil Moxha 6yno @
NPOAOBXUTH NapaieNbHe BAKOHAHHS MPOLECIB.

[No4aTkoBHA cTaH JeAki npo- BTpaTH napaxeApHOCTI
yecd 6Ro-
(=] | xywreca (ema] o] [
O @ @|—™ |06 - -
Puc.8.4. Crarruse DanaHcyBaHHS 3aBAHTAXKCHHS
npolecopiB
Wob  yHukHYyTH  noaibHMx  BTpaAT no’rym-loc’fl.
po3poO:leHo iHuW  Mojelni niladyBaHHA npouecis  [Hwang

Deboot  89]. Bouu 3abesneuyioTh AHHAMIYHHMEA  PO3MONIA
MPOLECIB MK MPOUECOPAMH HA MOMEHT 1X BUKOHAHHS (dynami

load balancing) 3a LOTIOMOTOI0 MEPerpynyBaHHs NPoUCCiB, 1§
Oysn 3aKpirieni 3a NCBHUMHU TIPOLIECOPAMU (process migration)
BIAHOCHO  Aesaxoiq

3aJIE)KHO B/l 1XHBOTO  3aBAHTAaXEHHS
noporoBoro uucha (thres hold). Icvyots Tpu npuHumnod
PI3HUX METOAM KCPYBAHHS LEHTPANbHOK ONepalicio “mirpa

npouecis”.
. IniarvBa  aapecata:  npouecopu 3 Man
3ABAHTAXKEHHAM  JIAI0TH  3aNWT HAa 0OpoOKy iHuW

npouecis. Lleit mMeton edekTHBHMII y pa3i BHUCOKO
3aBAHTAXEHHA CUCTEMM.

2. IniniatuBa  BIANPABHHUKA: NPOUECOPH 3 BHCOK
3ABAHTAKCHHAM  polisth  ciipoly BT yacTw
MpoueciB, WO ° iM  nyinopsiakosadi.  LIch  mer

eekTUBHUA Yy BMNAAKy HEBHCOKOIO 3aBAHTAXEHHS
CHCTEMM.

3. IibpuaHuit MeToa: nepexia BiA iHILIATUMBM aapecarta
A0 1HIIAaTUMBK BIANPABHMKA 1 HABMNAKW 3a/1€KHO Bid
rnodanbHOr0 3aBaHTAXKEHHS CUCTEMM. -

Mpesaru Ta Hegonixum MeromiE GanaHCyBaHHA
:hlanrazceanz.
+ JlocsaraeTbcs Ouiblie 3aBaHTaXXEHHS MPOLIECOPIB 1 He
BTPAYAETLCS MOXUIMBA NAPAJIE/bHICTb.
0 3anoOiraHHs UMPKYIAWAHIA “Mirpauil npouecy”,
TOOTO MOXJIHWBOMY TPHUBAJIOMY MEPECHNAHHIO AEAKOrO
Mpouecy Mix npolecopamu, Mae OyTH peanizoBaHe 3a
DAXVHOK BIIMOBIAHHX Map4aiefbHUX alrOpHUTMIB |
NOPOTOBHUX YHCE.

— BuHukae nomiTHO  BHCOKMIA  obOcAr  ¢yHKuiM
KEPYBAHHS  3dBAHTAXEHHAM MpPOLIECOPIB  (a caMe
MOPIBHAHO 3 YCTAHOBJIEHHIM I106aNbHOTO CHCTEMHOTO
3ABAHTAXEHHS).

— TlepeneceHHs AeskOro NPoUeCy 3 OAHOro Mpolecopa
HA THUIMHA, MEHIIE 3aBaHTaXeHUH npouecop (“Mirpauis
npotucci™). Lle qopora onepauisi it Mae 3aCTOCOBYBaTHCS
TUILKH /1S TPOLIECIB, 1110 BUKOHYIOTHCS IOBIHI yac; ane
HIO BJIACTHBICTH FAPOLICCY HE MOXHA BCTAHOBHTH Ha
MOMEHT TOYATKY HOro BHMKOHaHHA ©Oe3 cheuianbHol
LONOMIKHOT IHOpMaLIIT.

— VYci meToan OanaHcyBaHHS BCTynaloTb B poOoTy

HAJITO TMI3HO, & caM¢ TO/l, KOJMW BXE CYTTEBO
PO3NANAUNOCA PIBHOMIpHE 34BAHTAXEHHS MAPOLIECOPIB.
Hesike  “nepeitbauene  6aNaHCYBAHHA™  HEMOXIIHBO

peaslizyBat 0€3 A0MoMikHOT iHDOPMALLT Mpo pealbHi
BUTPATH Yacy HA BUKOHAHHSA MPOLICCIB.

= Y pa3dl’ NOBHOrO Mapajie/ibHOrO  CUCTEMHOTO
3aBaHTaxeHHs Oyib-ake Horo OanaHcyBaHHS BTpavae
CEHC: Yy LbOMY BHIMALKYy MOXHA KepyBaTH Iuulie
HecTayelo 3aBaHTaXeHb i 3aranbHuil 006cAr pecypcis s
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fanaHcyBaHHs 3aBAHTAKEHHS
HEOOTPYHTOBAHI BUTPATH MALIMHHOTO yacy.

CIIPUUYUHUTD

9. MOBU ITPOI'PAMYBAHHSA 1J1
MIMD-CUCTEM

Po3rnsinbMO nepeayciM npoueayvpHi napanelibHi MOBW
nporpaMyBaHHs ans MIMD-cucrem. HenpoueaypHi
napaneibHi MOBU (GyHKUIOHAMBLHI Ta JOrIYHI) HABEACHO B T.l,
17. Jeskxl MOBM NOJAHO KOPOTKO;, HAMBaXKIUBIIUL KOHIlEMiil
OOrOBOPIOIOTLCS Ta MOSICHIOIOTLCS 34 JOMNOMOrOI MpUKIA/lY
nporpam. TlopiBHsHHg  nybaukauii npo  MIMD-moni
NporpamyBaHHs MOxHa 3HaTH B npaui [Gehani, McGettrick
8.

9.1. [apanenbnnii [Tackann

Aemop: Per Brinch Hansen, 1975.

[Mapanensuuit Mackans [Brinch Hansen 75,77) - ne
nepiia napajenbHa MOBa MPOTPAMyBaHHA, BHUKOHAaHA K
napajenbiie PO3LINPEHHS MOCHA0BHOI MOBH MpPOIPaMyBaHHH

[Tackans, po3pobneHoi  BiprtoMm. HatliBaxamBidwnmy
KOHLIENUIAMH NapanenbHOCTI y Ui MOBI €:
e BBEJCHHA  KOHUeNuii npouecy  (AeKsapyBaHHg

Process-TUMiB i 3MIHHMX, WO iM HaNeXKaTh);

e CUHXpOHi3allis  napajefbHUX  NPOUECIB  4vepey
MOHITOPH 3 YMOBHHMMH 3MiHHMMM (TYT BOHM Ha3Bau|
queue),

e 3BEACHHA  TNPOIPAMHMX  €IEMEHTIB Y  Kiach

(abCTpaKTHI TUNY AAHUX).

Mu Tyt He Oyaemo jani ActanizyBaTv napalieibhni
ITackane, ue O6yae npoanomxeHo B naparpadi 9.7 nmig uad
onucyBaHHg MoBM Modula-P, wo € noganblunuM poO3BUTKON
napanenbHoro Ilackans Ha 6a3i mosu Modula-2.
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9.2. Mosa CSP ( Communicating Sequential
Process )

Asmop.: C.A.R. Hoare, 1978.

Yepes aekinbka PpOKIB MNCAf pO3pOOKH  KOHUEMUIT
‘monitopa C.Hoare pasom 3 B.Hansen 3anponolyBae cBOIO
'nupanenbny moBy CSP [Hoare 78,85). Xou i icHye ans uiei
‘MOBM KoMMinsTop, Bce x Oararo xto posrasaae CSP He sk
MOBY TIPOrpaMyBaHHSl, @ TUIbKW SK €CKI3HMH MpOEKT, TUM
fiabuie Ha npotuBary moBi OCCAM, uio 6asyerscs Ha CSP.

CSP - ue [#ocuMTh KpuUnTHYHA MOBa (HesBHA
hapanenbHicTh). BoHa cknagaeTbcs 3 JEAKOl  KifILKOCTI
NPOLECIB, KOXHWUW 3 SIKMX BUKOHYETbLCS BJIACHE MOCIIOBHO i
ttp noTpebi OOMIHIOETLCS AAHMMHK 3 IHIWKMMHM TNPOLECAMH.
Ocuosuumu npunumnaMu CSP € npuMiTUBHI KOMaHau BBOAY-
BBoay JuUin OOMIHY  MOBIAOMJIEHHAMM, KOMAaHAWM  [Uis
‘MApaneibHOr0  BUKOHAHHSA  IHCTPYKLIA 1 3aCTOCYBAHHS
WMXHUEHUX KoMaHA (“guarded commands”, sBBeaeHt Dijkstra). Y
W'A3KY 3 THUM, WO 3arajibHa CHHXPOHI3alis Ta B3a€MOOOMiH
MIK poLlecaMH BUKOHYIOTbCs B CSP 3a nonomoroto koHuenuii
NoBIAOMAEHb, TYT Hema norTpebu B cemadopax abo B
MOHITOpAX.

flapanensni MoBHi KOHCTPpyKRii:

IP1 P2}
ferminal? zanhl

CrapT napanenbHuX NpoLECiB
NPUAHATKM faHi (zahl-uKca0) Big npouecy
_ terminal

-Orucker! zeile noc/jaTy AaHi (zeil-psoK) npouecy drucker
[x=1 > m:=a
' x=2—» m=b] “guarded command”

‘ {IF x=1 THEN m:=a ELSE

IF x=2 THEN m:=b ELSE error}.

TyT igeTbcs NPO IHCTPYKLUIIO CeeKUil, MpUUOMy nepen
KOxHUM onepaTopoM BHOOpY (“‘case’™) 0060OB'A3KOBO BBOAMUTHLCS
iM()Ba (guard), 3a JONOMOrOK $KOI MNPOrpamicT MOBHHEH
BNCBHUTHCE, {0 HACTYMHA IHCTPYKLIS BUAKOHYETLCS KOPEKTHO:
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*x=1 > m:=a

x=2 — m:=b]
“repetitive command” (MOBTOPIOBAHA KOMAHAA, L0 MO3HAYACTbCH
CUMBOAOM  “*”),  MOCHIJOBHICTb  KOMAHI  BHMKOHYETbHCH
ITEPAaTMBHO B YMOBHOMY LMKJII 332 NapaMeTpoM guard.

Posrasiibmo npuknag CSP-nporpamu, B3aTuit i3 [Hoare
78]. B nporpami peasnizoBaHo npobnemy odmexeHoro Oydepa
(Bounded-Buffer)(puc. 9.1.) 3 necarbma OypepHHMH MiCLISIMHU
naMm'aTi  (TyT He BiAOyBaeTbCs, aHaNizy  H4
NepernoBHEHHs 3MIHHMX in Ta out) .

npapia,

Puc. 9.1. Cxema obmexenoro bydepa.

Ilporpamna nnss Bounded-Buffer Ha moBi CSP:

Buknuk 3 60ky BUKOHABLS: BB!p 3aMUC HOBUX

JaHuX
Buknuk 3 6oky KopucTyBaua: BBimore ( ); BB?p
AaHnx
BB::
buffer : (0..9) datensatz; (* sanuc oanux®)
in,out : integer; in:=0; out:=0;
*lin < out+10; erzeuger?buffer(in mod 10) ("supobrux*)
- in :=in+1
[out<in; verbraucher?more()
— verbraucher!buffer(out mod1 0); (*kopucmyeau™)
out := out+1

}

[Ticnas peknapyBavHa Ta iHiLi@i3aWil JIOKAJILHUX JaH
BUKODHCTOBYETbCA OJHA €QMHA KOMaHaa (guarded), 4
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YUTAHHA HOBUK

NOBTOPIOETHC B OeskiHeuHomy uukni. Ilpu LboMy KoXHa
YMOBaA (guard) CKIA[Aa€TbCs 3 IABOX HYAaCTHH, AKi  MalwTb
WHKOHYBaTHCS pa3oMm. [loBifomieHHS 3 npoueccy-BUpoOHMKa
(1 cHepaTopa) OyAyTb B3STI TiNILKY Y BUNAAKY, KOJIM € LLE Bi/lbHi
micus B Oydepi. B iHWMX BUNaaKaX reHepaTop Ma€ YEKaTH
(guard: in<out+10). I1px HAABHOCTI AOCTATHBLOT KIJILKOCTI MiCLS B
Ovipepi ari 3UMTYIOTHES | in-IHAEKC 30UIbILYETLCA HA OAUHULIIO.
KepyBarts OyhepoM BUKOHYETLCS 3d NMPUHLUMNOM LMKIIYHOY
MCPTH.

KopucryBay Mae 3amMoBMTH  NOTpIOHI  faHi  3a
JONIOMOTOI0  NOBIAOMJIEHHS more(). Y  BUNAAKY, KO
lnoHarMeHIe ojHe Micue B Oydepi 3aifHATe (out<in), nmpouec
Bounded-Buffer Haacula€ 3MICT HACTYMHOrO MicUsfd B nam'ari
KopucTyBady 1 361/bLuYy€ out-iHAEKC HA OAUHHULIO.

Ilpouec obmexeHoro Oydepa 3ynUHAETLCS, AKLLO MOTIK
TAABOK MNyCTUIR (in=out); 3yMUHAETLCA | FeHEPATOp, TOMY L1O
Gisblue HEe 3a10BONLHAECTLCA HifKa yMOBA.

9.3. OCCAM

Aemop: Inmos Limited, 1984.

besnocepeaHiM koMepuiiHUM MOCAIIOBHUKOM MOBH
CSP € moBa OCCAM, po3pobaena dipmoto Inmos [Inmos 84].
Bona nobyaoBaHa cneuianbHO 1t Mepexi TpaHC'IOTEPIB, AKka
MICTHTb (B CTApOMY MOKOJIHHI) BUCHKOMOTYXHi Mikpomnpolle-
COPH. KOKHHH 3 AKUX MA€ YOTUPU KaHanH 3B'A3KY /1 OOMIHY
JAHHIME MIAK TpaHer'ioTepamit. Y TpaHcn'toTepHHUX NPOUECOpiB
HOBOI'O TTOKOMAIHIY, IO MAIOTH 3HAYHO Oifibily 004MCAIOBAIbHY
HOPYAHICTD, 3a0e3neuycibes npocta nodyaoBa Mepex OibLiol
POIMIPHOCTE 3@ AOMOMOLIOI0  CMICLUANILHOT  KOMYHIKALiAHOT
MIKPOCXCMMU.

llapaneneni MOBHIi XOHCTPYXLii:

SEQ - MOCNi10BHE BUKOHAHHS BNOKIB iHCTPYKILIH,
PAR - napajiefibHe BUKOHAHHA OJ0KIB IHCTPYKLUIH;
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PRI - BMOIpKOBE 34KpIMIEHHS NpPOULECY 3a [AEAKWUM
(hi3MUHMM NPOUECOPOM 3 METOKO ONTUMI3ALLIT,

ALT — BUOIp nipotiecy 3 6araTbox MOXJIMBHX MPOLECIB;

CHAN - feKjapyBaHHs KOMVHIKaUiMHHMX KaHadiB Mix
npouecopamy (channels); ‘

PROTOCOL -  BM3HauyeHHa  TUny  JdHUX, WO
OOMIHIOIOTHCS B NEAKOMY KaHali;

‘ TIMER - BM3HAYEHHS YACOBMX IHTEPBAIIB, HANpHUKaj

A5 NEPIOAUYHKUX NpoueciB a0o TalM-ayTiB,

! — nepecnatu aani (ananoriyno CSP. n. 9.2)

? — NpUAHATY aani (ananoriybo CSP, n. 9.2)

Y moBi OCCAM BXKMBAIOTBCA Ti caMi KOHUeENLIl, npo
Akl dwocs B n. 9.2 BiaHocno Mosu CSP. Tlporpamsi
KOHCTPYKTUBU BUCOKOro piBHA B MoBI OCCAM HasBHI auwic
4acTkoBO. OKpIM BU3HAUYEHHA TUNY AaHWx nepeadaueHi wie M
JUHAMIYHI TUAM  DAHKMX, ale TYT HEMOXJIMBE PCKYPCUBHC
nporpamyBanus. Hahbinbiow  npobieMolo v BEIUKUX
nporpaMax i cucremax 3 Gararbma npoueccopamu 8 OCCAM
3aNMUIAETLCS NOWYK BUIMOBIAHONO BIAOOPAXEHHA MPOLIECIB HaA
npouecopu (rodro nobyaoBa «koudirypauii). Lled nowyx
HEAOCTATHLO MIATPUMYETLCA MOBOIO MPOrpaMmyBaHHA 1 4acTo
He BUPILLYETLCA 3200BIILHO CAMOIO ONEPALIIHHOI0 CUCTEMOLO.

[IporpaMa peryntoBaHHs ryyHomMoBus (3a ny6Jikauielo
{Pountain, May 87)):

VAL max IS 100 :
VAL min IS 0 :
BOOL aktiv :
INT lautstirke wert : ("eyunicmsb, snavenms *)
SEQ -
aktiv := TRUE
lautstirke:= min (*2yunicme ™)
verstirker!lautstiarke ("niacunoray ! ryunicts*)
WHILE aktiv
ALT
(lautstirke<max) & lauter?wert
SEQ
lautstirke = lautstirke + wert
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iF
lautstiarke > max
lautstirke ;= max
verstirker!lautstiarke

(lautstirke>min) & leiser?wert
SEQ
lautstirke ;= lautstirke - wert
IF .
lautstirke < min
lautstiarke ;= min
verstiarkertlautstirke
aus?wert ("sumxHymu?3navenns™)
PAR
verstirker!min
aktiv :=FALSE

1a nporpama-npuknaa BUKOPUCTOBYE HaikBaxWBilU
MOBHI koHCTpyKuUii OCCAM. SEQ i PAR BBOASTbL BiAMOBIAHO
HOCJIIOBHUHA | napanenbHUA  MOPSAOK  BUKOHAHHA
KOHCTPYKLIA, a ALT jgae  3mory BuOpatu norpibHe
MOBIJOMJICHHS 3 THX, L0 HaaxoAaTs. [lpu ubomy Taki -
NOBIAOMJICHHS, SIK lauter?wert (ryuHiue?3HAYEHHS) MOXYTb
HAAUISTHUCD YMOBOIO: TaK, yMOBa (lautstarke<max
(rydHictb<max)) mae OyTW BHMKOHaHa, wWoOO MOBIAOMCHHS
cnpuinsilocs. HasegeHa Buule nporpama Oepe Bijg iHLIMX
MmpoueciB NOBLAOMIJIEHHS, WO MalOTb iMeHa lauter, leiser i aus
(ryyHilue, THXiule, BUMKHYTW), a A% BWU3HAYEHHS CHIM
I'YYHOCTI BUKOPUCTOBYC TICpeaBatli YMCAOBI BEIUMYUHM, SKI B
pPe3y/bLTATI BUICHIIAIOTLCS Npouecy verstirker (MiJICUIIOBAY).

94.ADA

Aemop: Minicmepcmeo ob6oponu CIIIA, 1979.

Mosa nporpamyBanus ADA [Sommerville, Morrison
87) 3'aBMaach SK pe3ynbTaT po3po0OK IS AMEPHUKAHCLKOIO
MiHicTepcTBa 000poHH. MeTa po3pobku — cnpobyBaTH 3BECTH
A0 OAHIET MOBM Ti YMCICHHI MOBHM MNpPOTPaMyBaHHS, IO
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3aCTOCOBYBanucss B CHCTeMi  MiHictepcrBa.  Kinabka
AOCIIHALUBKKX TPy CBITOBOrO piBHA AajiH CBOI po3poOKu B
uerd npoekT, a komicia BubGpana 3 uux po3poboxk Kpawy i
Hassana ADA. 11]o6 BianoBizaTH BMMOraMm YHiBEpCajbHOCTI,
ADA Mana BUKOpHUCTATH EKiJIbka MOBHMX KOHLEMLIH, a ue, y
CBOIO Yepry, BEJO 0 NEBHOTO MNepeBaHTaXEHHS MOBHU.

B ADA a1 oO6MiHYy gaHMMM MDK napaiejlbHUMU
npouecamy (tasks) Bubpana KOHLlCI'lLliﬂ NOBIAOMJIEHD (TYT BOHA
Ha3BaHa “KOHUenuis paHAaeBy”). Haseaimo pani KOpOTKl/lM
Orfisii  HaWBaXAMBIAWMX =~ MOBHMX KOHCprKum AKI
MOSICHIOIOTbLCA MPOrPaMoI0-NPUKIIALAOM.

lapaneneHi MOBHI KOHCTPYKIii:

task - napaneanuﬁ npouec
entry — “BXIJHI MYHKTH” NpOLIECy; AeK/IapyBaHHS iMeH
BXO/iB-MOBI1OM/IEHb, AKI MOXYTb BUKIUKATHUCH
IHLUMMHK NpoLecaMu;
accept — YEKATH Ha BMKJIMK entry iHLLIMM MPOLICCOM.
Bukrk “BXIAHOrO NMyHKTA" 3 mapaMETpamu:
iM's pouecy, Kparnka, iM's entry, MOXJIMBUI
napamerp
[lpuknan: regles.lauter (5)

select — iHCprKuiﬂ BMOOpY, HANPHKJAA AN O4iKyBaHHA
Pi3HUX BXIOHUX MYHKTIB entrys (Croyarky po31uu(prByloTbcu
MOBIJIOMJIEHHS, 110 HAAXOAATD ),

when - OOMEXEHHS MOXJIHBOCTCH
BUKOHAHHI IHCTPYKUII select; TiUIbKM Y BHUMNAAKy, KOJIH
NO/epKYETbCA OYyJliBCbKa YMOBA, MOXE BHMKOHYBATHCH LIEH
HAMNPAM Yy Mnporpami (MOPIBHAEMO 3 KOHCTPYKLUi€to ‘“‘guarded
commands”, aBTopoMm sikoi € Dijkstra, n. 9.2)

Y HacTynHOMYy npuknaal (3MIHEHWHM npuknag i3 n. 9.3)
34CTOCOBYIOTbCS BKa3zaHi MOBHI koHcTpykuil. B ADA 3anaua
(task, mpouec) OXOmIoe AK crneur@ikaliiHy YacTUHY, B SIKIW
ACKNAPYIOTLCS BCl MYHKTH TMOYATKY BHUKOHAHHS MPOUECAYP
(entrys), TaKk i TiNO 3adavi, B AKOMY, MiCTUTLCH BM3HAYECHHSA
JIOKANbHUX 3MIHHUX | MPOUEAYP Ta OMUCYBAHHA AIT Y BHIAA

Bubopy npu
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cipyvkuiid. Tlpouec (task), wo Mae iM's regler (peryasTop),
MlcruTs Yy Oe3kiHeYHOMY UMKII  CeNIEKLII0 SK  30BHILIHIO
Werpykuio. TyT MOXHA pO3PI3HUTH TPHU KJacH NOBIAOMIIEHb
#ntries), LLO MOXYTb HaAXOAWTH, a caMe lauter (rquiLue), leiser
Tixiwe) i aus (BUMKHYTH). KoXHa 3 TpboX mianporpam (pyTHH)
WOKC BHKIMKATACh IHWHMHM OpouecamMu 3a J20MOMOror
I/UI0OBLIHOTO NOBIZAOMNEHHS, MPHUUYOMY MPOLIEC, IO BHKIIMKAE,
IOKVETLCS M1 4aC BHKOHAHHS accept-PYTHHU (MIANPOIrpaMHM).
:ﬁi'l qac OOMIHY JAHHMM BXIHI (in) T4 BUXIAHI (out) AaHi (TyT He
’mu\opnuonvlolbm) MOXYTb MNCPEAABATHCH SK NapaMmeTpu.
Nepwi asi accept- IHCTPYKUIT 3aXHMUIEHI 3a ONOMOrOK when-
ymoBu. TibKKY TOMI. KOJIKM 3MIHHA BEeJIMUMHA lautstirke (TYYHICTD)
NAXOANTBCS Y MOTPIOHMX MeXax, BINOBIAHA accept-IHCTPYKLIs
MOXE TakoX OyTn oOpaHolo U8 AaHOrO MOBIAOMIIEHHS;, BOHA
JKAM MOXe OYyTH BUKOHAHONO A/ KJIACcy MOBIAOMIIEHb aus,
60 1yt Hema ymoBH.

flporpama gna perynwBaHHSA DYyWYHOCTI:

task regler is
entry lauter(wert:in integer);
entry leiser(wert:in integer),
entry aus( );

end,

task body regler is

max: CONSTANT integer := 100;
min: CONSTANT integer := 0;
lautstirke: integer;

begin
loop
select
when lautstarke<max =>
accept lauter(wert: in integer) do
lautstirke := lautstirke + wert;
if lautstirke>max then lautstirke:=max
end if;
verstarker.eigang(lautstirke),
end lauter,
or

when lautstirke>min =>
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accept leiser(wert: in integer) do
lautstirke := lautstirke — wert;
if lautstirke<min then lautstirke:=min
end if;
verstirker.eigang(lautstirke);
end leiser;
or
accept aus() do
verstirker.eingang(min);
end aus;
end select
end loop
end regler;

Hagenena Buule nporpaMa BU3HAyae “OKpeMy 3anauy
(task, mpouec)”, To6TO B napasenbHid nporpami iCHye TibKH
OJMH €AUHUI Npouec 3 iM'AM regler (controlier). BiH aBTOMaTHYHO
3anyckaeTbes nia yac ¢azu iHiuianizauii ADA-nporpamu. Tyt
TAKOX MOXIMWBO 3aJ4BaTH TakK 3BaHI “TUNM 3ajay (tasks,
npoueciB)” 1 [AeknapyBaTH JAeKijlibka 3aJay OAHOTO W TOro
CaMoro TuMy (AMB. HacTynHui npuknaa). Haeite Macueu
(arrays) abo 3anucu (records) MOXYTb [OEKJIAPYBATHCh OJIHWUM
Tunom 3azay. KoxHa 3amaua oaHOro Tuny aBTOMAaTHUYHO

llpuxnan nporpamu:

task type regler is
entry lauter(wert: in integer);
entry leiser(wert: in integer);
entry aus( ),
-end regler;

¢ :regler;
multy: array (1..10) of regler,;

9.5. Sequent-C

Asmop: Sequent Computer Systems Incorporation, 1987.
Jns  pi3HHWX MOB nporpaMyBaHHS  Mapasule/bHOI
obGuucnoBabHOT cucTeMu Sequent Symmetry i cepesl HUX MOBHU
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(' po3pobnena “6ibaioreka napanenbHOro MporpamyBaHHs”
[Scquent 87], ska po3wmupioe ui MOBM 3acoBaMM napaneabHOro
mIMKy 0i6moTexu. Ll 6i6nioTeuHi nignporpamu (pyTHHH)
MOKYTb  BHUKJMKATUChL sIK npoueaypd abo ¢yHkuii 3
IKPAMETPAMM  3BOPOTHOTO 3B'A3KY. 3aBASKWU NapanefbHii
GiOJIIOTELT CTAIOTh MOX/IMBUMHU SIK 30BCIM NPOCTE KEpyBaHHS
npouecaMu (Horo Mox)Ha NOPIBHATHU 3 onepatopamu fork 1 wait
v UNIX, nopiBHsaiiTe 3 n. 4.2), Tak | pyaiMeHTapHa
CHHXPOHI3altis npoueciB. Lli pilueHHs NOromKeHi i3 CHCTEMHOIO
¢IpykTypoto napasensHol EOM Sequent Symmetry (MIMD-
CHCTEMA 3 3B'A3aHMMM  uepe3 LWHU  M[pOoLEecOpaMu, Mae€
¥araZlbHY Nam'aThb. AMB. 0. 6.1).

llapaneneni 6ib6niorevni ¢yHxyii:

cpus_anline () — NOBIAOMJIEHHS MPO KiJIbKICTb HasBHUX
(hI3MYHUX NPOLIECOPIB :

m_set_procs  (YMCI0) — BHU3HAYEHHSA  KUIbKOCTI

NOTpiOHMX MpoLECOpPiB

m_fork (func,argl,...argn) — ny6;0BaHHg npoueaypH i
crapT Ha 0araTtbox npouecopax (3 IAEHTUYHUMH
3HAYEHHSAMU NMapaMeTpiB)

m_get_myid() - NOBIAOMJISIE BJACHUI HOMeED “‘NpoLieca-
LAUTHHH

m_get_numpiocs() — MOBLAOMISE 3arajibHy KinbKiCTb
BCIX “npoueciB-aiTei” (abo “npoueciB-nobpaTumia’)
m_kill_procs() — onepauis raciHHs ‘‘npouccis-aiten”
("ripouecH-aITH” 3YMUHAIOTLCS B CTAHI YEKAHHS |
MaloTb B HbOMY NMPUNUHUTH ICHYBAHHS).

IMnemeHTauis cemadopa:
S_init_lock (sema) -

S_lock (sema) -
S_unlock (sema) —

iHiLlanizauis cemadopa
P-onepallis
V-onepauis.
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Po3rasHbpMo Npukiag nporpamMu, SKUi Nokasye aeski 3
LMX fapaneibHUX BUKIMKIB 610/110TEKH y B34EMO3B'A3KY.

$parMeHT nporpaMm:

m_set_procs(3): [*3amom mpbox nacinynnux npoyecopie™/!
m_fork(parproc,a,b).  /*cmapm napazeavnux npouecis-oimet*!
m_Kill_procs(); I*aikeioayis npoyecie-dimeir nic.1s ix mepminyeanns*
vold parproc(a,b) I* napaaeasua npoyeoypa npoyecis-oimenr ™/

n=m_get_numprocs(); /* omunyeanms I 6U3HANCHHA KITbKOCII 6CIN IPOYCCiE-
oimeu ™/

m=m_get_myld(); 1™ onumyeais 63acHoe0 nHosMepa hpoecy ™!

}

Puc. 9.2 aeMOHCTpY€ BHMKOHAHHS YOTMPbOX MNPOLECIB.
[Ticns crapTy TpbOX npoueciB-AiTeH (3a A0MoMoroio. m_fork)
roJIoBHUI npouec (P;) yekae Ha 3aKiHYEHHSA BCIX NPOUECIB-
aiteid. LI mpouecM  BUKOHYIOTH  IXHI  fpoueaypu 3
Pi3HOMaHITHUMM JaHUMK | 3aBEPLUYIOTHCS B Pi3HI MOMCHTH,
NpUyoMy Ti MPOLECH-AITH, WO 3aKiHUMIMCA paHille, YyeKaroTh
Ha 3aKIHUEHHS BCIX IHWMX “NOOpAaTUMIB™ Y LMK/ busy-wait.

Opoyecn tHeT pyx il
P3
P2 NpouyecH-
P1 "AITH"
PO Foacana
nporpama

Yac

m_fork m_kill_procs

Puic. 9.2, Xia BuKOHaHHA NPOrpamMu-NpUKAaLy

[Tpouecu-aiTH MOXYTb MaTH AOCTYN A0 TJNOBANLHUX JAHMX
WoJ0 3anMcy | YMTaHHA, OJHAYe BOHW CaMi  HECYTh
BIAMOBIAQ/IbHICTb 33 TXHIO CHHXPOHI3ALIO (HaNpHKIaa, 3
aonomorow cemadopis). Ilpouecn-AiTH racaiTbes OAHOUACHO
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(orepaTop m_kill_procs, B MOMEHT 3aBeplueHHs ripoueca P3 Ha
prc.9.2). 1 ronoBHUH npouec NPOAOBXKYE pobOOTYy 3 CBOEK
1POrpamoro.

Ko B anapaTHiii YaCTUHI CUCTEMH OpaKy€ NOCTAaTHLOI
KEILKOCTI fIpolleccopiB abo onepalliiiHa cucreMa BuaIte X
MEHWE, HDK NoTpIOHO. TO po3napalientoBaHa 3ajlaya MYCHTb
BHPILIYBATHUCH ITEPATUBHO.

o6 YHMKHYTH BUTpAT pECYpCIiB Ha CTapTyBaHHA i
ICPMIHYBAlHS MPOUECIB, UMKAM MalTb OYTH pO3TallOBaHI
BCEPEIMHI Npoleayp OO0poOKH [AaHUX (MPOUECIiB-AITEH), L0
CrapTyloTh NapanenbHo.

lIpuxnan nporpamu nnsa irepanii BcepeguHi
npoueciB-giren:

(N NTpOXOJIB LIMKJITY)

void parproc(a,b)

float a, b;

{int zaehl,id,pe;
pe=m_get_numprocs(); I* kinbkicme ecix npoyecis-oimeit */
id=m_get_myld(), 1* enacnuit Homep npoyecy *|
for (zaehl=id; zaehl<=N; zaehl+=pe)

{ I* 6esnocepedni obuucrenns */ }

1* npoyec-ournuna */

[TpunyctiMo, wo Tpe6a BMKOHATH N=20 TMPOXOIB
IIMKJlY, ajleé B HAasiBHOCTI AMue p=6 npoiecopiB. Y LbOMY
BUMAAKY MPOLECOPH AICTAIOTh iAeHTHdIKaLiHHI HOMEpPH (id) B
1 R0 6. Ilporpama-npuknaa BHKOHYETbCS TOAI B TaKomy
MOPsIKY: -

IMpouecop | BukoHye wumkniudi itepauii 1, 7, 13, 19

INpouecop 2 BMKOHYe uukiiuni itepauii 2, 8, 14, 20

[Mpouecop 3 BUKOoHYe uMKkiuHi iTepauii 3, 9, 15

[Tpouecop 4 Bukonye umkitiuni itepauii 4, 10, 16

Ipouecop 5 Bukonye uukiyni itepawii 5, 11, 17

[Tpouecop 6 BuKoHye umkuui itepanii 6, 12, 18

145



KoxHuii npouecop BWKOHVE MOCAIAOBHO OJHY 3il
0HOI BHALIIEH! oMY iTepaull unkity. Ipouecopn |1 2 Matoti
BHKOHVBATH OLIbINY KIBKICTb ITEPALI. HI’K 1HLII MTPOLIECOPH,
TOMY O yuciao N=20 He AisIMThes 0e3 octaul Ha uucio p=6. Llcii
“BUHATOK™ . OAHaue, He noTpebye creuianbHOi 0OpOOKH B
HaBejlenii  Buile nporpami. KoxHUEA  npouecop BUKOHYC
ITepaLlii 3a YMOBOIO zaehi<N, sika B npouecopax |, 2 flae Ha ojiHy
iITepauito ounbwe. lle o3Hauvae. w0 3a yMOBOW NPHOIM3HO
OAHAKOBOI LIBMAKOCTI oOOuMcaeHb npouecopn  3=6  Bxe
3aKiHuMIM  poboTy, a npouecopu -2  NPOAOBKYIOThL
napanellbHO BUKOHYBATH /Ba OCTAHHIX npoxoau uukiy (NeNe
19, 20).

9.6. Linda

Aemopu: Nicholas Carriero, David Gelernter, 1986.

KoHuenuii  napanenbHoro NpOrpamMyBaHHS  MOXYTb
OyTWM  MOBHICTIO  HE3a&JE€KHMMM  Bil  HasBHOI  MOBH
nporpamyBaHHs. B Linda [Ahuja, Carriero, Gelernter 86],
[Carriero, Gelernter 89] He cTiabkW HAeTbCs APO  MOBY
MporpaMyBaHHA, K MpPO [A€AKY KOMMAKTHY MHOXHHY
MOBHOHE3AeKHUX fapaneiabHux kouuenuii ans MIMD-
cucTeM. BoHU MOXYTb OyTH peanizoBaHi Ha pisHux moBax — C,
®oprpan, Moayna-2 Ta iH. MOXIJIMBICTb  3aCTOCYBaHHS
napajicibHUX TNPUHLMIIB  J0BEIEHA HE TUIbKWM  CTOCOBHO
cuctemn  Linda, a # s iHWMX MOB  NapaieibHOrO
nporpamyBaHHs. ‘

KoHuenuis  po3napanentoBaHHs  cucTtemu  Linda
CKJIAA4€TbCA i3 3arajbHOl  AMHaMIi4HOl objacti  AdHMX
(datapool), ska HazuaeTbcs Tuple Space (kKopTex MHOXKHUH
JAaHHX) 1 10 SKOI MOXYTb OJHOYACHO MATH JOCTYM BCI MpOLECH
(aKTHBHI KOpTexi), WoO ynuTaTH abO 3anUCyBaTH AaHi (NaCHBHI
koptexi). Koprexi (lupel) MOKYTb MICTUTH B cobi Oarato
efeMeHTIB aanux Oyab-akoro Tuny. Linda mMae wicth ocHOBHUX
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Ecpuuiﬁ, wo 3abe3neyyoTh AocTyn fo obnacTi aanux Tuple
iee.

.Qpa.ne.nsni onepanii:

OUT - 3anucu OaHUX B KOPTEXK MHOXHHWH JaHHX.

Venepauis nacusnozo kopmexcy.
RD - YMTaHHA JAHUX 3 KOPTEXY (He BMUAANSAIOUM iX).
PH LUbOMY YAaCTMHU KOPTEXY MOXYTb OYyTH 3alHSATI paHiiue
HB. puc.9.2), y LIbOMY BUMAAKY MOBa MOX€ HWTH JMLIE Npo
Minosiani  kopTexi (matchende Tupel). Yumanna nacusrozo
iu;uneok’y. '
RDR - npeaikaT 41dTaHHa (OyjiBCcbka TECTOBA onepauisn
A paHux B koptexi). IlepeBipka 6e€3 YMTaHHSA, YU € TaM
BLUUIOBIAHMI KOPTEX NAHMX.

IN — UUTAHHS Ta BUJYUYEHHS €1EMEHTA AAHUX 13 KOPTEXKY.
Biosinae onepauii RD i3 3aKNOYMMM  TACIHHAM  JAHHX
Koprexa. Bunyuenns nacueno2o Kopmeoy.

INP — npefikaT uYWTaHHA. AHajoriyHuit RDR 6e3
WITAHHS €IEMEHTA JaHKX, ae 13 3aKJOUYHUM TaCiHHAM.

EVAL - cTapT HOBOro npouecy. [enepyeanisn akmugiozo
Ropneory.

TepminyBaHHs poboTH npordeHm CUCTEMMU:

SIKI10 HEMA XOJHOTO aKTUBHOI'O KOPTEXY B IMHAMIUHIH
o6nacti abo AKIWO BCi aKTHMBHI KOPTEXi 6710KOBaHI B onepatisnx
MHTAHHA, TO CHMCTeMa TepMiHyeTbcs. B ubomy Bunaaky
JMMOBJICHUX JAHUX HeMa, Ul JaHl TakoX He MOXYTb
feHepyBaTHMCh IHWKMMM npouecaMd. OTxe, TYT CHTyauis
6;10kyBaHHS BUCTYMAE K YMOBA TEPMiHYBaHHSI.

Sk BMAHO 13 pO3IJISHYTOrO, Ha BHUKOHAHHA MOXe
mnyckatrcs OyAb-fiKa KUIBKICTb MPOLECIB, AKI OOMIHIOIOTbCA
AUHMMM  depe3 OJMH ueHTpanbHui Pool (nysa, AnHaMiuHO
posnoginioBana  o6acTb).  IXHi.  mapanenbHi  AOCTYnM
CHHXPOHI3YIOTbCA Ba3MUCHOO onepauiiHoto cuctemoro. O6paHa
1yt MIMD-Moaens KOMyHikauiA 3yMOBIIOE, OAdHaue, AEAKi
oOmexenHs, yepes ki imnuemeHTauis MoBu Linda Ha MIMD-
¢MereMi 6e3 3aranbHOT Mam'sTi MOXKIIMBA JIMILUE 13 CYTTEBUMMU
AOJIATKOBHMH BMTpAaTaMK peCypciB Ha oOMiH iHpopMallieto, a
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Lue 3MeHWYE 3arajbHy e(EeKTUBHICTH napafenbHoro

po3B’s13aHHsA 3a1au. Ha puc. 9.3 nokazaHo B3a€MOi0 onepauii
B TupelSpace

OUT(**Turm”, 10)

L .» IN("Springer”, ?x)

T Uy X 0ZepXYC BeAHUHKY 5

EVAL(“Laufer”, 0.8*sqrt(1 2 1))

HoBul mpoyec, AXHA MidHiWe
sanucyc xagi: OUT("Laufer”, 8.8)

Puc. 9.3. KoHuenuis napanensHocti Mosu Linda

Jdust imocrpauil QyHKuioHanbHUXx 0coBaUMBOCTEN L€l
MOBM HABEAIMO NpOrpaMmy BM3HAuYEHHs NpocTux uucen B C-
Linda [Carriero, Gelernter 89]:

Imain( )
{inti,ok;
for (i=2; i<Limit; ++i) {
EVAL("prim”, i, is_prime(i));

}
for (i=2; i<=Limit; ++i) {
RD("prim”, i, ?0k);
if(ok) printf(“%d\n”", i);
}

Linda-nporpama ctapTye 3 onepatopa Imain i BU3Hauae
MpocTi 4ucaa Big 2 po Limit. CrnoyaTky 3anyckaeTbes st
KOXHOIo 4uca napanenabHui npouec (onepauis EVAL), skui 3a
A0MoMOoror GpyHkuUIT is_prime (T TYT A€TaNbHO HE PO3IAAAAEMO)
aHa/li3ye BIACTUBOCTI NpocTHX uucen. HanpukiHui onepauiero
RD nOCIA0BHO 34MTYIOTbCS pe3yabTaT i3 Tuple Space. SAkuio
SIKWIACH 13 PE3ybTATIB LLE HE TOTOBHUM, TO Onepauis 34UTyBaHHs
YEKA€ HA HbLOrO, MOKMU BIAMOBIAHMI KopTeX (Tupel) He Oyae
00po0aeHHit NIANOPAAKOBAHWM HOMY npoliecoM. Yci kopTexi,
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Mpo ski TYT ROETbCA, MalOTh NEPLIMKA ENeMEHT [JaHUX -
NOCHIAOBHICTL 3HAKIB prim, Apyruil €IeMEHT — UIJIE YMCIO,
perid - - pesynabTat 0 abo 1. Ha puc9.4 ﬂpOIHlOCTpOBaHO
WICTUHY KOPTEXY JaHKX (Datentupel) 13 nporpamu.

Tuple Space

Puc.9.4. ITobGynosa gaHux B nporpami NpocTHUX yuce

IlepeBarn Ta Hemgoaixy napansensHoi MOBHOL
xoHLenpii Linda

+ BHCOKMI1 piBEHb ONMUCYBAaHHS NpoGaeMHU.

Koxhuit npouec npaiioe He3anexHoO Bl IHWOTO |
CHHXPOHI3YETbCA 3 HUM CaMOCTIHHO, OOMIHIOIOUMCH AAaHUMHU
ucpe3 Tuple Space. Cunxponizauis BIAOYBAETLCA  LIJIKOM
HEMOMITHO 11 KOPHUCTYBaya.

+ AnapaTHa He3anexHicTb Linda nepenbauae MIMD-
CMCTEMY i3 3arajibHOK MNaM'ATTIO, TOMY HE ICHYE XOJHOrO
oOMexeHHs Ha iMniieMeHTauito MoBu Linda B cuctemax uporo
kjacy.

+ MoBHa He3aleXHICTb

Linda ue 3anexurs  Big  Oyob-fKOi  MOBHM
nporpamyBaHHs. IMNIeMEHTOBaHI Ha CbOroJHI Bepcii GepyThb
10 yBarvd oOMeKeHHA NpolUeaypHHUX MOB NMPOrPaMYyBaHHS.

— Linda-Moaen, MEHWOW MIpow npuaaTHa [Aas
MIMD-cucrem 0e3 3aransbHol nam'sti. B umx pO3ﬂOLllJICHMX
CUCTEMAX BMHMKAE BIAHOCHO BMCOKMI | 3anexKHUA Big
BUpilLlyBaHUX npobneM piBEHb BUTPAaT HA  KEPYBAHHH
npolecamu, sike 3AIHCHIOETbCS Hepe3 OOUKCIIIOBANIbHY MEPEXY
34 PAXYHOK BIANOBIAHMX PO3IUHPEHL B 3MIHHIA  YacTHHi
koprexis (Tuple-Updates).

~ 3po3ymislictb MoBHOT KOHLenl. He3Baxatoun Ha Te
10 PYHKIIT OKPEMHX MOBIHX KOHCTPYKIUH JICTKO 3PO3YMITH,

149



nobyaoBa noBHOkoMmiaekcHoi Linda-nporpamu nanexo He
npocra. QcobaMBO Ue CTOCYETbCA YAcCOBUX B3aeMOAIN
NPOLECIB, WO HESIBHO BMHMKAIOTHL 1 1X YacCTO JyXe€ BaXKO
AIPOCTEXHTH NiJ 4aC HANUCAHHA MPOrpaM.

9.7. Modula-P.

Asmop: Tomac bpoinas, 1986.

Mosa Modula-P — ue po3uwmpenns mosu Modula-2, wo
3a0e3neuye aCMHXPOHHY ‘napanenbHicTe [Braunl, Hinkel, von
Puttkamer 86] i Bxe 3acrocoByBanacsi HaMu B MONEpeaHIX
- po3ainax. s aemoncrpauii npuknanis nporpam B Modula-P
3acTocoBaHl geaki kKoHueniii 13 Concurrent-Pascal (n. 9.1). Lis
MOBA  OMMCYE TAKOX PI3HOMAHITHI PiBHI  cunxposizauil
MpoUECiB 3a A0NOMOrol0 MoAyfiB pisHs. Komnuistop M
Modula-P HapaHuit B poO3MOpPSKCHHS KOPHCTYBauilB  AK
6e3xkolTOBHE nporpamue 3abesneueHus [Braunl, Norz 92).

B Modula-P € moayni Tpbox Buais:

® Mo,1y/b-IpoLecop.

Y UEHTPALHOMY (IOJIOBHOMY) MOAYJI 3UACHIOETHCH,
aK1o Tpedd, CHHXPOHI3aUis Mix npouecopamu ado EOM uepcey
MOBIIOMJIEHHS (32 JONOMOro0  onepauii  AUCTAHUIAHOI0
BHMKJIHKY Remote-Procedure-Call). B 1lbOMYy MO/yfl NOYMHAETHCA
iHillam3aLlis BCIET CUCTEMU NPOLIECIB.

e Moaynb Bucokoro pieHs (Highlevel-Modul).

3  uboro BHMCOKOrO  PIBHA  MPOLECH  MOXYTh
AEKNAPYBATHCH i 32MyCKATHCh HA BUKOHAHHS. ICHyiOTb TaKoX
MOBHI KOHCTPYKUii Anf peakuii Ha no3awiTaTHi cuUTyauii 3
NyHKTaMW nepe3anycky npoueciB. CHHXpoHi3auLis  MiX
MPOLECaMU OAHUX | THX CAMHUX OOUMCTIOBANBHUX By3ni|
BUKOHYETLCS uepes MOHHOpM Td yMOBH. [noGanbHi gaHi He
ICHYIOTb!
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e Moaynb Hunboro piBHa (Lowlevel-Modul).

Lleii moaynb € HaWHWXKYMM  pIBHEM  BHKOHAHHSA
nporpamu. BiH 3acTocoByeTbCs JiMlE AAf 3aNpOrpaMOBAHUX
WLlaY  pealbHOro 4yacy abo  MAaWMHHOIO  KepyBaHHA
anpukiaa. poOOTOM) 3 BMKOPUCTaHHAM NeBHOI obnacTi
nam'sti. TlepepuBaHHs nporpaM  MOXYTb [J€KAapyBaTHCh |
BHUKOHVBATHCH NiAnporpamMamu cepaicy nepep1BaHb.
CuilxpoHi3zauis mnpouecis OAHOro W TOro C€aMoro By3iia
BHKOHYETBCA 3a A0NOMOro10 ceMadopis.

Pea:izoBaHa TyT TpUCTyrieHeBa i€papxis napalienbHol
IporpaMu B 3arajbHMX pucax BIAMOBIAAE  PO3NOALLY
KOHUENLIA  CHHXPpOHM3aUil Ta OOMINY JaHWMM 33 iXHiMH
piBtsaMu abCTpakuii (NoBIAOMIEHHS, MOHITOPH | ceMadopH).

llapanenpHi MOBHI KOHCTPYKTHEYN

[epepuBaHHA NporpaM MOXYTb ACKAapyBaTHCA Ha
NOYaTKY MOJYJIS HHXHBLOIO PIBHA SK KOHCTAaHTH. SkWo B
NPOLIECH BUKOHAHHSA NPOI'PAMM 3'IBUTLCH CUTHAN NEPEPUBAHHS,
10 npouecc Oyae 3ynuHeHo i OynyTh BMKAMKaHI BiIMOBIAHI
CCPBICHI NiANporpamu Event:

INTERRUPT Ctrl_C = 2;

EVENT Ctrl_C;

BEGIN

WriteString(“Control-C 833mo Ha @uxoHarHs “);
END Ctrl_C

Hns  mikponpouecopHux cucteM B Modula-P icHye
KOHCTPYKTHMB /1Sl KOHTPONbOBAHOI BIAMIHM BCIX MepepUBaHb i
CMPUYMHEHMX HUMM 3MIH MNpoieciB Ha nepiox Aii Aeskoi
MOCAIAOBHOCTI KOMaHA 1 TOHOBJEHHS iX HanpUKiHUi LUiel
nocaifoBHocTi. llefi KOHCTpPYKTHMB aHanoriyHuM 6J0KOBI
BEGIN..END. B UNIX-cucremax i 6aratonpouecopHux EOM
BKUBAHHS LIbOTO KOHCprKTMBy HemoxnuBe. KOHCTpYKTUB Mae
BULIISL :

151



DISABLE
oo (* KpumuHi inempyryii' *)
ENABLE

CuHXpOHI3awis 4Yepe3 3arajibHi  cemadopu - 1€
KOHCTPYKTHUB, KU MOXe OYTH BCTABJICHMI BCepearMHl MOy i
AU3bKOro piBHA. Cemadopu ACKIAPYIOTHLCA K 3MIHHI THUNY
SEMAPHORE. Npy UbOMY B MPAMOKVTHHUX JVXKKAX 3aJa€TbCA
yucao Hiamsanli. Ha cemadopax Bu3nauyeHi onepauii P 1 V
(aAMB. npukaaaun nporpam B r1.10):

VAR schutz: SEMAPHORE[1]; (* VAR suxucm *)

P(schutz);
*Rpumuy sl inempyryil, HAONPUKIAO, 0ocmyN 00 2106a3bHUX OaHUX™)
V(schutz)

Y MOoaynasx BbICOKOIO PIBHS MapaiesbHi  MNpouecH
MOAVTb €KAapYBATUCHL | 3aNyCKATUCh HA BUKOHAHHA B ABHIH
dbopmi (nogidHo a0 npoueayp):

PROCESS abc(i: INTEGER);
BEGIN

oo (¥ incmpyryii npoyecy *)
END PROCESS abc;

START(abc(1)); (* osoxpammuuir cmapm npoyecy “abec’™)
START(abc(7)); (* 3 pisnusu cmapmosumu qucaamu *)

CHHXpOHI3ALLSL NPOLCCIB Y MOAYASIX BHCOKOIO PIBHA
BUKOHYETHCS 3a JIOTIOMOIOKO MOHITOPIB 3 YMOBHHUMH Uepramu
OYIKYBaHHA. MOHITOpH  BU3HAuAOTLCA K ONok, 1@
TpaHchopMye onepauil Haa JanuMM | Ofepatil  J1IocTyny,
OcTaHHi BIANOBIAAIOTL CHEUIANbIHM NPOUELAYPAM 1 MAIOTh
Ha3By ENTRY. BOHM CTBOpIOIOTb TiIbKM OAHY MOXIIMBICTH
JOCTYNy [0 NOKalbHAX JAHWX BIAMOBIJAHOIO MOHITODA,
Onepauii ENTRY 3000yBatOThb Mia Yac BUKIJIMKY 13 JI€RKOrQ
NpoLecy iM's MOHITOpPA 3 BOMA Kpankamu K npedikcom, uof
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NOKa3aTH, WO BUKJIUKK MOHITOPIB B3aEMHO BUKJIOHaOThCA. B
O 4ac. KOJIM OAMH NPOLEC 3a BUKIMKOM orepauil ENTRY
iiMae MOHITOp, yci iHWI npouecH, ki 6 XOTUIM BUKIUKATH
10 caMui  MOHITOp, MawTb uekaTh. HIo6 yHHUKHYTH
WIACMHOTO OJIOKYBaHHS, MOHITOP-ENTRY HE MOXe BUKIMKATH

minil ENTRY. [puknas nporpamu:

MONITOR sync;
VAR a: . ARRAY|[1..10] OF INTEGER;(* ¢ari monimopa *)
i INTEGER;

ENTRY lesen(i: INTEGER; VAR wert: INTEGER); (*vwmaniu™®)

BEGIN
wert:=ali];
END lesen;

ENTRY schreiben (i,wert: INTEGER); (* 3anucysamu *)
BEGIN

afil:=wert;
END schreiben;

BEGIN (* iniylanizayis monimopa *)
FOR j:=1 TO 10 DO alj}:=0 END
END MONITOR sync;

Buknuk onepattii MoHiTOp-ENTRY i3 A€IKOro NpoLECy:

sinc: lesen(10,w); (*vumamu™)

JloriuHi yMOBM MOXYTb AEKAAPYBAaTUCh AK 3MIHHI TURY
CONDITION B Mexax MOHITOpa. 3a UMMM  YMOBaMH
BU3HAYAIOTLCA onepauti WAIT, SIGNAL Ta STATUS (KifbkicTb
NpoLEeciB, 1o nepedyBaloTb B CTaHi OYiKyBaHHs). Y 3B'A3Ky 3
TAM WO MpK IMIIeMeHTauii SIGNAL-onepauii BiAMOBIAHO BCl
NPOLIECH, WO OUIKYIOTb, AEONOKYIOTbCS, onepaiist WAIT mae
TABXKAN OYTH B- LMK WHILE, 1100 YHUKHYTH B3a€MOOJIOKYBaHb:

VAR voll: CONDITION,;

WHILE inhalt=0 DO WAIT(voll);
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SIGNAL(voll);

A5 KOXKHOrO MpOUECY MOXeE EKJIapyBaTHCA nporpaMa
peakuii Ha BuHATKOBY cutyauito (ITPBC), ska 3aMiHioc
crandapray TIPBC (exception-handler) npu nossi AeaKol
NOMHWIKHK (HANpUKAad, AiJICHHS Ha HyJb). B mexax MPBC Moxe
AHATI3YBATHUCS MOMHIIKA 3a J0MOMOIOI0 YMCIOBOIO 3HAUYEHHS
EXEPTNO 1 34CTOCOBYBATMCS  BIAMOBIAHA  NPOTUAIA.
3ATPHMAHUR MIPOUEC MOKE MPOAOBXKYBATHCH 3a AOMNOMOTOI0
onepauidi RESUME 400 3aHOBO 3amyCTMTUCh Onepauieio
RESTART. [lpoueaypoto RAISE (<momep noMmMuaku>) TaKOK
MOKYTb CHCPYBATHCS LI CUTYaUil B ABHIA Gopmi:

PROCESS abc(z | INTEGER);,
VAR iINTEGER;

EXCEPTION
IF EXEPTNOQ =8 THEN (*Floating Point Exception™)
i:=0;
RESUME;
END,;
END EXCEPTION;

BEGIN
oo (¥ IHempyRYiT npoyecy *)
END PROCESS abc;

OOMIH iHdopMauliel0 MK JBOMa Mpolecamu, sk
JIOKANI30BAHI B Pi3HMX OOUMCHIOBAJILHUX BY3JIaX 1 HC MAlOTh
3arajibHOT NaM'aTi A1 CIUIKYBAHHA, 3a/UACHIOCTLCS 32 PaXyHOK

oO6MiIHYy noBizomaecHHsmu B ¢opMi  Remote-Procedure-Call.
MOBHMM  KOHCTPYKTMBOM [l LbOro  OOMIHY €
COMMUNICATION.  3B'a3kd  MDKX npouecamu  OyayioTbes

npoueaypoio INITCOM B iHiUlani3ylouiil yacTHHI NpoLecop-
MOAYJNS 1 MOXYTb BMKIMKATUCA [JESKMM MpOUECOM 34
JA0NOMOTO0 KOHCTPYKTHBA CALL Tak caMo, 5K i npoLeaypa:

COMMUNICATION pythagoras (x,y: REAL; VAR ergebnis: REAL);
VAR r: REAL; )
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BEGIN
r=x"x +y'y,
ergebnis := SQRT(r);
END COMMUNICATION pythagoras;

Inganizauis MOBHOTO KOHCTPYKTHBA COMMUNICATION:
CONST vince = Computer(“sparc”, “vincent”); (* K1ac ma ixm's EOM *)
INITCOM(pythagoras, vince):

Bukiimk koncrpvkimsa COMMUNICATION:

CALL vince: pythagoras (a,b,c);

[MpouecaMu Ta KOMYHiKaIlifiHO-CEPBEPHUMU NPOLIECAMY
MOXYTb 3anyCKaTHUCS Ha BMKOHAHHSA NEKUIbKA IAEHTMUHNX
konii. JIns uboro Tpeba 3aaaTu KibKICTb KOMiA NPOUECIB sIK
AOMOMIKHHMIA  napamerp. KepyBanus 3anuraMu na  cepsep-
IPOLECH, IO MOXYTb BUKOPUCTOBYBaTHES DaraTopa3oso, Oepe
Ha cebe 6a3oBa onepallifiHa cuctema.

10. BEJMKOBJOKOBI ITAPAJIEJIbHI
AJITOPUTMHU

Y pasi 3acrocyBaHHs MIMD-cucteM (Ha BIAMIHY Bill
SIMD-cucrem) BUTpaTH Ha OOMiH JaHMMM MiX MpOLIECAMM
Habarato Oinbuli, HiX Ha apudMEeTHKO-JIOriuHl onepauii. Y
IB'I3KY 3 UMM JIOUiNILHO, MalouM Ha yBa3l pallioHaNbHe
BUKOPUCTAHHSA PECYPCIB, BUKOHYBATH JIOKANLHO B MpOIECdX
AKOMOTa OUILIIC OOUUCIIOBANILITUX onepalliii Mik Oy/in-4KUMu
BOMa HeoOX UM @epattismu oOminy jannmu. Ha ociosi
TAKOI'O  1IJIXOLY  BHHMKAIOTHL  TAaK  3Bani  BCAUKOOJIOUH]
{("Kpynio3cpHucTi™) napaneibHi airopuTMH Ha NPOTHUBATY
APIOHODIIOKOBUM (*“npibHO3EPHUCTUM ) napasejibHuM
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anroputmam  y  SIMD-cuctem. Tlpouecopu, Ha  gKMX
nodvaosaHo  MIMD-cucremn,  3aebiabworo  Habarato
MEepeBepIVIOTh 32 O0UUCIIOBANILHOIO MOTYXHICTIO MPOLECOPH
SIMD-chcTemM, a TOMY BOHM MOTpeOYIOTb 3HAYyHO Oinblue
iHrerpajabHux cxem. Lle npussoauts go Ttoro, mo MIMD-
CUCTEMM MaloTh Habarato MeHwe mnpouecopiB, Hibx SIMD-
cucremu. Anroputmu mias MIMD-EOM pozpobastoTbea 3
OISy HA HEBEJIMKY KIIbKICTH BUCOKOMOTYKHHX MPOLIECOPIB. B
TOM 4ac K B OcHOBI airoputmis ans SIMD-EOM nexuts
BEJIMKA  KIJIbKICTb MPOCTUX  MAMOMOTYXKHUX MPOLECOPHMX
€ICMEHTIB (MACHBHA NMAPANEJbHICTD).

AONOBHIMO pO3MIISIHYTI B MOMCPCIHIX I1aBaX MOHATTA
npolecy, NpUHUKMNKM NOOYJOBM MEXaHI3MIB CHHXPOHI3aUll Ha
Oa3i cemadopiB Ta MOHITOPIB pPSAOM NOBHO3MICTOBHHX
fporpaM, HanNMCaHWX Ha MOBI NapasiesIbHOrO MPOrpamMyBaHHS
Modula-P ¢auB. n.9.7).

10.1. Oomexysaabuuii 6ydep 3 cemadopamu

INMokazana TYT IMIJIEMEHTALLA npobJeMu
obmexyBanbHoro  Oydepa 13 n.7.3  3acrocoBye  Ad
CUHXpOHi3auil  npouecis ~ cemapopu. Tlpouec  Erzeuger
(BUPOBHMK, reHepaTop) NOCTIHHO reHepye HoBi aaxi (Bia 0 10 9
B Oe3KiHeyHOMY uMKII), a npouec Verbraucher (kopucrypau)
MOCTIAHO 3YMTYE L JaHl Ta 00YMCTIoE CyMy BCiX UM)p, WO
JUUTAH] HA JICIKHIT MOMEHT,

[Iporpama crjajlaeTbCsi 3 ABOX MOAYJIB. [0JIOBHHM
MojayjieM ¢ PROCESSOR MODULE, B siKOMY BH3HAUAIOTLCA |
3AMYyCKAIOTLCS  HA  BHKOHAHHS 00MABa npouecH. Moayinb
LOWLEVEL MODULE  Mictuth  cemadopu  siIKk  3acoOu
CHHXPOHI3aUl: :

1 PROCESSOR MODULE bounded_buffer;
2 IMPLEMENTATION
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3 IMPORT io,synch;

4

5 PROCESS Erzeuger:
6 VAR it INTEGER;

7 BEGIN

8 i:=0:

9 LOOP

10 i:=(i+1) MOD 10;

11 erzeuge(i);

12 END

13 END PROCESS Erzeuger,
14

15 PROCESS Verbraucher,
16 VAR i,quer: INTEGER;

17 BEGIN

18 quer:=0;

19 LOOP

20 verbrauche(i);

21 quer:=(quer+i) MOD 10; (*suxopucinanis oanux™)
22 END

23 END PROCESS Verbraucher;

24

25 BEGIN

26 WriteString(“Init Processor Module”);WriteLn;

27 START(Erzeuger);

28 START(Verbraucher);

29 END PROCESSOR MODULE bounded_buffer.

1 LOWLEVEL MODULE synch;
2 EXPORT
3 PROCEDURE erzeuge (i: INTEGER); (*npoyedypa zenepysarns *)

4 PROCEDURE verbrauche(var i:INTEGERY); (*npoy. suxopucmanns™)
5

6 IMPLEMENTATION

7 IMPORT io;

8

9 CONST n:=5;

10 VAR buf  : ARRAY [1..n] OF INTEGER;
1" pos.z : INTEGER;

12 Kritisch: SEMAPHORE([1];
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13 Frei = SEMAPHORE(n];

14 Belegt : SEMAPHORE(0];

15

16 PROCEDURE erzeuge(i: INTEGER);
17 BEGIN

18 P(Frei);

19 P(Kntisch);

20 IF pos>=n THEN WriteString("nosucika 6 cenepamopi’),
21 WritelLn; HALT:

22 END:;

23 poOS:=pos+1;

24 buf{pos]:=i;

25 (" *) WriteString(“schreiben Pos:"):Writelnt(pos,5),
26 {* "y Writelnt(i,5);WriteLn;

27 V(Kritisch).

28 V(Belegt):

29 END erzeuge,

30

31 PROCEDURE verbrauche(VAR i: INTEGER);

32 BEGIN

33 P(Belegt);

34 P(Kritisch);

35 IF pos<=0 THEN WriteString(“nosuwixa sukopucmanna”;
36 WriteLn; HALT,;

37 END,

38 i:=buf[pos],

39 (* *) WriteString(“utananue Pos:");Writelnt(pos,5);
40 (* ") Writelnt(i,5);WriteLn;

41 pos.=pos-1;

42 V(Kritisch);

43 V(Frel),

44 END verbrauche;

45

46 BEGIN

47 WriteString(“Init Synch™);WriteLn;

48 pos:=0,

49 FOR z:=1 TO n DO buf[z}:=0 END,;

50 END LOWLEVEL MODULE synch.

[1puKiag BUKOHAHHS NporpaMy ceMa@opiB_ (peanizatlis
B MIMD-cuctemi Sequent Symmetry):
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Imit Svnch
Inmit Processor Moduly]
schreiben Pos:
schreiben Pos:
lesen Pos:
schreiben Pos:
lesen Pos:
schreiben Pos:
lesen Pos:
schreiben Pos:
lesen Pos:
schreiben Pos:
lesen PPos:
schreiben Pos:
lesen Pos:

U WA N de e W 101D —

QIO IV IV QI VIV 1L W 9 1 -~
=)

jeal

B ocroBHOMY onepailii 3anucy i YUTaHHS BUKOHYIOTLCA
HABMOEPCMILIHO, TOMY 110 Ha IEHCPALll0 Ta BHUKOPUCTAHHSA
AdHUX cHerema noTpedye npubian3Ho oHaKoBKH yac. OaHaue,
AK MOKA3YIOTL Nepliua i Apyra BUKOHYBaHI onepauii B LbOMY
NPUKNAAL  (FIOMIYEHO  CTPINKOI), BOHM  HE  TOBHHHI
WIAEMO3MIMIOBATUCS (B cepil BHMKOHYIOTbCS Bl ornepallii
WKCY, write), MapaselbHICTh OOMEKYETLCS TINLKH BEIMYMHOKO

bydepa.

10.2. O0mexysaabuuii 6ydep 3 MOHiTOpOM

Po3rasinbMo  BUpILWIEHHS NpodjieMy 0OMEeXyBajlbHOTO
Oydepa (Bounded-Buffer-Problem) 3a RK0NOMOroi0 MOHITOpa
(3amictb cemadopa). Sk i B nonepeHbOMY NpUKIaAl, NpoLEC

-Erzeuger reHepye MOCTIMHO HOBI JaHl, B TOM 4ac sK NpoLec

Verbrauchher 111 JiaHi NOCTIAHO BUKOPHCTOBYE i 00UHCIIOE CYyMY
uMTaHux  umcen. [lporpama, WO  HABOJAHTLCS  HUKYE,

‘CKIanacTbes 3 ABOX MOAYIIB. [ONOBHUM, SIK | paHilue, € MOYb
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PROCESSOR MODULE, B SKOMY BHM3HA4arOTbCA | 3arMycKaroThCs
Hd BWKOHAHHS npouecH. [Apyruit Moaynb BHCOKOrO PIBHA
(Highlevel Module) mMicTuTb y cobi 34cO0M CHHXPOHI3ALIT 34
[IONIOMOFOI0 MOHITOpAa 3 [ABOMAa BXxoAaMu (Entries) 1 JBOMa
yMOBaMu (Conditions):

1 PROCESSOR MODULE highlevel_buffer:
2 IMPLEMENTATION

3 IMPORT io,msynch;

4

5 PROCESS Erzeuger,;

6 VAR i: INTEGER:

7 BEGIN

8 i-=0;

9 LOOP

10 i:=(i+1) MOD 1000; (* cenepysanms danux *)
11 Buffer:schreiben(i); ;

12 END

13 END PROCESS Erzeuger;

14

15 PROCESS Verbraucher;
16 VAR i,quer: INTEGER,;

17 BEGIN

18 quer:=0;

19 LOOP

20 Buffer:lesen(i);

21 quer:=(quer+i) MOD 10; (* sukopucmanns oanux ™)
22 END

23 END PROCESS Verbraucher;

24

25 BEGIN

26 WriteString(“Init Processor Module™),WriteLn;

27 START(Erzeuger);
28 START(Verbraucher);
29 END PROCESSOR MODULE highlevel_buffer.

1 MODULE monitor_buffer;

2

3 EXPORT MONITOR Puffer;

4 ENTRY schreiben(a: INTEGERY);
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E ENTRY lesen (VAR a: INTEGER);

T IMPLEMENTATION
# IMPORT io;
)
10 MONITOR Puffer;
;Y1 CONST max = 5;
12
;13 VAR Stapel: ARRAY [1..max] OF INTEGER,;
14 Zeiger: INTEGER,
g Frei, Belegt: CONDITION;
]
g7 ENTRY schreiben(a: INTEGER);
48 BEGIN
19 WHILE Zeiger=max (*6ygep nosnuii*y DO WAIT (Frei)
X0 inc(Zeiger);
Stapel[Zeiger] :=a;
IF Zeiger=1 THEN SIGNAL(Belegt) END;
(" ) WriteString(“zanuc”); Writelnt(Zeiger,3);
{* *) Writelnt(a,3); Writeln;
END schreiben;

END;

ENTRY lesen(VAR a: INTEGER);
BEGIN
WHILE Zelger-O (* 6ygep nycmuir *) DO WAIT(Belegt) END;
a:=Stapel[Zeiger);
(* *) WriteString(“«umamu”);Writelnt(Zeiger, 3);
(* *) Writeint(a,3);WritelLn;
dec(Zeiger);
IF Zeiger = max-1 THEN SIGNAL(Frei) END;
END lesen;

BEGIN (* Monitor — Initialisierung *)
WriteString(“Init Monitor”);WriteLn;
Zeiger:=0;

END MONITOR Puffer;

BEGIN
WriteString(“Init Highlevel Module”);WriteLn;
) END MODULE monitor_buffer.

IMpuknas BUKOHAaHHS nporpamu
as3aLlis Ha cucreMi Sequent Symmetry) :

“Moditop”
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Init Monitor

Init Highlevel Module
Init Processor Module
schreiben :
lesen
schreiben :
lesen :
schreiben :
schreiben :
lesen :
schreiben :
lesen
schreiben :
lesen
schreiben :
lesen
schreiben :
lesen

NN RNNRN = ————
0O AIARANNDEBRWNN——

.......

SIK BHHO 3 HaBENEHOr0 HWXue pe3ynbTaty, onepauil
ynTaHHA (lesen) Ta 3anucy (schreiben) B LIbOMY BUIMAAKY TaKo¥
TPaIJIfOTbC OJHAKOBO YacTo, aJie B pAAKaX 5, 6 BUKOHYIOTbCA
nigpsa ABi onepauil 3anucy (moMiyeHo crpiikow). Takum
YHHOM, OOMABA MPOLECH MOXYTb BUKOHYBATHUCH HE3AJIENKHO,
napaneibHO A0 THUX Mip, MOKKM BOHH HE TEPEBULLYIOTH
BeMuMHU Bydepa.

10.3. Po3nonii 3asBok yepe3 MOHITOp

Ha puc.10.1 noxa3aHo HaGnuxeHHH po3paxyHOK Yuchl

7 3a airoputMom [Babb 89], B sxomy 3actocoByctbest npaBmiig
NpAMOKYTHHKIB:
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Interv

i
iy = j. 4 sdx = Z 4 3 *(wipuna)
al+x ed | +

Puc.10.1. HabnumxeHe ob4ucneHHs iHTerpaia

Lle# anropuTt™ MEHILOIO MIpOK0 MOXE 33CTOCOBYBATHCS
N NODIBHAHHSA MapajenbHUX MOB MpPOTrpaMyBaHHs, 60 TYT 3a
JHATKOM CKJIQ[JaHHA TUIOLL MPSMOKYTHHKIB HE BiOyBae€ThCH
KOro 0OMiHY MiX NpouecopaMu.

Bicb x po36MBaETbCA Ha TaKy KiJIbKICTb iHTEpBaliB, Ka
TpibHAa JUlsl JOCATHEHHS TOYHOCTI OOuYMClIeHb. 3aBAAHHA
PKHOTO pOOOUOro Mpouecy MnoJiarae B OOYMCIEHHI IUIOL
raTboXx IHTepBaiB. ITnoLi-4acTku CKJIagaloTbCss Y MOHITOPI
 JaranbHy CyMmy, ska € HaGJIMXKEHHM 3HAYEHHAM 4ucia n. 3a

BUIOM  MPSAMOKYTHUKIB  KOXHE 3HaueHHs  (yHKuil
MUCITIOETbCA B LEHTPI IHTEPBAJly Ta MEPEMHOXKYETHCH 3
pMHOIO  IHTepBaly. AHaJIOriYHy MMOCTAHOBKY 3ajaui

PROCESSOR MODULE pi_calc;

IMPLEMENTATION

IMPORT io;

CONST intervals = 100; (* kinskicmb inmepsanis *)
width = 1.0 / FLOAT (intervals);(* wupuna inmepsany *)
num_work =5; (* kinekicms pobouux npoyecis *)

PROCEDURE f (x: REAL): REAL;
(*dyHKyin, wo inmezpyemvca *)
BEGIN
RETURN(4.0/ (1.0 + x*x))
END f;

PROCEDURE start_procs;
VAR i INTEGER,;
BEGIN
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17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
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FOR i:=1 TO num_work DO START(worker(i)) END
END start_procs;

MONITOR assignment;
VAR sum : REAL,;
pos.answers: INTEGER;

ENTRY get_interval(VAR int: INTEGER);

BEGIN
pos = pos +1;
IF pos<=intervals THEN int := pos
ELSE int := -1 (* 2o0mos0 *)
END;
END get_interval;

ENTRY put_result(res: REAL);
BEGIN
sum := sum + res;
answers ;= answers + 1;
{F answers = intervals THEN (* sudamu pesyremam *)
WriteString("Pi = "); WriteReal(sum,10); WriteLn;
END;
END put_result;

BEGIN (* monitor-init *)
pos = 0; answer ;= 0;
sum = 0.0;

END MONITOR assignment;

PROCESS worker(id: INTEGER);
VAR iv: INTEGER;
res: REAL;
BEGIN
assignment:get_interval(iv), (*vumamu nepuie 3agoanusi 3 vonimopu*)
WHILE iv > 0 DO
res ;= width * f((FLOAT(iv))--0.5) * width});
assignment:put_resuit(res);(*pesyasmam gidicnanii ¢ monimop”®)
assignment:get_interval(iv); (* vumamu 3qsdanns : sionimopa *)
END
END PROCESS worker;

BEGIN
start_procs;
END PROCESSOR MODULE pi_calc.

Koxnuii poGouuii mpoliec 3a AONOMOrOI0 oOflepauii
fpt_interval B LMK BHUKIMKae OyIb-iKy HACTYMHY 3asBKy i3
‘ModiTopa. ITicas npoBeaeHOro po3paxyHKy BEIMYMHA MUIOLL-
¥BCTKM 3HOBY MOBEPTAETLCA B MOHITOP 3a JONOMOTOIO Onepatlii
put_result i TaM CKJIaJacTbCs B 3arajbHy cyMy. VY 3B’3Ky 3
MPOCTOTOK L€l MOCTRHOBKHM 3aJayi YaCTKOBi 3afBKHU 3aBX/H
‘0iHaKOBI, TOMY MOXHa OyJi0 6 TaKOX 3€KOHOMHMTH Ha AOPOTUX
#ntry-BUKJIMKAaX [UIS onepauii get_interval i MiANOPAAKOBYBaTH
{WrepBanu 3a monomoroio napamerpa npotecy id, WO TYT He
:HKOpl/lCTOByCTbCSI (3BepHiTb yBary Ha npukian aus Sequent-C
»n.9.5).

Bnpasu o posainy 11

1. TlokaxiTb, AKMA pe3yibTaT OAEPKAHO KOXKHOIO
ROCIIAOBHICTIO BUKOHAHHS onepauii, o noka3aHi Ha puc.§.1.

2. Jlekinbka iIEGHTHYHUX TPOLECIB Y BEAUKOOIOKOBIi
napasnensHiii MIMD-cucTeMi MaloTh 3BepTaTHCA A0 3arajlbHUX
AYHUX | CHHXpPOHI3yBaTHCb 3a gonoMoroio cemadopa. Orxe,
TiIbKM OAHOMY MNpoOUECY B JAEAKM MOMEHT 4acy HaJaHo
MOXIMBICTb 3BEPTATHCA A0 3arajlbHUX JAHHX.

2.1.4xuM  3HayeHHAM  Ma€  iHiuiaJizyBaTHCs
cemadop?
2.2.]1onoBHiITL WO NpOrpaMy TUIbKM  THUMH

onepauisMu CHHXPOHI3aLil, AKUX Opakye:
PROCESS aufgabe;

VAR s: SEMAPHORE][...];
BEGIN

.......

END;
END PROCESS aufgabe;
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2.3.5Ik1o npouecH, 0 BU3HAYEHI B 3aBAaHHI 2.2,
3BEPTAIOTHLCH 0 3arajibHUX JaHMX, 10O 1X YUTATH, TQ
e MOXYyTb POOUTH OJHOYACHO 0araTo NPOUECIH,
Xait i3 yMOB e(eKTMBHOCTI MaKCHMalbHa KUIbKICTh
NpoLECiB, WO 4WTalOTb, oOMexeHa a0 5. Sk Mae
3MiHMTHCA (QparMeHT nporpamu B 3aBAaHHI 2.2
BIZIMOBIAHO O Lii€1 HOBOT YMOBHM CHHXPOHi3auii?

3. [dexiibka iOEHTHYHMX MPOLECIB Y MapaneibHii
MIMD-cucremi MalTh 3BepTaTMCA A0 3arajlbHbiX JaHUX |
CHMHXPDOHI3yBaTHUC 3a JOMOMOTOI0 MOHITOpa. OTXe, TiIbKK
OJIHOMY npoliecy B AEAKUA MOMEHT 4acy HaJaHO MOXX/IMBICTh
3BEPTATHCh A0 3arajlbHUX JaHHUX.

JIOMOBHIThL L0 Nporpamy TiJlbLKM THMH OMNEpaLisiMH
CHUHXpPOHI3allii, akux 6pakye:

MONITOR aufgabe;
VAR Platz_Frei,
Element_da: CONDITION;
d : Gemeinsame_Daten; (*3azanvhi Oani *)
BEGIN
ENTRY Daten_ablegen (e: Daten_Element); (* oani enecrmu *)
WHILE "Puffer voll" DO ...............
(* dodaiime enemenm Oanux 00 3a2aAbHUX OaHUX™)
END

Daten_ablegen; ENTRY Daten_wegnehmen(VAR e: Daten_Element);
(*oani subpamu™®)
WHILE "Puffer leer" DO ................

END Daten_wegnehmen;

BEGIN
(* iniyianizayia monimopa *)
END MONITOR aufgabe;

4. Y napanenbHii MIMD-cuctemi 3anyckarThCs Hi
BUKOHAHHSA Konii Jeskoro “po6ouyoro npouecy”, 1o MawoTh
iM's  zahl-arbeiter. Mik UMMH KOMiAMH Tpeba pPIBHOMIpPHO
PO3NOAIIMTH BUKIMKM BUKOHYBaHHMX HpoLeayp Bix f(1) no
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;:ahl_aufgaben), Je napamerp zahi_aufgaben BU3Hayae KiJIbKiCThb
Jay.

JlOnoBHITh 3 BUKOPUCTAHHSIM CHMBOJIB KOHCTAHT [ANd
posB’si3aHHs BKka3aHO! 3a4adi npolec Arbeiter B Liii Modula-P-
fporpami (npunycTimMo, 1o mpoueaypy f 3a1aHo):

CONST zah!_arbeiter = 10;
zahl_aufgaben = 256;

PROCESS Arbeiter (nr: INTEGER);
VAR i: INTEGER;
BEGIN

ND PROCESS Arbeiter;

PROCEDURE Init;

VAR z: INTEGER;

BEGIN (* iniyianizayis*)

iN FOR z:=1 TO zahl_arbeiter DO START(Arbeiter(z)) END;
D Init;

5.

a) Onuwite Ha MoBi Modula-P sx cucteMy npouecis
Mepexy Tlerpi, nokasaHy Ha pwuc.3.8, npuyoMy MycHuTb
$RCTOCOBYBATHUCH TiJILKH OJUH ceMadop.

0) Po3pobith BapianT mepexi I[leTpi mns BupiiueHHs
Apobiiemy “BMPOOHHK-KOPUCTYBay”, 10 NOKa3aHa Ha puc.7.2.
BapiaHT noBuHeH 06XOAMTHCHL NHLE OJHHM ceMadOp-BY3IIOM.

Ale nacTb 3MOry CHMHXpOHI3yBaTH TiNbKH OZHOTO BUpOOHHKA

{resepaTopa) Ta TiIbKM OAHOT'O KOPHUCTYBaya.

6. HaiiniTb Take BUpilLEHHS NMPOGIEMH YUTAHHS-3AMUCY
(Readers-Writers-npo6sema), B sKOMy micis mepLIOro
MpoLieca-3anucyBaya, WO OYIKYE, HE AOMYCKAETLCA XOAHOIO
Mpouteca-untaya. ITicns Toro, sk BCi MPOLIECH-YNTAYI NOKHHYJIH
RpuTHYHY 0ONacTb, MpOLEC-3aMUCYBAY MOXE MpALIOBaTH
UKJTIOYHO 3 3arajibHUMHU JaHUMH.
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7. Xaii 3miHHa A .mae 3HaudeHHs 500. Sky BenuuuHy
3MOXe MNPUIHHATH 3MiHHA A TIiCAS  HECHHXPOHI30BAHOTO
BUKOHAHHS HACTYMHHUX TPLOX MPOLECIB?

P, ' P P3
x:=a; " y:=a; z:=a;
x:=107X; y=y+1; 2:=2-3;
a:=x; a:=y; a:=z,
X:=a; y:=y+5; zZ:=a;
X:=2%X; a:=y; z:=z-7,;
a=x; a:=z,

3anponoHyiTe 3arajJbHUi METOA U1 BU3HAUYEHHS BCIX
MOXJIMBUX BEJIMYHMH 3MIiHHOI (a4 TaKOX iX MakCUMaJbHO!
KIJILKOCTI), IKI MOXYTb 3'ABUTUCH 3aBAAKH B3a€EMO3B’SI3aHIN 34
yacoMm 00poOLII HECHHXPOHI30BaHHUX MPOLIECIB.

8. Peanisyiite Ha moBax OCCAM i ADA po3snoain
LUMKJIIYHUX iTepalii, noganuii B n. 9.5 ans Sequent-C.

9. ¥V pi3HHX MOBax NpOrpamyBaHHs, siK, HATPUKIAL B
ADA, nepenbauyeHo KOMYHikauiiiHi KOHCTPYKTHBH At OOMiHY
nosigomieHHsmu. CemadopHi onepauii P 1 V  MawTh
IMIJIEMEHTYBATUCh  BHKJIFOYHO 3a  JOMNOMOrOK  OOMIHY
nosimomyieHHsMu. HacTtynHa nporpama peanizye JcsaKuid
OyniBcbkuid cemadop, B AKOMY CMNOY4aTKy HO3BOJISIETHCA
BUKOHaHHS P-omepauid. HactynHi komynikauii 3  “Pe
MOBIZOMJIEHHAMM” 3anaM'ATOBYIOTbCA B Oydepi NMOBIZOMIIEHb
JO TOr0 MOMEHTY, KOJHM 3'IBUTBCS  “V-NOBIAOMJEHHS ",
MoxuBicTb nosiBu 6aratbox V-onepauiit 6e3nocepeaHbo CnHA
3a OJJHOIO B Nporpami He nepeadauecHa!

TASK BODY bool_semaphor IS
BEGIN
LOOP
ACCEPT P
ACCEPTYV
END LOOP;
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END bool_semaphor;

JIONOBHITb J@aHy HHXYe Y MCEBIO-3aMUCI MPOrpaMy Tak,
Wwob peanizysaBca Aeskul 3aranbHuUid cemadop. Ha nouartky
temagop Mae go3BonuTH 10 P-onepauiii 6e3 nosBM V-onepadiii.

TASK BODY int_semaphor IS
zaehler | INTEGER;
BEGIN
zaehler := ............. ;
LOOP
SELECT
WHEN ............ =>

..........

ENDYV;
END SELECT;
END LOOP;

END int_semaphor;

10. Hanuwite nporpamy Ha MmoBi Sequent-C ans
fpobiiemMu “BUPOBGHHMK-KOPUCTYBay”.

11. Hanuwite nporpamy Ha moBi MODULA-P nas
pupieHHs npobiemu ¢inocoda MHiHiHra (rasHbTe Ha Lei
prcyHOK):

M KPYTIUM CTONIOM CHAATH M'ATh PinocodiB, a NOMiX KOKHHM
b HUX JIEXHTb BIANOBIAHO oAHa Buaenka. KoxHuii dimocod
fepebyBac B TakuX CTaHax: AyMa€ — 3roJOJHIB —> NpHiiMae
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iy — aymae. Ha nouarky Bci ¢inocodu 1yMaroTh; SKWO OAUH
3 HUX BilUyBa€ rojol, TO BiH MYCUTb B3TU OOMIABI BUIEIKH,
L0 JeXaThb 3J]iBa i cnpapa Oiis HbOrO, U1t TOTO W00 MO0
Oyno noictd. Moxe Nerko BUHMKHYTH OJIOKYBAaHHS, SKLUI0,
Harnpukaan, Bci ¢inocodpu Bi3sbMyTb OZHOYACHO BHICIIKY 3J1iBd
Big cebe i OyayTb uyekaTu (Ha3aBXad) BUACIKY CIIpasa.
[lporpamHa peajizaiis Mae Tak KOOPAMHYBATH “‘PEXUM
poctyny” ¢inocodis, o6 He MOrJIO 3'ABUTHCS OIOKYBaHHS,
OnHe 3 MOXJ/IMBHX PilliEHb MOJISITa€ B TOMY, IO CNOYaTKY TpeOa

BMEBHUTHUCA, WO BUIEJIKHM 3J1iBa 1 CrpaBa BUIbHI. Skuo 1e Tak,

TO ¢inocod 6epe 0OMABI BUAETKM OJHOYACHO 1 iCTb. SIKILO Hi,
TO BiH MYCHUTb, HE3BaXKAalOUM Ha TOJNON, YEKaTH, TOKH
3BIJIbHATbCA OOMIBI BMAENkW. OnHaye MpU TaKOMY NMPOCTOMY
BUPIlLUEHHI MOX€ 3aBXAM HACTaTH “BHCHaXEHHS” JEAKUX
dinocodis.

12. Bupiwits npobnemy ¢inocoda [iHiHra i3 3aBIaHHA
11 3a nonomoroto mepexi I[erpi.

13. Hanuwite nporpamy Ha MoBi Modula-P ans
napaneibHOrO KepyBaHHA po6oTolo ckjiagy MartepianiB. Y
3B'I3Ky 3 TUM WO 6arato MNpoOLECIB MOXYTb OJHOYACHO
3BEpHYTUCh N0 (OHAIB ckiaxy, Tpeba CHHXPOHI3yBaTH Ui
3BEPHEHHA 32 AOMOMOTr0I0 MOHITOpA.

PedeHHs TNy “HasBHICTL” MalOTh Gopmy:
<HOMEp apTHKYJIa><LliHa><KUIbKIiCTb>
PedeHHs Tuny “Olomxer” MaoTh Gopmy:
<cTaTTA BUTpAT><610MKeT>

Jlexibka iNEHTHYHHMX TNPOLECIB KEPYBAHHA MalOTh
06po0ATH 3BEPHEHHS (3aNUTH) TaKUX GOpM:

e BMIYYEHHA 3 HAasBHOCTI
BKa3aHHOI CTATTi BUTPAT;
® HaJXOI)XEHHs TOBApiB;

Ta CNHUCAHHA CYMH 3
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e BMAABaHHA iHPOPMaLUii LIOKO aKTyalbHOI HasABHOCTI
TOBapIB. '
14. Hanmwite nporpamy Ha MoBi Modula-P nns
hapanenb,HOro oOOYMCNEHHs ¢paKTaibHUX 3006paxeHb 3a
TRKUMH KOMIUIEKCHUMH iTepauiiHuMu GopMyaaMu:

a) z,:=0
z,.=2>+cC
6) z,:=0

z,.=2 +(c-Nz,-¢

[Mpopaxyiite none 3 100x100 myHKTaMu 3006paXceHHA | -
BubepiTh, Hampukiaj, I 4acTMHU a) obsacTb 306paxceHHs
H(-0.76+0.01j), (-0.74+0.03j)]. ITepauis Mmae nepepBaTUCh, AKLIO

z|>2 abo MakcMManbHa KiJIbKiCTb iTepauifiHUX KpOKiB
popiHioe 200. KoxHuil nyHKT 306paxeHHs d¢apOyeTbca
BiZNOBIZHO MO CBOrO iTepauiiHoro yucia (B HaMMpOCTILLIOMY
sunagky: 200=yopHui, iHakwe-O6inuii). 3anycTiTe Ha
BUKOHAaHHA 5 poboYMX MpoLECiB, fiKi pe3epBYIOTb CO0i yepes
MOHITOp 3anuTiB KBajpaTHi obnacrti po3mipom 10x10. 3BepHiTh
yBary Ha Take: SIKIIO MEXa [EAKOro 4aCTKOBOro KBaapara
NOBHICTIO KOHBEPTOBaHa (MPU MaKCUMaJbHOMY iT€paliiiHOMY
MHCITi KOXKHOTO KpaiHbOTrO €JEMEHTA), 3arajibHa Mioula Takox
KOHBEPTYETbLCA | TOMY J1aJii HE OGYMCIIOETLCA.

16. HactynHa nporpama nokasye ABa NpOLIECH, SfKi
KepyloTb pecypcamu, a came tepMiHaioM TE Ta npiHTepom

P; P
loop loop
<iHcmpyxyii> <incmpykyii>
P(TE); P(DR);
P(DR); P(TE),
<obuucnenHa> <obuucnenna>
V(DR), V(TE),
V(TE), V(OR);
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end, end;
IMoGyayiiTe BianoBiaHy mepexy [leTpi 3a yMOBH, 1O 10
NMoYaTKy BUKOHAHHA MPOLECHM  3HAXOAATbCA B CTall
<incmpyxyii> . [lepeBipTe )XMBYUICTb NOOYAOBAHOT MEPEXKI.

1

‘CUHXPOHHA
[MAPAJEJBHICTD

Y pa3i CHHXpPOHHOI MapanenbHOCTI MNPOLIECOPH, IO
BMKOPDUCTOBYIOTbCS AJIS PO3B’A3aHHA 3adadi, NpauioloTh 3a
KOMaHJaMK LUEHTpalbHOI nporpaMy, W0 HaaAXoOATb B
oaHakoBi TakTH Yacy. Ilpouecopu HE MOXYTb QYHKIUIOHYBATH
HE3aMeKHO OAMH BiX ofgHOro, 60 CUHXpOHHa mMapalenbHa
fporpama Mae€ JMWIE OJMH KepyrouMud noTik koMana. Xou us
cnpoieHa Modenb oO4YMUCIeHbL | MaE OOMEXEHHs, NMPOTe BOHA
Aae 3Mory Oinbiiol Mipolo iHTErpyBaTH npoLIECOpH 3a
paxyHox npoctimoi nobynoBu ix. Tomy 3'sBisgeTbCA
MOXUIMBICTb KOMMOHYBATH OOUYMCIIOBAIbHI CUCTEMH i3 3HAYHO
6inbliol0 KiJBKICTIO NpoLecopiB, HiX LE MOX/IHMBO Yy pa3si
acMHXpoHHO! napanensHocti. Lli  obcraBuHM jaloTh B
pe3yabTarti NOHATTS “MacHBHOL napaneabHOCTI”.
CvHXpOHi3aLis MiX NpPOLECOPaMH DEeai3ye€TbCsl HEABHO Ha
KOXXHOMY Kpoui i mnporpamicty He Tpeba 3aimaTuch ii
opraHizauieto. Ilpouecopy npauUiowTh Hal  MEHIUHMH
o6'ektamu  0OpoOKM, MPUYOMY OCHOBHA  4acTMHA  iX
30CepPEIKYETHCA Ha BEKTOPHUX MaTeMAaTHYHUX BUpa3ax. Lle Tak
JBaHe ‘“‘napajesibHe 3a JaHUMU~ MpPOrpaMyBaHHS BiJKPUBAE
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6araTo HOBMX MOMXJIMBOCTEH, ane M noTpedbye HOBMX
aJrOpUTMiYHKX MIAXOMIB.

11. TIOBYJOBA OBUMCIIOBAJIBHOT
CUCTEMU SIMD-CTPYKTYPU

CUHXpOHHIN Mozenl napajeiabHocTi Bignosigae EOM
SIMD-ctpyktypu (single instruction, multiple data), sk
nokazaho Ha puc.ll.l. llenTpanbHa kepyroua EOM - ue
3BMYaiiHa nocnigosHa MawuHa (SISD: single instruction, single
data), saxiii, sk npaBWiIO, NIANOPAAKOBaHI W nepudepiiHi
npunagy. Ilapanenshi npouecopHi enementu (ITE) He
BUKOHYIOTb CBO€] MPOTPaMH, a OAEPXKYIOTh KOMaHIH TUILKH Bill
kepytoyoi EOM. 3a o6craBun, konu [1E He mailoTh y cBOiW
CTPYKTypi 0J0KY KOMaHA, BOHM HE € “NOBHO(QYHKLi-
OHaTbHUMH" NPOLIECOPAMH, & € HECAMOCTIHHUMH ApHPMETHKO-
Jgoriviumu  npuctpoamu (ALU, arithmetic logic unit) 3
JIOKaNbHOW NaM'aTTIO Ta 3acobaMu i KOMYHikanii. I3 uboro

‘ MpocTi ALU WHHA
o /1
Kepynoqaf
EOM /]
/]

~\
\\
Komymauiuna mepexa

NlepHgepin

Puc. 11.1. ObuncmoBanbHa cucrema SIMD-cTpykTypH

CMPOLUEHHS MOJeJli MPOLECOPHUX ENEMEHTIB, MPOPOIHO,
BUHMKaIOTh oOMexenHs SIMD-moaeni o6GuucaoBagbHUX
cucteM. [1E He MOXKYyTb BUKOHYBATH pi3HI KOMAHAH B OAMH i
TOW caMUH MOMEHT: BOHM ab0 BHKOHYIOTL OJiepXKaHy BiA
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kepytoyoi EOM komaHay Haj iXHIMH JIOKaJIbHUMH JaHHMH,
#60 x nepedyBalTh B NacuBHOMY cTaHi. KoxHe napajneibHe
posrany>KeHHs (if-koMaHIa) Ma€ pO3KJIaJaTUCS Ha [Ba ITanu:

1) cnoyaTKy BUKOHYEThbCA then-uacTMHA Ha BCiX Tux IIE,
JA¢ BHMKOHAHO YMOBY po3rajiyxxeHHs (cenekuii, BHOOpY
nanpsMxy oGuucieHb); Ha uboMy etani iHul IIE, ge na ymona
H¢ BUKOHAHA, 3aTMUIAI0THCA B TACHBHOMY CTaHi,;

2) BUKOHYETbCH else-4acTHHA if-kOMaHAM Ha Ti rpyni
[IE, wo O6ym nacusHumu, a T1i IIE, wo npawroBanu Ha
NEpLIOMY €Tari, NepeBoAsATbCA B HEAKTUBHUM CTaH. '

OuyeBHIHO, UIO TaKe JABOXETarHe BUKOHAHHA if-kOMaHA
ayxe HeepextuBHe. CnpouieHi TIE paoTh MOXUIMBICTb
IHTErpyBaTHCh 3HaYHO OLIBLIOI MIPOIO, a L€ 3yMOBJIOE T€, LIO
SIMD-cuctemMu  MaoTb  HE3piBHAHHO  Oinblly  KUIBKICTh
npouecopis, Hix MIMD-cucremu. MacuBHa napanienbHiCTb
(110 o3Hauae 3actocyBaHHs THcAYi 1 Oinbiie I1E) moBHicTIO
KOMIIEHCYE 10 HeeEKTHUBHICTh 33 BiIMOBIAHOTO BUKOPHUCTAHHA
SIMD-cucrem.

[IpouecopHi eneMeHTH B3a€MO3'd3aHi 3a AONOMOIOIO
KOMYHIKalliHOl Mepexi, sika Moxe OyTw noOyaoBaHa $K
Mepexa 13 nocCTiiiHOW koHirypauicro abo sk Mepexa 3
MOXJIMBOCTAMM pekoHdirypauii. BoHa 3abe3sneuye wWBHAKWI
napasenbHUii OOMIH AaHMMM MiX [rpynaMH MPOLECOPHUX
cnemenTis (ITE). BinOyBaeTbcs Takox OOMIH JAaHHUMM MiX
kepytouoto EOM Ta okpemumu IIE (cenexTuBHO) abo BciMa
I1E (broadcast, nepenaua inpopmauii Big EOM ycim I1E).

11.1. O6uncmoBaibui SIMD-cucremn

Hwxue HaBOASATbCA HaHBaXJIMBILLI XapaKTEPHUCTHKH
TPbOX THUMOBUX MapanenbHUX obuncmoBanbHUX SIMD-cucrem.
JaHi 100 MakCMMabHOI TEOPETUYHOI MPOAYKTUBHOCTI CaMi
1o cobi Mllie YACTKOBO XapaKTEPU3YIOTh CUCTEMH. Y 3B'A3KY 3
TAM, WO Ui JaHi Hanexartb A0 AyXe MPOCTHX onepauii
(Hanpvknaa, MHOXEHHA CKAJAPHHUX BEIWYMH), a MPUKIAAHI
SIMD-nporpaMu BUKOHYIOTb Yy 3arajibHOMY BHMAAKy 3HA4HO
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CKJaJHili OOUMCIEHHs, Ha MPaKTULI Wi TEOPETHUHI JaHi He
AocaraloTbea. IIpoTe BOHH JOCUTb KOPHUCHI J1f MOPIBHSHIMA
pizHux SIMD-cucrem, WO BUKOHYIOTb OMHI i Ti caml Oomepauil.
TyT BUKOPHUCTOBYIOTbCS OOUHHMUI npoaykTusHocTi EOM MIPS
(million instruction per secomd) ta MFLOPS ( million floating
point operation per second), NpU4OMy MaiOTh TAKOX OpaTHcs
JO yBaru JOBXHHA CJIOBA (Hanpukijad, 32 po3psau) Ta BHj|
B34TOI JUIS BHUMIDIOBaHHsA ornepauil (Hanpukiaa, TUIbKH
CKJIaJaHHA, FMOWYK CepPelHbOI BeNMUMHW abo ckalsapHHA
A00YyTOK).

Connection Machine

BupoOHuk: Thinking Machines Corporation
Cambridge, Massachusetts

Mogaenb: CM-2;

Ipouecopu: 65536 INE (oaHopo3psaani [1E);

ITam'sts koxcHoro IME: 128 Kb (MakcuManbHo);

[1pOoAyKTHBHICTD: 2500 MIPS (32 pospsaan);

10000 MFLOPS ( 32 po3psau);
5000 MFLOPS ( 64 po3panu);

KomyrauiiHa Mepexa: rnobanbHMd rinepkyd Ta
YOTUPHBUMIPHA peKOH}IrypoBaHa peLiTKa, Wo 3'€Hy€ CYCiaHi
NpoLecopH (peaizyeTbcs Yepes rinepkyo).

MosH nporpaMyBaHHs:

1.CMLISP (nepBicHuit BapiaHT Lisp);

2.*Lisp (po3wupeHHss Common Lisp)

3. C* (poswmnpeHHs moBu C);

4.CMFortran (Ha ocHosi Fortran 90);

S5.C/Paris (MoBa C 3 BHKJIHUKOM
616110 TEeUHUX NMIAMPOTpam).

IMapanenbHa oOuucaoBalbHa cuctema CM-2 — e
HadmoTyxHitua i Haisigomiwwa  SIMD-cucrema.  Bowa
MpeicTaBiicHa NPOUECOPHUMH ENIEMEHTaMH, AKi MAlOTh JMILC
0AHOPO3PsAHI apudpMeTHKo-I0TIuHI IPUCTPOT (AL.LT). Kownnm
32 NpoOLECOPHUM €JIEMEHTAM BIAMOBIAAE OAMH CrRMPOUCCOP
MJABAlOYold  KOMOK, WO  Ja€  3HayHe  3015LicHHY

aceMONepHUX
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npoayktuBHocti B Mexax rira-FLOPS (GFLOPS) nopiBHsiHO 3
CUCTEMaMM, B SKMX HE 3aCTOCOBYIOTbCS apU(METHYHI
cniBripouecopu. Cucrema CM-2 Mae ABi pi3HI KOMYyTaLliiHi
CTPYKTYpH: T00abHy rinepkyOiuHy Mepexy M 3arajbHHX
KOMYHIKaUii 1 WwBHAKY JiokanbHy pewitky [IE-cycimiB, ska
peami3yeTbcs 3a JOMOMOIOI rinepkyba 1 Moxke THYYKO
pekoHdirypyBatuch. KoxHi 16K npoLecopHUX ejleMEHTIB
OJAECPXKYIOTb KOMaHAM Bil He3alexHoi Kkepywouoi EOM
(*Sequencer”), ToMy CM-2 noBHOI koH®Irypallii ekBiBaJIEHTHA
4oTUpbOM  00'egHaHuM  SIMD-cucremaMm, ki MOXYyTb
npauioBaTy 1 po3ainbsHO. Llle oaHieto ocobnusictio CM-2 € Te,
10 BOHA MPOMNOHYE KOPHUCTYBayy BIpTyasibHi TMPOLIECOPH 3
CMeLiaNnbHOK anapaTHo miaTpyumkoro. Lle mae 3Mory mijg yac
nporpamMyBaHHs 3aJa4 BUKOPUCTOBYBATH OiIbILIE MPOLIECOPHUX
CAEMEHTIB, HIXK 1X ¢i3uuyHO € (auB. n.11.3). Jlye BaXXIMBUM €
re, mo CM-2 nponoHye aekiibka MOB NMpPOrpaMyBaHHS — Bi
Acembnepa Ta po3wmpeHoro PoprpaHy A0 PYHKLIOHAJbHHX
MOB MPOrPaMyBaHHSI. ,

HositHa Mogens napanenbHoi EOM ¢ipmu Thinking
Machines — ue CM-5, B sikiii peanizoBaHo noegHanus MIMD- i
SIMD-ctpyktyp (SPMD-mozens, n.2.1).

MasPar
Brpo6Huk: MasPar Computer Corporation,
Sunnyvale, KanidpopHis
Mogenb: MP-1216;
[Ipouecopu: 16384I1E (uotupuposzpsaaui ITE);

[Mam'atb koxHoro [1E: 64 Kb (MakcuManbHO);

[TpOAyKTHBHICTD: 30000 MIPS (32-po3psazHi on.);
1500 MFLOPS (32 po3psam);
600 MFLOPS ( 64 po3psau);

KomyTauiiiHa Mepexa: TPHUCTYNEHEBUIt TN0OOaNIbHUIA
posnojinoBay nepexpecHux wuH (Router) i BocbMMBHMipHA
pewitka, wo 3'eaHye cyciani  IIE  (He3anexHo  Bif
po3noaijiioBaya).
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Mosu nporpaMyBaHHs:

1.MPL (po3wunpenns C);

2.MPFortran (Ha ocHoBi MoBH Fortran 90).

Cepis MP-1 ¢ipmu MasPar nopisHsHHO 3 CM-2
HanoONOBHMHY JElIeBLIa, ajie MeHW npoaykTuBHa. Hemae
apUPMETUUHHUX CMIBMPOLECOPIB, [0 3MYLIYE BUKOHYBaTH
onepauil 3 MJaBal4yol KOMOIO NporpaMHUMH 3acodbamu. Lle
3yMOB/IOE  Te, 1O MasPar He MoOxe [J0CArTH BHCOKOI
NPOAYKTUBHOCTI, XapakTepHOl Ais UiguMX uucena, B obJacTi
onepauiil 3 naasarwyow komor. B MasPar wie uitkiuie, HiX B
CM-2, MOXHa BH3HAUMTHM [JBI OKpeMi KOMYHiKaliiHI
CTPYKTYpH: LIBUAKOAIIOUA J1OKaJIbHA pewiTka jnsi cycigHix [1E
(xou | Mae BiciM HanpsMkiB KomMyTauii, npore 0e3
pekoHpirypaui), a Takox rjoOanbHUHA  TPUCTYNEHEBUM
mapiupyTuzatop (Router) aas 6yas-sxux 3'eaHadHb Mix [1E. B
MP-1 He IicHye anapaTHOi MNIATPUMKM [Jsi  BIPTyadbHHUX
npouecopiB: w0 3ajavyy Mae Opatu Ha cebe “IHTeNreHTHUH
xkomninstop”. TlocnigoBHuil kepyounii komn'rorep ans MP-1
Ha BiAMiHY Bia 3BuuaiiHoi EOM ¢on Hoiimana mae po3uinbHy
nam'saTe AJ8 JaHUX 1 A8 nporpaM (Tak 3BaHa apxiTekTypa
“Harvard-Style”). ®@ipma MasPar ak MoBM nNporpamyBaHHs
npornoHye po3iuuMpeHHs MoB C i PopTpaH, MPUYOMY TIIbKH
®opTpaH 3abe3nedye JAeske KepyBaHHS  BIPTYaJlbHUMM
npouecopamu.

Posnoginenust MaTpuunani nponecop (Distributed
Array Prozessor, DAP)

Cambridge Parallel Processing
Limited, Reading, AHruis; A
Division of Cambridge
Management Co.,Irvine CA
(paHiwie: Active Memory
Technology AMT).

DAP 610 ;

4096 I1E ( 1-po3psaati

Bupo6Huk:

Mopens:
[Ipouecopu:
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npouecopu + 8-po3psaaHi
CMiBNPOLIECOPH);
ITaM'aTh: 32KB;
IpoayKTUBHICTB: 40000 MIPS ( 1-po3psgHa or1.),
20000 MIPS ( 8-po3psaHa on.);
560 MFLOPS;
KoMyTauiitHa Mepexa: YOTHUpMBUMIpHA peEUliTKa s
cyeignix I1E (6e3 rnobanbHOT Mepexi).
MoBa nporpamyBaHHsa: Fortran-Plus (Ha ocHOBI
®opTpan 90). :

Cucrema DAP 3 ornsgoM Ha ii  apxiTekTypy Moxe
1aCTOCOBYBATHUCS TiJIbKM IS [EIKWMX BMIIB 3aJay; aHaji3
MaCHBHO MapajlejibHUX pO3B’s3aHb 3ajay 3a gonomorow DAP
HaseneHo B npaui [Parkinson, Litt 90]. DAP Mae nuwe 4K
MPOLIECOPHUX €JEMEHTH, L0 3aMajo TMNOPIBHAHO 3 IHILUMH
cucremaMu. I1E, ax i B CM-2, — ue npocTi 0AHOPO3PA/IHI
obuucnioBanbHI  €JIEMEHTH, alleé BOHW  JOMOBHIOKOTLCA
BOCBMUPO3psAAHMMM cniBnpouecopaMu. lle aae 3mory DAP,
HE3BaXaloyd Ha BiJHOCHO Majy Kiabkicte IIE, mocsratu
MOMiTHO BUCOKOT NPOAYKTUBHOCTI B 061acti MFLOPS. B DAP
3aCTOCOBYETbC  JIMIUE JIOKAJIbHA pelliTKa 3B'S3KY MiX
CYCIIHIMU MPOLIECOPHUMM €IEMEHTAMH, TYT HEMa€ riobaabHOl
KOMyTaLliiiHOi Mepexi. Y 3B'a3ky 3 uuM DAP Mae oOMexeHHs B
noGynoBi OOUYUCIIIOBANILHUX CTPYKTYP: XOY IS LJIOro psay
3a/lay JIOKalbHa peWwiTka MiJXOAWTb, BCE X NOBiJIbHI 3B'A3KH
Mix T1E BoHa Moxe 3a6e3ne4YuTH JTHLle NOKPOKOBO 3 BETUKUMHU
BTpaTaMH u4acy, MOJENIOIuYM nepepayi iHgopmauii (npu
HasBHOCTI n [1E Tpeba 3pobuTu Jn KpOKiB OOMiHY JaHUMH
MUt OAHOTO 3'eAHaHHsA Mix aoBinbHUMH T1E; Ui pani HaBeaeHo B
n.5.4). Takuit oOMiH JaHMMKU HOCUTHL BaXXKO MPOrpaMyBaTH.
Takum uynHOM, 3ajaui, wWo noTpedylOTh CKJIAAHUX CTPYKTYP
3B'a3ky Mix IIE, MoxyTh peanizyBatucs Ha DAP nuwe 3
BEITMKMMH BTpaTaMU e)eKTUBHOCTI.

VY uiif cucreMi KOpUCTYBaYaM NPONOHYEThCS JUILE OJHa
MOBa NpOrpaMyBaHHs, a caMe napajenbHa Bepcis PopTpany
Ha ocHoBI ®oprtpaH-90. Bapiant MoBM C*, aHanoriyHuii
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3acrocoBaHoMy B Connection Machine CM-2, po3po6sieThes,
aje, MPUPOAHO, 3AJULIAETHCA BIAKPUTHUM MNHUTAHHS, CKIJIbKH
¢byHKUiOHaNBHMX MOXIuBOCTeH C* MoxHa Oyme peanizyBaTH
Ha MPUMITUBHIN CTPYKTYPpi 3B'A3Ky cucreMd DAP.

Ha 3aBepuieHHs Mo)Ha cka3aTH, IO TMOpsn 3
PI3HOMAHITHICTIO CTPYKTYpP pO3LAsHYTHX TyT SIMD-cuctem
NOMITHI 1 iXHi Aeski 3arajgbHi BracTMBoOcTi. Bei  ¢ipMu-
BMPOOHHKM MPOMOHYIOTh Bepcii napajienbHoro doprpaHy, 110
Oa3yeTbca Ha HOBOMY craHaapTi MoBu Poprpan-90, ase wui
Bepcii 3 Pi3HUX NPHYMH HecyMicHi. Bukopucranus ®oprpany
Moxe OyTH nosicHeHo OaxaHHsM aBTOpiB SIMD-cucrem
3aJYYUTH A0 KOJla KOPMCTYBauiB (paxiBUiB i3 TpaaMLiiHHWX
PopTpaH-obnacTeil iHKEHEPHUX Ta MPUPOAHUUHMX HayK. ONHAK
npobjemMa nonuarae B TOMy, LIO MPOrpaMHi MakeTH, HalucaHi
Ha MoBi ®DoprpaH-77, He MOXYyTb OYyTH aBTOMATUYHO
po3napaneneHi, BOHM NOTpeOyOTb MepernporpamyBaHHs
3aHOBO B MOBI @opTpan-90 (auB. riu. 16).

Yeci posrngnyti SIMD-cuctemMu MaroTh UloHaliMeHLe
ABOBUMIDHY peIWITKY fK 3acib WBMAKOTO 3B'A3KY MiX
NMpOUECOPHUMU  eneMeHTamu. Lli  peuwitku 3abe3neuyoThb
3actrocyBaHHs SIMD-cucrem nuwe B geskux obnacrax, sk,
Hanpukiaj, po3ni3HaBaHHsA o0pa3iB Ta BHUpilleHHS MNpobGiem
obuMcnoBanbHOT MaTeMaTHKH. Skpa3 BNpoBaKeHHs OiIbLLIO!
yactuHu SIMD-cuctem B umux o6aacTax 3yMOBIIOE HAABHICTDb
LIMX CTPYKTYP 3B'SI3KY.

11.2. INapaneabHicTb AaHHUX

Ha siaminy Bia MIMD-cucrem B SIMD-cucremax
3aBXAu (PYHKLIOHYE OHA Mporpama B LEHTpaNbHii Kepyrodii
EOM, iHCTpyKLii fKOI BHKOHYIOTbCS TMOCIIJOBHO, aJe
OIHOYaCHO OaraTbMa MpPOLECOPHUMHU e€NEMEHTaMH, TOOTO
mapajeNbHO 332  JaHHMH  (BEKTOPHO Ha  MPOLIECOPHMX
enemenTtax). [IporpamyBaHHs  BHAclmigOK UbLOTO ~ JQyXe
MONErwy€eThCa 3aBASKU TOMY (pakTy, WO ICHYE TiJIbKH OOUH
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KEPYIOUMI  MOTIK 1 ~HEMAE = aCHHXPOHHO  BUKOHYBaHMX
HE3aJIEKHHX MTPOLIECIB.

Ta o6craBuHa, 110 BCi TMPOLECOPHI  €JIEMEHTH
0BGUKCITIOITL CBOI JaHi 3a €IMHOK NPOrPAaMOI0 B “OJHOMY
rakTi” (TOOGTO MEBHOIO MIPOI0 CHHXPOHI3YIOTbCS Ha KOXHOMY
Kpoui AMCKpeTu3auil), poOGuTh HENnoTPIOHMMM Taki JOPOri i
1NOB'3aHi 3 MOXKIMBHUMH MOMMIKAMM MEXAHI3MH CHHXPOHi3aLii,
sk cemaopu abo monitopu. SIMD-nporpamu o6xoaaTecs 6e3
WMX KOHLEMUii cuHXpoHizauii. bBe3yMOBHO, TNpOLECOPHI
CIEMEHTH OOMIHIOIOTbCA JaHUMH, ane, fK JAeTalbHille
OACHIOETLCS Jaji, TYT MACTbCA HE NPO CHHXPOHI3aLilo IBOX
ITE ana opHoro oOOMIHY JaHMMHM: TYT BiAOYBaeTbcs
KOJIEKTUBHUIT 0OMIH fanuMu Mix Beima ITE abo B Mexax rpynu
ME. V 1o#i uac sk y 6aratbox MIMD-cucremax o6MiH JaHUMH
¢ By3bKUM MiclieM, B SIMD-cucremMax BiH BUKOHYETbCS Maiixke
abCOIIIOTHO mapajenbHo i norpedye B cHCTeMax 3 peuliTKamu
38'a3Ky cycigHix TTE Takoro camoro yacy, ik 1 HA BUKOHaHHS
OHi€T apruMETUKO-JIOTIYHOT KOMaHIW. XO0U sl LWUBHUAKICTb 1 He
jabe3neuyetbess B SIMD-cucteMax, mo MaioTbh IJ106alibHI
CTPYKTYpH 3B'I3KY 3 BiUIbHUM BHOOpOM  MPOLIECOPHUX
koH(Irypauii, Bce X Takd onepalii OOMiHy JaHMMH B LIJIOMY
BUKOHYIOTBCS 3HAUHO wIBULLE, HiX B MIMD-cucremax i B HUX
6epyTh y4acTb OJHOHYACHO TUCAYI IPOLECOPHUX EJIEMEHTIB.

[MopiBHaHo 3 knacuyHoro EOM ¢on Hoiimana, ne
TUILKKM OAMH akTUBHUIA npucTpiii (CPU) BHKOHYe onepauii Ajist
BEJMKOI KiJIbKOCTI MACHMBHUX €JIEMEHTIB (YapyHKU nam'saTti), B
SIMD-cucTemMax CniBBiAHOILEHHS M) aKTHBHUMM 1 MaCUBHUMH
eneMeHTaMu Oubll 30anaHcoBaHe. KOXHUHA eleMEHT JaHMX
AEAKOTO BEMMKOro OJIOKY JAHMX, SKMIl PpO3MOAIIEHO MiX
MPOLIECOPHUMH €IEMEHTaMH, PO3MILLYETHCS TYT B JIOKajbHii
obnacri nam'sti aeskoro IIE, ToOTO BCI €lleMEHTH HaHMX
MOXYTb BUCTYIATH K MPUCTPOI, 110 aKTUBHO NpauwooTh. Lle
pOOGUTL MOXJIMBHM (2 TaKOX BMMAarae) 30BCIM HOBMH CTHJIb
MPOrpaMyBaHHA, B SKOMY ofnepauii Hajl €leMeHTaMH [JaHuX
BUKOHYIOTbCA Ge3nocepeHbo napanenbHo 0€3 MocnioBHOIO
3aBaHTaxeHHa, o6bpobku B CPU (LIIII) kOoMMOHEHTIB
YUCJIOBOTO MACUBY Ta 3aMuCy B NaM'AThb.
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INapanenbHicTb naHux, nputamanHa SIMD-cucremawm,
noTpebye HOBOrO MMCJICHHS, Biaxoay Bia moaeneii EOM o
HoiimaHa, J0 fKOi 3BMK MPOrpaMicT OCTaHHIX AeCATUNiTL. B
MPUHLMII MapaiefNbHiCTh JaHUX MnpocTtimia, 60 BOHa Jd€
MOMJ/MUBICTb BHUPIWIMTH MpobiemMu, 1O MaKTb MPUPOAHY
napa’eibHicTb, 63 oraLy Ha WTY4Hi 0OGMEXEHHS MO HOH
Hoiimana.

11.3. Bipryanbni npouecopu

[MpezentoBani B mn.11.1 SIMD-cucremu XapakTepHi
HAasBHICTIO BEJIMUE3HOI KiJIbKOCTI MPOLECOPHUX EJIEMEHTIB, aje
BCE X MOXYTb TparuIATHCA 3ajaadi, A8 BHUPILIEHHS SKUX
¢isuuHo  HasBHMX 64K  (65536) npouecopiB  3amalno
(Hampuknaa, SKWO Aeike 300paxeHHs Mae oOpobnaTucs B
500*500=250000 nyHKTax i B igeani KOXHOMY IyHKTY Ma€
Hanexatu cii I1E). B uboMy Bunaaky nporpamict MycCHUTb
po3MicTUTKH Ha HaABHUX Qisnynux I1E Bci BipTyansHi [TE, mo
noTpibHi ans po3p’s3aHHsA 3ajgaui. [yxe OaxaHo, wob wLio
orepalilo, WO [JOCHTb YacTO 3yCTPIiYa€TbCs Ha MPaKTHL,
BUKOHYBAJIO MNporpaMHe cepeloBuile abo caM napanejbHUM
KOMM'IOTEP.

TakuM unHoM, akuio kinbkictb I1E, wo notpebye aesika
nporpama, nepesepiuye Kiabkictb HasBHUX I1E, To B cuctemi
MaloTb 6yTH HagaHi nporpamicty BiptyanbHi [1E B HeoOxigHii
KiNIbKOCTI Ha jieskoMy abctpakTHoMy piBHi. SIMD-cucrema 3a
aonomoroto anapatypu abo nporpaMm Mmae BigobGpaxaTu
BipryanbHi IIE Ha ¢isuuni. KoHuenuis BipTyanbHHX
NpOLECOPIB aHAJIOTIYHA KOHLEMNLii BipTyanbHOi nam'aTi. SIkiuo
nedaka nporpama notpedbye meHue BipryanbHux IIE, Hix ix
}isvuno €, To 3anuiuku IIE Tpe6a mpoCTO BHUKIIOUMTH 3
po6oTu. Bouu OyayTh B HEAKTMBHOMY CTaHi i-3a KOHLIETMLI€0
SIMD-Mozeni He 3MOXYTb B JIaHiii 3aa4i BHKOPUCTOBYBATHCS
3a AKMMOCH IHIUMM MpU3HaYeHHAM. Sku10, HaBMNakH, nporpama
notpebye Ginbilie BipTyaJbHUX npouecopiB, Hix mae SIMD-
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cuctema, to BipTyanbHi [IE mycate 6ytH BimoOpakeHi Ha
¢iznuni ITE 3a pexinbka iTepauiiHUX KpOKIB, K L€ MMOKA3aHO
HUXKYE Ha MPUKIIAL.

puxnan gna BinobOpaxeHHs BipTyansHux IIE

Mpunycrimo, wo: 2500 BipryansHux ITE noTpebye nporpama;
1000 ¢iznunux INE B HasgBHOCTI.
Po3p’s3aHHs 32 JOMOMOION0 iTepaliifHMX KpOKiB
nokasaHo Ha puc.11.2

Moxe IIE

BipTyaxsHi HOMepPH

PIBHYH| HOMEPH

3. b2 ‘*‘"
1 2 oo o 500 501 ... 1000
HeaxTuBHI Ha 3-My iTepauifiHondy
xpoyi

Puc. 11.2. Itepauii rpyn ¢iznunux I1IE

s iTepauis 34iACHIOETbCA AJIst KOXHOI €JIEMEHTapHOI
omepauii (Hanpukaaja, ckiagaHHa) abo A nocnigoBHOCTEH
KOMaHJ, B fAKUX He BiaOyBaeTbca OOMiHY jgaHumu. Tyt
BMHMKAIOTb BTPAaTH MapajejbHOCTI 33 PaXyHOK HEAKTHMBHHX
[1IE, sxwo xinbkicte BipTyanbHux ITE He minutbes 6€3 ocraui
Ha kuibkicte ¢i3nyHux I1E. Tak, y HaBegeHoMy npukinani B
KOXHII Tperiii iTepauii HeakTUBHUMH OYAyTb MpPOLIECOPHI
enemeHTH 3 HoMepamu Big 501 go 1000 (BimmosimHo 50%),
TOOTO 3a paxyHOK LHMX “BiaxomiB” cucrema Oyae Matu
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3a31aJIeTifb OUiHEHI BTpPAaTH OOYMCIIOBAILHOI MOTYXHOCTI
6amzbko  17% BiL MOXUIMBOI. MakcHUMajbHe TEOPETHYHE
3aBaHTaxeHHs QizuuHux I1E He Moxe OyTH Oinbiue Hix 83%.
Sxwo V-kinbkicte BipTyanbHux I1E, a P—kinbkicTs (pi3sMuHmMX
[1E, To koediuieHT BipTyasi3auii BU3HaYya€eTbCs AK R=V/P.

Puc.11.3 noka3zye XxapaKTEpUCTHKH 4acy BHUKOHAHHS |
3aBaHTaxceHHs IIE 3anexHo Big koediuieHTa BipTyamizauii R
A1 J€SKO1 FINOTETHYHOT MPUKJIAJHOT MPOTPAMM, SIK4 MICTHUTD y
cobi BUKJIIOYHO BEKTOPHI onepadii (6e3 ckaaspHUX KoMaHa abo
HeakTUBHUX [1E).

Yac JapanTaxennsn [E
‘ BHEKOKRaHHRA A

314 e +

t p/2T

. . . . -

2 iR Tz s R

Puc. 11.3. TpuBaiicTb BUKOHaHHS NPOrpamMM Ta
3aBaHTaXEHHS NMpoLecopiB NpH 30iNblLEHH]
KibkocTi BiptyaibHux I1E

ITepaTuBHe BinobpaxeHHs BipTyanbHUX I1E Ha ¢i3uuHi
CYTTEBO YCKJIAAHIOE OOMiH JaHMMH. SIKIIO YABHTH, LIO 3
npocToi 3a CTPYKTYpOKO, aje BeAIHKOi 3a po3Mipamu
BipTyanbHOi peliTku Tpeba 3abe3rmeuuTH 3B'A30K 3 MAaJok
PELLITKOIO, L0 € YAaCTKOK BENMKOI, TO KOMIJIEKCHA CTPYKTYpa
3B'A3KY MOBMHHA MaTH Ha MEXaXx MaJlol peLUiTKH 3acobU 3B'A3Ky
3 6GaraTtbMa OI3MYHUMHK TNpoLlECOPaMH, a L€, NPHUPOIHO,
yrnoBiIbHIOE  onepauii  obMiHy  gaHumu.  [ani, wo
obyMcaoTbCs  (QI3MUHMMM  npouecopamMd  BIAMOBIAHO A0
iTepauiiHoro  BigoOpaxxeHHs BiptyaneHux IIE, MawTh
3anam'aToByBatucs B OydepHid nam'aTi, €MKiCTb  SKOI
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pijnoBinae kinbkocti BipTyanbHux I[IE. TOOTO B KOXHOMY
$isnunomy IE nam'ate mae OyTH BiAnaHa B PO3MOPAIKCHHS
Aekinbkox BipTyasbHUX ITE.

BigoGpaxenHs BipryansHux IIE Ha @isuuHi Mae
Ba6yBaTHCS HeEMoMiTHO Ans mporpamicra. Ile o3nayae, 1o
BOHO MOJXeE peasi3oByBaTHUCA 3a JOMOMOrOI0 CreuianbHOT
anapatypu abo TiJIbKM MPOTPaMHUM HUIIXOM.

Anaparna peasnizanis BipTyanmbpHHX npounecopis

Cucrema CM-2 (Connection Machine) mae anapaTtHy
IATPUMKY BipTYyaJIbHUX MPOLECOPHHX eneMeHTIB. CrhiBBIIHO-
leHHs Mix BipTyanbHUMHU i ¢izuunuMu IT1E moxe 3agaBatHcs
Gesnocepennbo. TojioBHa nam'ath koxHoro ITE posnogi-
NMETBCA aBTOMATHYHO MiX JAekiibkoMa BiptyanbHumu IIE, i
KOKHa KOMaH/1a BUKOHY€TbCA s Beix BipTyansHux [1E, To6TO
b6aratopa3oBo (iteparuBHo) Ha ¢izuunux IIE. Lle amapathe
pllUeHHs Mae€ UM pan nepesar. I'apaHTyeTbCcs edexTHMBHA
0bpobxa, a caMi CUCTEMHI MPOrpamMH (HanpHKIaja, KOMIUIATOP)
MOXYTb OyTH BHUKOHaHi 3HauyHO jeruie, Hix 6e3 cneuiaJbHOL
armapatypy. Hegonik nossrae y 36iiblu€HHI CHCTEMHUX BTpaT y
BUMagKax, KOJIM BipTyalli3allis NpOLECOPiB HE BHUKOPHUCTO-
syetbes. ko 64K ¢isuunux IIE (us KUIbKiCTh 3aBXAM
nepekoHye) 3ab6e3neuyoTb PO3B’sA3aHHA 3a[adi, TO 3a paxyHOK
HEBUKODUCTOBYBAHUX  PECYpCiB  KEPYBaHHA  3arajbHa
NpOAYKTUBHICTb Najac Maike Ha 25%.

lIporpaMHa peanisanis BipTyansHMX nporecopis

Cuctrema MasPar MP-1 He Mae anapaTHOl peanizauii
BipTyaNIbHUX MpolecopiB. TYyT BUKOPUCTOBYETbCA MNpOrpaMHe
pilleHHs 3a JOMOMOIOI0 “iHTENIEHTHOrO KOMMiasTopa”.
3anexxHo B TOro, nmnorpebye npuknagHa nporpaMa
BipTyaJi3allii NPOUECOPIB YU Hi, KOMNIATOP MA€ reHepyBaTH
cneuianbHi Koau s BioOpaxeHHs BipryanbHux ITIE Ha
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¢i13uuHi abo BuMAaBaTH nporpamui koau 6e3 Bipryarizauii. B
OCTaHHbOMY BHUMAJKY MPOLIECOPHUI Yac He OyJie BUTpavaTUCA
Ha KepyBaHHs MpouecamMy BipTyanizaulii. Xoy MpUKIagHHUH
MpOrpamicT He MOBMHEH MOMIYaTH PI3HUUI MiX anapaTHUM Ta
MPOrpaMHWM DO3B’A3aHHAM 3alaui - BipTyanizauii, CMCTEMHe
nporpaMyBaHHA (Hampukaan, po3pobka HOBOro KOMMUISTOpA)
U1 ApOorpaMHOro croco0y BipTyaji3alil cTae MOMITHO
BaxuuM. I1oTpiOHI ans BipTyami3auil BUTPAaTH Ha KepyBaHHA i
O/lepXKyBaHi Mpd  LbOMY 3ariaHOBaHI NOKa3HUKH
0OYHMCIIIOBaNbHOI MPOAYKTUBHOCTI 3HAYHOIO MIpOIO 3aJIeXKaTb
BiJ KOMIATOPA.

Ha cboroaHi BipTyasni3auisi sik NMporpaMHe pilUeHHS B
MasPar MP-1 peanizoBana y Burnsai nonatkosux MPFortran-
nporpaMm. Jna MPL me He icHye “iHTeNireHTHOrO
komninAgTopa” i Lie 03Hayae, WO 3aJayvy BipTyaizalil MOBUHEH
BHpILIYBATH NPOrpaMicT-KOPUCTYBaY.

12. CIIUJIKYBAHHS B SIMD-
CUCTEMAX

Y 3B'a3ky 3 TuM, wo B SIMD-cucremax yci mpolecu
NPOTIKAIOTb  CHHXPOHHO, TYT HeMae noTpebM B Til
CHHXpOHi3aUii mpouecopiB, ska Oyna onucana s MIMD-
cucreM. Buiue Bxke 0yno nokaszaHo, o oomid gaummu B SIMD-
cUCTEMax € “KOJEeKTUBHUM” sABULUeM. Lle o3Hauae, o TyT He
BiAOyBaeTbcs OOMIHY MiX SKMMHUCh [JBOMa MpPOLIECOPHUMH
enemedTamMu (ITE), Tyt Bci akTuBHI [1E 6epyTh yuacts B 0OMiHi
nanumu. e moxyTb 6yTn abo Bci I1E 3aransHoi cucremu, abo
TUIbKY A€AKa Y4acTHHA iX. B 6yab-iKoMy 3 LMX BUNajKiB O6MiH
Aanumu B SIMD-cuctemMax € npocTillow i JELIEBLIOK
onepauiero nopiBHsHO 3 MIMD-cucremamu, 60 mnobyaosa
CMHXPOHHOI'O 3B'A3Ky Moxe OyTH IUBMAlLUE peanizoBaHa,
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KOMyTaLifiHa Mepexa Ma€ B OUILLIOCTI BUNAAKIB TAKOX BHLLY
KOHTAKTOCTIPOMOXHICTb 1 IUMPLIY ~ YACTOTHY = CMYyrLY
nponyckaHHs. Ha puc.12.1 nokazaHo oiMH 3 NpukiagiB 0OMiHy
AaHumu. TlpouecopHi eneMeHTH pPO3MIlleHI y BUIAA
npsiMmokyTHuka 3x4 abo [1E-martpuui, npuyoMy koxHuil I1E
Mae koopauHatu [ij], 1=1,2,3 (HoMep psiaka 3HU3Y BrOpY),
i=1,2,3,4 (Homep croBmug 37iBa HanpaBo). . Koxnuit ITE
nepena€ 3Ha4yeHHs CBOEl JIOKaJbHOI 3MIHHOI X HampaBo [0
cycinhpboro I1E (3pylueHHs uKcia BpaBO Ha OAMH KpPOK
pewitk4). Y 3B'a3ky 3 TuM wo Oinbwicts SIMD-cucrem
NPALOIOTb 3 JYXeE WBUAKOW, NMOCTIMHO 32JaHOI0 CTPYKTYPOIO
18'A3KY. MOXHa TMNepeayciM BiZoOpa3uTH MpOCTi pEryispHi
CIPYKTYPH Ha peasibHy Qi3uuHy CTPYKTYpY 3B's3ky Mix ITE.
Cnpobu BUKOHATH iHWI BHAM 3B’A3KY, LU0 BiAPi3HAIOTbCSA BijJ
JaJ]aHO1 CTPYKTYPH, KOWTYIOTh MOMITHUX - BTpar
IIPOAYKTHBHOCTI CUCTEMH, 60 B LMX BUMMaAKax KOXHHH OoOMIH
JIAHUMHU MYCUTb OyTH BUKOHAaHMH 3a JeKiibka KpokiB abo uepes
IOBIJIbHY TNOOaNbHY CTPYKTYPY 3B'S3KYy (SKIIO BOHA € B
CUCTEMI).

X x x || x
(3] L] lLeay] .

X 1 X - X X
[2.1] > [2.,2] -7[2,3] ’[2.4]

X L X 1 X ir. X
vl e e iy

Puc.12.1. O6miH gauumu B SIMD-cucremax
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12.1. SIMD-00MiH 1aHUMH

O6miH ganumu B SIMD-cuctemax BUKOHYETbCH B TPH
ITanu. ’

1. BuainenHs (cenekuis) AesKoi rpynd MPOLECOPHHUX
€JIEMEHTIB (aKTHUBI3aLlifA).

2. Bubip 3a3paneriib BU3HAYEHOTO HANPAMKY 3B'A3KY
mix [1E (ab0 x AMHaMiYHE BU3HAUYEHHS CTPYKTYPH 3B'A3KY) .

3. TlpoBeaeHHs OOMiHY AaHMMH MOMApHO MiX BCIMa
akTuBHuMH [1E BignoBiaHO 10 BUOPAHOi CTPYKTYpH 3B'A3KY.

B SIMD-mosi nporpamyBanHHs PARALLAXIS {Braunl
90] noxiOHMit OOMiIH JaHUMM OMMUCYETLCA TAKUMH MOBHHUMH
3acobamu:

0.ligroroBunii eran: BH3HAYEHHS (ONMCYBaHHS)
CTPYXTYypK 3B'SR3Ky

IMpuknaaa:

CONFIGURATION ring [0..11];
CONNECTION rechts: ring[i]¢< ring[(i+1) mod 12].links;

CtpykTypa 3B'A3Ky Ha im'a “ring” (kiabue) Mmae 12
€/IEMEHTIB, KUM HaJaHi HOMEpPU BiA Hyns A0 OAMHAALSATH.
CucreMa Mae nNOBHUH JBOCTOPOHHI#M (6i-aupexUioHaNbHUiA)
3B'A30K i3 CHMBOJIIYHMMH IMEHaMM HanpsAMKiB 3B'A3KY
“HanpaBo” i “HamiBO” (rechts, links). Koxnuii T1E-i peanisye
3B'A30K HampaBo i3 cyciaHiM [1E, uio Mae HacTynHHUit 3a JaHUM
Homep imeHTHdikauii, Tobto IIE-(i+1); enement IIE-11 3a
Jaonomoroo ¢yHkUii MODULO (mod 12) 3'eqHyeTbea 3 ITE-0. Tak
CaMO BHKOHYETbCS 3B'A30K HajiBo. TakMM 4YHHOM, CTPYKTYpa
3B'A3KY Ja€ 3aMKHEHE KiJibLie.
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l.Cenexnyis rpynm IE

Ipuknan:
PARALLEL ring[3..8]

ENDPARALLEL

3a ONOMOroK LbOIrO NapaneibHOro OJOKYy KOMaHn
(PARALLELEL, ENDPARALLELEL) 3 ycix IIE, w0 BKJIOYEHI B
KUIbLE, BUAINAIOTbCS MPOLIECOPHI €JIEMEHTH 3 HOMEpaMu BiJ 3
JO 8 (ring[3..8]), BOHM CTalOTh AKTHBHUMH, a BCi IHLUI
3AJHIIAI0THCS MAaCUBHUMH.

2.+3. BHKOHAHHSA NapajlelbHoOro OOMiHy nJaHmMu
(Bcepenuni napasensHOro O6JIOKY)

Ilpuknaa:
PROPAGATE.rechts(x)

KoxHuii akTuBHUI npouecopHuil enemeHT, TobTo T1E-
3, I1E-4, T1E-5, I1E-6, ITE-7, I1E-8, npoBoauTbh OOMiH JAHUMHU 3
cycinvim I1E, po3MilieHHMM 3a XOJOM CTPUIKM TOJMHHHUKA.
Cnouatky koxHuid IIE nocunae 3HayeHHs CBOE€I JIOKAJbHOI
BEIMYMHHM X B JIIHIIO 3B'A3KYy (repenaya, “send”, puc.12.2 3niBa),
a MiCIs 3aKIHYCHHS YUTA€ 3HAYEHHS CBOET JTOKAIbHOT 3MIHHOI X
Bix cBoro IlE-nonepeanvka (npuitom, ‘“‘receive”, puc.12.2
cnpaBa). BHacnigok akTuBi3auii TibKM YaCTHHU MPOLECOPHUX
enemenTiB kpaitHi [IE MaroTb ocob6auBocTi (yHKLiOHYBaHHS
nig yac oominy aauumu: I1E-3 He mae I1E-nonepeauuka ajs
npuiimanHs 3HaueHHs x, a [TE-8 ne mae T1E-nocnigoBuuka ajis
nepejfaui Homy 3HaueHHs x. Taka cama cuTyalis Mae Mmicue y
BIAKPUTUX TOMOJIOTIAX, HaNpUKIa[ Yy KIiHUEBMX MyHKTax
ainifinoro cnucky.ITokazaHi Ha puc.12.2 npouecopHi eaeMeHTH
mcas oOMiHy JaHUMHM MaroTb Taki pesyabraTu: ITE-3 36epirae
crape 3HaueHus x, 60 BiH He oTpumye Bia iHworo INE gaHux, a
IIE-8 BTpauae cBoe crape 3HaueHHs x, 060 BOHO He
CripHiiMacTbCs i He 3anam'aToByeTbesa TTE-nocnigoBHUKOM.
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HapeneHa Ha puc.12.2 kinbueBa CTPYKTYpa 3B'A3KY Mix
IIE moxe OYTH AYXe NpPOCTO MNEPETBOPEHA B HalyacTilue

send

NepeXava

Puc. 12.2. [puiiom Ta nepenava gaHUx

3aCTOCOBYBAaHY i3MuHY CTPYKTYpy 3B'A3Ky, a came -
ABOBUMIPHY peiitky (puc.12.3). Ilpu ubomy ans peskux ITE
$i3UYHOT pelliTkM MalTh BUKOHYBATHCA CreliaibHi NpaBMia.
B To# Hac Ak BHYTpILIHI €1€EMEHTH CITKM MOXYTb 38 OJUH KPOK
3'€AHATUCS B HANpAMKY ApYroi KOOPAWHATH, NpaBi KiHLEBI
CIEMEHTH DELUITKM MaloTh 3'cAHYBATHCS HaliBO Bropy, a
OCTaHHIN eleMeHT Kifbla N11 Mae 6yTH 3'€JHAHAM 3 TeEpPLINM
€/IEMEHTOM Kinbus NO. Ha puc.12.3 BUKOPUCTOBYIOTHCS TiIbKU
i IIE peiitku, aki no3xaueHi cipum konbopowm.

grid(5 1) grid]5.5)

grid [1,1) grid( 1.5]

2 3 4 s
Puc. 12.3, Bigo6pasxenns xinbus B pewitui
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JAnaa npocroro Ha nepwdd norjsa oO6MiHY [JaHUMH
B3NOBXK BIPTYyaJibHOI KiNbUEBOI CTPYKTYpH Tpeba MpoOBECTH
Jopori 3a BUTpaTaMu uacy onepauili obMiHy y Qi3HuHIA
pewityaTiii crpykTypi. [IporpaMHa KOHCTpYKLis

PARALLEL ring [0..11]
PROPAGATE.rechts(x)
ENDPARALLEL,

Wwo BiiNoBiae 0OMiHY B CTPYKTYpi puc. 12.2, NepeTBOPIOETLCS
Ha TaKy NOC/iA0BHICTb OnepaLii:

Onepatuiig A: OAMH KpOK HanpaBo
PARALLEL grid [1..2), [1..4]

grid (3], [1]
. Mgridi, j1 — grid[i, j+11”
ENDPARALLEL;

Onepauis B: TTouaTok psjka, WO po3MillleHHH Ha OMH
KPOK BULLE

PARALLEL grid [1..2}, 5]
“grid[i, j] — grid[i+1, 1"
ENDPARALLEL;

Onepauis C: Hazapn no nouatky kuibus, To6To I1E [1,1}]

PARALLEL grid[3, 2]
“grid[3, 2] —» grid[1, 1]"
ENDPARALLEL;

Y 3B'A3KY 3 THM, WO pO3Mi3HaBaHHA onepauiii A, B, C B
SIMD-cucreMi Mae peasi3yBaTHCS MNOCHIAOBHO, Y LbOMY
npuKaaai noTpibHO 3aiACHUTH TpU Qi3MYHKX onepadii 0OMiHy
AaHUMHKH Ha OAMH BipTyanbHuii oOMiH. Kpim uboro, onepauii
NpU3HAYeHHS MalOTb BMKOHYBATUCA uepe3 OydepHy obnacrhb,
60 iHakwe nokansHi naHi B I1E Bxe O6ynn 6 nepenucaui no
TOr0, Ik BOHH nepecunaloTbes B cyciaHi [1E.

ABTOMaTHYHE BiOOpaXX€HHA BIpTyaJlbHUX KOMYTaLliii-
HUX CTPYKTYp Ha ROCTifiHy }i3HuHy cTpYKTYpy (sk G6yno
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MoKa3aHO BHIUE, HAa PEWiTYyacTy CTPYKTYPY) BKpail BaXKKo
peani3yBaTH, Y YOMY MOXXHA MEPEKOHATUCA 3 HABEAEHOrO BHLLE
npukiiagy. UuMm cknagHiwa OaxaHa BipTyajlbHa CTPYKTypa,
TUM BaX4oOl0 CTae Lg 3agaya. Y 3B'A3Ky 3 UMM aBTOMAaTU4YHE
BiIOOpaXeHHS MOXe NPOBOAMTUCH TUIbKW A MPOCTHX
CTPVKTYp. [Nis CKJIaZHMUX CTPYKTYP BOHO HE MOXE BU3HATHUCH
AOUIJIbHAM 3 OIJIsIly Ha 3pOCTarouy KiJbKICTb BapiaHTIB i
TPUBAIICTL iX BUKOHAHHA. TyT 3aCTOCOBYETbCS TInoOanbHA
AvHamiyHa cTpykTypa 3B's3ky SIMD-cucremu (“Router”),
SIKLLO Taka € B cucTemi. BusHavarouu and koxHoro GisuuHoro
[IE uineoBy agpecy naeskoro I[IIE, MoxHa posraspatu
3arajbHUil  BUMAAOK  HECTPYKTYPOBAHOrO  3B'A3KY K
NepecTaHOBKY BEKTOPIB (pHc.12.4).

3acTocyBaHHs rnobanbHUX CTPYKTYp 3B'A3Ky Habarato
Aeriie  nporpamMyBaTd i BOHO Moxe 0e3  npobiem
aBTOMaTuU3yBaTUCh. OaHauye rjobanbHi CTPYKTYpU 3HAYHO
MOBIALHIWI,  HDX  JIokaJbHi  (pewityacTti). IlpaBuibHe
3aCTOCYBaHHS JI0KaJdbHUX ab0 rnodbajnbHUX CTPYKTYP 3B'S3KY -
ue BaxuinBa npobnema SIMD-nporpaMyBaHHS.

PEl PE2 PE3 PE4 PES PE6 PE7  PES

PEl  PE2  PE3  PE4  PES  PE6  PE7  PES
Puc. 12.4. O6MiH 1aHUMU K NEpMyTaLis BEKTOpa

Ille 3HauyHO Bax4ow cTae mnpobjema CHUIKYBaHHS
NpoLECOpiB y pa3i 3aCTOCYBaHHS BIPTYaJlbHUX MPOLIECOPHUX
eneMeHTiB  (auB. n.11.3, 13.2). Buacnigox d¢parmeHTHOro
BinoGpaxeHHs BipryanbHux IIE Ha ¢isnyni I1E HaBith i3
NPOCTOro CTPYKTYpoBaHOro 3B'a3ky Mix I1E MOXxe BUHMKHYTH
JEAKHIA CKJIaAHUHI 1 HECTPYKTYypoBaHuii 3B'a30k. Ilopsaa 3 uum
YCKJAJHIOETbCS aBTOMATUYHE BiJOOpaXKE€HHA BIPTYalbHHX
CTPYKTYp 3B'i3Ky Ha (i3uuHi CTPYKTYpHM 3 €(PEKTHUBHUM
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KimitoM jlanumu, 60 BoHo noTpebye oGacTi OybepHoi nam'sTi
s seix BipryaubHux TTE.

12.2. Ctpykrypu 38'm3ky SIMD-cuctem

Y uboMy naparpadl po3TAAAAOTLCS B AETAsAX
prpvrypr 3B'si3ky  nmapanenbinx  SIMD-cucrem  CM-2
Connection Machine) 1 MasPar MP-1 (cucrema DAP ne mae B
BOCMY PO3NOPSKEHHI TI06anbHOT KoMyTaulifins! Mepexi). Sk
WC 3ra/lyBasioch, OOWIBI HA3BAHI CUCTEMH M&OTH OKpIM
OKAIBHOT  PEIUITYACTOT  CTPYKTYPH  TAKOX — I'0OalbHY
(UMY TaLliiny MEPEXY, O AA€ MOXKIMBICTL AOBUILHO BUOHpATH
PuplaHTH  28'I3KY  MDK  ripouecopHumu  erniementamu  (ITE).

(111Bl KOMYTal[ildH] PeltliTKY ~ L€ 3HAYHO WBH/ILII CTPYKTYPH

WKy  (Hanpukiad, NpWIATHI JUis  BUPIILCHHS 1pobsem

Yili3HaBaHHS 300paXKeHb), B TOW yac siK MoBiibHA rnobanbHa
JoMyTALIIAHA MEPEXAa MOXE peaiizyBaTh JOBUIbHI JMHAMIUHI
'3k Mk [1E.

fonnection Machine CM-2 3 65336 nponecopamu
(64K IE)

1. Jlokansha pewituacta crpykrypa cucremu CM-2 -
L€ JIMHAMIYHO KEPOBAaHA pELTKA 3 YOTHUPUKPATHHUM
3B'si3kOoM 13 cyciaHiMu  TIE  (pewnitka Ha3MBaeThes
“NEWS” 3a nouyaTkoBuMHM nitepamu reorpadiuHux
HanpsaMkiB north (niBHiu), east (niBaeHb), west (3axin),
south (cxig), aHrn. 4-way nearest neighbor). Pewitka
MOXE 3 ACAKMMM OOMEXEHHAMH MaTH OaraToBUMIpHY
CTPYKTYpy 1 Benuky kinbkicts By3niB (I1IE, wmo
3'eAHyI0TbCs ). Lis wiBMaKa nokajbHa CTPYKTYpa 3B'3KY
peani3yeTbCs K YacTHHA 106anbHOro rinepky6iyHoro -
3B'A3KY (AMB. n.2) i3 chewialbHOI  anapaTHOI
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niarpumkor. Ha puc.12.5 noaaHo ecki3 ABOBHMIPHOI0
3B'sa3ky Mix I1E (3 256x256 I1E).

Puc. 12.5. Pewrituacra koMyTaiiiiHa Mepexa CUCTEMH
Connection Machine CM-2

2. Jdx  rnobanbHa  crpykTtypa 3B'a3ky B CM-2
BUKODPHUCTOBYETbCS 12-BUMIipHMiA rinepky0. Bin micTturh
y cobi Bcboro 27 = 4096 ejieMeHTIB, Tak 1O 3arajibhi
KUIBKICTB 65536  npollecOpHUX  eNeMEHTIB  Mac
posnoaumTics B 4096 kiacrepax (rpynax I[TE), a n
KOXHOMY kiyacrept mae 6ytn 16 T1E. Ha puc. 12.6
MoKa3aHo rinepkybiuHy komyTaliiiHy mepexy SIMD-
cuctemn CM-2 y cnpoieHOMY BHUISfi: KjacTep-

CTPYKTYpPY 3 OLJIAYy Ha HEAOCTATHIO KilkKICTb MicLs

MOKAa3aHO 3 YOTUPHUBHUMIPHHUM Tinepky6oM. Bia koxHoro
Kjaacrepa iayth 12 niHii 3B'a3ky B rinepky6, a 16
NPOUECOPHUX €JIEMEHTIB BCEpE/IMHI KJacTepa 3B'a3aHi
Oe3nocepeaHbo uepes Mapuipytusartop (Router), wo
peanizpBaHuii Ha mikpocxemi. Axiwo Bci TE B knacrepi
norpedyoTh nepeaavi abo nNpuiioMy AaHMX 3a MeEXaMM
Kjacrtepa, TO 3arajbHWA OOMIH peanizyeTbes 3a 16
KPOKIB (KJIACTED € BY3bKHM MICLIEM CHCTEMH).

(0.6 L0600 006.% 1.1

o IO €,0.0.0.2,6,0,0.1.0,1]

.¢,0,0,0.0.0,0.1,1 1.1]

1.0.1.]

Y 2
10,0.0.0,0.0.0.0,0.0.1,0 {€.6.0.0.0.0.0.0.0,0.1.1}

(0.0.0.0.0,0.0.0.00,0.0] 10,0..0.0.0.0.0.9.0,0.7}

N

12 3 12

T . | }
~ L11 ] )
Router {Hypercube + NEWS)

Puc. 12.6. Komyrauiiina mepexa ['TTEPKYb cucremn

CM-2

KOHCTpYKTUBHE  KjacTep-pillleHHs  JeWo  0OMEexXye

robanbHy cTpykTypy 3B's3ky cucreMu CM-2, ane BOHO ja€

Mory noOyjyBaTu napajeiabHy OOUMCIIIOBAIbHY CUCTEMY 3
#4K npouecopamMu i3 NPUAHATHHUMU BUTpaTaMM Ha JiHI
AB'A3KY .

}

PeanizoBaHa B CM-2 crpyKTypa notpedye B LiOMY:

1/2*4096* 12 = 24576 niniii 3B'a3Ky 114 rinepky6a;

65536*1 = 65536 minii 3B'a3ky s [TE
SIK KJIACTEPHUX E€JICMCHTIB;
Cyma = 90112 nini

[lopiBHAHO 3 UMM pilLEHHAM A8 peasizauii noBHoro 16-

puMipHOTro rinepkyba notpibHo 6yno 6 3HAYHO Oinblue iHIM
§B'A3KY:
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1/2%65536™16 = 524 288 niniit

Lle O6yno © wmaike B wicTh pasiB Oinblue, HOK §
PO3IASHYTOMY KJaCTEPHOMY PillIeHHI, i 3HAYHO 10pOxKYe!

MasPar MP-1, Momene MP-1216 3 16384
npoygecopaMu

1. JlokanbHa pewiiTyacta cTpykTypa cuctemun MP.|
pedanizoBaHa y BUMUISAl MOCTIHHOTO JABOBUMIPHOIO TOPH,
B sAKoMmy posMimeHo 128x128=16384 npouecopiuty
ejleMedTa (puc.12.7).

T T

= o o @

(bea piaroHanbHWXx 3B'A3KIB 3 Kpalo)
Puc. 12.7. Peunityacta komyTauiina mepexa MasPar
MP-1

Koxwnuit T1E mae 38'a30k 3 BicbMoma cycignimu TTE. Lia
PELLITKA MA€ HAa3BY BOCbMHMBHUMIPHOT X-MEpEXi 3a X-NOAiOHICTIO
HANPSIMKIB 3B'3ky 3 ajaroHanbHumu TTE-cycinamu (anrin. 8-
way nearest neighbor, “x-net”).

2. I'nobanbHa koMmyTtauiiiHa cTpykTypa cucreMu MP-|
HazuBaeTbcs  “‘rnobanbHUM  MapupyTuzaropoMm” |
CKJAJIAETLCA 3 TPHCTYMNEHEBOT KOMYTaUiiHOT Mepexi
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Knoca 3 1024 Bxomamu 1 Buxopamu (puc.12.8). Lle
o3Havae. 1o koxHl 16 TIE, o6'emnani B xaacrep,
MOXYTb KOPHUCTYBATUCb OJIHMM BXOJAOM 1 OJHHUM
BUXOJOM MapiupyTu3atopa. 3a unx odcraBuH 13 16384
I1E TinbkM ogHa WIiCTHAAUATA YacTUHA I1X, ToOTO 1024
ITE, MOXKYThb OIHOYACHO MOOY/IYBATH CXEMY 3B'SA3KY MiX
co0Ol0 [0 JESKOrO 3arallbHOrO MOMEHTY. SIkilno BCi
. TIPOLIECOPHI  €JIeMEHTH MNOTPeOYIOTh  OJHOYACHOIO
OOMIHY JaHUMU, TO Ha 11 3HaA0OUTbCs LoHaiMeH e 16
~ TaKTIB, SIK1110 HE BUHMKHE HOBUX KOJIi3iH.

1024 xAacTepa | B xoxuoMy 16 [E
{Bcroro 16334 IIE)

MyAbTHUACKXCOD AeMyASTHOAGKCOD

J-cTynexena Mepoxa Kxoca

Puc. 12.8. Poytep cucremn MasPar MP-1

TakuM duHOM, JuUis NOOYHOBU 100aNLHOT  Mepexi
w's3ky B MP-1 BuOpaHo Takui caMuii KOMMpoMmic, siK | B

(M-2. Burtpaty Ha 3B'S30k s N BXOJIIB/BUXO/IIB
tpucTynerHeBoi  mepexi  Kiioca  ouiHiomThCs  NpHOIM3HO
BCIHUUHOIO 32 %n 372 (nuB.n.5.2). TloBHa xomyTauiiHa

mepexxa Kiioca ans Beix I1E mana 6 y 16 pa3siB 6iblinii po3mip
| B 64 pa3u Ginbiui BuTpaTy. IlepexpecHuil po3noaiioBay WHH
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(BUTpaTH n*n) 3 po3MipoM 1024 6yB 6u 1opoxunM B 5,7 pa3za, 4
posnoainosayu ans 16384 IE — nopoxuuii y 1448 pasis.

12.3. Peaykuisi BeKTOpa

OpHiel0 3 OCHOBHMX onepallid BekTopHux EOM
SIMD-cucrem € onepauis peaykuii BekTopa. B Giabuiocri

CUCTEM BOHA MpeacraBjcHa dK amnaparTHe piLlleHHﬂ abo sk’

6a3oBa onepauis. Onepauis NepeBOAUTH AEAKUI BEKTOP (TOOTO
KOMMOHEHTH BEKTOpa, po3Miieni B okpemux T1E) y Bu3Haueny
CKasApHy BeJqnuuHy (amB. n.2.3). Lle moxe 6yTH 3pobJieHO i
JIONMOMOrolo  Oyab-siKol  NlafHOT  onepauii -~  CKJaaaHus,
MHOXEHHS, BUOIpD MakcuMymy abo MIiHIMyMYy, Jloriude “i”,
JIOr14He ” rtomo. OpHauye Tpeba MaTWH Ha yBasi, U0

(1%

abo”
onepauisi peAyKLii € aCOUIATUBHOIO Ta KOMYTATUBHOIO (TOOT0
3a00poHsieTbCsi  BIAHIMAHHA 1 JiiieHHs). HexTyBaHHA LWM
3aYBAXKEHHSIM MOXE MPU3BECTH N0 PE3YJIbLTATIB, 110 3a0exKarh
B/l NOPSIAKY BUKOHAHHS onepaiiii peaykuit.

Ak  nokazano Ha puc.i2.9, BexTOp CKNANAETLCR
MOKOMMOHEHTHO, 8 OTPUMAHA CyMa ~ L€ CKasipHa BEJIMUMHA.

+
P

Puc. 12.9. Peykuist BekTopa onepauicio cyMu

[Topsiiok  BUKOHaHHA  omepauiil, 10  BM3HAYAETbCH
PO3MILLIEHHSM JIy’)KOK, B aCOLIaTUBHMUX OMNcpaLlisix Moxe OyTn
JIOBIJIbHUM, aJjie CJIiJ 3a3HauyuTH, U0 3aBAAKM AEPEBONOMIOHIHA
MOCJIAOBHOCTI onepaliid napajelbHe BUKOHAHHS MOXe OyTH
3aCTOCOBaHe e(eKTHBHille, HiX mociigoBHe (puc.12.10, pwuc.
12.11). Tak, nig yac NocCniIOBHOro CkjiaaaHHs n 4yuces Tpeda
BMKOHATH n-1 KpOK. Y pa3si [AepeBOnoaiOHOI MOCHiAOBHOCTI
onepauii € MOXJIMBICTb PO3MOAIIMTH Ty CaMy KiJbKiCTb
CKJIa/laHb MiX MPOLIECOPAMHM, PO3TALIOBAHHMH Ha BIJAMOBiHMX
piBHSAX AepeBa, i Bcs onepallis notpebye nauie logan TakTis.
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06pobka sa Aepesono-

) NlocAizopHz oSpobxa
ABHOK CTPYKTYpow

2 3 1 4 2 3 1 4

— e e — e w— m— — w— o - —

log,; N KPoKiB {n-1) xpox

Puc. 12.10. Peaykuis BexTopa

e 1 2 3 4 5 6 7 &

R AIRVAIRVAIRVAR

Puc. 12.11. BukonaHHs peaykilii BekTopa

Ha mosi PARALLAXIS peayktiis Bextopa V B ckajsp S
14 JONOMOroto ofiepaiyii SUM 3anucyeTbes Tak:

S := REDUCE.sum(V)

IMnneMeHTaLis peaykuii BEKTOpa BHKOHYETbCA 3a
JOMIOMOI'0I0 MPOrpamMHUX 3acobiB METOAOM SBHOIO OOMiHY
[aHAUMKU 3 apUDMETUUHWMHK OMepalisiMH, WO BUKOHYIOTHCS
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niciis peaykilii, abo 3a 1OMOMOTOIO CrieliaibHOI anapaTypH (K,
Hanpukiaaa, B cucteMi CM-2). AnapaTHe pilieHHa 3abe3neuye
BUKOHAHHS oOmepalii peaykuii napajelbHO 3 Mnepeaavdamu
JAaHUX.

13. MMPOBJEMU CUHXPOHOI
ITAPAJIEJBHOCTI

Hiska 3 npobiieM acHMHXpOHHO! MapajieabHOCTI, 0
po3rasHyTI B 1.8, HEe Mae BIIHOWEHHS JIO CHHXPOHU|
napanenbHocTi. TyT He ICHye HI HECYMICHMX JaHux, i
OJIOKYyBaHb, TaKOX (32 CHCTEMHUMHM YMOBAMH) HE MOX¢
3aCTOCOBYBaTHC OajlaHCYyBaHHS 3aBaHTAaXEHHS TTPOLECOPIN,
Lle 3HOBY MiKpeCII0€ NMPUHLMIOBY PI3HULIFO MK CMHXPOHHMUM
Ta ACMHXPOHHMM NapajenbHUM nporpamyBaHHaM. O6uaBI i
MoJeill  MapaieNbHOCTI  0a3ylTbCcs Ha PI3BHUX  OCHOBHMX
MOJIOXKEHHSIX | MalOTh CBOT pi3Hi obnacti 3acrocyBaHHs. Tomy
ACHHXPOHHI NapafelbHi PIIUEHHS Pi3HUX NPoOJIeM HE MOXY'I

OyTH nNepeTBOpPEHI B CHHXPOHHO-NApaneibHi  pilUCHHS |
HABMAKH.
[IpobGsemMn, WO BUHMKAIOTL Nl 4ac peanizatlii

CUHXPOHHOI MNapaJjielbHOCTI, NOB'A3aHi B OCHOBHIM CBOIil
YacTHHI 3 OOMEXKEHHAMHU, WO npuraMaHHi SIMD-moem. Y
3B'SI3KY 3 TUM LI{O BCI MPOLECOPHI €JIEMEHTH MalOTh BUKOHYBATH
OHy i Ty camy ofepauito abo OyTH B HEAKTUBHOMY CTaHi,
Jlessiki  BEKTOpHI  orepauii  MOXYTb  poO3napaleioBaTHCH
HEAOCTaTHLO. 3aCTOCYBaHHSA PIBHA abcTpakuii AN KepyBaHHS
NpoLecOpaMH He3aIEXKHO BiJ (AKTUYHO HaABHOI KiJIbKOCTI
GbI3UYHMX MPOLIECOPIB TAKOXK MOXKE MPHU3BECTH 10 NpobieMu
eheKTUBHOCTI.

Lle oaHiero npobaeMoro € BUKOPUCTaHHS nepudepiiiHol
anapatypM, sika JyXe€ Yacro CTa€ BY3bKMM MiCUEM mij yac
nepenaul gaHux. JleranbHiwe ui npodseMu Oyae po3risiHyTO
HHUXKYE.
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§3.1. InnexcoBani BekTopHi onepauii

Tepminn Gather (30upanns, onepauis 3UMTyBaHHS) 1
Boatter (po3kylagaHHs, 3anuc B MaM’iTh) XapaKTepU3yIOTb [IBI
PcHOBHI BEKTOPHI onepauii [Quinn 87], cHHXpOHHA napajienbHa
peanizalis axMx TnoB'A3aHa 3 TpyaHowlaMu. B mpuuuumi
PMHUKAIOTL NPOONEMH MiA yYac BEKTOPM3aUll IHAEKCOBAHMX
ROCTYMIB 0O NaHUX.

Jlani  KOXHOro  BEKTOpa  PO3NOAUIAIOTBCA  NO-
KOMIOHEHTHO MDXK MPOUECOPHUMH ejemeHTaMu. Onepauis
Gather 3Bepraerbcst [0 BeKTOpa uepe3 AEAKWIl iHAEGKCHHIA
BCKTOP 3 METOI0 3UYMTYBAHHA, TOMI sK ofnepalis Scatter
IBCPTAETHCS 10 BEKTOPA uepe3 JESKUHA IIAEKCHUMA BEKTOp 3
Meroro 3anucy. MyHKUIOHANBLHICTL UMX onepalliil BigobpaxeHa
B HACTYMHOMY (hparMeHTi NCEBAONPOrPAMMU:

Gather: Scatter:
fori:=1tondo fori:=1tondo

afi] := bfindex[i]] afindex]i]] := bli}
end, end,

Y KOXHOMY 3 UMX JBOX BHMNAAKIB HMAETbCA PO
JWIEHHUI Bl  AAHUMX  JOCTYN JI0 KOMIIOHEHTIB JpYroro
BCKTOPA, TOOTO 3IIMCHIOETHCS HECTPYKTYPOBAHA MEPECTAHOBKA
BeKTOPIB  abo, iHAKIUe Kaxyud, BIAOYBAae€TbLCS JOBUILHUM
poCTYn A0 JIaHMX iHIWMX npouecopis. Llei Bua mocryny,
NPUPOAHO, HE MOXE OYyTH po3napaneneHuil 3a JONOMOrolo
T™MnoBoi crpyktypu 3B's3ky Mmix I1E-cycinamu. IlocnigoBHe
BUKOHAHHS Li€T BaXJIMBOT OnepalLlii TaKoX HebaxaHe.

Llinunit psag BekTopunx EOM BupimyoTh 1o npodnemy
4 JIONOMOr010 CreuiaibHOT anapaTypu, a BCl iHILI MOTpedyIoTh
JIOPOIUX 34 BUTPATAMM Yacy MpoOrpaMHUX pilleHb. B mMacuBHO
napaneibHUX CMCTeMax iHAaekcoBaHi ngoctynu Gathen i Scatter
MOXYTb BUKOHYBATHCA uepe3 MOBUIbHILI, ajle YHIBEPCalbHI
CTPYKTYPH 3B'A3KY —~ MApLUIPYTHU3aTOPH, SKLLO BOHH € B CUCTEMI.
B iHWMX BMnaakax - JiMIIE MNOCHIJLOBHE BUKOHaHHA. Jlesiki
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SIMD-cuctemy MawTb npobieMy HaBiTb 3 BEKTOPHOIQ
1H/AEKCALII €10 JIOKAJIbHUX MACHBIB B MPOLIECOPHUX €JIEMEHTAX.

Ipuknan:

SCALAR s : INTEGER;
VECTOR a : ARRAY [1..10] OF INTEGER,;
u,v : INTEGER;

u = a[s]; (* ckanspue iHOeKCyeaHHA ™)
u = alv];, (* eekmopie inoexcyeanis *)

Y KOXHIl i3 ABOX {HCTPYKULiii BEKTOPHINA 3MIHHIA
MPHCBOIOETLCS €AEMEHT BEKTOpHOro macuBy a. Bci SIMIDs
CHCTEMH  [JONYCKAalOTb CKaJsSpHY IHAEKCALIIO JIOKAIbHOI
MacuBy, B sikid Bci [TE BUKOPUCTOBYIOTH OHAKOBHIA IHAEKC, (0
IHAaKLIE BEKTOPHI MacHMBM OyJjin O HeMOXJIMBUMH. BekTopiu
ajpecallis, B AKill iH€KCH MOXYTb OyTH pizHnumu B pizHux ITE,
B cucreMi CM-2 3 anapaTHUX NPUYUMH HEMOXIIMBA, TOJL 5K B
MasPar MP-1 BoHa peanizyeTbest 6€3 TpyAHOILIB.

13.2. BinoOpaxeHHs BipTyajJbHUX NpoliecopiB HA
¢dizuuHi npouecopu

Pousb BipTyansHux npouecopis ais SIMD-cucrem 6yna
onucaHa B n.11.3. 3acrocyBaHHs LILOTO PIBHA abcTpakuil gac #
PO3MOPSAJDKEHHST  MPOTrpaMicTa-KOPUCTYBadad K 3aBrOJHO
0araTo MpouecopiB 3 JIOBUIbHOIO CTPYKTYPOLO 3B'A3KY. TiIbKH
Take aOcTparyBaHHs Big Qi3uyHOi anapatypu poOuTh
MOXUIMBOIO PO3POOKY MALUMHHO HE3ANEKHHUX MapajiefibHUX 34
JaHUMM NPOrpam.

BinoOpaxeHHs BIpTyaJlbHUX NpoLecopiB Ha di3HYHI 3
IXHIMH 3B'13kaMH BiOYyBa€TbCA HEMOMITHO Il KOPUCTYBaya 34
JOMOMOrOK  CrielliaibHUX  aflapaTHUX  3acobiB  abo
“iHrenireHTHoro komminstopa”. Ilpu ubomy Tpeba BHUpILLMTH
pan npobJieM.
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e BipTyajpHi npouecopd MarwTb OYTH PIBHOMIPHO
PO3NOAIJICHI MK HassBHUMM (i3MYHMMHU MPOLECOPAMHU.
[Is 3amgava  BHUpPIWIYETbCS  METOJOM  ITepauiid
cnieyjiajibHOIO anaparypolo abo AONOMIXHHUMH KOJAMH
koMmnuisitopa. [lpaBUnbHE pO3NOMITIEHHS f{10JIETLLYE
noOyaoBy MOTPIOHMX BIPTYaJbHUX 3B'SI3KIB  MIXK
 [POLIECOPAMHU.

e Ilo MOXIMBOCTI B pasi HasABHOCTI JAEKIJIbKOX
KOMYTALIIMHUX  CTPYKTYp Tpeba BHUKOPUCTOBYBATH
HAWIIBU/LLY CTPYKTYPY 3B'A13KY (31€01IbLIOTO
PELIITYACTY CTPYKTYPY).

e ABTOMaTUYHHMH MOILYK ONTHMAJILHOTO
TOMOJIONIYHOrO BIAOOpaXeHHS BIPTYalbHUX CTPYKTYD
IME nHa ¢i3uyHl 3aleXHO BiJl 3aCTOCOBYBAaHOI MOBH
MPOrpaMyBaHHs | HassBHUX MOBHHMX KOHCTPYKLIH MOXe
OyTH BaXKUM 1 HaBITb MPHHUMINOBO HEMOXIUBHUM.
Hessaxaloun Ha Te WO AA8 ACAKHX THITIB 3B'A3KY
ICHYIOTh AJrOPUTMH BiJJOOpaXK€HHS OJHIEl CTPYKTYPH
3B'a3ky Ha iHwWy (n.5.4, [Siegel 79]), npobiema
ABTOMATHYHOT TPAHC/IAWIT [HCTPYKUiHA 11010 OOMIHY
JaHuMH a0 aexnapyBaHb 3B'A3KiB (AKLLO BOHU HasABHI B
SIMD-cucremi) B TUN Mepexi 3B'a3ky HabaraTo Baxua.
e S0 KiIbKiCTL MOTPIOHUX BipTyalbHUX MPOLECOPIB
nepeBULIYE KUIbKICTb HaaBHux ¢izvynux T1E. T1o0
BMKOHAHHS onepauiii 0OMiHy AaHUMH MOXJIMBE TUIbKH
uepe3 BeJIMKY OydepHy o0JacTb nam'aTi 3 MOMITHUMHU
BTpaTaMH yacy.

OOMIH JJaHUMM MIDK [pouecopamy — L€ KPUTUYHA
npoGiiema Mij uyac BipTyajisauii, ska Moxe OyTH BMpilleHa 3
NPUIHATHUMHW BUTPATAMM 4acy 3a YMOBM, LIO ICHY€ 3arajbHa
rno0anbHa cTpykTypa 3B'a3ky Mix IIE (mapwpyrtusartop). V
IB'A3KY 3 TUM, WO koXxHOMY (iznuHomy T1E mMoxHa nocraButu
y BiqnosiaHicTb Jekinbka BipTyanbHux ITE i Bci Bonu 6epyrb
yuacTb Y BMKOHaHHI OJHI€l (BIPTyaJlbHOI) KOMaHAM Ha OOMIH
faHUMH, KOXHA oOMepalis  ChijJKyBaHHS  [POLIECOPHMX
JIEMEHTIB MA€ BUKOHYBATHCH 32 JICKi/IbKa KPOKIB.
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13.3. 3MeHIIEHHs1 TPONMYCKHOI CIIPOMOKHOCTI Mif 4ac
niax/a04YeHHs nepudepiitHoi anapatypu

Haiisaxnusiiiworo skictio SIMD-cucremu € Te, 1o M
HIH iKkBiAOBaHO “ropio musiikyd ¢oH Holimana”, To010
By3bKe Miclle TpaavuiiHOl MOCIiI0OBHOI ogHOonpouecopHol
EOM. 3aBasku  yCyHEHHIO HEPIBHOBArMd MiX  OJIHHM
MpoUECOpOM, WO  aKTMBHO  Mpauloe  (LUeHTpaibHHA
MPOUECOPHUR NPUCTPiH), 1 BEIUKOK KiJbKICTIO TaCUBHHX
eJIEMEHTIB (eJlIeMEeHTH nam'aTi), a  TaKoOxX BBCICHH IO
BUCOKOMPOAYKTUBHHUX KOMYHIKAlIHHUX Mepex JUIA
napajelbHUX 3B'A3KIB Mik mnpouecopamMu Jani B SIMD.
CUCTEMAX MOXYTb MEpeAaBaTHCs AYXKe LUBUAKO; TyT Oiblle e
icHy€ “ropna naswkr o Holimana™.

Ha »xanb, y pa3i niakmoudeHHs a0 SIMD-cucTemi
nepudepiitHoT anapaTypH, HaNPUKIAL A1 AOCTYNY JIO BETUKHX
MACHBIB JIaHHX, AYXKE JIETKO MOXE€ BUHUKHYTH HOBE “roplio
miswkKn” (puc.13.1).

777
7
)

Bysbxe
Micuye

Puc. 13.1. Pabora nepudepiiiiux npucTpois B MACUBHO
napaenbHUX CUCTEMaX

TyT BMHHMKaIOTh ABI OCHOBHI npobnemu. Ilo-nepiue, ne
3B'A30K MIX MapaieinbHUMU MNPOLECOPHUMM €eMEHTAMU |
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lenrpaibHUM Kepytouum komm'iorepom (HOST), a no-apyre,
e MUAKII0YeHHs nepudepiitHol anapaTtypu, Takol #ik AMCKOBA
nam'aTb abo rpadiyHi aicniel, ski B HAKPOCTILIOMY BUMALKY
nmukatoThes OesnocepearHbo B HOST. Bysbke Micue mig yac
oominy gannmu 3 HOST He moxe Oyt sikBigoeaxo SIMD-
CipykTypoto. ToMmy mpukiaaHi napaljeibHi NpOrpamu MaitThb
OyayBaTUCS Tak, OO BOHM M0 MOXIIMBOCTI HE NMEpEpUBaKCs

W4 NOCHiAOBHMEA oOMin  aanumu 3 uentpaabhuM  HOST,

0COOIMBO HA 3aATAC Ta YMTAHHS CKAJSIPHUX MacHBIB AaHuX. L
onepauii  rpeba  MPOBOAMTM 10 NOYATKY | HAMPHKIHLI
BHKOHAHHS TNapajelibHux riporpam. Sk BuiaHO 3 puc.l3.1,
HV3bKE MICLIE NI 4aC MIAKJIIOYEHHS nepudepiitol anapatypu
(a puc. 13.1 JUeKkoBOT Mam'sTi) BUHUKAE Tilbiii TOMY, 110 MK
Nl anaparynoio 1 napanesibiumu TIE ¢roite nocsiioBHui
kepyroukit komm'torep. Uepes HbOro JaHi MaloTh MPOXOJUTH
HOKPOKOBO, 11100 gocarty koHkpernoro TE 3a oro aapecoro.
Tyt moxna  3anolirtn Wik npobseMi  3a JONOMOrolo
napanejbHoro rjikinoderns nepudepii. Lle rexuidne piietns
s cucremi CM-2 nasuBacroest Data Vault, a B cucremi MasPar
MP-1 siome sax Parallel Disk Array. B MII-1 napanensue
HUIKJOYCHHS  JIMCKOBOT  NMaM'siTi BUKOHYCThCA  uepes3
HIBUAKOJUIOUY LIMHY, sIKa Y CBOIO UYCPry Mae 3B'S30K 4depes
MAPLLPYTH3ATOP OE3MOCCPLIHBO 3 MPOLECOPHUMMU
cnemenramu. Lle o3nauvac, wo et HHE SIMD-cucremn MOXyTh
napajiie/ILHO 3anucyBaT (a0o 3unTyBaTn) naHi B nepudepiiny
naM'sitb. Y 3B'S3KY 3 THM, WO MNPUCTPIH JIMCKOBOI MaM'siTi
(BIHUCCTEP) € MOCJIJIOBHUM EIICMCHTOM, CHUCTEMa noTpedye
PO3NAPAJICIIOBAHHS, WO AOCAIACTHLCS NMIKIIOYEHHIM 0araTbox
MEXaHI3MIB  JIMCKOBOI naM'aTi  Ha napajeibHy podoty
(puc.13.2). L mexdika 3adbesneuye WBUAKUA MOTIK JIAHUX,
0OMHMHAIOYM BY3bKe MICLE, SKMUM € KEPYIOUMH komn'iorep
HOST.

AHA4J0CIYHUH MACHB JIMCKOBOI IMaM'iTl — L€ TaK 3BaHa
RAID-cucrema (redundant array of inexpensive disks), sika
MPONOHYEThCA A nociigoBHux EOM i 3abe3neuye npupict
WBH/IKOCTI OOMIHY JaHMMH 1 306iablieHs HaaidHOCTI pobOTH
anapaTypu.
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NapaxeAbHi
AT AaHHX

N

Ernoku duckosor nam’'mi

OFS

Puc. 13.2. INapasienbia podora 6nokis AI1

13.4. LllupuHa 4acTOTHOI CMYI'¥ KOMYTAUIHHUX Mepex

[MponyckHa  CMIPOMOXHICTL  KOMYTalliiHOT — Mepexi
SIMD-CTpYKTYpH 3HAYHOK MIpOK BU3HAYA€ MPOAYKTHMBHICTD
BCi€l cucTeMM. 3 ojiHOro 60Ky, BUTpaTd dacy Ha noOyjloBy
CXEMM 3B'SI3KY 1 NPOBE/ACHHS KOMYHIKALl, & TAKOX MACHMBHO
napaienbHoro oOMiHy AaHUMHM 3HauHO MeHill, Hix B MIMD-
cucremi. IIBHAKICTb BUKOHAHHS JIOKAJbHOIO OOMIHY JlaHMMM
Mixk izmunumu cyciidiMi TTE npubnusHo taka cama, fiK |
IUBWJIKICT BUKOHAHHS OJIHIET MapaniebHOl onepauii. 3 1H1I0ro
60Ky, HECTPYKTYpoOBaHi, riobanbHi onepauii oOMIHY JaHWUMU
noTpedytoTh [UIsi iIXHbOFO NPOBEJEHHS 3HAYHO Olnblue 4acy.
SIMD-cucremu, 1o MaloTh JIOKaJbHYy Ta [J100albHY
KOMYTAUIHHI CTPYKTYPH, XaPaKTEPH3YIOTLCS TAKOX BIAMOBIAHO
JBOMA  PI3HUMHU  BEAMYMHAMM  LUMPUHH  CMYTH  4YACTOT
KOMYTAL{ifHUX MEPEX, BMIAUB AKUX HA MPOAYKTHBHICTb CHCTEM
3AJIEKUTb Bil MPUKIaAHOT nporpamu. B neskux nporpamax i3
CKJaIHHMU CTPYKTYpaMH 3B'A3KY BIUIMB CMYI'M MPOMYCKAHHA
KOMYTALlIMHOT Mepexi Ayxe MOCWIIOETbCS 1 MOXe CTaTH B
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INCBHUX YMOBaX KPUTUUHMM (akTopoM. Tomy 1uMpuHa cMyru
IPONYCKAHHA Ma€ OyTH skoMora OUILLIOIO.

3 ornany Ha oOMexXeHy CMyry MpONyCcKaHHs riaodaibHol
KOMYTaUilHOI ~ Mepexi M[pukjagHi  nporpamd  MaroTh
BIANOBIAATH TAKUM BUMOIaM:

e Tpeba yHMKATH TuX TN0GaibHUX onepauiii oOMminy

NaHUMH, 0€3 AKkHMX MOXHa OOIHTHUCh, 60 BOHM 3HAYHO

JOpOX4i 3a BUTpaTaMW uacy, HIK apupMeTHYHi

KOMaH/IH;

® 3aCTOCYBAHHS CTPYKTYPOBAaHUX TOMOJIOTIH 3MeHUIVE

BUTpaTH Ha cninkyBaHHs IIE, sakuio ang  ixuboi

peaJjiizauit MOXJIMBE 3aCTOCYBAHHS LIBUAKHMX JIOKAJILHUX

3B's13KiB MK cycigHuMHu TTE (HaBiTe ax nicns tpadcnauii

B MOCJIiJIOBHICTb OOMIHY JAHUMM, Lo

BUKOHYBATHUMETbLCA 3a JIEKIJIbKA KPOKIB).

Apu(pMeTUKO-TOTIUHI MPUCTPOI rnapajejibHUX
MPOLIECOPIB  Mijl Y4aC BHKOHAHHA OiALUIOCTI MPUKIAHHX
nporpamM  MaloTb  3al0BUIbHY  LWBHJKICTb  TNOPIBHAHO 3
[JI00AIbHUMU  KOMYTaLlIHHUMK  Mepexamu. [loMmiTHO By
MPOAYKTUBHICTb BCi€i MapasielibHOT 00UMCTIOBANbHOT CHCTEMH,
TOOTO BHUULY WIBUAKICT, OOYMCIEHb, MOXHA 340€3MEYNTH
TUIbKA 3a PaxyHOK 30UIbIIEHHS MPOMYCKHOI CMPOMOXHOCTI
(CMYIM NPOMYyCKaHHA) KOMYTaLIHHOT MEpexi.

13.5. Po6Gora B pexumi 6araTbox KopucTyBauis i
TOJIEPAHTHICTb 10 MOMUJIOK

SIMD-cucteMn Hisk He NIAXOAATL [AJs  OpraHizauii
OJHOYACHOT poOOTH OaraTbOX KOPHMCTYBadiB. Y HOpMasibHHUX
ymoBax B SIMD-cucteMi mnpauioe auine OMH KEPYHOUMit
komn'lorep (HOST), ToMy B KOXHMH MOMEHT MOXe
BUKOHYBATUCSA TiJIbKM OJiHAa nporpama. [lapalienbHe BUKOHAHHS
HE3AJIEKHUX TMPOrpaM HEMOXJHMBE. C€JUHOK MOXIMUBICTIO
3QJIMIIACTBCA  KBasi-napaliejibHe  BUKOHAaHHSA  Mporpam
MyJlbTUIUIEKCYBaHHsIM 4acy B HOST, ane Tyt BMHHMKac wie
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Oilblua npodfieMa BEAMKOro 00’eMy nam'aTi AaHUX. SKi
posnoaineHa fokanbHo Mix IIE (Hanpuknaa, B cymi 1| GB ans
MasPar MP-1, mozenn 1216). Lls Benmuue3Ha KUIbKICTb JaHUX
He MoXke, MpUPOAHO, B TiI CEKYHJHI YacCTKM 4acy, Lo
BHUALISAIOTLCS HA NMEPEMUKAHHS 3a/1a4 B PEXUMI PO3T0AL1Y yacy,
3ANMCYBATUCS HA BIHYECTEp 1 MOTIM 3UUTYBATHUCA BIATUISE
Onucana Buwe npobaema nigkmoueHHs  nepudepiiHol
Anaparypyd 3yMOBIIIOE T€, WO KOXHa orepallis 4MTaHHs abo
3aMuey  3arajibHoOl  MapanelbHOl naM'sTi AaHUX Mae€  rpn
HAsBHOCTI AMCKOBOT NAM'ATI NOTPIOHMI Yac Ha BUKOHAHIS JEC
oaunsbko 10 ¢! Tomy ana napanensHoi nam'sti SIMD-cucremn
KOHLIENLS BIPTYaldbHOT Mam'siTi Ha CbOTOJHI HE MoXe OyTi
3aCTOCOBAHA.

BilacHe. AK1WO 4acoBi IHTCPBAIM BEIMKI (SK MPABUIO,
nproIM3HO 10 €), TO 3aBAHTANKECHHS TA OUULLEHHS NapajiebHOT
nam'siti aHux HemoxowBi. Pillichus nonsirae B Tomy, 1ot
HasBuy nam'ate koxkHoro TNlE posnoainmrn MK akTUBHUMM
kopuctTyBatuaMu. Yepes HELOCTaTHIO MPOTTYCKIY CITPOMOXHICTL
0OMEXYCTBLCS KUTLKICTBL OAHOUACHO AKTHBHHX rporpam. Koxta
nporpamMa  3aMoBJSIE IO HOYATKY BUKOHAHHS  KUILKICTI
noTpiOHOT napaiciubiol nam'sti (Hanpukiai, 4 K B KoxHOMY
INE B cucremi MasPar MP-1). Sxuio e wmicue B nam'aTi
CUCTEMU MOXKE OYyTH HaJdHO, TO BOHO BH/IISIETHCS MPOIpaMi,
SIKA MOXE BHMKOHYBATHUCA 3a €rocoOOM  MYJILTHIIIEKCYBAHHS
yacy. AJsie y BUNAJKY, KoM Opakye noTpiOHOT KUILKOCTI MicLis
B Mam'aTi, NpOrpaMa Mde YEKATU HA 3aBEPUICHHS [HLUIMX
nporpam, Lo B JIAHUH 4ac aKTHUBHI.

e oxHa npobiaema - 1i¢ TonepanTHicT, SIMD-cuctem
J10 MOMUJIOK. Y pasi BUXOJLY 3 Jajly HaBiTh 0HOTO ¢jmnoro HE
31€0UILLIOTO  HEMAE MOXJIMBOCTI BHUPIIIMTH 11O npobiiemMy
nporpamMuum cnocodbom. B ubomy BURmaaky moxe 3apajuTy
(KpIM 3aMiHK AehEKTHOT MIATH MPOHECOPIB) THILKW 3MEHLICHHS
KoH(pIrypauii npotiecopis Hanososuny. Hanpuknan, MasPar
MP-1, mo mae 16384 I1E, y pasi suxojy 3 naay ojHoro IE
MOKe KOH(]IrypyBatucs auvie sk cucrema 3 8192 INE. OxHaue
U UbOTO 1€ Tpeba BpYyUHY BCTABUTH B CUCTEMY BIJIMOBIAHY
MIaTy MapuipyTU3aTopa, fKOolO JIOMOBHIOETHCS KOMyTalliiHa
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[)CL[JiTKa 3MCHILUCHOIr'O TOpAa.

14. SIMD-MOBMU ITPOI'PAMYBAHHHA

Sk 1 B ACHHXPOHHOMY NapajiefibLHOMY MPOrpaMyBaHHi, y
CHHXPDOHHOMY  TPOCPAMYBAHHI  PO3TJANAIOTHLCS  TLAbKH
fIpoUeypHI MOBHM (10 HEMPOLICAYPHUX MOB IOBEPHEMOCS B
1:1.17). Ha piBHI abcTpakuiii npouedypHOro nporpaMmyBaHHs €
CCHC YITKO BIJPI3HATH B MapajelbHOMY NpOrpaMyBaHHi
cneumdpiky MIMD- ra SIMD-cucteMm. ¥V 3B'S3Ky 3 TUM, WO
SIMD- 1 MIMD-nporpamu BIAPI3HAOTLCS  aJICOPUTMIYHO,
po3pobKa  AesKOT  TYHIBEpcalbHOI”  mapasiesibHol  MOBHM
HPOrpamMyBaHH MPOLUCAYPHOrO TUIY NPUPEUCHa HA HeBJauy.
Koxna nporpama morjia 6 6yTH e)eKTMBHO BUKOHAHA TUILKH
Ha OJHIN i3 cucTeM 000X KJIACIB HABITH Y TOMY BHNAUKY, SKOW
N0 Ha PIBHI aOCTpaKLlii, BULIOMY 3a PIBCHb MPOLEAYPHOIO
HporpamyBanHs, poduTn Taky 4itky pi3sHuuio mik SIMD Ta
MIMD ne Oyac norpedu. Hanpukiaa, 3a  1000MOrowo
HEMTPOLICJLYPIUX MOB MOXHA pealli3yBaTH napalebHICTL Tak,
n1006 KOpHCTYBay HE MOMIUAB, HA SAKIH cUCTEMI e 3pobieno.

PoRrstHbMO HaMBaXXAMBIHIT KOHLCTILT ACAKHX MOB |
HOSICHIMO 1X NPUKJIALaAMH.

14.1. ®opTpan-90

Asmop: ANSI-komimem X3J3, 1978-1991

BigfHOCHO MoOJIOja CHMHXPOMHA Mapalie)ibHiCTh, SK 1 iHWI, He
MOoxke  icHyBatW O¢3 Tpaauuiiinoro doprpany. Koxnui
BUPOOHUK MACMBHO MNapaJieibHUX OOUYMCIIOBANIBHUX CHCTEM
HPOMOHYe nOpsia 3 IHIWMMM MOBAMM TaKOX MnapaelibHUi
pianext DoprpaHy, 60, Ha Xkaib, Ui MOBM HECYMICHI MiX
¢00010.
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Tak, icnyrotb CMFortran ana cucremu  Connection
Machine. MPFortran ana MasPar. a takox Fortran-Plus, wo
€ eAuHUM 3acobom nporpamyBaHHs B cuctemi AMTDAP. Bei
napaneibHi nianextu Poptpany Hanexath no Fortran-90
CTaHAApTy Ui€i MOBH JeB'sHocTHX pokiB [Metcalf, Reid 90]. Y
3B'A3KY 3 MM € HaJisl, 1O 3aCTOCOBYBaHI CbOTrO/IHI NapaeibHi
BapiaHTu @opTpaHy MalOTh CyMicHicTh 3 Fortran-90.

Mosa Fortran-90 - ue nopanswmii po3surok Fortran
77. B AKidA IHTErpoBaHi TakoX mapajelbHi 3a JaHUMM
PO3LIMPEHHS KOHLEnuii macuris. OnHaue 3 Uiel Oe3nepepBHOCTI
po3BUTKY DOpTpaHy HIi B SIKOMY pa3i HE MOXHa pOOMTH
BMCHOBOK, L0 cTapi nporpamu Ha @optpati (“dusty decks”)
MOXYTb OYyTM Hi€3AaTHMMM MICAS MPOCTOI KOMMUIALIT Ha
SIMD-cucremi! Lle MOXJIMBO JiMLLE B [yXKe OOMexKcHIA MIpi i Ha
CbOTOJHI Ha HE JyXE 3a/10BIJIbHOMY piBHI (AMB. aBTOMAaTHYHY
BekTopu3alio B ri.16). Bci aaroputMu marwTbh 6yTH 3aHOBO
nepepoOIieH] | pEiMMIEMEHTYBATHCS 3 OIJISIAY Ha MapanesbHe 3a
JAHWMH BUKOHAHHS.

[TapanenbHi onepauii Haag gaHuMKA y Doprtpani-90
BUKOHYIOTbCSl 3@ BEKTOPHUMHW KOMaHAaMH, WO HA3UBAIOTHCH
“array expressions”. Y 3B'S3ky 3 TuM 110 PoptpaH-90 mac
MPaLoBaTH K Y 3BUMANHUX MOCNILOBHUX, TAK | B NapanejbHUX
OOYMCNIOBAILHUX apXITEKTYpax, y camoMmy Poprpani-90 He
ICHYE MOBHHMX O3HAaK TOro, 44 MAacHB Md€ o0OpoOOAATHCH
CKaNfipHO Ha Kepyo4iii EOM uM BEKTOPHO WWISXOM pO3MOily
M)XK NPOUECOPHUMHU €NIeMEHTAMK. 3 L€l NPUUMHU CHUHTAKCHUC
HasBHUX MapanenbHux PopTpaH-BapiaHTIB BIAPI3HAECTLCA BIA
nponoHoBaHoro ®optpana-90. Tak, y dopTpaHi-nmoc
JleKJIapyBaHHA NapaJjelibHOro BEKTOpa No3HauaeTbCs 3IpovKOI0
(*). Ha npotuBary ubomy y MP-®opTpaHi BW3HA4alOTh
onepauii A0CTyny A0 MacuBa 4epe3 ckalsfipHi abo BEKTOPHO
po3snoaiieHi pecypeu. Jleknapadis MacuBa TYT HE MA€ HIAKOTO
3HAUYEHHN; TYT MOXYTb 3a[aBaTHCb | BIAMOBIAHI AWPEKTHUBH
KOMNIATOpA.

Hapanesnsni MOBHI KOHCTPYKTHEH
HacrtynHa peknapaiiisi 3ajaa€ napanejbHWi BEKTOP 3 50
210

KOMIIOHEHTaMHW THUMY integer. Lle#i BEKTOP MOX€ pO3MOALISITUCS
IHIOKOMIIOHEHTHO MDK npouecopHUMH  enemeHtamu (I1E)
napajiejibHOl CUCTEMHU:
- INTEGER, DIMENSION(50) : : V

3a OaxaHHIM MOXE TakKOX 3aJaBaTUC HMXHA
BeJIMYMHA 1HJIeKca (HanpuKiajl, BEKTOP 3 50 eJeMeHTaMu Bij 41
J10 90):

INTEGER, DIMENSION (41:90) : : W

Tpu [ABOBUMIPHMX BEKTOPH 3 KUIBKICTIO eJIeMEHTIB
100x50 AeKIapyOThCA TaK:

INTEGER, DIMENSION (100,50) . : A, B, C

CknafaHHs MaTpulb MOXE OIMUCYBAaTHMCh $K MpOCTa
KOMaH/a, U0 BUKOHYETbCS MPOLECOPHUMH  EIeMEHTAMMU
napajesibHO MOKOMIMOHEHTHO!

A=B+C

B oaHilt IHCTPYKUIT HE 3aBX AU MalOTb OpaTH Yy4YacTb BCi
KOMMOHEHTHU BeKTopa. YacTkoBi 30HM abo TiAbkK JedKl
KOMIMOHEHTH MOXYTb BUOWUpaTUCcs 3a Pi3HUMM criocobamu, a
I[IE  iHWKX  KOMMOOHEHT  3aJMWAIOTBCA  HEAKTUBHUMMU.
Hanpuknan, HaBeaeHa  HMXYE  IHCTPYKUiSS  aKTHUBI3ye
CEIEKTUBHO YACTKOBY 00JIACTb 3 2-1 A0 10-i KOMIIOHEHTH
BEKTOpa | MPHUCBOIOE KOXKHOMY 3HAUYEHHst 1 (CKaJIAPHI 3HAYEHHS
JIAHWX NEPEHOCATHLCS HA BCI BEKTOPH):

V(2:10) = 1

3a 6axkaHHAM MO)XXHA 3aJlaTH BEJIMUMHY KPOKY SIK TPETiH
napameTp B Mexax MacuBy. Tak, NPUCBOEHHS JIEAKOT BEIUYHMHHM
KOXXHOMY JIPYTOMY €JIEMEHTY, NOYUHAIOUH 3 V(1), MAE BUTJISJL:

V(1:21:2) =1

Cesnekilis  NpOLICCOPHUX  EJIEMEHTIB  MOXE  TaKOX
BMKOHYBAaTHCS BUIKMIAaHHAM iHAekciB. Hanpuknan, onepauis
MPUCBOEHHA BEKTOPY V psinka Ne 77 marpuuil A 3arucye€Tbes
TakK:

V=A77,)

3a jonomoroto iHCTpyKuii WHERE onepauis ceaekuii
BEKTOPHMX  ENIEMEHTIB  JUIS  JIedKOl  KOMaHJH  MOXE
3AIHCHIOBATHCHL NMPOCTUM crniocoboMm. Hanpuknaz, komaHga

WHERE(V. LT. 0)V = 7
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[IPUCBOIOEC HOBE 3HAYCHHS JIMILE THM KOMITOHEHTAM BEKTODA,
SIK1 MEHLUT BI/L HYJIS.

Hdns  peaykuli  sBeKTOpa B CKaAp,  HalpUKIajl
CKJIAAHAHHSM VCIX KOMITOHEHT, NnepeadadyeHo psaa craHaapTHHX
GyHkuid. OaHaye BHW3HAUYCHHS PEAYKLIAHUX (QYHKLIA 3 pIBHY
KOpHUCTYBaua HemoxdiuBe. Hampuknaz, IHCTpPYKUis peaykiui
S=SUM(V) [1a¢ CyMYy BCIX KOM{IOHEHT BEKTOPA V i NPUCBOIOC L0
CYMY CKansipHid 3MIHHIA S,

YV po3nops/KeHHI fnporpamicra € Taki onepaTtopu
peAvKLiT

ALL, ANY, COUNT, MAXVAL. MINVAL, PRODUCKT, SUM

Oricparopn ALL 1 ANY BLIOOBIA@TH OYJUBCBKUM i
tand), “ado” (or), a oneparop COUNT fapasicibHO BAZHAYAC
KLIBKICTDL CACMCHTIB MOJS, 10 MatoTh 3iadckns TRUE. Koim
1LOLO, ICHYIOTH CrAHAAPTHI PYHKLIT JUIH CKAUSPHGIO 0Oy TKY
TA NCPCMBONKCHHS MATPHLL (HC MAYTATH 3 HOCHCMCHTHUM
MHOMKCHISIM  JIBOX  MaTpHIlb, SKOMY BIAMOBLIAE TIPOCTHI
ONEPATOP MHOKEHHS):

DOTPRODUCT (Vektor A Vektor B)

MATMUL (Matrix_A,Matrix_B)

[Tporpamysarts macusis Ha Doprpani-90 (a Takox b
JUAICKTAX) JIAC MOUUIMBICTL JIMIIE 3 BEJIMKUMHU OOMERKCHIH NI
BUKOPHUCTOBYBATH Mapancibiicth. Maremarnurl Gopmyin rpi
HLOMY MAlOTh BUIHOCHO JICTKO TPAHCPOPMYBATHCS, TOAL sk
CIJIAJIHT QJITOPUTMM MOXKYTH CIIPUUHHSITH TPYJUIOLL Y 3B'S3KY
HELOCTATHLOIO IHYHMKICTIO MOBIWX KOHCTPYKTUBIB.

Ha saxinyennst posjy ripo oprpan-90 napojmumo asi
AporpamMu sk npuiiaan. Ilepuwa 3 Hux - i 00UMCIEHHs
CKANSIPHOTIO JIOOYTKY, a4 JApyrd - Jutst OOUMCIICHHS OlICpaTopa
Jampnaca w10 BU3HAuCHis  KOHNTYpIB Yy 3ajdyax
posnBHasaitg  rpagiunux  oOpasis. OOnasBa 11 npHUKIanu
BUKOPUCTOBYIOTHCH  TAKOXK JUist IHIIKMX (PEACTABIACHUX Tyt
SIMD-moB nporpaMyBaHHs.

O6uuciyeHns cKanspHoro gobyTky B $oprpani-90:

INTEGER S_PROD
INTEGER, DIMENSION(100) : : A, B, C

o
[§%)

C=A"B

S_PROD = SUM(C)

Y 3B'I3Ky 3 THM, L0 ckangpHuii JOOYTOK €
crangaptHoro  ¢yHkuiero  Poprpana-90, Horo - MOXKHa
BM3HAYMTH 3a IONMOMOIOI0 OfepaTopa:

S_PROD = DOTPRODUCT (A, B),

A€ CNnoYaTKy 3JIHCHIOETHCS MOKOMIIOHEHTHE MHOXEHHA, a
MOTIM peaykuis ckiafaHHsMm. TyT He Tpeba peanisyBaTu ABHHMA
OOMIH JaHUMU MiX MPOLECOPHUMH €IeMEHTaMMU.

OnepaTop Jlamnaca HAJIEXKUTh Ji o) MHOXHHU
OMEepaTopiB, SIKI B PUCYHKAX CIpOTO KOJALOPY BHANISIOTH MEXI
(edge detektion). lleii onepatop BUKOHY€ MPOCTE JIOKaJIbHE
JudepeHuitoBants (auB. puc. 14.1) i ayxe qodpe MigXxoauTh 10
napajiejibHOro BUkoHaHHs. OnepaTtop Jlannaca 3acTocoBy€TbCa
napanenbHo JJIs KOXHOIO MNYHKTY PpHCYHKa (¢oTtorpadii)
pa3oM 3 HOro YOTUPMa CYCIIHIMH MyHKTaMH.

AXA KOXHOrO OYHKTY.

Puc. 14.1. Po3nizHaBaHHs kpaiB 06’€kTa onepaTopoM
- Jlanuaca

Ob6unucnenns oneparopa Jlannaca B $oprpanHi-90:

INTEGER, DIMENSION (0:101,0:101) : : BILD
BILD(1:100,1:100) = 4*BILD(1:100,1:100)

- BILD(0:99,1:100) - BILD(2:101,1:100)
- BILD(1:100,0:99) - BILD(1:100,2:101)
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Hagkpyru nmonst 3 100x100 ejleMEHTaMH nepeadavyeHo
HCBHKOPUCTOBYBAHY  MEXY,  sika  JIOMyCKae  MpOCTilLe
BM3HAUEHHSA 3a [OMOMOIOK ONMCYBaHHA MacuBa. TyT 1 B
HACTYMHUX TporpaMax-fMpukiajax He MOpoaHanizoBaHo, YM
pe3VIbTYIOYE  YWCIO  HAJICKMTh  JONycTUMIA  obnacT
(Hanpukmag, 0..255). [lum aHanizoM Mae A0MNOBHIOBATHUCH
3aKIH4Y€Ha Nporpama.

®op1pan-90 3 iore  HeABHO  napajesbHUMMK
KOHCTPYKTUBAMM € 0€3 CYMHIBY XOpOILOI 043010 8K HOBUH
@DopTpaH-CcTAHAAPT AN 7IOCIROBHUX  OOUYMCAOBAJIbHUX
apxiTekTyp. OaHauye nii Yac 3acTOCYBAHHS i€l MOBH B
napaicabHuX OO0YMCIIOBAAbHUX apXITEKTypax nponajaroTb
MOXJMBOCTI  OporpaMmicra  BIJIMBATH  Ha  3POCTaHHs
MPOAYKTHUBHOCTI NAPajiejibHOI NPOrpaMH 34 LONOMOIOI0 SBHHUX
KOHCTPYKTHWBIB. 3 wi€l NpUUMHH  PAAOM  BUPOOHHKIB
napajeibHux Tta cynep-EOM, wo ob'eanamt 8 “High
Performance Fortran Forum™ (HPFF), po3pobnserscst HoBHi
jaiiekt Poprpany. Leit “High Performance Fortran™ (HPF)
Mae BUKOPHUCTOBYBATH PopTpaH-90 sik oCHOBY i MaTH B coli
napasienbhi MoBHI KoHuenuii @oprpany-D [Fox, Hiranandani
Ta id. 91].

$oprpan D

Asmopu : Fox, Hiranandani, Kennedy, Koelbel, Kremer,
Tseng, Wu, 1991.

®oprpan-D (D — ue “date decomposition™) opieHTOBa-
MWK Ha 3acTocyBaHHA sik B SIMD-, Tak i B MIMD-cucremax.
OcHOBHA iaes napanelbHyuX MOBHHX KOHLEMIA TYT MOJIArae B
po3noait (“decomposition”) abo B ynopsAKyBaHHI JaluX, {0
MatoTb 06pobasaTucs napanenpHo. Y Poprpani-D He ichye
ABHUX onepatlin 0OMIHY JIAHUMM, 34MICTh HUX
BUKOPHUCTOBYIOTbCA IHAEKCOBAHI ONepaTOPH NPUCBOEHHS.

Napanenssi MOBHI KOHCTPYKTHUBH

Bu3HauecHHA napaneilbHOIro MacnuBy AaHHUX BUKOHYETbLCS
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B TpH eTanu (puc.14.2, nopisrsiite 3 1. 14.4, CONFIGURATIC
ra CONNECTION B MOBi PARALLAXIS ):

Puc. 14.2. Po3nojin macuy gaqnx mix I1E

BusnayenHs JIOTIYHOI'Q D()S‘MI'IHGHHH (oneparop

DECOMPQOSITION)

Y pasi nOTiYHOro po3IMilCHHS CACMCHTIB  MACHBY
BU3HAYACTLCA CTPYKTYpA MACHBY 3 HOro iM'SM, KIIBKICTL Ta
BeJIMuMHa  Mip  (Dimension); nam'ate 11pU ULOMY  HE

posnojingerbes. Tak, KOHCTPYKTHB
DECOMPOSITION S(100,100)
BM3HAYAE IBOBUMIPHY CTPYKTYpY S 1O 100 €1¢MEHTIB B KOXHIH

Mipl.

Bu3Ha4e¢HHS JIOTIYHOIO MINOPSAAKYBAHHS (0onepaTop

ALIGN)

MacuBH, WO BMU3HAYEHI paHilie, MOXYTb OyTH
MANOPAAKOBAHI KOHCTPYKTHBOM ALIGN feskii JeKoMio3uLil
6e3  KOHKDETHOro 3B'W3ky 3  (i3UYHUM  NPOLIECOPOM.
Hanpuknan, MmacuB A Mosxe BiRoBpakaTHCS HA CTPYKTYpPY S:
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REAL A(100,100)

DECOMPOSITION $(100,100)

ALIGN A(},J) WITH S{1,J).

Lle Bi10OpakeHHS HE 3aBXAU MOXKE WTH OE3MOCEPEAHBO!
B ALIGN-KOHCTPYKTHBI MpaBa yacTHHA MOXE MICTUTH oriepalii
Ha/ IHIEKCAMM, a TaKOX IHJEKCHI BEKTOPH JUIsl OYyAb-IKHX
nepecTaHOBOK:

ALIGN A(1,J) WITH S(1+1,2*J-1)

MoXxyTh TakoX wii  psaaku  abo KONOHKHU OyTu
NIANOPS/IKOBAHI OJAHOMY €/IMHOMY CTPYKTYPHOMY €J€MEHTY
(“collapse™). B uboMy npukiiaii

DECOMPOSITION T(100)

ALIGN A(1,J) WITH T(I)

KOXHOMY €IEMEHTY CTPYKTYpU T MNOPSKAKOBYETHCA PAAOK
MacHuBy A.

BubipxoBo B npouect MAMNOPsSAKYBAHHS ONCpaToOpoOM
ALIGN 3a J0MOMOrol KIUYOBOTO cjloBa RANGE MOXHa
BU3HAYUTH TAKOK TUIbKK OaXaHy YaCTUHY iHJIEKCHOT 00J1acTi:

ALIGN A(1,J) WITH S(1,J) RANGE (1:100,50:60)

Hdnst kpalMHIX  €JIeMEeHTIB  MdacuBy, fKi Yy pa3si
3aCTOCYBaHHs ALIGN-KOHCTPYKTHBA MOXYTh ONWHHATHUCS 3d
Horo Mexamu, Tpeda BUKOPUCTOBYBATH OJIMH 3 TPbOX 3acO0IB
3ACTEPEIKCHHSL:

e ERROR (default) - 0 esieMenTa, 1O BUIBUBCS 34
MEXAMU MAacHBY, HC MOXHA 3BEPTATUCH, IHAKIIE
BUHUKA€ MOMMJIKA MiJl 44C BUKOHAHHS NPOrPaMH;

e TRUNC - BCI CJIEMCHTH, 1O BHUSBJICHI 3a MCXAMH
MacuBy, MIAMOPSIAKOBYIOTLCS OLHOMY W TOMY X
KpaHHbLOMY EJIEMEHTY;

¢ WRAP BCl CJIGMEHTH, IO BHSBJICHI 33 MEXAMH
MacHUBY, NNOPSAJKOBYIOTbLCH TakK, SK B TOPOBIH
CTPYKTYpI, BIIHOBJIOKYNCH BiJI MOYATKY psjika abo
KOJIOHKH.

BusHaueHHs GI3MYHOrO MANOPSIAKYBAHHs (oneparop
DISTRIBUTE)

Ha uboMmy TpeTbOMY i 3aKk/IHOYHOMY €Tarni BipTyalibHI
EIEMEHTH JICAKOI CTPYKTYPH (BK/IIOYAIOUM €JEMEHTH MACHBY,

216

MANOPSAKOBAHI LI CTPYKTYpi) pPO3MOMIASIOTLCS — MiXK
HASABHUMHU  Qi3MYHMMK npouecopaMu. st KOXHOI Mipu
(KOOPAMHATH) CTPYKTYPH TYT MOX€E BUOUpPATHUCS OAUH 3 TPbOX
METO/1iB po3noainy (puc.14.3):

e BLOCK - po3noiil AeKOMno3ulii Ha B3aeMO3B’f3aHi
6.10KM OAHAKOBOI BEJIMYUHH VIt KOXKHOT'O MPOLIECOpa;

e CYCLIC - KOXHUM €JIEMEHT JIEKOMIIO3MLIT
MiANOPAAKOBYETbCSA LIMKJIIUHO HACTYMHOMY NPOLIECODPY;

e BLOCK_CYCLIC(X) — po3Mo/ia 34iiCHIOETbCS TaK, K B
CYCLIC, ane 6JI0KaMM BEJTMYHHU X,

e * - Bcl 6€3 BUHATKY €JIEMECHTH ACKOMITO3UIT JIaHO!
MIpH (KOOpPAMHATH) MANOPAAKOBYIOTLCS OJIHOMY H
TOMY CAMOMY TIPOLECOPY.

Decomposition

Puc. 14.3. BusHaueHHs Gi3WUHOro yrnopsijikyBaHHs
(DISTRIBUTE)

Hasejeni jpani npukiagv  nokasyioTb  PO3MILICHHS
CTPYKTYPH S 13 100 psiikaMu i 100 KOJJOHKaMH Ha 50 (izHuHUX
npouecopax:

e DISTRIBUTE S(BLOCK, * ) - KOXHHUH Mnpouecop
O/IEPXKYE ABA CYCIAHIX PAOKH;

e DISTRIBUTE S(CYCLIC, * ) - KOXHMH npotiecop
OLCPXKYE ABA PAJIKM, AKI PO3MILllEHI OJMH Bijl OJHOI'O Ha
BiJICTaHi 50 KPOKIB;
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¢ DISTRIBUTE S(BLOCK, CYCLIC) — psaKu niunopfmxo—
BYIOTBCA 38 CrIOCo60M BI0KY. @ KOJIOHKH — HMKIIIYHO.

II{o6 ocraHHE MiANOPAAKYBAHHS OYyJIO OJHO3HAYHUM,
KJ1I04OBE ¢JI0BO BLOCK Mae 3aaBaTi TOYHY KUIBKICTb PAAKIB
diznunmx mpouecopis (Hanpykias, BLOCK(S) ~ /s npolecopis
noas 5x10), 6o y ®oprpani-D He miATpUMYIOTHCA BIPTYalibHI
npouecopu. [lpuHaiimi us oOcraBuHa POOUTL POTISHYTY
METOAMKY MiANOPSAKYBaHHS TPOLLECOPIB €JIEMEHTAM JaHMX
JIeLI0 He 30BCiM HAOUYHOIO!

JAna  napanenbHOrO  BUKOHAaHHS  HCTPYKLIH Y
®optpani-D  nepeabaueHo  FORALL-KOHCTPYKTUB.  Bci
ITEpailiiHI  LMKIW  BHUKOHYKOTbCS 3a §01¢c  A0MNOMOrOIO
napajeibHO Ha  pi3HMX  Mpolecopax  BULIOBIAHO 1O
Y3COKEHOI0 NIANOPAAKYBAHHA MACHBY:

FORALL I =1, 100
FORALL J =1, 100
A, y=5"A(,J)-3
ENDDO
ENDDO.

3a  gonomoroto  ON-peycHHs, $KE B HABEJICHOMY
npuKJIai HE  BHUKOPUCTOBYETHCH, MOXHA  JOCSTTH
Oe3Mocepe/IHLOro  NINOPS/IKYBAHHS  ITepauidHMX  LIMKIIB
GIBUUHUM POLIECOpaM.

Y ®oprpani-D € Takox orepauis peayKuil, wo Mae
xapakTep crangaprHol onepauil. Ha nporusary ®doprpany-90
st onepauis mae OyTM BKAOUCHA B MOCHIAOBHMI  abo
napasesibHUi DO-1MKIT. 3aBYACHO BU3HAUECHHUMHM € ONEpaTOpH:

SUM, PROD, MIN, MAX, AND, OR.
MOXyTh 3aCTOCOBYBATHCS TAKOX AOBiNbHI  ByHKLI
peiykuid, WO  BM3HAYAKTLCA  CAMMUM  KOPHUCTYBAYCM.

HacTynHuii npukaas JeMOHCTpYye PeayKuUilo OJAHOBHUMIPHOTO
MACHBY Y B CKaJIApHE YMCIIO X, IO € CYMOIO EIEMEHTIB Y:
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REAL X, Y(N)
FORALLI=1,N
REDUCE (SUM, X, Y(I))
ENDDO
[TapanenbHi LMK, 110 MICTATb ONEpauUilo PERyKiii,
IICPETBOPIOIOTHCS  KOMMIASTOPOM y  BignoBinHy OiHapHy
JCPEBONMOAIOHY CTPYKTYPY.

14.2.MoBa nporpamysanus C*

Aemopu:John Rose i Guy Steele, Thinking Machines,
1987-1990.

Mosa C* (“C-star”) b6yna po3pobneHa Rose i Steele
cnewiaibHo s mawmnH cepii Connection-Machine [Rose,
Steele 87]. 3anpononoBaHa TuM uyacom dipmoro Thinking
Machines Bepcist 6 mosu C* six i nojlaNbWIKMK PO3BUTOK SBIIsE
¢0000 IOCHUTb anapaTHO-HE3aNnekHy po3poOKy i TOMYy MoOXke
po3raajaaTuck sk cnpoba nodbyaysartu cranjgaprny SIMD-MoBy
NPOTPAMYBAHHSI.

ITapasenbHa MoBa C* - ue pO3LWIMPEHHSA MOCHIAOBHOT
mMoBu C napaliejilbHWHMH MOBHUMHU KOHCTpykTMBaMH. Ha MoBI
(* MOXJIMBE €JleraHTHe MporpaMyBaHHsi Ha PiBHI BIPTYaJIbHUX
npouecopin. Ilepexi 3 BipTyanbHMx npoilecopiB Ha bi3MyHi
BUKOHYETbCS B cucTeMl CM-2 anapatHuM cnocobom. Mosa C*
NOBI/IOMJIsi€ TPOTrPAMICTY-KOPHUCTYBa4y KapTHHY FOMOIE€HHOro
4/IPeCHOT0 NMPOCTOPY, TOOTO KOXHUI [1E Moxe yepe3 IHIAEKCHI
BUPA3M MATH JOCTYM J10 JIOKAJbHOI Nam'aTi KOXHOTO JOBiIbHO
B3sToro apyroro ITE. Ilig uac nepexony Big C*-Bepcii 5 go C*-
Bepcil 6 6yJ10 NOBHICTIO 3MiHEHO MOBHE ONMMcaHHA. B To# yac sk
C*-gepcis S rotyBasiaca Ha MoBi C**, ocHoBoto C*-Bepcii 6 €
ANSI-C. B HoBOMY BH3HAUY€HHI MOBHM Hemae O0’€KTHO-
OPIENTOBAHMX KOHUEMLIHA, 3MIHEHI napaJiefbHi KOHCTPYKTHBH i
HeMmae Hisikol nepeHocumocti. [lporpamu, wo Hanucani Ha C*-
BEpCli 5, MaloTh 3aHOBO iMIUJleMeHTyBaTuch! B3arani Tpeba
niagkpecautd, wo C*-pepcis 5 1 C*-Bepcis 6 — uUe Ppi3Hi
napaJsefibHi MOBU MPOTrpaMYyBaHHS.
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YV C*-pepcii 5 ckalsapHi 3MIHHI JA€KJIAPYIOTbCH )
KIIOYOBHMH CIOBAMU mono, a BEKTOPHI — 3 C/IOBaMu poly. I'pyin
BIpTYaJlbHUX TPOLIECOPIB  AEKNAPYIOThCA 34  JOMOMOIOI)
domain-KoHcTpykTHRY. OOMiIH AaHumu MK TIE BUkOHYETLCH
onepaTopaMyu MPUCBOEHHS, 110 MAIOTh BUPA3H il BU3HAUEHHM
BKa3iBHUKIB ( Pointer ) B obnacri gaHux BignoBigHux ITl-

nepeaasauis i [1E-npuiimauis.

Bce, u10 posrisinaers. s TVT, 1ajli Mac BLHOILIEHHS Wi
a0 C*-gepctt 6.

HapanensHi MOBHI KOHCTPYKTHUBU

V pasi gekyiapyBaHHS 3MIHHWUX BEIHUYMH BUITMOBIIHO jl0
SIMD-Moze  4iTKO  pO3PI3HAIOTL  JaHi, sAKI Yy BUIJsU
CKAJISPHUX BEJIMYUH BBOJIATHCS B kepytouy EOM (HOST) 1
o6po6mnon,ul TABKM  1am, | 71 Jadi, 8Kl Mawib Ovin
PO3MO/ICHT  [IOKOMIOHEHTHO — Mix  BipTyalbHumu 1L
CkansipHi JaHt JEKJIapyloThCsl TaK, sK y 3BUuaWHid MoBi (]
BCKTOPHI 3MIHHI JIEKJApYIOThC uepe3 shape-OrMUCyBaHs, ske
BH3HAYAE CTPYKTYPY BEKTOpa aHAJIOIIYHO JIEKJApYBAHHIO
MacuBa (NopisHaiTe CONFIGURATION-OMUCYBAHHS B MOBI
Parallaxis n.14.4). Hanpukiiaji, 0/]HOBUMIPHHI BEKTOP 3MIHHMX
V, 1o Mac 50  KOMIOHEHT,  JIeKJapyeThCs  TaKUM
KOHCTPYKTHBOM:!

shape [50] ein_dim;
int: ein_dimV

U1t KOKHOPO BEKTOpa 3MIHHUX Mae OyTH 3poOJIeHO
OJIHE  BU3HAYCHHS CTPYKTYpH. Tak, BHA3ZHAYEHHA TPbOX
BCKTOPHHUX JIBOBUMIPHUX TNOJIB A, B 1 C 3 KIJILKICTIO KOMHOHGHI
100x50 Oy/ic MATH BUTJISIAL

shape [100] [50] zwei_dim;
int : zwei_dim A,B,C.
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K TMNY JaHUX MOXYTb BUKOPUCTOBYBATUCS BCi HAasIBHI
B C TUMH JaHuUX, BKIIOUYAKOUYU CTPYKTYpHU t MacuBH (Strucktures,
Arrays), WO HOTIM MiANOPAAKOBYIOTECS JIOKAJIbHO KOXHOMY
BipryanbHoMy I1E. Hanpuknan, nexnapyBaHHs

int : ein_dim Feld [100]

NiANOPAAKOBYE BEKTOP 3 50 KOMMOHEHTAMH BIIMNOBIIHO 10 50
MPOLECOPHMUX  €IEeMEHTIB, [IpUYOMY KOXHA . KOMIOHEHTa
BEKTOPA — L€ JIOKaJdbHUIl MAcHB, IO MA€, y CBOXO uepry, 100
CIIEMEHTIB.

Hlo6 MoxHa Oyjlo BUKOHYBaTH MapaieibHi onepauii
HaJ BCKTOPAMH, B IHCTPYKTHBHIH YaCTHHI MPOTpaMH CNOYaTKy
MaloTb OyTH BUOpaHi BiANOBIHI onepaTtopu shape 3 onepatlieto
with. Skiuo kinbkicte HasisBHUX T1E Guibwa, HiXk BU3HAYEHO B
shape, To pewrta [lIE 3ajivwaerscsi B Mexax IbOro OJI0Ky
nporpamm HeaktusHoto. Hanpuknag, y pparmenTi nporpamu

with (zwei_dim)
{A=B+C;}

CrIOY4aTKY BUOUpACTLCS ABOBMMIDHA CTPYKTYpa zwei_dim, a
noTiM BUKOHYETBCS CKJIa/lAHHs MATPULLD.

Ak y (Dop'rpdm 90, B C* ¢ Takox lHCIpyKlllﬂ where, 1110
BUKOHYE TiNbKI Ti  HACTyNHI IHCTPYKUIT Nporpamu  Haj
BEKTOPHUMM KOMMOHEHTAMHM (BIPTYAJIbHUMH MPOLIECOPAMHU),
A IKUX BUKOHYETHCA 11 OyniBebka ymosa. 11o6 moxna Oyno
3HOBY 3BEPHYTHCS JIO BCIX BEKTOPHUX KOMIOHEHT (BIpTyalbHUX
[1E) BcepearHi WHERE-iHCTPYKIIiT, [0, MOXIIMBO, MA€E CKIAAHY
nody/loBy, nepejidayeHo A0AATKOBUIH MOBHHUH KOHCTPYKTHB
EVERYWHERE. Hanpuknaa, y ¢parmeHTi nporpamu

with (ein_dim)
where (V<0) {V=7;}

TiILKA TI KOMMOHEHTH BEKTOpA V, WO MEHIUI Bif HyJis, MAlOTh
OTPUMATH HOBE YUCIIOBE 3HAYECHHS.

Y npuHumMni B oaHOMY BHpa3i abo IHCTpyKUil
A0OMyCTUMO pa3om OyTH TUIBKM THUM BeKTOpaM, fiKl HaJleXaTb
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10 OgHOro i TOro oneparopa shape, TOOTO MalOThL OJHAKOBY
CTPYKTYpYy 1 MepeayciM TV caMy KUIbKICTb KOMIOHEHT.
Onepallis MPUCBOEHHS TUMY A=V TYT HEMOXJIMBA. BUHATKOM €
onepauii i3 CKaJAPHMMHM BEJIMYMHAMM (K HaBEJEHa BMILIE
oriepauis 3 V<0 i V=7). BoHu TpaHchOpPMYIOTBCS CIOYATKY Y
BEKTOP 3  IJIEGHTUYHMMM  KOMIOHEHTaMMu | NoTiM
BUKOpHCTOBYIOTbCA  gaii. Hasnmaku, npucsoith gesxomy
ckanspy BekTop (abo BEKTOPHUI BMpa3) MOXHA TiJbKU 4epe3
“type-casting”. Bignosiap Ha 3anuTaHHA, sfKa KOMIOHEHTd
BEKTOpa BCE JK TaKW Npi'CBOIETLCS CKAJSPHIA 3MIHHIHA,
3aJIeXKUTh Bil iMmuleMeHTawii! Lle Ayxe 4yT/iMBa 10 MOMHMJIOK |
10 TOTO X HenoTpibHa onepauyis, akoi Tpeba yHUKaTH:

...... VYpara:
S =(int) V; MPUCBOEHHS ACAKOL
HEBU3HAYEHOI KOMIMOHEHTH!

Kpim onepauii NpucBOeHHs HaJ BEKTOPOM MOXYThb
BUKOHYBATHUCS MapaselibHO Takox Bci iHwi C-onepauii. [lpu
LILOMY CKJ1aZiHi ornepaiiii nprcBoeHHs i3 MoBU C (a TaKOX JEAKi
iHUIi) 3aCTOCOBYIOTbCS $IK OMEpPaToOpU PpEeAyKUii BEKTOPIB Y
ckanspu. HacrynHe, cknageHe 3 ABOX onepauiil NPHUCBOEHHS
OoOUMCIIIOE CyMy BCIX KOMIOHEHT BekTopa V 1 Hajae ix
CKansipHin 3MIHHIA S:

$=0;

S+=V,;

VY 3B'I3KY 3 THUM, WO PEAYKUIAHE YHUCNO CKIAJAETHCS 3
MOYAaTKOBMM 3HAYEHHAM S, 3MiHHA S TYT iHiLiali3yeTbcsd 3
HYJIS.

Y moBi C* iCHYIOTb Taki OnepaTopy peAyKLIil:

+=(cyma ); *=(pobytok), &=(i); I=(abo);, "=(xor);
<?=( MiHiMyM ); >7=( MaKCUMYM )

3acTOCYBaHHS ONEpaTopiB PeayKuil 38 BU3HAYEHHSM
KOPHCTYBaua He JO3BOJISETHCS,
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Ha xanp, B C* onepauii penykuii MoxyTb OyTH
npobnemaTnyHUMHU. Y ToH yac sk B ANSI_C o6uasi incTpykuii

S+=V,;

S=S+V;
¢ igeHTMYHMMH, B C* 1e He AifcHO y Bumanaky, xojm S €
CKaJIsspoM, a V — BeKTOpoM. Skuio 3 060x GokiB oneparopa +=
CTOSITh BEKTOPH, TO OMEpaLis TUMY V+=W aae He pedyKLiio, a
pOCTe CKJ1alaHHs IBOX BEKTOPIB.

[lpukaan:

intS;
int: ein_dim V, W;

S:=8+ E V, — peaykuis BekTopa;

1
Tlomuaxa — cnpoba HafaTH ckansapy
3HAYEHHS BEKTOpaA, AUBIThHCS
BHille “type-casting”;
V+=S — V:=V+S — 10JaBaHHs cKajsapa 10 BEKTOpa,;
V+=W — V= V+W — CKJIalaHHs BEKTOPA 3 BEKTOPOM.

S+=vV

S=8+V »

Tol ¢akT, wWo ui IHCTPYKUiT MawTb pi3HUIA 3MicT
JaJ€KHO BiA . TUIy OMNEpaTopiB, € [JyXe HEMpPUEMHHUM.
BiptyannHa  cTpykTypa  3B'3Ky  MDK  [TPOLICCOPHMMMU
CIEMEHTAMM HeE JIEKJIAPYETLCS Ha €Tari MiArOTOBKU MPOrpamH,
il peasii3ye aBTOMATUYHA MpOrpaMa-pyTHHA MiJl 4ac KOXHOro
jocryna A0 aaHux cycianix INE. TyT icHYIOTb ABa pi3HHX THUMH

KOMYHIKAlIH M MpPOLECOPHUMH €NeMEeHTaMu — “3arajibHa
KOMYHikauUis™ 1 ‘“komyHikauis-pewsitka”. Sk yxe 0yjo
noka3aHo B M. 11.1, 3aranbHa kKOMyHikallis BUKOHYETbCS Yepes

r1o6anbHuit rinepkyd CM-2, a kOMyHIKallil 33 CTPYKTYpOIO
PELIITKH PEANi3yETbCA IBUIKOAIIOUO JIOKAJIbHOKW NEWS-
pewitkoro. “LlinboBi  aapecH” 3aalOTbCA  TaK  3BAHUMU
iIHAEKCHUMH 3MIHHWUMM, MPUUYOMY BEKTOP-NepetaBay i BeKTOp-
NpUiMay MOXYTb HajlexaTu [0 PI3HUX CTPYKTYp (shape). B
NpUKIaldi, L0 HaBEACHWH HWXKYe, BEKTOP V OJepXKye
KOMIMOHEHTWM Bid BekTopa W, ajne B (HIIOMY MOPAAKY
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(nepecTaHOBKAa), HDK 3aJaHO  BEKTOPOM  Index. Tyt B
KOMMOHEHTH MaloTh OYyTH MepecTaBieH! BMPaBO Ha /1Bl NO3ULIT
(puc. 14.4):

Shape [50] ein_dim;
int: ein_dim V, W, Index;

[*index wiciime nepecimanogky suadenn: U. 1, 2, . 49%;
with (ein_dim) {
[Index]V = W,
1
!

ZxepeAo

Inzexc

MeTa

Puc. 14.4. 3aranbHuii oOMiH JaHUMHA

Bekropui komroHenth V[0] Ta V[1] HabyBaloThL MpH
(IbOMY  HCBM3HAUCHUX 3HAYCHb 1 TOMY MaloTh OyTH
JICAK TUBOBAHI where-oriepallieio, 1100 He BUHMKJIM TTPOIpaMHI
MOMMUIIKH.

Y sarajibHOMY  BHUMAjIKy  CNpaBE/UIMBE  TAKOXK
TBEPJOKCHHS. YMUM CKNAAHIILIOI0 € 3aCTOCOBAHA TOMOJIOris, TUM
HE3PYUHILIAM | MEHLI OCSXKHUM CTa€ iHICKCHUH BHUpa3 y MOBI
C*. TyT Oyno 6 jouiJibHIlIE BAKOPUCTOBYBATH CTPYKTYpPOBaHE
3a/laHHSI CTYPYKTYPH 3B'A3KY TMOJIOHO TOMY, K 1€ 3p00JIEHO B
moBi Parallaxis. IHiekcn MOXyTh OyTH pO3MilleHi K y JIiBIM,
TaK 1 B NMpaBii CTOPOHI onepatlii IPUCBOEHHS. Y BMNAJIKY, KOJH
onepaTop shape € 6AraTOBUMIPHUM, Uil KOXKHOI KOOpJMHATH
Tpeba 3a/aBaTH BJIACHMH IHACKC. 3a JOMOMOrol0 I1H/EKCIB
MOXHA TAKOX BMAUIATH OKpPEeMi BEKTOPHI KOMIOHEHTH 1
HaJlaBaTH iXH1 3HAYEHHS CKaJIsIpY:
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= [11]V.
14 BUKOpUCTaHHA LWIBUAKOI PELIITYACTOI KOMYHiKaLil
MOXE 3aCTOCOBYBATHUCS CTaHJapTHa (¢yHKUist pcoord. BoHa
BMAA€ MO3UUII0 BEKTOPHOI KOMIMOHEHTH (TOOTO KOOpIOMHATH
sipryanabHoro I1E) BiTHOCHO paHillle BUSHAYEHOI'O OMepaTopa
shape B koopAMHaTax, WO 3a4aHi y BUTJIAi napaMeTpa.
[Ipuknan:

shape [100] [60] zwei_dim;
int: zwei_dim A,B;

with (zwei_dim) {
A = pcoord (0);
B = pcoord (1);

}

Tyt MaTpULs A 31106yBa€ NO3ULII0 KOXHOI KOMIOHEHTH
BIAHOCHO PAAKiB, a B — no3utiio BiIHOCHO KOJOHOK:

0 0 0 0 1 49
A | 1 ; B 0 1 49

9 99 ... 99 01 ... 49
3actocyBaHHs  GyHKUIl pcoord B aAMTHUBHOMY

IHIEKCHOMY BHPa3i PO3Mi3HAETbCA KOMMLIATOPOM i MPUBOAMTD
Ao reHepauii Oinbl  epPEKTHBHOrO MPOrPaMHOTO. KOALY.
KomyHikauis s nepeMillleHHs €NeMEHTIB BeKTOpa Ha .Bi
no3uuii MoXxxe OyTH 3anKcaHa Tak:

shape [50] ein_dim;
int: ein_dim V, W, Index;

with (ein_dim) {

where (pcoord (0) < 50)
[pcoord(0) + 2]V =W,
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Ans  noneriwieHHs  napaienbHOro  3a  JaHUMH
nporpamyBaHHs B MOBi C* icHye uumMid pan omnepauiil, ski
KEpYIOTbCS ~ MapamMerpamM, WO TyT  AOKJagHO  H¢
posrasaawTbes. Ocb eski 3 HUX onepauin:

e scan: OOGYMCIEHHS Y4aCTKOBHX Pe3yjabTaTiB omnepauii
HaJ BEKTOPOM.

Hgmcnag: 06GYHCIIEHHS BCIX 4aCTKOBUX CyM BeKTOpa werl

part_sum= scan(wert, 0 , CMC_combiner_add, CMC_upward,
CMC_none, CMC_no_field, CMC_inclusive),

e spread: pPO3MNOAiN pe3ynbTaTiB MapaneibHOl onepauii
Ha KOMIMOHEHTH iHLIOI BEKTOPHOI 3MiHHOi, MOXJIWBO 3 Pi3HOI0
CTPYKTYpOIO (332 [JOMOMOrol pPO3MHOXEHHA BiAMOBiIAHUX
YUCJIOBUX JAHUX );

e enumerate: OOYMCIEHHS NO3ULIT KOXHOI aKTHBHOI
KOMIOHEHTH BEKTOpa, KEPYBAHHA 3a JOMOMOrOI0 napamerpa
(3arajnbHa Bepcis onepadii pcoord );

e rank: OOYMCNEHHS TMO3MLII KOXHOI KOMIOHEHTH
BEKTOpPa BIAHOCHO COPTYBAaHHS KOMIIOHEHT 3a iXHiMH
YHUCIOBUMH HOMEDPAMH.

Ilig kiHeub poO3rNSHEMO ABa NapajelibHUX 3a JaHHMH
aNrOpUTMU-TIPUKIAAN JJIA CKaJspHOro f00YyTKY Ta onepatopd
Jlannaca.

Cxansapuust noSyrox Ha MoBi C*

shape [max] liste;
float : liste x, y;
floats_prod=0.0;

with (liste) {
s_prod += x"y;
} )

[TpouecopHi eneMeHTH YHOpAAKOBAHI Y BUIJIAAI CIIUCKY.
[Micns onepauii BUAUIEHHS (cenekuii) MPOLECOPHI €NEMEHTH
BUKOHYIOTb TMOKOMIIOHEHTHO oOmepauii MHOXEHHs 1 3a
JOTOMOTOI0 PeAyKLil JOAAIOTH PE3YJIbTAaTH 10 CKaNapa.
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Onepanisa Jlannaca Ha MoBi C*:

shape [100] [100] grid;
int : grid pixel, dim1, dim2;

with (grid) {

dim1 = pcoord (0 );

dim2 = pcoord (1); 7

pixel = 4*pixel - [dim1 - 1] [ dim2 ] pixel
- [dim1 +1] [ dim2 ] pixel -
-[dim1 ] [dim2 - 1]pixel
-[dim1- ] [dim2 +1]pixel;

} .

Jna  3acrocyBaHHs ¢yHKuUii pcoord, IO BM3HAYAE -
nos3uuito B pewitui, B C* iCHYIOTb CKOPOUY€HI KOHCTPYKLUIl, AKi
JIELLIO CMPOILLYIOTh HaBEJAEHI BHLIE 3aMUCH:

with (grid) {

pixel = 4*pixel - [.-1] [ . Jpixel - [. + 1] [ . ] pixel
- [.11.-1lpixel -[.][. + 1]pixel;

}

14.3. MoBa nporpamyBaHusa cucteMud MasPar - MPL

Aemopu : MasPar Computer Corporation, 1990.

MPL (MasPar Programming Language) nomi6Ho a0
MOBM C* € po3LIMPEHHAM NOCIiA0OBHOI MOBH NMporpaMyBaHHs C
napajielbHOK KOHUenuieo, 1o Oyna po3pobieHa dipmolo
MasPar cneuianbho ana SIMD-cucremu MP-1[MasPar 91]. V
B'A3Ky 3 TWM, wo MP-1 ¢QyHkuioHye 3 aBoMa pi3HUMMU
KOMyHIKalifHUMK  MepexaMH, TYT Ji8  e()eKTHBHOTrO
BUKOPHCTaHHA  pecypciB  KoMmyTauii nepeabauyeHo  paf
MAalUMHHO-3a1€XHUX IHCTPYKLii, WO 3abe3rneuyloTh il
wBMAkol pewiTtyactoi cTpykTypu (“X-net”) nopsap i3
3arajJbHMAMM  IHCTPYKLISIMM  IIOAO  KOMYHIKallii  yepe3
rmobaabHuit  Mmapuwipytuzatrop  (Router). Li  MoBHL
KOHCTPYKTMBM 3MEHIUYIOTh anapaTHy HE3aJeXHICTb MOBH
MPL.

227



HasBni napanenbHi koHuendii B MPL  gewo
NpPUMITHUBHILLI, HK y Ginbll PO3BUHEHIH MOBI NPOTpaMyBaHHMA
C*

NlapanenesHi MOBHi XOHCTPYKTHBH

JleknapyBaHHS 3MiHHMX BEJIMYMH, 4K | MPAKTUYHO B YCiX
SIMD-MoBax, u4iTKO pO3pi3Hs€ CKalfpHi  JAaHi, fKi
JleKNapyloTbcs Tak, K Yy MOCHigoBHii MOBiI C, i BEKTOPHI JaHi,
AKi BUAUIAIOTLCA KIIIOYOBUM CJIOBOM plurar. Tak, AeKIapyBaHHA

plurar int i, j;
NiANOPSAKOBYE 3MiHHI I, j THNY integer BCiM ()i3UYHO HAIBHUM
NPOLIECOPHUM EJIEMEHTAM.

BipTyanbHi npouecopy He MIATPUMYIOTbCA, HEMae
TaKoX  MOXJIMBOCTI KOMNOHyBaTd pi3Hi rpynu [lE
(koHpirypauii abo Tononorii). B HeaBHili dopMi 3aBxau
nepenbayaetbcs ¢izMyHa cTpykTypa MP-1 3 aBoBumipHOW0
PELLITKOIO.

Js 3B'A3Ky MK MOC/IIZOBHOIO TOJIOBHOKO MpPOrpamolo,
o BUKOHYyeTbcad y kepywouin EOM (HOST, front end), i
napaenabHOI0 Nporpamolo, uo BUKOHYeTbca y MasPar (back
end), MOXHa MO3HAYMTH JE€sKi 3MIHHI BEJIMYUHHK KIIOYOBHM
CJIOBOM visible. 10 UMX 3MiHHUMX MOXHa 3BepTaTvcs 3 000X
Ha3BaHUX OOYMCIIOBAJIbHUX PECYPCIB.

OOMiH JaHMMM MiX NMpPOLIECOPHUMHU €IEMEHTAMHU MOXE
BUKOHYBATHUCA JBOMA Pi3HMMU criocobamMu BiAMOBIAHO OO ABOX
CTPYKTYp 3B'a3ky MP-1: wiBMaKKiA NOKaIbHUI OOMIH JaHUMH B
pewiTui 3 BOCbMMKpaTHUM 3B'A3KOM MiX cycigHimu IIE 3a
KOMaH00 xnet i 06MiH y JOBiNbHIN TOnosorii 38'A3ky Mix T1TE
uepe3 NOBUIbHUI rN06anbHUA MapLUIpYTH3aTOD 3a 1ONOMOIOK
KoMaHau router. [ns xnet-3B'I3Ky BWUKOPHMCTOBYETHLCH BiCiM

PI3HMX KOMaH], 1O BiAMNOBIAAIOTHL reorpadiuHuM HanpsMKam:
xnetN, xnetNE, xnetE, xnetSE, xnetS, xnetSW, xnetW, xnetNW
Tak, B iHCTPYKLIT 1100 KOMYHiKauii uepe3 X-mepexy
j=xnetW[2] . i;
3HAUEHHS BEKTOPHOI 3MiHHOT i MepeMilllyeTbCs Ha JBI MO3uLii
BAiBO (3axig, W), a MoTiM HAaJa€TbCA BEKTOPY j. AHAJOTIYHMHA
eeKT JOCATAETbCS KOMYHIKALi€l0 Yepe3 MaplupyTH3aTop
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[poyTep), SIKILO BEKTOP index 3 BiAMOBiIAHUM iAEHTH]IKALIAHUM
Momepom  OyB  pPO3MILLEHMH Y  UINBOBHX  MPOLIECOPHUX
gleMeHTax: ‘

j = router [index]. i

Jnia 3actocyBaHHsa koopauHat IIE B napanenbHux
JHeTpykuisx mosa MPL  Mae Ttaki ckanspHi Ta BEKTOpHi
KOHCTAHTH.:

. Craaspni

e nproc - 3arajlbHa KiJIbKICTb YCIX HAPOLECOPHHX
ejsemeHTIiB B MasPar-cucremi;
e nxproc — KiJibKicTb konoHok y macusi IIE MasPar-

CUCTEMH;
e nyproc - KinbkicTh paakiB y macusi IIE MasPar-
CUCTEMH.

Bexmopni

e iproc - inentudikauiiinnid Homep I1E (0 .. nproc -1);

¢ ixproc — no3uuis [1E B paaky (0 .. nxproc -1);
e iyproc — no3uuis [1E B konoHui (0 .. nyproc -1).

[MapanenbHi iHCTpyKLUii BUKOHYI0TbCA abo Ha Beix IIE,
260 MoxyTb 6yTu BuaineHi rpynu I1E HeaBHuM cnocobom 3a
BEKTOPia/IbHOIO YMOBOIO NPOCTUMHU if- 260 while-IHCTPYKLIAMMU.
B ocranHbOMy BHMaaKy then- i else-HanpsAMU poO3ranyXeHol
NpOrpaMn MOXYTb BUKOHYBATHUCh OJMH 33 OJHHM, a Came TOAI,
koau ans ofHiei yactuuu IIE BekTopHa ymMOBa MpUBOAMTL 10
NOTiYHOI BEJNUYUHM true, a Ans iHwoi — A0 false. Komangoio all
3HOBY MOXYTb 6YTH aKTHBI30BaHI BCi MPOLECOPH B MEXaX 30HH
cenekuii abo uMkny. SIBHa onepauis cenekuii (BU6opy) TYT He
iCHy€.

3a JO0NOMOro0 KOMaHAK# Proc MOXHa 341HCHUTH AOCTYN
go oaHoro 3aaaHoro IME; Hanmpukaaa, kepytoua EOM Moxe
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BUKOHAaTH OOMIH JaHMMH (4MTaHHs/3anuc) 3 ykasaHumu [1E,
KoopanHaTy npouecopHOro eeMeHTa MOXYTb OyTH 3anaHi y
BUrAAli oqHoro inaekca iproc (Homep I1E) abo aBox iHAEKCHHX
YyMces1 BIAMOBIAHO IO NO3HLIH iyproc Ta ixproc (psI0K, KOJOHKA).

ints;
plurar int v;

;= proc [1023} . v; kommoHeHTa 3 HomMepoM 1023 BexTOpa V;
s=proc{5][7].V; koMmnoHeHTa 5-ro paaka i 7-i KOJOHKH BEKTOpA V,

Penykuis BexkTOpa Y CKalsip MOXE BHKOHYBATHCA
TaKMMH YK€ BU3HAUYCHUMHU ONepaLisiMu:

reduceADD, reduceMUL, reduceAND, reduceOR, reduceMAX, reduceMiN.

KoxHoMy onepaTtopy sik cydpdikc mae 3anaBaTUCh THR
ofnepaHia: Hanpukiaaj, oOnepatop reduceADDf BH3Hauaf
peaykuito Bektopa tuny “floating-point™ (uncna 3 nnaBapyoK
KOMOIO) OfMeEpalielo CKIaJaHHs €JIEMEHTIB. 3acTOCyBaHHA
onepauiil peoykuii, BH3HA4YeHMX KopucTyBauem, B MPL
HEMOXJIMBE.

OnpHum 13 HeponikiB MPL ¢ BubpaHa 3 MipKyBaHb
MiABULIEHHSA NMPOLYKTMBHOCTI MALIMHHO-33aJ1€)KHA IMIJIEMEHTA-
1is onepauiii o6MiHy naHuMu. Kpim toro, 6yno 6 6axaHo MaTu
B MPL MoBHY koHuenuilo ©Oilbul BHCOKOrO piBHSA s
NporpamMyBaHHs BIpTyaJbHUX MPOLECOPIB Ta CTPYKTYP IXHbLOI'O
3B'A3KY.

Ak 1 ang MOB, PO3CAAHYTHMX BHLLE, HABOAMMO [B3
npukaaau Ha mosi MPL.

Cxanapaui noSyrox Ha MoBi MPL:

float s_prod (a, b)
plural float a, b;
{ plural float prod;
prod = a'b;
return reduceADDf (prod);
}
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ObuaBa BEKTOPH MOKOMIIOHEHTHO NEPEMHOXYIOTHCA i
OMEpaui€ro CKJIaJlaHHA TPaHCPOPMYIOTHCS B AEAKHIH CKasp.

Oneparop Jlannaca #a MoBi MPL:

plural int pixel,

.r;ixel = 4"pixel - xnetN{1] . pixel - xnetS[1] . pixel
- xnetW[1] . pixel - xnetE[1] . pixel;

OO6MiH [JaHMMM Yy [JBOBHUMIpHIA pelwiTui Moxe
BUKOHYBATUCA MAaLIMHHO-3aJIEXKHOI0 KOMAaHIOI “xnet”, 1O
peajlizye BCbOrO BICIM HampsIMKiB 3B'A3Ky (MiBHiY, NiBAEHb,
3axia, cxin Ta 4 Hanpsmku Mk Humu). Tlapamerp y
MPAMOKYTHUX Jly)KKaX BM3HA4a€ KIUIbKICTb TakTiB (KPOKIB)
nepeMilleHHs 3MiHHUX. JUIA BCiX IHIUMX CTPYKTYp 3B'A3KY Mae
3aCTOCOBYBATUCA MOBUILHIIIMIA TN06anbHUA MapLIpyTU3aTOp
(Router).

14.4. Mosa Parallaxis

Asmop: Tomac bpoiinns, 1989.

Mosa Parallaxis [Braunl 89], [Braunl 90], [Briunl 91b]
po3pobneHa Ha 6a3i nocnifoBHOI MoBM Mogayna-2 [Wirth 83].
Po3pobka nonsrae B po3wupeHHi Moaynu-2 napaneisHHMH
KoHLenuismMu obpobku aaHux. Lls MoBa NOBHICTIO MalIMHHO-
He3asexHa, o Jae 3Mory nepeHocutu Parallaxis-nporpaMu Ha
pi3Hi SIMD-cuctremu. IcHye Takox cucreMa MOAETIOBaHHS IS
Parallaxis i3 3acobamMu peaaryBaHHs, BiANpauOBaHHS Ta
Bi3yani3allil nporpam, sika peajli3oBaHa Ha BEJMKiM KiJIbKOCTI
oJHonpoLecopHUXx pabounx miclb Ta nepcoHanbhux EOM. s
cUcTeMa Ja€ 3MOrYy po3pobasTu Mani 3a o0'eMaMH [JaHUX
napajenbHi MporpaMu, TeCTyBaTH Ta KopekTyBaT iX. Kpim
UbOrO, iCHYIOTh koMninaTopu Parallaxis-nporpam Ha cucTeMax
MasPar MP-1 i Connection Machine CM-2, o 3a6e3neuywoTsb
napajenbHe BUKOHaHHA MporpaM. Mojenioioue cepenoBHLIE
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Ja€ MOXJIMBICTb HABUMTUCH MapajelnbHOMY 33 JaHUMM
NPOrpaMyBaHHIO Ha MPOCTUX KOMM'IOTEPHMX CHUCTEMAX, 4
TakoX 3abe3neyye epeKTUBHY poO3poOKy mnapajeibHHuX
nporpaM, fiKi 3rojJloM 3anyckalTbCi B poOOTy Ha LOpOTHMX
napaJsnejlbHUX SIMD-cucremax. Parallaxis-cepenoBuiue
MporpaMyBaHHs AOCTyNHe KopucTyBauam y Burisdi Public-
Domain [Bart, Briaunl, Engelhardt, Sembach 92].

OcHoBHa ocobnusicTh Parallaxis — ue nporpaMyBaHHs
Ha abCTpakTHOMY PiBHI 3 BIPTyaJbHUMH NPOLECOPHHUMH
enementamu (BIIE) i 3acrocyBaHHsS BipTyaJibHUX 3B'S3KiB MiX
BIIE. KoxHa nporpama MicTUTb y cobi OKpiM ONHMCyBaHHA
aNropMTMy TaKOX HaMiBAMHAMIYHE JeKknapyBaHHs 3B'S3KiB MiX
[IE y ¢yHkuioHanbHii ¢opmi. Lle o3Hauyae, wo OaxaHa
(Heo6XiZHa) TOMOJIOrif BU3HAYAETLCA 3a3Jaeridb A8 KOXHOI
nporpaMu (a6o mpoueaypu ) i MoOxe MiA CUMBOJIIYHUM IM'AM
(3amicTb cknaaHuX apuPMETHYHUX IHAEKCHUX abo BKa3iBHMX
BMpa3iB ) pO3MILLYBATUCh B aITOPUTMIUHINA 4aCTUHI MPOrpamHu.

Napanensri MOBHI KOHCTPYKTHBH

Ha BiaMiHy Big pO3[/ISHYTMX MOB MapajenbHOro 3a
JaHKWMU nporpaMyBaHHs B Mosi Parallaxis i koxHoi
nporpaMd (abo cemapaTHO AN KOXHOI  MPOLIEAYPH)
BU3HAYAETbCS BipTyajbHa MallMHA, 10 CKA3AA€TbC 3
MPOLECOPIB Ta CTPYKTYpH 3B'A3KY MiX HUMU. Lle BUKOHY€ETBCA
3a gaBa npoctux ertanu. CnoyaTtky 3aJa€Tbcs  KUIBKICTDb
NPOLIECOPIB Ta PO3MILLEHHS X Y CUCTEMI KOOPAMHAT KIIOYOBHM
CI0BOM CONFIGURATION aHalOriYHO TOMY, SIK BHKOHYETbCA
JCK/IapyBaHHA MacuBy. TyT Lie HeMae BHM3HA4Y€HHdA, K
3'€AHYIOTbCS Mk cobol npouecopu. Lle Bu3HaueHHs
3NIACHIOETbCA Y (yHKLIOHANbHIA (OpMi, WO BBOAMTLCA 3
KJIOUOBUM clIoBOM CONNECTION. KoxHe 3'€IHaHHA OAEPXKYE
CMMBOJIIUHE iM'Sl | BU3HAYAE 3B’A30K OYAb-AKOTO NPOLECOPHOrO
enemeHta (I1E) 3 Hanexuum iomy cyciadim TIE. 3ananns
BinHocHoro  TlE-cycina  BUKOHyeTbCst 34 JAOMOMOrOM0
apuPMETHUHOrO KOHCTpYKTUBY 3 iHaekciB I1E-mpuiimaua, a
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TaKOX IMEHi BXiJHOro kaHamny. B napanenbHiii nporpaMi oGMiH
A4aHUMU Oy[ie BAKOHYBATHCA 38 CUMBOJIIYHUMU IMEHAMM.

Ha puc. 14.5 HaBedeHO MPOCTHIA MPUKIAX BU3HAYEHHS
Ha moBi Parallaxis po3miwenHs ITE y nBoBuMipHI# peuriTyacTiii
cTpyKTYpi. dexnapauis CONFIGURATION BUAUISIE KOPUCTYBaUy
4x5 BipTyaJbHMX MPOLECOPIB, fKi 3a AOMOMOroOI0 Aekiaapallii
CONNECTION 3B'3YI0TbCS M)XK COOOI0 Y BIpTyasibHy peluiTky. Y
3B'A3KY 3 TUM, 1110 B SIMD-cuctemax anapaTHO MiATPUMYKOTbCS
nepeayciM CUMETPUYHI CTPYKTYpH abo TOMOJIOTIT, ISl pPEliTKH
JOBUIBHMX PpO3MIpIB [JOCHTb YOTUPbOX JAEKJapalliii 3B'A3KY.
KoxHa oauMHOYHA JIiHIS 3B'I3KY BHU3HAYa€TbCA B OJHOMY
reorpagiyHoMy  HampsMKy  (MiBHIY-MIBAE€Hb,  3aXid-CXif).
Hanpukiaa, 3B'A30k Yy NIBHIYHOMY HanpsMKY 3aJa€ThCs
30171bLLIEHHAM Ha 1 MepLIOro iHAeKca (i+1) 1 BKa3iBKOIO Ha Te, 11O
niBAEHHHUH kaHan cycigHboro I1E nmiBHIYHOro HanmpAMKYy € Horo
BXOAOM (KOHCTPYKTHB north : grid[i, j] —» grid[i+1, j] . south;). Konn
HOMED i+1 Jocsrae OCTaHHbOro B UboMy Hanpamky I1E, To foro
BUXiA Ha MNIBHIY He 3HaxoauTb cyciga, Tobto ans IIE, wo
PO3MILLEHUH HA MEXi NPOLUECOPHOrO MOJisA, HE ICHYE 3B'A3KYy B
AeAKOMY HanpsAMKYy i BiH He Gepe yvacti B 0OMiHI AaHHUMH B
LUbOMY HarnpsMKYy.

nipRiIv
north

saxia west east cxia

south
nipAeHb

CONFIGURATION grid  [1..4], [1..5);

CONNECTION north : grid[i,j] — grid [i+1, j]. south;
south : grid[i,jjl - grid [i-1, j]. north;
east :grid[i,j] » grid[i, j+1). west;
west : grid[ij] —» grid[i, j-1]. east;

Puc. 14.5. /IBoBUMIpHaA pewliT4acTa CTPyKTYpa, OKPEMHIi
I1E Ta ix aeknapyBanHs mooio PARALLAXIS

Lleii npocruit cnoci6 Bu3HAYEHHS  BIPTyaJibHOI
CTPYKTYPH TMPOLIECOPIB MOXHa MOLIMPUTH HA UUIMA pag
CKJIaAHILUMX TOMOJIOTIM.
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Ha pwuc.14.6 nokazaHo Parallaxis-KOHCTpYKTUBM uis
TOMOJIOTIA THMY ABOIYHOrO AepeBa Ta rinepkyba. Tax, B rinep-
KyGi 3B'A3KM nNapaMeTpu30BaHi, IO AAa€  MOXIHEICTH
fpPOBOAUTH OOMIH TaHUMHM B OOYMCIIOBAHOMY HanpsAMKy. /i
BM3HAYEHHS [JBOIYHOIO J€peBa BUKOPUCTOBYIOTHCS CTPIJIKH,
LLIO BKA3ylOTh 3B'A30K y MPAMOMY i 3BOPOTHOMY HanpsMkax (0i-
AVpEKLioHalbHUNA, [BOCTOPOHHIA 3B'430k). BukopucTOBYyrOUH
OJHOHAIpaBJieHi 3B'A3KH, BU3HAUEHHS AEpeBa Ma€ PO3PI3HATH
napHi Ta HemapHi [IE BianoBiaHO A0 3agaHOi CTPYKTYpH
AepeBa:

CONFIGURATION tree [1..15];
CONNECTION Ichild: tree[i] — tree[2*i]. parent;
rchild: tree[i] — tree[2i+1] . parent;
parent: tree[i] »{even i}tree[i DIV 2] . Ichild,
{odd i}tree[i DIV 2] . rchild;

[BoiuHe AepeBO Finepxy6

8 9 10 11 12 13 14 1§

10.0.0.0) [0.0.0.1}

CONFIGURATION tree [1..15)
CONNECTION
Ichild: tree(i] «» tree[2%i].parent;
Ichild: tree{i) «» tree[2'i+1).parent ;

CONFIGURATION hyper [2], (2), (2], [2};
CONNECTION
go(1) : hyper{i,j,k,1} >
hyper{(i+1) mod 2, j, k, 1).go(1);
90(2): hyperfi,j,k,}] >
hyper{i, (j+1) mod 2, k, l).go(2);
90(3) : hyper{i,j.k,1} >
hypetfi, j, (k+1) mod 2, 1].go(3);
go(4) : hyper{i,jkl] -
hyperfi, j, k,(i+1) mod 2].go(4):

Puc. 14.6. CprkTypn [1E Ta ix aekjiapyBaHHS MOBOIO
PARALLAXIS

Y  parent-3B'A3Ky  PO3PI3HAKOTBCA  [JBa  MOXIIMBUX
HanpsMmku: sxuo Homep IIE - mnapHe uuncno (even), To

234

Y3

BUKOHVETbCS 3B'A30K 3 JIBUM “OUTAM”, a Ui HENapHOro
Homepa(odd) — 3B'930K 3 MPaBUM “IUTAM”.

3a 0MOMOrOK0 HAaBEAGHWX 3B'A3KIB MOXYTb OyTH
nodynosaHi Oyab-ski cTpykTypu IIE, HaBiTh Taki, 110 MalTh
HEPETYISIPHOCTI.

€ MOMJIMBICTh BU3HAYWTH B OIHIH mporpami JeKinbka
ronojorii.  BoHu  MOXyTb  OyTH  CaMOCTIHHUMM i
po3MmiyBatvcs Ha pizHux I1E; y uboMy Bumaaky tonosorii
OyayTh MpauloBaTH 3 PIBHAMU BEKTOPHUMM CTPYKTypaMu
JaHux. Pi3HI Tononorii MOXYyTb BU3HAYATUCh SIK BUAM “Pi3HUX
MOrAsAIB™ Ha pILUEHHS MPoOieMH | pO3MILLYBATHCS HA OJQHOMY
W tomy x nomi I[TE (3 IA€HTHMYHOWO CTPYKTYyporw nam'ari). B
lpoleaypax, WO HE MepeKpHUBalOTh OJHA OJHY, MOXYTb
1aJaBaTHC JoKanbHi TonoJoril, Tooto B Parallaxis Moxusa
lnaniBAMHaMiuHa noOyoBa CTPYKTYP 3B'A3KY.

Ak 1+ B iHwux SIMD-moBax nporpamyBaHHsS, B
Parallaxis Takox MpoBOAUTHCS YiTKa rpaHb MiX ckalsgpaMH Ta
BEKTOPAMM K MPH JIEKJIAPYBaHHI AaHUX, TAK i MPH BU3HAYEHHI
napameTpiB npoueayp Ta iXHix pesyiabrartiB. CkanspHi AaHi
pO3MIILYIOTbCS  TiUIbkM B  kepyiouiii EOM, a BekTopu
MOKOMMOHEHTHO |  napaieibHO  PO3MNOMINAITLCA MK
npoaeknapopanumu BiptyansHumu T1E. 3amicts kmouoBoro
cioBa VAR, WO BHUKOPUCTOBYETbCS B MOBI Modula-2, B
Parallaxis BBeieHO BiAMOBIAHO cioBa SCALAR Ta VECTOR.

OOMIH JaHMMH MK NPOLIECOPAMH MOX€ BUKOHYBATHUCA
34BAAKM OMMCAHUM JAEKJapalisiM BiAHOCHO MPOCTO BiJNOBIAHO
JIO CMMBOJIIMHMX IMEH HanpsMKiB 3B'A3Ky. 3a [0MOMOrolo
CTaHJapTHOI npoueaypn PROPAGATE Moxe BigOyBaTHcs
napanenbHuil OOMIH JaHUMM OfIHI€l JIOKAJbHOI BEKTOPHOI
3MiHHOI Mix ycima [1E a6o B mexax BuaineHoi rpynu I1E. Ha
puc.14.7 nokaszaHo K npukiajl oOMiH JAHMMM y BHU3HAueHIH
BULIE  pelnTyacTid  cTpykTypi. BektopHa 3minna X
nepemiwyetocst TyT Ha Beix IIE Ha oauH kpok y Hanpsmky
“exin”.

[Tin yac oOMiHY JaHMMKW MOXYTb 3aaBaTUCA TAKOX [Ba
MapaMeTpu: nepwini MIicTUTb y cobi apupMeTHYHUI BUpa3s,
pesyabTaT skoro mae OyTH BiampaBjieHUH, a Apyruii 3ajaae
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3MiHHY, IO NMPUIMAE YUCIOBE 3HAYEHHS LIbOTO BUPA3y.

Ilpuknan: PROPAGATE east (4%y, )

NE1
g2

Ex

Kepyioua EOM

SCALAR s,t- REAL;
VECTOR x.y: REAL;
c,d: CHAR;

Puc. 14.7. Po3MilleHHs ckansipHUX Ta BEKTOPHKX
JAaHUX ‘

VY pa3si BUKOHaHHs onepauii PROPAGATE sk nepeaaBa,
TaK 1 mpuiMay oOMiHYy JaHUMH MarTb OYyTH aKTUBOBAHHMH.
Ha BigMminy Biag uboro B onepatiii SEND akTMBHWM Mae OyTH
JIMILE TepeaBad, 4 B ornepauil RECEIVE — tinbku npuiimay. Ll
orepauil BUKOPUCTOBYIOTbCS MiJ 4Yac OOMIHY AaHUMM MiX
PI3HMMHM TOMOJIOTISIMH, 60 3riaHo 3 SIMD-mMoaenito B KOXHHUH
MOMEHT 4acy aKTWBHa TUIbKM OJHA BHM3HAY€Ha NpolecopHi

CTPYKTYypa.

PROPAGATE _east {x);

Puc. 14.8. CuHXpoHHHUI OOMiH 1aHUMHU

[Ipuxnan: SEND grid.east(4*y) TO grid.west(x);
RECEIVE tree.parent(t) FROM grid.east(x);
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[MapanenbHi IHCTPYKUIl 3aKal0ThCs Ha BiAMiHY Bin
WX SIMD-MOB fBHUM croco6GoOM, 110 NONAra€ B iIXHbOMY
po3MILLEHHI B 60U “PARALLEL...ENDPARALLEL”. Ilpy uboMy
MOXKHA BHKOHATH AEKiIbKa BMAIB onepauii cenekuii NoTpiGHOT
CTPYKTYPH NPOLECOPHUX ENEMEHTIB: IS NapasesbHOro 610Ky
BOHA 3a14€TbCs B ABHIM PopMmi sk YacTuHa 061acTi, BUSHAYEHOT
B CONFIGURATION, sk kisibkicTb [1E ab6o sk OyniBcbkuii BUpa3.
B nesBHiii ¢dopmi ceneklis MOXeE peani3yBaTUCh BCEpEAEHi
AESKOro mnapaenbHoro OJIOKY BIAMOBIAHOIO MapajelbHOK
KoMaHaOK cenekuil abo  iTepauifiHoro umkay (IF, WHILE,
REPEAT. CASE).

Puc.14.9 nokasye napanenbHe 3a AaHUMWU BMKOHAHHS
ornepauii x := a+b Ha aBHo BuaineHii rpyni I1E.

VEMOR x.a.b: RBAL

. (*micoxu vacmuna T1E akmuesna®)

PARALLEL.  grid(2..3],(1..4)
% = a+d

ENDPARALLEL;

Puc. 14.9. [HcTpykUisa napanenbHOro ckiajaHHs AaHUX

[Topsia 3 nokanbHUMH JAHMMHU Y BEKTOPHUX BMpa3ax
MOXYTb TakoX OYTH TOYHI HOMEDH MPOLIECOPHHUX EJIEMEHTIB
(id_no) abo nosuuis O6yab-askoro IIE B Mexax po3Mipis
aexknapoBaHoi [1E-koHdirypauii (DIM1, DIM2, ...). Lli napameTpu
MAIOTb JEK1ApYyBaTHCA 3a3AaJleTiib AK BEKTOPHI KOHCTaHTH.

O6MmiH naHumu Mix kepyrodoro EOM i npouecopuumu
efeMeHTaMH noTpedye cneuiajibHUX MOBHHUX KOHCTPYKTHBIB 3
BIAMOBIAHOIO  ceMaHTHKOIO. IlokoMmoHeHTHa  nepegaya
CKaNspHOro noas AaHUX i NMEpeTBOPEHHS HOro B napanenbHHii
BEKTOP peasi3yeTbCa npoueaypoio LOAD, a 3BOPOTHa onepauis
“BEKTOp-CKanapHe none” — onepauieio STORE. Koxnuii I1E B
UHX ornepauisx 3anucye abo unTae, AK NPaBUIIO, iHILE 3HAYEHHA
KOMMOHEHTH BEKTOPA (NOJIA JAHHX).
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Ha puc.14.10 noka3zaHo nepenayy CKajJsapHOTo €J1EMEHTH
NaHuX (KOHCTaHTH abo 3miHHOI) kepyiouoro EOM Ha sai
NpoLECOPHi eneMeHTH abo Ha ixHi rpynu. KoxHa KOMNOHeH 14
BEKTOpa HabyBa€ NpH LUbOMY 3HAUEHHS €IEMEHTA CKaJISPHOI0
nojas paHux (puc.14.10, niBa uyactuHa, onepauii LOAD (v, s),
STORE (v, s)) ab0 3Ha4yeHHs OJHIET i Ti€l XK CKaJAPHOI BEIMUYUHH
(puc.14.10, npaBa yacTHHa, onepauis v := t). OctaHHs onepauis
peani3yeThCcs 3a JONOMOIOK HEABHOro oneparopa Broadcast

(oaHe urcno — BciM [1E).
CONFIGURATION  liste(l..n):
CONNECTICN i
SCALAR 8: MRRAY[..n! OF IN'EER
L: IN'EER
v: INFEER:

CxaxsApHe
noAe

KOMHOK@HTB BexTopa Kounoaen'rn pexTopa
LRD v,
SPE iv, S)

Puc. 14.10. O6MiH ganumu Mix IE Ta kepyoyoro EOM

Cxaxﬂpxa BeAHYHHA

OcTaHHs BaxiMBa onepauis — Ue peayKuis BEKTopa B
ckanap. Jlns uboro B Parallaxis nepepbaueHo onepauiio
REDUCE, WO BHKOPUCTOBYETbCA pa3oM i3 3a3jajeriib
BM3Hau4€HOIO a0 BiNIbHO MPOrpaMOBAHOIO ONepaLiclo peayKuii
(pucl4.11).

s := REIUCE DMix);
Kepyroya EOM
lpoyecopni
@AGMEHTH .

Puc. 14.11. Peaykuis Bektopa B MoBi Parallaxis

3a3fanerigb BU3HAUYEHUMM onepauismu B Parallaxis ¢
TaKi: o :

SUM, PRODUCT, MAX, MIN, AND, OR, FIRST, LAST.
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Onepatopu FIRST i LAST noBepTaloTh B kepyouy EOM
3H44YEHHS 3MIHHOT BiIMOBIHO NEPILOro i OCTAHHbOI'O B JAHUIi
MOMeHT aktuBHoro [IIE B nmnpouecopHoMy -MacuBi 3
iI1EHTU(DIKYIOUUMU HOMEPAaMM id_no. 3MICT iHIIMX OMEpaTopiB
penyKLii MOXHA 3pO3YMITH 3a iIXHIMU Ha3BaMH. -

Crpyktypa 3B'a3ky Mix IIE, ujo 3agaHa nexiapauicio
CONNECTION, He 000B'A3k0BO Ma€ OyTH 3B'S3KOM Tumy 1:1.
3B'130K TUMY 1:n 3MiIACHIOETHCS HAasIBHOKO OMnepauicto Broadcast.
OpaHaue nia yac peanizauii 3B'A3KIB TUMY n:1 (a TakoX B3araji
AJla 3B'A3KIiB THUMY m:n) Tpeba MaTv Ha yBas3i, O 3aBX/IH Ha
BXiTHMH nopT koxHoro [1E HaaXxoAuTh TUIbKKH OJWH €AEMEHT
JaHUX. 3 Ui€l NpUYMHM KOXHIW omnepauii oOMiHY JaHHUMH
(PROPAGATE, SEND abo RECEIVE) MOXHa MpHOATH OJHY
onepauilo peaykuii BekTopa. Po3rnsiHbMo npukian;

CONFIGURATION tree [1..max];
CONNECTION parent : tree[i}<->tree[2*i ] . children,
treelij<->tree[2*i+1].children;

é'END tree.children(y) TO tree.parent(x) REDUCE . SUM,;

Tyt nobynosaHo aepeBo 3 n:1 3B's3kamu (no asa IlE-
auts Ha oaHoro [TE-6atbka). Onepauis SEND nepemae cymy
asox ITE-aireit B 6aTbKiBcbkuii TTE.

Sk i gag iHWKMX MOB, HABOAMMO peai30BaHi Ha MOBI
Parallaxis anroputmu ckanspHoro Ao6yTky i omnepaTopu
Jlannaca.

Cxanapuny gobyrox Ha MoBi Parallaxis:

CONFIGURATION liste [max];
CONNECTION; (*nycmo™)
SCALAR s_prod: REAL;
VECTOR x, y, prod: REAL,;

PARALLEL

prod = x*y
ENDPARALLEL;

s_prod := REDUCE.SUM(prod);
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Y napanenbHoMy 6710Ui BUKOHYETbCH MOKOMIIOHEHTHE
MHOXeHHA. HanpukiHui onepaui€lo peaykuii BU3HAYA€TbCA
cyMma BCix 100yTKiB.

Oneparop Jlannaca Ha MoBi Parallaxis:
CONFIGURATION grid [1..100], {1..100);
CONNECTION north : grid[i, j} — grid[i+1, j].south;

south : grid[i, j] — grid[i-1, jl.north;
east : grid[i, j] — gridli, j+1].west;
west : grid[i, j] — grid[i, j-1].east:

VECTOR pixel, n, s, w, € : INTEGER,;

PARALLEL
PROPAGATE . north (pixel, s},
PROPAGATE . south (pixel, n):
PROPAGATE . west (pixel, e);
PROPAGATE . east (pixel, w);
pixel ;= 4*pixel-n-s-w-e;

ENDPARALLEL,;

Yucnosi gaHi yotupbox cycigHix IIE oGuucatooTses
IHCTPYKLiAIMM PROPAGATE i 3anaM'aTOBYIOTbCSl SK MPOMIXHI
PE3yNbTaTH Y BUINALI BEKTOPHUX JAONOMIXKHHX 3MIHHHUX N, S, €,
w  (A18  yoTMpbOX HanpamkiB  cBity). Lli BenuuuHu
BUKOPHUCTOBYIOTHCS B apU(PMETHUHOMY BUpPa3i A OOUHCIIEHHS
HOBOTO 3HAYE€HHS 3MIHHOI pixel.

15. MACHUBHO ITAPAJIEJIBHI
AJI'OPUTMU

MacuBHa napaienbHiCTh 3a CbOTOJHILUHBOTO CTaHy
iHTerpauil oOYMCNIOBAILHUX CHCTEM MNOB'A3aHAa BUKJIIOYHO 3
SIMD-cuctemamu, 110 MalOTb NMapayeNbHICTh MOTOKIB JAHHUX.
[lpy uboMy Ha BiAMiHY BiA ‘““3BHYaiHMX” BEIMKOOJOKOBHX
napajeibHUX airOpuMTMIB BHHMKIA rnoTpeba B 30BCIM iHLIIH,
HOBIF TexHili nporpaMyBaHHs. He Tinbkn 06MiH faHuMM, a i
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cenexuis MPoOUECOpiB, LUHMKIIYHI nporpamu mawoTe B SIMD-
CHCTEMAX IHWIY CEMAHTHUKY, sIka BIUIMBAE Ha e(EeKTHBHICTb
nporpaM. 3aBaHTaxeHHs npouecopiB B SIMD-cucremax He €
rOJIOBHOK) METOIO0 MNpPOrpaMyBaHHsA. MeHIle 3aBaHTa)XXKEHHs
npouecopiB B SIMD-cucremax nopisnsHo 3 MIMD-cucreMamu
3VMOBJICHE TXHbOIO CUCTEMHOIO Opradi3auiclo, ane 3a CyTTEBO
Ginbwoi  kinbkocti IIE uUell Hemosik cTae npakTHYHO
HEMOMITHHUM. ‘

Y ueHTpi yBaru po3poOKU MACUBHO MapajielbHUX

ANrOpUTMIB  CTOITb 1XHE (QOpPMYJIOBaHHS Ha  OCHOBI
MPUTaMaHHOI NPHPOAHUM SBHLLAM NApPaebHOCTI.
Takuii nigxia nae  MOXIMBICTD MpOCTie Ppo3pobnsaTH
napajeibHi 3a NOTOKaMW [aHUX MPOrpaMH; BOHH CTalOTh
3po3ymijdiluMmu, 60 Binnagae notpeba pobuTH BCi onepauii
nociifoBHO, He icHye obMexeHb Moaeni EOM ¢ou Hoiimana.

PosrnsHyri B uWii  rnaBi  nporpaMu-npukIanu
iMmnuemeHToBaHi Ha MoBi Parallaxis (n.14.4 ). Binblu noBHe
316paHHs napajiesibHUX anropuT™MiB ( B OCHOBHOMY ais SIMD-
cucreM ) ony6nikoBaHe B npausax [AkI 89], [Jaja 92], [Gybbons,
Rytter 88].

15.1. UncenbHe inTerpyBaHHs

Hactynuuit  anropurm i3 nyGmikauii [Babb 89)
3aCTOCOBY€ MpaBHUIO MPAMOKYTHHKIB [JIS  HAOJIMKEHOrO
obuucnenHs interpana (puc.15.1). Taka cama nocraHoBka
peanizoBaHa B n.10.3 sk BeIMKOOJOKOBHI mnapanebHUiA
anroputm aias MIMD-cucremu.

>

1
n = ]E—de
0

4

e # Preie
14({i-0.5)*Breite )2

05
Pue. 15.1. HabnmxeHe oGuHcIeHHs inTerpaia
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O6nactb [0,1] MO OCi x pO3GHMBAETLCA HA TaKy KUIBKICTh
iHTepBaniB, fka notpibHa ans 3abe3nedeHHs 3aAaHOT TOUHOCTI
0OYHCIIEHD, PHYOMY ISl KOXKHOrO iHTEpBay nepeabadyacTbesn
oauH - Biptvanbhuil  IIE. Koxnuit IIE oGuucioe 3HauCHHA
$yHKUiT f BcepeauHi CBOTO IHTepBany i nepeMHOXye HOro Ha
WWHPHHY IHTEPBAJTY.

CknafaHHs BCIX YaCTKOBMX MO TUIbKM 3a log,n
KPOKiB (npoTu n-1 kpokis B MIMD-anroputmi i3 m.10.3) gae
HabauXeHy BETMUUHY YUCTIA i ‘

SYSTEM compute_pi;
(* napareavnuit areopumm, R. Babb ™)
CONST intervals = 1000;

width = 1.0/ FLOAT(intervals),
CONFIGURATION list [1..intervals];
CONNECTION (*nycmo*);

VECTOR val : REAL;

CO~NOOBHWN

N
o

PROCEDURE f (VECTOR x: REAL) : VECTOR REAL,
(" pyuryis. wo inmeepyemocs ™) \
BEGIN . ‘
RETURN(4.0 / (1.0 + x*x})
END f;

oONnphwWN =

BEGIN
PARALLEL (* o6uucn. inm. 3a npag.npamokymuuka *)
val := width * f((FLOAT(id_no) - 0.5) * width),
ENDPARALLEL,;
WriteReal (REDUCE.SUM(val), 15); -
END compute_pi.

NN =
- O WO~

®ynkuin, Bia akol Geperbcsi iHTErpal, OOUMCIIOETHCS
dyHkuioHanbHOW nporpamoto f. bnok, WO BBeAeHUH 1
KIOYOBUM cloBOM PARALLEL, akTtuBizye Bci IlE, 60 Hemac
HiSKMX BKa3iBOK Ha BHWAUICHHS (CeNekuilo) Jeskoi rpynu
aktuBizoBanux [1E. BekTopHa koHCTaHTa id_no nae HoMep
xoxHoro ITE Bia 1 2o umcaa, wo aopisHioe kinskocTi IIE (tyr
03Ha4Y€eHOo K intervals).
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15.2. KniTuaceri aBToMaTH

Kaituacti aBTOMaTH — L€ LIMPOKE MOse 3aCTOCYBaHHS
SIMD-cuctem. KoxHiii KkmiTUi MOXE NpPUAABATUCA CBii
MPOLECOP i KOXKHA 3 HUX BUKOHYE OJIHAKOBE AJIf BCIX 3aBIAHHS
06pob6kun  indopmauii. Haibinbe BiOOMMIA  KiTYACTHIA
aproMar “I'pa xutra” (Conway). Lle aABoBMMipHa CTpyKTypa,
fiKa 3 4YacoM 3MiHIoeTbCa. [lokasaHMit HHXYEe Y BHUIUIALI
Parallaxis-nporpamn aBTOMaT € OAHOBHUMIPHHUM, aji€ BiH
reHepye B (yHKUIT Yacy ABOBMMIPHY KapTHHY (OAMH PA/0K 34
KOXHHWHM  iTepauiiiHuii  Kpok). 3aBmaHHs 3  nepepobku
iHpopmauii BIIHOCHO MPOCTE: KOXHA KJITKa Mac JMile JBa
CTaHHW | BHMKOHY€ onepauilo BUkIo4Horo ABO (OR) Han
JBOTYHHM CTAHOM JiBOI Ta MpaBoi cyciaHix kaiTok. CepenHs
KJiTKa iHiLiaai3yeTbcs 3MiHHOW TRUE (BuaaeTbea sk “X), BCi
iHWIi — 3MIHHUMH FALSE (BUAAIOThCA NYCTi CHMBOJH).

1 SYSTEM cellular_automation;

2 CONST n=79; (* kinbkicmob enemenmia *)

3 m=32; (* xinbkicmb npoxoodie yuxay *)
4 CONFIGURATION list{1..n];

5 CONNECTION left : list[i] -> list[i- 1] . right;
6 right: list[i] -> list[i+1) . left;

7
8
9

SCALAR i . INTEGER;
VECTOR val, |, r : BOOLEAN;

11 PROCEDURE out;

12 VECTORc: CHAR;

13 BEGIN

14 IF val THEN c :="X" ELSEc ="" END;
15 Write (c); WriteLn

16 END out;

17

18 BEGIN

19 PARALLEL (“iniyianizayis *)

20 val :=id_no = (n+1 DIV 2);(*cepeon. eaem.= TRUE®)
21 ENDPARALLEL,

22

23 FORi:=1TO m DO
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24 PARALLEL

25 out; .
26 PROPAGATE . left (val, I);
27 PROPAGATE . right (val,r),
28 val =l<>r;

29 ENDPARALLEL;

30 END:;

31 END cellular_automation. -

. Jleknapailii CONFIGURATION i CONNECTION BU3HA4aroThb
AIHIAHMA  CAMCOK  3B'A3aHMX MK CODON  MPOUECOPHUX
enemenTiB. [Tpouenypa out BUae Ha ekpaH Aicruies akTyaabHUH
OoyaiBchkuit _ ctan paaka [1E. npuyomy OyJBCbKI 3MIHHI
nchTBOp}O}OTbCﬂ B 3HakM THNY CHAR. KomnoHeHTHit BEKTOP
3HAKIB BUJIAETHCS Ha EKPaH MOCNOBHO BEKTOPHOIO onepaule}o
write. Tlig uac iHiuianizanii B rosioBHiii mporpami JoriyHa
3MiHHa TRUE NpucBOIOETbCA Tifbku cepeaHboMy T1E, wo mae
Homep n+1 DIV2, a Bci iHwi TTE ogepxyoTh 3MiHHY FALSE.
HanpukiHui BHMKOHYETbCA  CKAJIAPHUHA LUMKA, B SAKOMY
3AIACHIOETbCS BUAAYa Ta OOUMCIEHH HOBOI'O CTaHy KJITKM 3a
JNOMOMOrow oOMiHy AaHUMH (PROPAGATE) 3 6yAb-9KUM JIIBUM i
npasum TIE-cycinom. Ha puc.15.2 noka3aHo cTaHuM ubOro
KJITYacTOro aBTOMATa, MPUYOMY KOOpAMHATA 4acy Mae
MOYaTOK Bropi.
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X%
)
EER RS
X1 XK
LI L
KXXKXXKXN
X x
[ X X
x X X X
XEKK X XXX
x 3
xn XK LR XX
X J
XAXNKXKXKAXXKAKK

L
X x
XX XK
x
XX xx

L)
Az x X L3

XXX

XEXEX XXX
x x

XX XX XX XX

% x
X x
XXX
KX KK
x
TAXARRXK
x

X

X X X X X
ANLK Kxxx XREY KEXX |

x x L)
xn X x L} xn 3]

XX X X X X x x LI}
XXAXXXKXXRXREXKXXKXKNXY XERXXK AKX

Puc. 15.2. Pe3ynbTaTH Ha BUXOJi KJiTUACTOrO aBTOMAaTa

OcTtaHHIM 4acoM BWHHKJIA BEIMKA - KiIbKICTb HOBHX
obnacreid 3acTOCyBaHHs ]
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KJAiTYaCTUX aBTOMATIB.

HajexaTh 1 TaK 3BaHi peuwiTyacTi rasosi aBromartu (“Lattice-
Gas-Automat™), 10 BHUKOPUCTOBYIOTHCS Il MOJETIOBAHHS
Teuld rasiB Ta piavH [Doolen 90], [Chen, Doolen, Matthaeus .
91]. TyT 3aMicTh 3BMYAHOTO pO3B’A3aHHs AU(EPEHLIATbHHX
PIBHSIHb /U1t MOJIEJIIOBAHHA. JIBOBUMIPHHX Tediii BUKOPHCTOBY-
€TbCSl TEKCOrOHasibHA PeWiTka 3 AMCKpeTHUX KiaiThH. KoxHa
KNITMHA BW3Hayae CBid AUCKpeTHHH y GyHKLII Yacy cTaH
KJITUHM, 1 AaHi nokaiabHoro ITE-cycina B pewiTi BUKOPUCTO-
BYIOTbCA SIK MapameTpu iHAekca Tabmuui. Ha puc. 153
NOKA43aHO 3MOJENbOBAHI HA PELIITYACTOMY Ia30BOMY aBTOMATI
MOTOKM razy Ha HecyyoMy npodini (aBTopu Putzold ta Brenner,
HItyTTraprcbkuil yHiBEpcUTeT).

Puc. 15.3. MozenioBaHHs CTpPYMKOBMX Tedili Ha
asTomari Tvny “Lattice-Gas”

15.3. I'eHepyBaHHs NPOCTHX YHCE

MeTtoa reHepyBaHHs MPOCTUX YMCEN, L0 BUKOPUCTAHO
TYT, € napaneiabHO0 Bepciero Meroaa “Curto Epatocdena”. 3a
JOMOMOTOI0 n MPOLECOPIB BU3HAUAIOTLCA BCI MPOCTI YMCaa Bij
2 no n. Koxnuii [1E npencrasisie uucio n, wo BignoBigac Horo
iienTudikauiiHomy Homepy (puc.154). Koxuuii TIE
3AJIMIUAETLCA AKTMBHMM YNPOAOBXK Yacy, NOTPIOHOro s
iaeHTH}IKaLil Toro HoMepa K MOTEHLiHHOTO NPOCTOro YKCIa.
Ha KOXKHOMY Kpoun NPYKY€EThbCA HaiiMeHILE Lie aKTHBHE YKCIIO
K rpocre, 1 Bci ocTanHi [TE nepeBipsaoTh, 4K He € iXHil HOMEp
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UMCJIOM, KPAaTHUM BU3HAYEHOMY NPOCTOMY. SKILO Le TakK, TO B
HAacTYMHOMY UMK Ui Mpolecopy yxe OyayTb HEaKTUBHUMM.
Takum 4UMHOM, Ha KOXKHOMY KpOLli napanejibHO BUIyUYalTbCs ')
NOLUYKY YMCiia, KPaTHi 3HaHASHOMY NPOCTOMY YMCTTY:

SYSTEM sieve;
CONFIGURATION list [2..200];
CONNECTION (* nycmo *);

1
2
3
4
5 SCALAR prime
6
7
8

INTEGER;

VECTOR removed : BOOLEAN;

BEGIN
9 PARALLEL
10 REPEAT
11 prime := REDUCE . FIRST(DIM1);
12 Writeint(prime,10); WriteLn; (*sudamu npocme qwuci1o*)
13 removed := DIM1 MOD prime =0
14 (* 6acamopazoee sunyyenns )
15 UNTIL removed
16 ENDPARALLEL
17 END sieve.

YMOBHI sHAXY:
0 IIE HeakT-RA
@ XKanauaaT
PeayAbTaT

IHigianizauin

NE2 - OEn ax THRHI
llpocTe YucAo 2
BHAYYeHHA BCiX K paTHUX

e 8000800 O @0 HpocTeUncrol
BHAYYeHHA BCIX XPATHHX

80008000 @0 NpocTeducrod
BHAYYCHHA BCIX XPATHUX

€ 00000000 ® o UIpocTeUHCAOT

BHAYUYeHHA BCIX X PATHHX

fipocTe unecao 11

KHeus

Puc. 15.4. IlapanenbHe reHepyBaHHS MPOCTUX YMCE
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15.4. CopryBaHHs

Aast npo6aeMu copTyBaHHA icHye psin pizHux SIMD-
a;AropMTMiB. PO3riasiHbMO TYT O[IMH 3 LUX ajiropuTtMiB — “Odd-
Even Transposition Sorting™ (OETS), anroputm. skuii MoxHa
pPO3YMITH fIK MapajejibHUii BaplaHT COPTYBaHHS 3a O3HAKOIO
“HenapHui-napuuit”. Anroputm OETS coptye n uucen 3a
ponomorow n IME 3a n kpokis. Ha puc.15.5 nokasano Aaio
napaaenpHoro anroput™a. Koxnuii TIE udinecnpsimoBaHo
OJEPXKYE OJIHE 4YMCIIO, 1O Migisrae coptyBaHHIo. Ilig vac
COPTYBAaHHSA PO3PI3HAIOTHLCS HemapHi 1 napHi Kpokd. Ha
HenapHuX Kpokax Bci [1E, 110 MaloTh HenapHi igeHTUdikauiiHi
HOMEpH, MOPIBHIOIOTD 1XHI YKMC/a 3 ITPaBUM CyCiaoM (1-2, 3-4, 5-6
i T. A.) | OOMIHIOIOTLCS YMCIAMHM, SKILIO CBOE YHUCIO Mae ByTu
OinbLWIKMM 3a 4MCIIO cycila. AHAJIOTIYHO HA MAapHUX KpOKax BCi
[IE, wo maioTb napHi HOMEpPH, BUKOHYIOTb MOPIBHSHHSA Ta
oOMiH 3 IXHIMU cyclaamu cnpasa (2-3, 4-5, 6-7, 1 T. 1. ). Tlicna n
KpOKiB NOCJ1iJOBHICTb 4Mcen Oye po3copToBaHa (Ha puc.15.5 —
Mo NopsiAKy 30UIbLIEHHS Yuces, To0TO 1, 2, 3, 4, 5).

YncAa posmiyyoTeca b [IE Epoxu:

1 .odd

3.odg

4 even

5.0dd

Puc. 15.5.11puknan copTyBaHHS 3a METOA0M

NepECTAHOBKH HEMapHUXx-napHux uncen (Odd-
Even-Transposition)

Y Parallaxis-nporpami 3a pgonomorow 3MiHHOT lhs
BCTAHOBJIIOETHCA, AKY ponb BUKOHye ITE y pa3i nopiBHsHHS —
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AIBOTO 4K npaBoro mnaprtHepa. Llg posb 3MiHIOETbCS Nij Yac
KOXHOrO HOBOTO uMKAy. B xoxnomy npoxomi umkiy Bci TTE
ONEPXKYIOTh CMIOYATKY YMC/IOBI IaHi J1iBOrO Ta NpaBoro cycija (I
Ta r). [apTHep 371iBa 6epe YUCAO NPaBOTO CYCIAA AK YUCIO IS
MOPIBHAHHA, 4 CyCil crnpaBa BMKOPUCTOBYE HYHCAO JIBOIO
cyciga. KowmniaekcHe TNOpPIBHAHHA Sk JIOTi4HA onepawis
“ths=(comp<val)”” € BUkoHaHUM as niBoro INE-naprHepa, fAKiuo
UMCo MpaBoro cycima Oinbuie, Hix csoe uucno TIE, a s
npaBoro [1E-maptHepa - 4KIWO YMCIO 3/iBa BUABNAETLCH
MEHLLNM, HiXK CBO€ YMCI0. TaKMM YMHOM, 3a OJIHE MOPIBHSHHA
Bci MTE MOXyTb napasenbHo 3acTocyBaTH MOTPIOHMH OOMIH
NOPIBHIOBAHUMHU  4McAaMM. 3a  PpaxyHOK  3aCTOCYBAHHS
BIANOBIAHO CKOMMOHOBAHOI TONOJIOTIT MOXHA ONTUMI3yBaTH
nporpamy Tak, o6 Ha KOXHOMY Kpoui MoxHa Oyno o6IATHCh
ojHi€10 onepauieto oO6MiHy aaHumu. Parallaxis-nporpama mac
BUTJISAL

1 SYSTEM sort;

2 (* Odd-Even Transposition Sort. (Ilaparensna peanizayis)™)
3 CONSTn=10;

4  CONFIGURATION list [1.. n];

5 CONNECTION left : listfi] -> list [i- 1].right;

6 right : list[i] -> list [i+1].left;

7
8
9

SCALAR step : INTEGER,;
a :ARRAY([1..n] OF INTEGER,;

10

11 VECTORval, r, 1, comp: INTEGER,;
12 Ihs : BOOLEAN;
13

14 BEGIN

15 WriteString( ‘Beegitsb, 6yab nacka, AaHi: ');
16 FORstep:=1 TO n DO Readint(a[step]) END;
17 LOAD(val,a);

18

19 PARALLEL

20 ths := ODD (id_no); (*ITE-ye nisa wacmuna nopisusnns"™)
21 FOR step :=1TO n DO

22 PROPAGATE . right (val, 1);

23 PROPAGATE . left (val, r);

24 IF Ihs THEN comp :=r ELSE comp := | END;
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25 IF Ihs = (comp<val) THEN val := comp END; (*lhs&(comp<val}*)
26 Ihs := NOT ihs; (*ab6o ror; rhs & i comp=>val) *)

27 END:

28 ENDPARALLEL;

29

30 STORE(vala);
31 FOR step:=1 TO n DO Writelnt(a[step],10); WriteLn END;
32 END sort.

15.5. Cucronmvne MHOKEHHSI MATPHLb

MHOXKeHHst ABOX MaTpullb — L€ OJHa 3 HaHBAXJIHBIilIMX
| HalyacTille BUKOPUCTOBYBAHWX MapaneibHUX oOMepaLii.
[Mopsa 3 iHIWIKMMH BOHa € 0a30BOI0 OMNEPALIi€l0 B KOMITIOTEPHIH
rpadiui i B pobororexHiui. Tak 3BaHe “CHCTONHYHE
MHOXEHHS™ IBOX MaTpHlb — Le ebeKTHBHA BepcCis aJIrOPUTMY
MHOXEHHS ans SIMD-cucrem. Ha puc.15.6 noscHioeTbcs
npouec BMKOHAHHA Ui€l onepauil: BXigHI MaTpuli Cro4yaTKy
AeopMYIOTbCSl HaBKiC i MOTIM MOKPOKOBO TPaHCcHOPMYIOThCS
B Marpuuto-pe3yabTaT. Ha KOXHOMY Kpoui IS KOXHOro
€1EMEHTA PE3YbTYIOHOI MaTpHUI-A00YTKY NEpPEeMHOXYIOTbCA
€JIEMEHTH MAaTpHULUb A 1 B i pe3ybTaT MHOXXEHHS HOAAETLCA A0
€1eMEHTa MaTpHuUi-pe3yJibTaTa. 3a UMM alrOPUTMOM JIOCHTb
(3*n-2) kpokiB Ha n° TIE, wo6 nepeMHOXWTH [BI MaTpuili
PO3MIPOM nxn KOXHA.

BxigHa MaTpHUR A

8
’C:-A'BI

.

5y

Bxiana maTpHYR A

. 44t f: « & o) Doxe
-~ o o« « | nDpouecopis
o M Q LI T Ta Marpuuﬂ-
e @2 < s | gobyrox C

Puc. 15.6. CucrosnivyHe MHOXKEHHS MATPHLb
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Y Parallaxis-nporpami ueii napajenbHUd aIrOPUTM
ONTHUMI30BAHO JOJATKOBO 1 L€ MpPHUBENO A0 TOro, HI0
pe3ybTytoua MaTpuls GOPMYETLC 3a N KpOKiB. Y mpolieaypi
matrix_mult oOWBI BXiAHI MaTpHui (A 1 B) cnoyaTtky 6e3 3MiHH
3anucyloTses B none I'E oneparopom LOAD, a noTiM pobuTthes
NiArOTOBYUI KPOK. B AKOMY MaTpuLls A 1ehOpPMYETbCA HABKIC
BAIBO, 2 B — Bropy. B HacTynHux iTepauisix A nepemilly€eTbes
psiAKaMu BJiBO, a B — croBnusMu Bropy. PesyiabTaT C=A'B
BUAAETbCA B CKanapHe nojne kepyiouoi EOM oneparopom
STORE. Parallaxis-nporpama Mae Takuii TEKCT:

1 SYSTEM systolic_array;

2 (" obuucienns mampuurozo 006ymky “c.=a *b” ™)

3  CONST max = 10;

4 . TYPE matrix = ARRAY [1..max], [1..max] OF REAL;

5

6 CONFIGURATION grid [max], [max];

7  CONNECTION left: grid[i, j} -> grid[i, (j-1) MOD max] left;

8 up : grid[i, j] -> grid[(i-1) MOD mayx, j].up;

9 verA: grid[i, j] -> grid[i, (j-i) MOD max].verA;
10 verB: grid[i, j] -> grid[(i-j) MOD makx, j].verB;
11

12 SCALARI,j INTEGER,;

13 a,b c: matrix;

14

15

16 PROCEDURE matrix_ mult{SCALAR VAR a,b,c : matrix);
17 ("muoycenns mampuys ¢ 1= a * b ™)

18 SCALAR k: INTEGER;

19 VECTORTa, rb, rc: REAL;

20 BEGIN

21 LOAD (ra, a);

22 LOAD (rb, b);

23 PARALLEL

24 PROPAGATE.verA(ra);
25 PROPAGATE.verB(rb);
26 rc:=ra*rb;

27 FOR Kk :=2 TO max DO
28 PROPAGATE.left (ra);
29 PROPAGATE.up (rb);
30 rc:=rc+ra*rb;

31 END;

32 ENDPARALLEL,;
33 STORE (rc, ¢);
34 END matrix_mult;

35

36 BEGIN

37 LY swumyearns mampuub a i b ™)
38 . matrix_mult(a;b,c),

39 ...(* suoaua mampuyi ¢ *)

40 END systolic_array.

15.6. I'enepyBanus ¢paxraiei

IlpeacTaBneHWit TYT alropuT™ BUpillye npobiemy, sKa
MOXKe OYTH CHMHXPOHHO po3napaseneHa 3a metogom “Divide-
and-Conquer” (po3ainsii i Bnactsyii). PosnapanenioBaHHss Hi B
IKOMY pa3si He Moxe OyTH 3acTocoBaHe s BCiX MOAIGHMX
aaropuTmiB, 60 pi3Hi iKW JepeBONOAIOHMX ANrOPUTMIB
Hal4acTille BMKOHYKOTb Ppi3Hi  uyacTMHM nporpamu. B
allTOPHUTMI, MpPO SKHA ide MOBa, TEHEPYETbCS OJHOBMMIpPHA
$bpakTajibHa KpuMBa 3a [JOMOMOrOK NEPEMILLEHHS LIEHTPa
BIApI3Ka NlamaHoi ninii [Peitgen, Saupe 88]. Buxiaxe nonoxeHHs
MPEACTABJIEHO BIAPI3KOM MpPAMOI  NiHil, AKWH B LEHTPI
3MillyeTbCs Bropy abo BHM3 Ha BHMBaXEHY BHNAJKOBY
BEIMYMHY. BHacnimok ubOro yTBOPIOETHCA JBa OKPEMHX
BlﬂplBKM npsAMoi NiHIi 3 pl3HMMM Kytamu Haxuny. O6uasa
BIApi3ku MOXyTb Oyt aani obpobneni napanenbHo, K i
MEPLUHiA Biapizok (puc. 15.7).

—4::] Buxigne NE poawmiutedi 3a
NOMNOXeHHA CTPYKTYPOIO Aepesa
nicnna
1-ro Kpoxy
nicnsa
2-ro KpoKy

@
w nicnAa

"~ N-ro Kpoky
Puc. 157, Peanizauis metony “Po3ainsii i BnacTeyii” 3a
JONOMOTO0 1epeBONOAIOHON CTPYKTYpPH
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Ha koxHOMY Kpoli NOABOIETLCA KiNbKICTb BIAPI3KIB MPAMOI,
wo niangaraoTb oOpobnerHo. Tak MpodoBKyeTbCA AOTH, TTOKH
He Oyae nocarHyTo 6a)kaHOTO PO3KIiaAy TOrO Biapi3ka, 3 SKOTO
1 fnoyaiau. Sk npouecopHa TONOJOTIA TYT HaMpOLYETbCA
CTPYKTYpa ABOIYHOro aepesa. IlouMHaouM 3 KOpeHs, Ha
KOXHOMY KPOLll aKTHBI3YETLCS HACTYNHUI PiBEHDb A€peBa ax A0
CaMoro aucts. Y 3B'S3Ky 3 TUM, U0 A KOMYHIKauil 3aBxau
AKTUBHUI TiNbKK OJMH piBeHb lepeBa, TYT MOXxHa Oyno ©
0OIATHCA MOJIOBUHOIO NMPOUECOPHUX EAEMEHTIB i CKIaAHIILIOW
CTPYKTYPOIO 3B'A3KY (HanpuKaai. nnepKyGOM) _ .

Y Parallaxis- nporpaw JAEKNApYEThCA npocra
NCpeBOBUAHA CTPYKTYpa, B fKii NepenaloTbCcsi MOYaTKOBI Ta
KIHUEBI MNYHKTH BIAPI3KIB MNPAMUX JiHIA (CMMBOJAOM “**”
BM3HAUAETLCA onepauis noreHuiroBaHHsa). ®yHkuis Gauss
[EHEPYE BEKTOP peajibHUX FayCCOBHMX BUMAAKOBUX 4HHUCEN, SKY
aam noscHioBatn He Oynmemo. [Ilpoueaypa inorder Takox
MpU3HAYEHa JUIS  3a4a4  KepyBaHHS . BOHa BUJac B
MPABUIBHOMY MOPAAKY PE3yNbTYrOUl JaHi PpaKkTanbHOI KPUBOI,
LL[O 3aMaM'ATOBYIOTLCS Y BY31aX-JAUCTSX AepeBa MPOLECOPIB.

BnachHe o6poOka Bi10yBa€Thcs B npouenypi MidPointRec.
B nepiuomy napanesnbHOMy onoui aKTMBByCTbCSI aKTyallbHHi
PiBEHb JiepeBa i MEPEMIllly€TbCA LEHTP Biapi3ka l'lpilMOl niHii. B
JpyroMy napajeinsHomy Onoul 3a yMOBM, WO DPiBEHb JIMCTA
A€peBa e HE JOCATHYTO, BBOAATHLCA YUCJIOBI AaHi low i high
BY3JiB-AiTel AepeBonoAiOHOl cTpyktypu. Ilpn ubomy snise
AWTA-BY30J1 OAEPXKYE YMCa low i x AK HOro crapToBi AaHi,
npase AMTA-BY30J] — ynucna x 1 high. B ronosHii nporpami nicns
iHiUiam3auli ITEPATUBHO BUKJIMKAEThCA nporpamMa
NepeMillleHHs UeHTpa BiApi3kiB npamux. KoxeH piBeHb
CaMOCTIVHO BeAe napanenbHy oopobky. [Tia yac Buaaui gaHux,
LLLO 3YMOBJIIOKTb BY3JiM GpaKkTanbHOI KpUBOI, Tpeba adaTv npo
MpaBUJIbHY MOCIILOBHICTb X (BMKIMK npoueaypH inorder), 60
€JIEMEHTH AEpPEBa 3aMaMm'TOBYIOTbCS B MACUBI He JIHIAHO, a
BiMOBIAHO A0 PiBHA. '

Parallaxis-nporpama mae Takuii TekcT:

1 SYSTEM fractal;
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2 CONST maxlevel =7;

3 low_val =0.0;

4 . high_val =1.0;

5 maxnode = 2*"maxlevel - 1;

6 (" dexnapayis cmpyxmypu oepeea *)

7 CONFIGURATION tree [1.. maxnode];

8 CONNECTION child_I: tree[i] <-> tree[2*i].parent;
9 child_r: treefi] <-> tree[2*i+1].parent;
10 SCALAR| :INTEGER;

11 delta : REAL;

12 field : ARRAY [1..maxnode] OF REAL;
13 VECTOR x, low, high : REAL;

15 PROCEDURE Gauss(): VECTOR REAL,;
16 (*eenep. sexmopa aunadk. wucen 3 po3nooinom Taycca®)

é6 END Gauss;

28 PROCEDURE inorder(SCALAR node: INTEGER);
29 (* eudaua enemenmis Oepesa 8 niKitiHit nocaiooeHocmi *)

36 END inorder;

37.

38 PROCEDURE MidPointRec(SCALAR delta:REAL;
SCALAR level : INT EGER);

39 BEGIN (*subip pisnis depesa™)

40 PARALLEL [2**(level - 1) .. 2**level - 1]

41 x := 0.5 " (low + high) + delta*Gauss() ;

42 IF level < maxievel THEN (*sunavenns ona “oimeii”™)
43 SEND tree.child_I (low) TO tree.parent(low);
44 SEND tree.child_| (x) TO tree.parent(high);
45 SEND tree.child_r (x)  TO tree.parent(low);
46 SEND tree.child_r (high) TO tree.parent(high);
47 END;

48 ENDPARALLEL;

49 END MidPoint;

50

51 BEGIN (*2onoeHa npozpama™)

52  PARALLEL (*iniyianizayis 3 cmapmosumu oarumu™)
53 low :=low_val,

54 high := high_val;

55 X = 0.0

56 ENDPARALLEL;

57 FORi:=1TO maxlevel DO

253



58 delta := 0.5 ** (FLOAT() / 2.0);

59 MidPoint (delta, i);

60 END;

61 STORE(x, field);

62  WriteFixPt (low_val, 10, 3); WriteLn;

63 inorder (1), (*opyxysanua yucen nocriooeno™)
64 WriteFixPt (high_val, 10, 3); WriteLn;

65 END fractal.

BuTpatu yacy Ha BMKOHaHHSA LI€l NporpamMu JOCHUTH
Maji. 60 anroputM norpebye nuie log,n KPOKIB, ae n -
KIJIbKICTb By3J1iB J€peBa Ha piBHi aucTa. Lle fopiBHIOE sikpas
BMCOTI JAepeBa, TOOTO KinbKocTi piBHIB AepeBa. Ha puc.15.8
nokaszaHo (pakTajbHy KPUBY, WO MOOYAOBaHa 3a JOMOMOTO)
HaBeAEHO! MPOrpamu 3 127 MpOLECOPHUMH EIIEMEHTAMM, a Ha
puc.159 nogaHo iHTepnperauilo NOCHiIAOBHOCTI 3BYKIB, L0
BIAMOBIAA€ NOYATKY iHIOT PpakTanbHOI MOCIIAOBHOCTI YHCEI.

Puc. 15.9. ®paxranbHo 3reHepoBaHa MOCIAOBHICTD
3BYKIB

15.7. Anani3 crepeo3obpaxeHb

IIpocTopoBHii 3ip — Lie BUHATKOBO YapiBHHI PEHOMEH.
Ocob6aMBO nepekoHyeEMOCH Y LbOMY, fKIIO OepeMo [0 yBarw,
O L€ NPUPOJHE AJ8 JI0AeH saBULIE MOoxe OyTH peallizoBaHe Ha
KOMIT'IOTEP! TiIbKK 3 BENMUYE3HUMMU BUTPATaMU MPOLIECOPHOTO
yacy. AJIFOpUTMHM, 1O JieXaTb B  OCHOBI  00OpoOKu
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crepeo3obpaxeHb, OnMcKyye peani3yloTbCi B CHHXPOHHO
napajiejabHUX ApOrpamax.

Y nroaeil BUHMKAE TPUBUMIPHE YSBICHHS 30py TOMY, IHO
1iBe 1 MpaBe OKO CNpHUHMaioTbh 06'€KTH 30pY AELIO MO-Pi3HOMY
3aBASKH HEBEJIMKIH pi3HHULI B KyTax 30py 060x oueit (puc.15.10:
y JIBOro oka BiactaHb A'B' Oinblia, HiX BiAcTaHb A”B” y
npaBoro oka). 3millleHHs BIAMOBIAHWX TMYHKTIB Yy JIIBOMY i
npaBomy obpa3ax ob'ekta 30py Ha3UBAETLCA “‘AUCTIADUTETOM”
(HEBIAMOBIAHICTIO) 1 € MIpOIO PI3HULI BHUCOT MiX MNYHKTaMH
obpasis. Ha xanb, BU3HAYUTH KOPEKTHE CITIBBIJHOLLIEHHS MiX
NyHKTamMy oOpas3iB JiBOro Ta NpaBoro oka 30BCiM HE MPOCTO.

PigeHs 900paXeHHA

Jlise oxo  Npase oko

Puc. 15.10. Crepeo3sip

Toit  ¢akr, wmo  JOACLKHIA MO30K  3JaTHHH
IHTEpTIpeTYBAaTH CTEPEOrpaMH, HE aHali3ylouM 3MicTy ob'exra
criocrepexeHHs, ony6inikoBaHo B nmpausx [Julesz 60), [Julesz 78]
(tax 3BaHl “Random-Dot”-crepeorpamMu, To6TO cTepeorpamu
BHMAAKOBUX NYHKTIB 00'ekTa 30py). JliBuii i npaBuii obpa3u
reHepoBaHi BUNaAKOBO, AKLIO PO3TALATH iX caMi no cobi, i He
MiCTSTb Yy c00i 3MicTy o6pa3y crnocrepexeHHs. TpUBUMIpHUI
00'eMHHii epekT BUHHMKAE nepeayciM yepe3 B3aeMoailo 060x
o6pa3iB Ha MO30K, A€ aHaNi3ylOTbCA 3MILUEHHA BUMaJAKOBUX
o0pasiB | NepeTBOPIOIOTHCA B J€SKE NMPOCTOPOBE CIIPHIHATTS.
Random-Dot-crepeorpamu ayxe Jjerko peami3ylOTbCsi Ha
KOMM'IOTEpi, BOHM He MalTb HENONIKIB  (HOTO3HIMKIB
(HeroyHicTh abo npobnema HaBeaeHHst). BoHu Takox He
noTpebyoTh po3Mi3HaBaHHsA kpaiB, 60 Random-Dot-3HiMkH
CKJIZAI0TbCA Make TUILKK 3 CAMUX JIiHIK KpaiB 306parkeHb.
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Nopanox renepysanns Random-Dot-crepeorpam

1. HanoBHeHHs JiBOTO i MpaBoro o6pa3iB 0XHAKOBUMH
BUMAJKOBUMH YKUCIIAMMU.

= =

3nisa Cnpaea

2. [1epemilueHHs Bropy abo BHU3 obitacter obpa3sy.

OOG'ekT, 1O Ma€ BHUJYYUTHUCS 3 NMOBEPXHI 300pakeHHS,
3MILYETbCSA BIAMOBIAHO [0 OaxaHO! BHMCOTH Ha [EKiIbKa
MiKCeIB y MpaBoMy 3HiIMKY BJBO (ab0 BMpaBo, SKIIO BiH Mmac
crnpuitmaTucs 3a piBHeM obpa3y). [1ycTi micus, 110 3'SBASIOTHCH
nicis  3MilLeHb,  34MOBHIOIOTLCA  33aHOBO  BHUMAAKOBUM
300paxeHHaM. JliBuit 3HIMOK 3anuiuaetbes 6e3 3MiH. el kpok
NOBTOPIOETHCA AJIs KOXHOI 00nacti, W0 NpeacTaBiseThes
06'eMHO.

Cnpaea Cnpasa Cnpasa
Ao 3Mmi-  TICNA3ME . 33n0pHeHO
weHHa WEeHHA

Iloxas crTepeorpam

Hns po3rnsay crepeorpaM iCHYE pall Pi3HHUX TEXHIUHMX
3ac00iB, fAKi nepeaycim AOaroTh Opo Te, WOO JiBUI 3HIMOK
PO3IJIAAABCH TUILKM JIIBUM OKOM, a MpaBuil — BiAMOBLIHO
TUIbKKW NpaBUM OKOM (Hanpukiaazd, npuiMu, LCD-Shutter,
nojspusauiiHuii binbTp, YEpPBOHO-3€NEHU I GUILTP,
JBOXEKpaHHWI  aicnnei, 3acobuM  mpocTtoro  QikcyBaHHs
KOXHOTrO 3HiMKa OJIHUM OKOM). PO3risiHbMO KOpOTKO MeEToA,
[0 3aCFOCOBYE YEPBOHO-3E€NEHI OKYJApU 1 Moxe OyTu
peani3oBaHWH HaWnpocTilwkMMU 3acobamu (MeToa Anaglyphen).
CnouaTtky niBui 3HIMOK papOyeTbcs B 3eaeHO-OLIMiA Kkosip, a
npaBui - y uepBoHO-Oinui. [loTiM oOuaBa  3HIMKHM
HAKJAJAlTbC OJMH HAa OJHMI i  HACTIibKM  JETKO
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B32€MO3AMIHIOIOTHLCS, L0 0€3 CTePeooXyIADIE  HE MOXHA
MOMITHTH IXHBOIC 3MillteHHS. SIKIIO ABI KOALONOBI Kpanku
3HIMKA JPYKVIOTBCS MOCAIIOBHO OIHa HA OAHY, TC Ha fanep:
400 Ha eKkpaMi JlCrules BOHM 3140THCS OJHIEK: YOPHOK:
kpankow. Jlam kpanku 300paxeHr Oyaemo  a3uBzy
nikcensmu  (Pixel — d6pCBldTVpd TeleHy Picture ,
IUMPOKO BXHBAHMI TEPMIH B JiTepatypi 2 KOMIKOTEDHO!
rpadiku).

YepBOHMI OKYASAPHUER PibTp, UI0 powmlemm nepes
maw OKOM, nponvu«w lU]bKl/l ‘iepBOHl/lM KO‘”p I TOMY

OKOM siid lt‘MHl ) ‘l(/pB()Hl MKCcei HcandKM K R ' ile rouuc
Bl AMOoBL lcl( novar KOBOM) CTany JUBOTO 3HIMES: 20 N;;}l")i(:\,.'\j-i',}r}_

I [J Binms

i 3

} a u::e A 3enennii

; : N UYepso- ‘-lepnorfuﬁ

L Wi W Yopumis

SniBa Cnpasa

3eJieHni PUILTP, WO PO3MILLEHHI Mepe/l MPABUM OKOM,
NPOMNYCKAC THILKK 3CICHHHA KOJIIP, TOMY TYT YCPBOHI T4 YOPHI
nikceni cnpuitMaloThes Ak remui. Yepes ¢ npaBuii 3HIMOK
BUDUILTPOBYCTHCH 3 HAKJIAJACHUX OJilHA HA OJHY CTepeorpam
(puc.15.11). JlocBijt nokasye, 1O CHHTE3YIOHE OOUYMCIEHHS
crepeorpam,  To0TO  ojicpkanHs  IHQopMauii npo  BUCOTH
HIKCCJHIB 3 JIBOTO  Ta NPABOrO 3HIMKIB, 3HAYHO BaXMC |
noTpeOye OuIblE vacy, MK reHepyBatis crepeorpam. Kpim
TOro, 1l OOYUCHCHHS HE MOXYTh Oyru Ha Bci  100%

KOPEKTHUMU; AK TMpPaBuIO, TParUISIlOTLCS OKPEMI NYHKTH
300paXenHs, SKMM TNPUIUCYIOTLCS  HCMPaBUiIbHI  3HAYCHHS
BHCOT.

YepBoHa nniBka 3niBa

YepBoHa nniBxa cnpasa
6in. sen. yep.uop.

6in. aen. yep.yop.

28w vgnm
QRERRNRY GUHAH
/ i B
mNw o -m

Csitnun TeMHUiA Ceitnuit TeMHUA

Puc. 15.11. [is crepeookynspis
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Ananis Random-Dot-crepeorpaM (obumciieHHs
inpopMauii npo BHCOTH i3 CTepeorpam)

1. CyMilieHHs NiBOTO Ta NpaBoro 300paxeHb i MOWyK

301118,
30ir

napu

BIATIOBIIHUX
(BILANOBIIHO 1O OJHOMY TiKCEeN 3 JdiBOro |

MIKCENMB  300paKeHHH

npaBoro

300paketb, 1O MalTh OJHAKOBE PO3MILIEHHA) Mae€ Micuc

TUIbKY TOAL, KOAW OOMABA MiKCEM € YOpPHUMU abo Oinumu. Ll

onepaliis MOXe BHKOHYBATHCA MapajenbHoO Haa  yCiMa
MKCeNAMU  300paXKEHHA  (AMB. PUCYHKM, Je  IKCENsM
BIANOBIAAIOTH KBAAPATHUKH).
CTepeorpama
" O Nyero
W7\ 3nina
EE ‘ ../ﬁ§‘. CnpaBa
[ W B O6uara

YitkicTb 306paxeHHn

.
» 0O wi

2. 3MillleHHA iBOro 300paxeHHs (OJMH MKCeab BIBO)
T4 NOPIBHAHHSA 3 MPABUM 300paxKEHHAM.

L{elt eTan npoROAMTBLCSA 1TEPATHBHO A KOXHOTO PIBHS
BucOoT. BHaciiaok 3MillEHHS | NMOPIBHAHHA OJEPXKYIOTH i
KOXXHOT TOBEPXHi BUCOT mikcenl, wo 30iraiotbes B 000X
300paXEHHX (JIMB. PUCYHOK).

3niva Cnpasa

Morepxua 1
R
72N7% W [ nyero o .
MM 7N ‘3niaa
- .% : ‘ N a 0O wi
N Cnpana — )
S| W O6uase ] Hi, 60 xpan

Tisni obpas flpasuit oBpas

3. Br3HaueHHA OTOYEHHS MMIKCENIB /SIS KOXHOTO PiBH$
BHCOT.

Ile# KpOK BUKOHYETbCH ITEPATHBHO ISl KOWHOLO PIBHM
BMCOT i napaineibHo s BeiX nikciems. Jladi 3 noKajlbHOTO
noJisi CYCIIHIX efleMEHTIB (KBaApaTUKY HAa PUCYHKY, miKcen)
pO3MIPOM 5x5 (Ha PHUCYHKY OepeTbcs nojie 3x3 BeepeeHi
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KBajpaTa 5x5) 3aCTOCOBYIOTLCS AJI1 aHAJII3y OTOUYEHHS MIKCEIB
1 1P LIbOMY BUKOPUCTOBYETHLCS BOCbMUBUMIPHUH PELLIITYACTH
3B'130K MiX mikcenaaMu. Ilikceni, 1o He 36iraloThes. HabyBaIOTh
3HAYEHHs 0, MiKcesi i3 36iroM HabyBalOTb YUCIIO, L0 JOPIBHIOE
KITbKOCTI CYCIIHIX MiKCeNiB, B AKWX HagBHMH 30ir, IUIOC
O/IMHHUIIIO A1 caMMX cebe (Ha pHUCYHKax Yy KBaapaThkax
MnoKaszaHo pe3yjbTYloul YHhcsia; Tak, 5=1+1+0+1+1+1 — nepuiuit
MiKcedb y APYromy nopsaky).

MNosepxHsa 0
SREQRREIN]

4. BuOip Halibinblu NIAXOXKOro pPIBHS IS KOXHOIO
riKcesst.

BuOupaerbca piBeHb (BMCOTA), SIKUA Mac HaHOinbLie
YMCNOBE 3HAUYEHHS (33 OJHAKOBUX YUCCA —~ HMXKHIHA DIBEHD).
Ak uyHcHa OTOYEHHS BCiX PIBHIB JOPIBHIOOTb HYJIO, TO
BUOMPAETLCS PiBeHL cyciaHboro nikcens. s o6pobka moxe
BECTHCHL MApaJIC/IbHO JUIsS BCIX MIKCEIB,

Jani BCix pIBHIB MOXH4 Tenep 3BECTH B 3aranbHy
KapTUHY BMCOT (“3HIMOK 3 (PaJIbLUIMBUM KOJALOPOM”), K TyT
nokaszano. Koaip koxHoOro nikcejas jae npud UbOMY HOTO
Bucory. Pitnenns, 1o 3uafifieHo B LLOMY NPHUKIAAi (AMB.
DUCYHOK “‘KaprTuHa BHCOT”), HE 30BCIM KOpekTHe, 60 He
BAAJIOCh YHUKHYTH PI3HHLI B OAMH nikcesib. KopekTHa KapTuHa
BUCOT MOKA43aHA HA PUCYHKY B JYKKAX.

Mosepxks 0

NosepxHa 1 BepXxHi# 3nimoK

NRRRY -
§\‘:\\\:\§ floBepxnn 0
NN

%

3 »

B Nosepxna 1

|

AN N

S
NN
RN
SNNNN

¥
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5. ubTpyBaHHS (3a BHOOpOM).

LL{06 BUKJIFOUMTH MOMUIIKOBI MiKCeNli Ha KOXHOMY PiBHi
JIOKAJIbHOTO CYCIAHLOTO MOJis po3MipoM 3x3 ckjlazaroThesa Ti
nikceni, wo Oymu BnopsakoBani. HanpukiHui racsitees Ti
nikcenl, B AKUX IyXe Majlo MIKCEeNIB-CYCiAiB (KilbKICTb MEHLIE,
HDX noporose uucio). [oraweni nmikceli po3MillyIOThCs NOTIM
Ha HOBOMY piBHI. Lla onepauis ¢uibTpauii MOXE TaKOX
BUKOHYBATHCS NapaJieibHO.

[MponeMoHcTpOBaHUit TYyT aaroputT™ aHamizy Random-
Dot-cTtepeorpam  MOXe  Jierk0O  TpaHcpopMyBaTHCs B
napajieibHy 3a MOTOKOM JaHux nporpamy. Ha puc. 5.12
MOKa3aHO CcTepeorpamy 1 BINOBIAHO O Hel pO3paxoBaHy
KapTUHY BHUCOT (3 /EAKUMHM HEYCYHeHWUMU aedexktamu)
po3mipoM 128x128 mikceniB. Ilif yac 3acrocyBaHHA map
dboTorpadiuHux 3HIMKIB abo BiAe0300paxKeHb, AKI MOXYTh
o0yt 3untadi B EOM uepe3 ckaHep abo 30BHiWHIA Oydep,
npobnemMa  ayxe  yckhaaHioeThcs.  Dotvorpadii  He ¢
MOHOXPOMHWMHM, BOHH MICTATb Cipl CTyNeHl, Opi€HTaLs 000X
3HIMKIB BIAHOCHO OAMH OJAHOrO 3 TOMHICTIO [0 MiKCels
HEMOXJIMBA, 3'BAACTHCA UUIMA pAA HETOYHOCTEN Ta XuO
300paXkeHHs, ki HE MOXYTb MATHU Miclis NPU KOMM'IOTEPHOMY
reHepyBanHi  Random-Dot-crepeorpam. las  doTo3HIMKIB
TpeOa BUKOHATU ABA MNofepeiHix Kpoku repesl oopobdkoto. TTo-
repuie, po3paxyHKH “BiJHOCHOT opicHTaUil” 000X 3HIMKIB OJMH
JI0 OJIHOTrO, U10 MOB'A3aHO 3 BIANOBIJHUM MPUCTOCYBAHHAM
OJIHOrO 3 ABOX 3HiIMKIB. ITo-apyre, Bu3HaueHHA KkpaiB obox
3HIMKIB, 00 BOHM 03HayarThb Oifbllie, HiX JaHI CIPUX 3HIMKIB.

Ha uii npaBunbHO  opieHTOBaHiH  OOMEXeEHIil

cTepeorpami MOXHa 3aCTOCYBaTH airopuTM crepeo-Matching.

Puc. 15.12. Crepeorpama tuny “Random-Dot” 3
0bYUCIIEHHAM BUCOT

2 A
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Brapasu 1o posaiiay 11

1. CtpykTypy 3B'3KiB MK NpouecOpaMH Ha MOBI
Parallaxis 3agaHo Tak:

CONFIGURATION seltsam [0..Max-1];

CONNECTION a:seltsam[i]<->seltsam[3*i+1).4;
b:seltsamfi]<->seltsam{3*i+2].d;
c:seltsam(ij<->seltsam[3*i+3].d,

a) 3pobiThb ecKi3 CXeMH KOMYyTauil seltsam, 10 Mae
napameTp Max=10;

b) 3HaiAITe BEJIUYMHY V ~— KUIbKICTb JIIHIA 3B'A3KY
koxwnoro IIE ans cxemu seltsam; «

C) iKY BEJIMYMHY Mae€ [apamMeTp A, MaKCHUMasbHa
BIJICTaHb MIX ABOMA NapaMeTpaMu B seltsam ?(3a1e€XKHO
Bij n, KinbkocTi [1E).

2. [as mwHaBeaeHoro jgani  ¢parmedra Parallaxis-
Mporpamu Aaiite BiANOBib HA TaKi 3aNHTAHHS:

a) Akuif pesynbrarT Oyjie, SKIUIO BEKTOpY BiAMNOBLIAE
MaTpULA: '

o

V=

O B W
SN o0

7
1

6) 5Ky onepauid BHKOHYE ULf Nporpama Hajl JesKolo
MaTpHLCIO 3arajibHOro BUay ?

CONFIGURATION feld{1..max],{1..max];
CONNECTION rechts : feld[i j]<->feld[i,j+1].links;

SCALAR i, ergebnis:integer;
VECTOR puffer, v :integer;

BEGIN
PARALLEL
..{*3asanmaxcumu oani y sexmop V*)
FORi:=1 TO max-1 DO
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puffer:=v;
PROPAGATE links(v); ’
IF puffer>v THEN v:=puffer END;
END;
ergebnis:=REDUCE.min [*],[1] (v);
ENDPARALLEL

3. TlepeknafiTb HACTYMHY MpoOrpamy, HamMWcaHy Ha
®doprpati-90, B Parallaxis-nporpamy ( “.LT.” 3aCTOCOBYETbCS
K “less than” abo “<™

®opTtpan-90:

INTEGER, DIMENSION(100,500) :: Matrix

Matrix(1 :50,1:500) = Matrix(2:51,1:500);
WHERE (Matrix .LT. 7) Matrix = 10;

Parallaxis:

SYSTEM FtoP;

CONFIGURATION feld[1..100},[1..500];

CONNECTION rechts:feld|i,j]<->feld[i,j+1].links;
oben :feld(i,jj<->feld[i+1,j].unten;

VECTOR Matrix:.INTEGER;

END FtoP.

4. [Jlna HaBeneHoro Huwxkue ¢parmeHta Parallaxis-
nporpamu:

a) KUMKW  pe3yiabTatr
MPOrpaMHOMY BBO/Ii NPOTrPaMHu:

3253991237248562

BusHaute Buj BekTopa f Ha nouaTky poboTH nporpamu
1 FIICJIA KOXHOTO NPOXOAY LMKJY;

6) AKy onepauiio BUKOHYE Lia MporpaMa Haj 3a/aHoio
NOC/iIOBHICTIO uncen ?

B) CKiJibkKH onepauii oOMiHy aaHUMHU (PROPAGATE)
BUKOHYETbCS 32 OJIMH MPOXOJ Mporpamu ?

ONCPXKUMO  TNpH  TAKOMY
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SYSTEM was_bin_ich;
CONST ebenen = 5;
anzahl = (2**ebenen)-1,
anfang = 2**(ebenen-1),
ende = anzahl;
CONFIGURAATION baum [1..anzahl];
CONNECTION kind_l:baum[i}<->baum{2*i ].eltern_1;
kind_r:baumfi]<->baum[2*i+1].eltern_r;
VECTOR f links,rechts : integer;
SCALAR feld:ARRAY [1..anzahl] OF integer;
z,x,ergebnis :integer;

BEGIN
(*3asanmaxcumu oani y eéexmop ™)
FOR z:=1 TO anfang-1 DO feld[z]:=0; END;
FOR z:=anfang TO ende DO Readint (feld[z]) END;
LOAD(f, feld);
FOR x:=1 TO ebenen-1 DO
PARALLEL

PROPAGATE .eltern_I(f links);

PROPAGATE eltern_r(f,rechts);

IF links<rechts THEN f:=links ELSE f:=rechts; END;

ENDPARALLEL;
END;
STORE[1](f,ergebnis);
WriteInt(ergebnis, 4);
END was_bin_ich.

5. HanuwiTh nporpaMy CHCTOJMYHOTO MHOXEHHS
maTpuub Ha MoBi @opTtpaH-90.

6. Hanuuith nporpaMy reHepyBaHHS MPOCTHUX 4MCEI 3
cutom EpacrodeHna Ha mosi C*.

7. HanuwiTe nporpamy mnapajejibHOIO pO3B’s3aHHS
CHUCTEMM JIiHilHMX piBHAHbL Ha MoBi Parallaxis.

8. Hanuwite Parallaxis-nporpamy, ska uutae uucna
NPAMOKYTHHKIB 3 JaHMX, WO 1X OMMUCYIOTb, 1 PO3MILLYE iX Y
napanenbHOMYy MoJi K yucina 300paxeHHs (auMB. puc.). JaHi
MOXYTb OYTH BIAKPUTUMH ab0 3aKPUTHUMH 1Sl UATAHHSA-3AMUCY
TaKMMH CTAHJAPTHUMH OMNepaLisiMU:

Openinput ("filename") Closelnput
OpenOutput(“filename") CloseOutput
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v KoxxHuit paiok TaHUX MICTUTDb 3aMKC TaKoi GOPMHU:
<CraproBa no3unyia X><Craprosa nosuuia Y><WwupuHa><Bucorta>

(ORI
O Y
~® e
oW N

H

---------

9. Hanuwite Parallaxis-nporpamy, sika BUKOPHUCTOBY(
JlaHi  300paXKeHHS, 11O T[EHEPYITbCs B  3aBIaHHI 8.
ITpAMOKYTHHKHM, 11O MICTATbCA B MapaneibHOMY MOJIi, MAroTh
PO3MI3HABATUCH 1 3aHOBO Bi10OpaxaTUCh y BUIJISAL AAHUX, L0
X OTMUCYIOTb.

10. Peani3yiite Ha moBi Parallaxis kniTuactuii Conway
aBromart “Game of life”. 3acrocyiiTe 11 KOXHOI KJITUHH 0NN
BiptyanbHuii I1E. i

11. B anroputmi copryBaHHs OETS (n.15.4)
NpOBOAATHLCS ABI onepauil 0OMiIHy JaHUMH Ha KOXHOMY KpoOl,
HE3BaXAKUM Ha Te WO KoxHUU TIE norpebye Tinbku 4YwMCho
ceoro [IE-cycima. [lepenuwith mnporpamy 3a AONOMOIOI0
CKJIagHUX (YMOBHHMX) CTPYKTYp 3B'A3KY Tak, 106 BOHAa MOTIJLl
OoOIMTUCS nULLIE OAHIE onepalicld 0oO0MiHY JaHMMHU - Ha
KOXHOMY KpPOLIl COPTYBaHHSI.

12. Hanuuwits Parallaxis-nporpamy Aajis reHepyBaHHs
Random-Dot-crepeorpam. [lns reHepyBaHHs OyJiBCBKOTO
BMNAJKOBOTO BEKTOPA MOXHA 3acTOCyBaTH Oe3napaMeTpoBY
cTaHaapTHy QyHkLio VBRandom().

13. Hanuuwite Parallaxis-nporpamy ans  aHanisy
Random-Dot-crepeorpam  (oaepxaHHs  iHpopMmaiii  npo
BUCOTH).

THILT MOJIEJI
MAPAJIEJLHOCTI

VY npoueaypHUX MOBax napasiefibHOro nporpamyBaHHs,
mwo Oynu po3r/siHYTI B MOMNEPEAHIX pPO3AUIaX, Mae Micle
Oe3nocepe/iHid  KOHTPOJIb  MApajieflbHOCTI 33  JONOMOIO
MOBHHUX KOHCTPYKTHBIB CMEUIAIbHOTO npu3HayeHHs. OJHaK B
ileanbHOMY  BMIAJKY Nporpamict He Mae noTpebu
3aCEPe/KYBATUCS HA AETAJAX NMapaesibHOro BUKOHAHHS CBOET
nporpamu, 60 110 3aauy BUpillye Komn'torep abo onepatiiiiHa
CHCTEMA HEMOMITHO JAJs KopucTyBaya. Jluille THMuYacoBUM
pILUEHHSAM Ha WWIsSIXY JI0 W€l METH € aBTOMATHYHE
po3napaneytoBaHHs abo BEKTOPU3ALList NOCAIAOBHUX
npoueaypHux nporpaMm, 60 3a HoOro JOMOMOrOK YAaCTO HE
MOXHa JIOCAI'TH 3al0BUILHOTO MiJABILEHHS NPOAYKTHBHOCTI. Y
HeNnpoueAypPHUX MOBax mae Micue K HEsIBHE
po3napalenioBaHHs, TakKk | $BHI napalellbHi  KOHLEMUii,
aHaJIoOTiYHI PO3MIIAHYTHM B TIpoUeAypHMX MoBax. HeliponHi
MEpEX! — LE TAKOX OAHa 3 (OpM OMMUCYBaHHs Mapaje/ibHUX
MPOLECIB, OAHaye Ha OLIbL BUCOKOMY pIiBHI aBCTpakiiii.
Baxnuse 3naueHHs 18 BCIX mapaleibHMX  MoJened i
3aCTOCYBaHHs napanenbHux EOM B3arani Mae OUiHIOBAHHS
NMPOAYKTHBHOCTI OOYUCTIOBANBHUX CUCTEM L(bOI'O KJIACY.
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16. ABTOMATHUYHE
PO3IIAPAJIEJTIOBAHHS TA
BEKTOPU3ALIIS

Sk 6yno Bxe nokaszaHo aisi MIMD-cucrem, HanMcaHHs
napajejlbHUX MpOrpaM fOB’s3aHE MOPIBHAHO 3 3BUYAHHHUMM
MOCHIJOBHUMH  MporpaMaMu 3 OUILLIOIO  CKJIAJHICTIO,
OLIbIIMMU BUTPATaMH, OUIbIII BUCOKUM PU3UKOM JOMYCTHUTHUCS
noMuwiok. Jlo Toro ok y GaratboXx KOpUCTyBauin
EKCIUIYaTyIOThCS BejMKi 610J1i0TeKH NOCAIIOBHUX NporpaM, ki
Majd O BHKOPHMCTOBYBATHCS B MOJANbIIMX pO3pobKax, aie 3
OrJISly Ha TXHI HEOCSHXHI PO3MIPH (a TAKOX HE B OCTaHHIO
yepry uepe3 Opak nOTPiOHOT AOKYMEHTaLil) Ui MpOrpami
NOpOOKM He MOXYTh OyTH MepenucaHi y BiANOBI/iHI napasesbHi
BapiaHTH 6€3 JOKOPIHHOIO MEPEOCMUCIIEHHS Ta ONPAIIOBAHHS.
Bucoka BapTicTb pO3poOKH HOBMX TNPOrpaMHUX 3acobis
CYTTEBO OOMEXY€E MOTEHLIHHO MOXIIMBE KOJIO KOPUCTYBAUiB (i
MOKYMIiB) napaneibHUX CUCTEM, TOMY TMOPIBHAHO I3
3puuaiinumMu EOM napanenbHi cucteMu sk crieiiajbHl 3acobn
BUpilLIEHHS NpoOJieM 3 IHTEHCUMBHUMM DPO3paxyHKaMH MaroTb
HE3HAYHY YaCTHHY KoMm'toTepHoro puHky. OjHa 3 Haaid Ha
IUMPIUKMH BUXiJl napajeilbHUX CUCTEM Ha PUHOK MOB'A3aHa 3
MOMJIUBICTIO aBTOMATUUYHOTI'O po3napa’nesitoBaHHs
(BekTOpHU3allil) MOCAIA0BHUX nporpaM. Peasnizauis uiei iaei nana
© MOXIMBICTb 3a [0ONOMOIOI) HOBOIO  TPAHCIIIOBAHHS
BMKOpPMCTATH  BCl  HasBHI  MOCJIJAOBHI  MPOTPAMH,  HE
po3pobuIAoUM cneliajbHO HOBMX MapajieabHux nporpam. Ha
*ajdb, HAa CbOTOJIHI aBTOMATHYHE PpO3NapanetoBaHHs |
BEKTOPH3aLlis BiANOBIAHOI AKOCTI MOKH L0 HEMOXUJIMBI | LIJIKOM
PE30OHHO BHHMKAaE TMHWTaHHA, YK B3arajgi B  AKOMYChb
MaiBGyTHLOMY LI MOJXE CTATH PEAJILHICTIO.

‘ Hema K0QHOTO CeHCYy MUCATH NMPOrpamMu Ha 3BUYaNHIN

- MOCHi1OBHIH MOBI, JNOBIpAIOYH aBTOMATHYHOMY
posnapanenoBaHHO Y4 BekTopu3auil. Hanpuknan, ckanapHui

A0OYTOK, SKMI 3anporpaMOBAaHWK  BEAMKHMH 3YCHIUISAMH

KOpUCTYBa4a B MOCHAOBHOMY LMK (M JO TOTO XK KOXHUM
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KOPUCTYBayeM MO-pi3HOMY!), cnpuUiiMaeTbcs aBTOMATHUHUM
po3napa’jenoBauyeM/BEKTOPU3aTOPOM K  TOCJiJOBHa
nporpamHa peafi3alis i Mae TPaHCIIOBATHCh Y BIANOBIAHI
napaneibHi abo BekTOpHi onepauii. HaGarato mnpocriie
HanMcaTM  Led  aJfOpUTM Ha  MOBi  MapallelbHOro
nporpamyBaHHs. JIONOBHEHHSAM OO Hei Mir 6u GyTH 3HayHO
NpOCTiLUIMi B iMruieMeHTaLii “aBTOMATUYHMIA
pPO3NOCHIAOBIIOBAaY”, TOOTO  TPAHCIAATOp  MNapalie)IbHUX
nporpam y MocligOBHI Ul THX BMNAJKIB, KOJM napalelibHa
NporpaMa Ma€ BUKOHYBATHCS Ha nociiioBHiii EOM.

Ha puHOK nocrayaeTbcsi BEKTOPH3aTOP-NEPETBOPIOBAY
“VAST-2" nporpaMm, HanucaHux Ha @opTpaHni-77, B nporpaMu
MPFortran (mianekt ®optpana-90), po3pobiechuii dipMoto
MasPar Computer Co. [MasPar 92]. VAST-2 neperBoproe
nocniloBHi  (opTpaHiBCbKi DO-UMKIM Ta IF-BUGOpH Y
BIANOBIJHI ARRAY-BUpa3u; LMKJH i3 CKJIIAJIHUMHU CTPYKTYpaMu
NepETBOPIOIOTLCA B onepaLii Hag 6araToBUMIpHUMH MAaCHBaMH.
IIpn ubOoMy BpaxoBYeTbCS  B3a€MO3ANEXKHICTb  JaHMX
(po3rispaeTbes Aalni) pi3HUX onepaTopiB i pobuTbes cnpoba
MIHIMI3yBaTH KIJIbKICTb | BEAMYMHY TAKHX (PPArMeHTIB
nporpam. IIpOAYKTMBHICTL LIbOrO BEKTOPM3aTOpa 3HAUYHOIO
MIPOIO 3aJ1€XKHTb Bifl IHTEPAKTUBHOT B3a€MO/IT 3 MPOTrPaMiCTOM.
Y npoueci BekTOpH3auil KOMOUIATOP 4Yekae nepekaajeHux
AUPEKTHMB BIiJ Mporpamicra;, KpiM LbOro, BiJMOBiAHO 10
AlaTHOCTUYHHMX  MOBIAOMIIEHb BEKTOPH34ATOpPA NPOrpaMicT
MOBMHEH PECTPYKTYpYBaTH AEiKi YaCTUHW B NpPOrpaMHOMY
xoal. Takum 4MHOM, T€HEpYBaHHS MapanesibHOl MpOrpaMHu TyT
BiGyBa€TbCcs y BWUINIAAlI iTepaTHBHOro npotecy. Ilinkom
AMOBIpHO, 110 HEOCBilUEHOMY B napaseinbHOMY
nporpaMmyBaHHI KOpUCTyBauy OyJe He nil CHay TeHepyBATH 3a
aonomorow Bektopusatopa VAST-2 edekTuUBHI napasenbHi
nporpamH.

Y Uil rnaBi po3rNSaEcTbes AK  po3napasenioBaHHs
nocaiAoBHUX nporpaM Ainsn  MIMD-cucrem (acuHXponHa
napanenbHIiCThb), Tak 1 BEKTOPU3aLLisl MOCHIOBHUX MPOIpaM s
SIMD-crcTeM (CHHXPOHHA MapaebHICTD).
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ITopsix 3 MceBAOTEKCTaAMU NMPOrpaM 3aCTOCOBYEMO TYT |
TekcTh Ha Doprpani-90 [Metcalt, Reid 90], ski 3pyuHi s
BEKTOPHOTO nMporpamysanHs Ha SIMD- a6o MIMD-cucremax.
doprpan-90 onucaHo B . n.14.1. Po3rngHbMo npuUKIal
BeKkTOpH3allil for-yukiy:

for i=1tondo
Ali] := b[i]+Cfi;
DI[i] := A[i]*5;
end ;

3a npaBunamu MoBu ®opTpan-90 Mmaemo:

A(1:n)=B(1:n)+C(1:n)
D(1:.n)=A(1:n)*5

Y 3B'A3ky 3 TUM, WO B KOXHOMY MPOXO/KEHHI LIMKIY
BUKOHYIOTBHCS OJHAKOBI ORNEpallil Haji eJleMeHTaMM MacuBy i Ui
ENEMEHTHU HE3aJIeXkHI MK CODOI0, € MOXIUBICTb MEPETBOPUTH
KOXHY IHCTPYKLIIO BCEPEAMHI for-UMKIY Y BIANOBIAHY BEKTOPHY
IHCTPYKLIFO. 3anuc BUAY A(1: n) o3Hadae B @oprpaHi-90 aesaxuii
BEKTOP 3 N KOMIMOHEHTAMM.

Ysaza:

fori:=1tondo A(l:n)=B(1:n)+C(1:n)

Ali] := B[i] + CIi}; D(1: n) = A2 : n+1)*5
DI[i} := A[i+1]*5;
end; T
Bukopucmogyemuocs Buxopucmosyembcs

cmape 3Hauyenna A Hoee 3HayenHs A

Ipasunvhorwo € 3minena  nocaido6HicMb onepayii.

D(1: n) = A2 : n+1)*5

CA(1:n)=B(1:n)+ C(1: n)
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SIK BMAHO 3 UbOrO TpHKJIAdy, 3amiHa HaBIThb OJHOTO
iHIoeKca (A[i+1] 3aMicThb A[]]) MOMITHO YCKIAaJHIOE BEKTOPH3ALLIIO.
Tyr MaeMo TUMOBY B3a€EMO3AJIEKHICTb JAHUX. Y KOXHOMY
MPOXOAl UMKIY CKajisspHUi oriepaTtop Ne2 (D[] :=...) 3BepTa€ThCs
10 CTapHX, 1Ue HE 3MIHEHMX YMCIIOBUX AaHUX MacuBy A. Lic mae
OvTH OOOB'SI3KOBO BPaxOBAHO TMiJd 4Yac BeKTOpu3alil. Tiabku
JeTajbHUM [EPErsigoM MNpOrpaMy MOXHa BUSIBUTH, (O
OaxkaHW  pe3ynbTaT  JOCATAETbCS  MPOCTOK  3MIHOIO
NOC/IAOBHOCT! BEKTOPHUX omepatopis  D(1:n), A(1:n). Ll
B3a€MO3AJICKHOCTI | MpaBU/la BpaxyBaHHs iX JeTalbHIlIe
PO3IJIAHYTO B HACTYITHUX PO3/LIax.

16.1. B3aecmo3sajiekHicTb JaHUX

[lepeu nouarkom posnapanenoBaHHsg abo BekTOpH3aLil
MOCALIOBHOT NMpOorpamu Tpeba BHU3HAUMTM B3a€MO3AJEKHOCTI
JaHUX, SIKI 00po0110THCS pPIZHUMHU oneparopamu
(IHCTPYKUIsIMHU) i OOYMOBIIIOKOThL BiAAMOBIAHI 3aJ€XHOCTI MIX
ocraHHIMH. Hactynui Bu3HaueHHs W cnocoOM Ga3yloTbes Ha
pesyabrartax, onybiikoBanux B [Kuck, Kuhn, Leasure, Wolfe
80] 1 [Hwang, DeGroot 89].

donoMixHnil BHUBHAaYEHHS

BxijHa MHOXHHA AesKOT IHCTPYKLIT (ornepaTopa) S:

IN(S) = “MHOXHHA BCIX €JICMEHTIB [JaHUX, 3HAYCHHS
SKMX uuTac oneparop S”.

BuxijiHa (pesysbryova) MHOXHMHA JICIKOI IHCTPYKLUIT
(oneparopa) S:

OUT(S) = "MHOXHHa BCIX €JIEMEHTIB JIAHUX, 3HAUCHHS
SIKUX 3MIHIOE orepaTop S”.

[TosicHIMO Ui BM3HAueHHs Ha MpMKNaAi NpocToro for-

UHKITY:
fori:=1to 5do
S X[i] .= A[i+1]*B
end;
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“IN"-MHOXMHA MICTUTb YyCi BXiAHI €lIeMEHTH AAHUX
onepatopa S Ana Bciei obnacTi UMKy, a “OUT”’-MHOXHHA -

BIJINOBIJIHI €1EMEHTH JAaHUX, WO 3 ABAAIOTLCSH K PE3yJbTATH
orieparopa S B UMK, a came:

INGS) =1{Al2], A[3], Al4], A[S], Al6], B}
- OUT(S) = {X[1], X{2], X[3], X[4), X[51}.

BusnaweHHsT [OCAIQOBHOCTI BMKOHAHHS:

SAKio oneparop S Ma€ B UMK iHACKC i, TO CHMBOJIOM

S”  mo3HauaeTbhcs OMepauis, fAKY BMKOHYE S Mid  ugac
NPOXO/DKEHHA LIUKIY i=i'.

S,0S,: <> onepauis S, MOXEe BUKOHYBATHCS MNeEpeL
onepauicio oneparopa S, B MPOUEC] peajlisauii nporpamm;
r! ;1
S| ©S, ;<> onepatopu S, i S, BKIHOUYEHI B OAMH | TOM

Ke UMK, S, BUKOHyeThes neped S, .

Bu3zHaueHHs nopsaky, B SKOMY BHUKOHYIOTbCS [JBa
onepaTopu, AyXKe  BaXJiuBe  AJs  BUSIBJEHHS  iXHIiX
B3aiMO3aieHoCcTe  Big  maHux. TyT 1 B HACTYNHMX
CMPOLLYIOUYMX MPUMYLIEHHAX Oy/1eMO BBaXKaTH, 1O :

a) 3MiHHa LMKy (IHKPEMEHT) 3aBX A1 AOPIBHIOE 1;

0) pO3rNISAaloThCs TillbKK ONEpaLlil NPUCBOEHHS.

BusHaveHHs pesauiy sanexHocTl JaHuX

3anekHICTb  JIAaHWX  BU3HAYAETbCA  MEpPEAyCiM s
IHCTPYKLIM (omnepaTopiB), SKMX HEMAE B [JEAKOMY UMK, a
TaKOX Jnd  onepanid  (iHCTaHUil), WO BHUKOHYIOTbHCS
iHCTpYKLisiMK (omepaTopamu) (ToOTO [Uist onepaliii B Mexax
BiJIOMOr0 MpOXOAY UMKIY; IHAEKCH UMKIY /IS HAOYHOCTI
3aMMUCIB ONyuieHi).
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b)) 3x:x € OUT(S,) A~ x € IN(S,) A
: S2 KOPHCTYETbCA
S,08,A ﬂk.‘ (S,0S5,08, A xeOUT(S,)) 3HaveHHaMm X, ke
& : 'S, € IOTOUHO 3aNIEKHUM Bl 5, §, 555, °0HerenenSs

12) Fx:x € IN(S)) A x € OUT(S,) A 1 BUKOPUCTOBYE

5,08, A #k: (5,085,085, A x € OUT((S,)) 3nauenns X g0
TOr0, sIK BOHO

. IMIHIOETLCH B S2
<> 1 S5, € 3BOPOTHO 3aJIEXHUM BIAL S: S, 5 S,

(3) 3x:x € OUT(S)) A~ x € OUT(S,) A S nepenncye
5§05, A ﬁk (S$,05, 085, A x € OUT((S,)) 3uauenns X , axe
&S, €3aJIeXHUM 33 BUXOJaMH eenetic b S
pe3ynbTaTa Bil S,: S, 8 S,

Sxwo Hi (1), Hi (2), Hi (3) He Ai10Th, TO
S, i S, € HE3AIEXKHUMH 33 JaAHUMHU.

[Ba onepatopu B OJHOMY UMK 3 IHIEKCOM i
BM3HAYAIOTHCSA K TaKi, WO MAIOTh 3aJEXHICTb [JaHHUX, SKILRO
ICHYIOTb /IBi oriepauii UMX oneparTopis, siKki 3aJIeKHI OAHA BiJ
oaHol. Te came cnpaBeaaMBO AJIS CKJIAIHUX LIMKJTIB:

S, 88, 3ii"S 58
S, 8 8, 3 "S5 S

2

AS' (50 Sl R el 3 l.’,l'”: S{V é‘o S'?.’”

Takum 4yuHOM, ABa onepatopH (IHCTpYyKUil) Aporpamu
MOXYTb OYTH B TPbOX BHAAX B3a€MO3AJIOKHOCTI 3a AaHHUMHU:
noToYHa 3aJICKHICTh (Flow-Dependence), 3BOPOTHA
3anexHicTb  (Anti-Dependence), 3anexHicTb BiJ BHXiAHHMX
pesyabTatiB (Output-Dependence). TosicHIMO ix:
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Flow-Dependence.

Oneparop S, uMTa€ 3HAYEHHS HAHHUX, sIKE Mepel TUM
Oyyi0 3amucaHe onepaTopoM S,: yepe3 LI 3aleXHICTh Mae
3bepiraTucd MOPSAAOK BMKOHaHHA S, mnepex S, 1 B
Napasieni3oBaHOMY (BEKTOPU30BAHOMY) MPOTPAMHOMY KOAi, 60
iHakie onepatop S, uMTaB OM HeMpaBWIIbHE YUCIOBE
3HAYEHHS.

Anti-Dependence.

Onepatop S, nmnepenucye uuciio, dKe WoHHO OyiIo
3UMTAHO ornepaTtopom S;. Y UbOMY BHMNAJAKy aBTOMATU4YHE
posnapa’nejitoBaHHs (BEKTOpM3allil) Mmae 30epertu Ty camy
MOCHIJIOBHICTb ~ BMKOHaHHs S, nepea S,, IHakWe B
napalieJibHOMY KO/l uMraiocsi O He Te uucho.

Output-Dependence.

Cnoyatky oneparop S, TMNeEpenucye uucio, fKe
HaMpUKiHLi 3aHOBO nepenucyeTbes oneparopom S,. Sk i B
nepwivMx  JIBOX  BUMajKax, NI  4Yac  aBTOMaTUYHOTO
po3napanenioBaHHs (BekTOpU3aLlil) Mae 30epertrcs
MOCJIJIOBHICTL BUKOHaHHA S, nepea S,, iHaKwe onucaHa
3MiHHa Habyja O HenpaBMALHOIO 3HAaueHHA (4Mcno Bia S,

3aMICTh YMcaa Bij S, ) Nicnst BAKOHAHHS 000X onepaltiit.

Cnpoueni npasBmia.

Hapenene Buiile BU3HAUYECHHS pesillid Jly)Xe CKIaJHO
peanizyBaTu uyepe3 MpaBuja, L0 3anepeuyloTbh I(CHYBaHHA
(‘‘HeMae xonHoro k 3...”).

Ha nporvBary uuMm JoCTaTHIM | HEOOXiAHUM NpaBujam
(“TOYHO TOJI, fAKWO”) YAaCTO MOXHA OOIATHCS CMPOUIEHUMH
NpaBWAaMH, SIKi HABEIEHO HHXKYE, | X04a BOHU | € HEOOXiAHUMH,
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ane BoHW HegoctatHi. [TepeBipka onepaTopis, po3MILLEHHX MIX
S, Ta S,, MOX€ TYT HE NNPOBOAUTUCh. YMOBH Il HOBUX JIIBUX

CTOpIH (IMB. HHXKUE) € HEOOXITHUMMU IS HE3AIEKHOCTI IPaBUX
CTOPIH: 3BOPOTHUM NOPALOK, SIK NIPABUIIO, HETIMCHUIA.

(13 x: x e OUT(S,) A x €eIN(S,) A S0, <S8, S,
(2')3 x:x €IN(S,) A x €OUT(S,) A $,8S, <S,36 8,
(3") 3 x:x e OUT(S;) Ax e OUT(S,) A 58S, < S, 6° S,

B  obmexenux  peanizauisix MoxHa Oyio 6
3aCTOCOBYBATH Ui CIPOLIEH] MpaBuia, aje Lie 03Hauae, 1o 0yj1o
0 3HalgeHo B LbOMY BHMMAAKy “3abaraTo” 3ajleXXHOCTEM
OMepaTopiB BiA AaHUX (TOOTO | Taki mapu pesuiil, WO He €
3a1eKHUMH).  3a TaKUX YMOB HEMOXJMBO MPOBECTH
ONTHUMaJIbHE po3napaentoBaHHi. 3 iHINOro OOKy, 3a LUMH
NPOCTHMU MNpaBHIAMH HE MPOMYCKAETHCA XKOAHA 3AJIEKHICTh
B/l JIAaHUX, 1;06T0 aBTOMATHYHO po3MapallefieHi MporpamMu 6yiu
0 KOPEKTHUMHU.

Pisnutto B npaBunax (1), (2), (3), i (1'),(2'),(3') MoxHa
MOSCHUTH HA TaKOMY MPUKIAII:

S,: A=B+D;

S,: C=A*3;
S,: A=A+C;
S, E:=Al2

Sk nerko 6a4uTH, Ug NMOCTIAOBHICTb IHCTPYKLIH MICTUTh
TaKi 3a0€KHOCTI JAHUX:

S, 85, (uepes A)
S, 8 S, (uepe3 A)
S, 8 S, (uepe3 C)
S, 8 S, (uepes A)
S, 5 S, (4epes A)
S, 8° S’3 (uepes A)
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OpHaue HeiFCHE TBEPAKEHHS

S, 8 S,, HE3BAXKAIOUM Ha Te, 110 GopMabHO
S.©S, 1a OUT(S,)NIN(S, )= {4}

Y jgaHoMmy Bunaiaky ‘‘cmpouleHe npasuno”’ (1Y)
3HAXOAMTb 3AJICKHICTh BIA AAHUX TaM, A€ 11 HE ICHYE 3a
MpaByiIOM (1): peallbHO YUCIIOBE 3HAUEHHS 3MIHHOT A XOU i 6yno
3amucaHe onepatopoM S,, oaHaye “no goposi” Big S, 10 S,
Oyno rnepernucaHe onepaTopom S;. Skpa3 ued NPOMIKHHK
onepaTop i He BpaAXOBYETHCS B CAIpOUIEHOMY 1paBuii (1').

BusHaveHHs HenpsMoi BajiexHOCTi JaHux

Lle Bu3HAueHHs 00'c/IHYy€E TPU BUAM 3AJICHKHOCTEH J1aHMX
I PO3ILIMPIOE TX A0 AESKOTO JIAHLIOTA 3aJ€XHOCTEN !

S, 3a1eXuTh Bl gaHux S,:5, &S,
=S, 58, vS 88 v 88S,

S, HENPSIMO 3aNEXNTH BIA JaHnx S,: S, A S,
= 38,,,8,....8,,(n20):8,8 8,5 S,5...68, & S,

BusHaveHHSA CHOPsIMOBAaHOI B3aJlexXHoCTi JjaHux

HanpsiMok 3anexHOCTi JlaHMX BKasye Ha Te, YU €
3aJICKHI oniepatil B 0HOMY H TOMY X NPoXojl Luky abo Moxe
O/iHA 3 HMX YK€ BMKOHAHA B LIOHHO 3aKiHYEHOMY MPOXOi
LUMKIY (3 BIAMOBIAHO IHIIMM 3HAYEHHAM IHJEKCY). Y 3B'A3Ky 3
THUM, 11O IHCTPYKLUIT (onepaTtopu) MOXyTb OyTH B Oaratbox
CTPYKTYPOBAHUX LIMKJIAX, A5 KOXKHOIO LMKIY Ma€ 3a4aBaTHCs
CBIW HAMpSIM.
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IlpunycriMo, wo S, i S, BXoasTh B d LUKJIIB 3
IHAEKCAMH I, ...,i,. SIKIIO iCHYIOTD /IBi MEBHI LUMKIIOBI iHCTAHLIT

I'=(i,....,i;) Ta I"=(i\...,iJ) JUI1 UMKJIOBUX IHJAEKCIB i,...,i,,
TaKMX, L0 U1 BIAMOBIAHUX IHCTAHUIN S, Ta S, CpaBeIMBO

‘ S;Imld 5* S121 ...ld
I AKLLO 7151 LIMX 000X IHAEKCHUX BEKTOPIB Oie pensiuia I° ¥ 1"
(ue o3Hauac : W=(Vy,...,'Yq), npuuomy W e{<,=,5,>.2.#.7},
(3HaK “?” € AESIKOK HEBIAOMOIO PESILIEID), 11O JA€
il’ LPl il”
N S

o 1
lc/ ‘Pd l(l )’
TO MOXHaA 1dTHU BUZHAQUEHHHA

& S23anedcums 3a danumu 3 nanpamkom ¥Bin S, :
S, &y S,

CrnpsMOBaHi  3aJIEKHOCTI JIAHUX
BM3HAYAIOTbCH TAK CAMO. '

5 ,54,6%

Ipuknag HanpIMKY 3aJ€XKHOCTI 32 JJAHUMH.

for i=1tondo
for =2 tomdo

Si: A, jl := B[i, jI;
S2: Cli, jl := Ali, }-17;
end,
end;

Tyt mae micue S, oy S,, 60 onepauis i3 S, 3anucye
3HaYeHHs A[ij], AK€ 4YMTaETbCA JESAKOow onepatiero i3 S,.

HanpaMok  3ajeXHOCTI  AaHMX  MOXHA  BCTaHOBHMTH
nopiBHsHHAM iHjekciB. Hanpuknaa, B npoxojii MKy 3 i=2, j=2
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3aMUCYEThCS IEMEHT A[2,2], a B NPOXOM 3 i=2, j=3 TOM caMuii
JIEMEHT Af2,2] untaetbes. TIopiBHAHHS 1IHACKCIB Aa€:
2=2 (7151 30BHIIIHbLOIG UUKIY 3 IHACKCOM i),
2<3 (JUISt BHYTPIWHBLOTO UKAY 3 IHAEKCOM j).
Ile o3nauaec, wo Mk S, 1 .S, ICHYye Taka CripsiMOBaHa

3ANIEKHICTh J1aHUX:

S! 5(_<) S'2 .
MoxHa B CnpoleHoxy BUCASAL  ¢(pOpMYIIOBaTH Take
NpaBuIIo:

SIKULO € 3a0eKHICTL AaHMX | THAEKC jICHKOT 3MIHHOT
AL YAC JIOCTYIY 3AnMCy JOPIBHIOE i, & T 4ac AOCTYAY
UMTAHHS JIOPIBHIOE:

= TO HAUTACTLCHA CTAPC 3HAYCHHS] 3Mil“-|0'l';

- TO YUTACTHCS HOBE 3HAUCHHS 3MIHHOL.

VY HacrynHuX naparpadax po3risgacTbes BEKTOPH3aLlis
(JUisi  CHHXpOHHOT  napanenbtocti, SIMD-koMmn'iorep) i
posnapajietoBadia  (aCHHXpOHHA napanenbhicrb, MIMD-
KoMmn'rorep) napajneiabHHX HUKJTIB. Y CKJIAJIHUX
CTPYKTYPOBAHMX LUMKIAX 3 MipKyBaHb e(PEKTUBHOCTI (BUTPATH
PECYPCIB HA CTAPT | TCpMiHYBaHHs MPOLIECIB), SIK MPABWIIO, IS
PO3NApPANICAIOBAHHS  3aCTOCOBYIOTH 30BHILIHI UMKAYU, & 1%
BEKTOPH3ALIT - BHYTPILIHI.

16.2. Bexropusauist uukJy

[licns BBejeHUMX GOpPMaNbHHUX BH3HAUEHb PO3IIAHBMO
TENiep METOJAM AaBTOMATUYHOIO MEPETBOPEHHS MOCIIAOBHUX
nporpam y napaeibHi. '
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[Ipasuna eéexmopuzayii:

e SKILO ICHYE 3aleXHICTb JaHUX OMnepaTopiB
S o* S, B MEXax LMKILY, 110 niansrae BEKTopu3allii, To

y BEKTOPU30BAHOMY KOJI oneparop (IHCTpykKLUisi) S, mae
BHKOHYBAaTHUCh NEPEN OMEPATOPOM (IHCTpyKi€w) S, .

® 3aJICKHOCTI JaHMX 3 HalpsaMmkamu “<” abo “> B
HASBHUX BMILLAIOYMX LIMKJIAX MOXYTb He OpaTUCh [0

yBaru.

e SKILO 34 HAABHOCTI 0araTboX 3aJIeKHOCTEH JaHWX
HEMOXKJIMBO BCTaHOBUTH OJIHO3HAYHY yiTKY
NOCJIIOBHICTBL ONMEPATOPIB (IHCTPYKLiH), TO TAKUHA LMK
He MOXe OyTH BEKTOPU30BaAHHH O€3MoCcepeHbO.

[Mpuknaa BekTopu3auii (3a Bonbde [HWang, DeGoot

89))
fori:=1tondo
S A[i] := B[i] + CIi];
YR DI[i] := A[i+1] + 1;
Sa: Cli} := Dfi];
end;

CrnoyaTky MaroTb,O0yTH BHABEHI 3aJIEKHOCTI  JaHHX
BCIX TPbOX IHCTPYKUIHA LMKIY. [3 KOXKHOI OKpEMOT 3aJIeKHOCTI
bopmymoeTbcs  yMoBa 1S MOCHIAOBHOCTI MapaiefbHOro
BUKOHAHHSI IHCTPYKLiH.

Y sexmopusosaromy kooi mae 6ymu.

S, 0., S; (uepes C) = S, nepea S,
S, ﬁ S, (4epes A) = S, nepen S,
S, 6., S;  (uepe3 D) = 5, nepea S,
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VY HaBeleHOMY npmcnani € TPM 3aJIEXKHOCTI AaHMX, fKI
Tpeba B3STH 1O yBaru nig vac BekTopu3auil. Sk 3BOpPOTHI

3a/1€)KHOCTI S, é‘ S5, S, 5 o Sy, TaK I NOTOYHA 3aJEXHICTh

S, 5 .y ; BM3HAuawTh MOpAJOK BHUKOHAHHA IHCTPYKUIH Yy
BeKTOpHBOBaHOMy koxi, Tobto S, nepen S,, S, mepex S, i S,

nepea S, .

MoxHa 3pOoOUTH BHCHOBOK, WO 3 LMX TPbOX YMOB
BMHHMKAE Taka MOCAIAOBHICTb ONneparTopis: S,,S,,S; .

[licna BUsBJEHHS Ui€l NOCIIAOBHOCTI MOXHA 3anucaTH
BCKTOPU30BaHY BEPCII0 11bOTO LMKIY-NMPUKIAAy B TEPMiHAxX
doprpana-90. KoxHuit onepatop nepeTBOPEHUH y BEKTOPHC
noJie BiAMOBIAHO A0 MEX LUMKAY (Bia 1 A0 n):

82 D(1:n)=A@2:n+1) + 1

Si:A(1:n)=B(1:n)+C(1:n)

S$3: C(1:n)=D(1:n).

Po3riisHbMO NpuUKAai, WO UIIOCTPYE MPaBMIO  BeKTOpU3allil
BHYTPIWIHIX LUKIB:

for i:=1 to n do
for j:=1 to m do
S AL =8,
Sx Cli, jj:=Ali-1,]j];
end;
end,

TyT MaeMo OJIHY 3aN€KHICTb JAHUX:
Sy 8(=,<) S, (uepe3 A)
3rigHO 3 HaBEACHHWMHW BHILE MpPaBUIAMM MOXHA L0
3aJIOKHICTL He OpaTH 10 yBaru, ToOTO UMKI MoOXe OyTu
BeKTOpH30BaHUM Oe3nocepeaHbo. lle npaBwio aie ans Beix
3aJ1IeAHOCTER AaHUX THIY 5;‘:) ,5('«) ,5('0). 3asexHicTb AaHUX
Ma€ Micue B MNOAIGHWX BMMAAKaX MK JBOMa Pi3HUMHU
NPOXO/JAaMH 3OBHIIIHIX LIMKJIB, 3aJMLIA0YMCh HE3IMIHHOIO,
BOH4 He BIUIMBAC HAa BeKTOpH3aUilo. 3aBASKH LbOMY
BEKTOPHU30BaHA MPOrpamMa Ma€ BUIIAL

278

doi=1n
Sz A, 1:m)=B(i,1:m)
S2: C(i, 1:m) = A(i-1,1:m)
end do

16.3. Po3napasesioBaHHst IIUKJTY .

ITin yac po3napasieJlOBaHHs 4aCTHH Nporpam HOETbCS
MpO 3acTOCYBaHHA iX B acMHXpoHHOMY MIMD-koMm'oTepi.
[IpyHUMNIOBUM TYT € HaJaHHS OKPEMHUX LIMKJIOBHMX IMPOXOIiB
pI3HMM MpollecopaM, sike HazuBaeTbca “do-across”. Yacto B
HasiBHOCTI € MEHHIE MpOLECcOopiB, HDX KiJIbKICTb MPOXOJiB
UMKy, WO MaKTh OYyTH BUKOHAHI, TOMY MNOTpiOeH llie OAMH
piBeHb abcTpakuii, Ha SIKOMY 3aMiCTb MPOLECOPIB MOXHA 6yJ10
6 posrnanartu npouecu. B ubomy naparpadi BUXoanMo 3 Toro,
WO KUIBKICTb  GI3MYHUX TMPOUECOPIB Mae JOPIBHIOBATH
KiZIbKOCTI NPOLIECIB.

Ha BiaMiHy BiI BekTOpM3aUii UMKy, A€ rOJOBHA META
nojasra€ B TOMY, OO BCI UMKJIYHI BHKOHAHHS JCAKOI
IHCTPYKUii (omepaTtopa) 30CEPEAWTH B OIHIH BEKTOPHIit
KOMaHi, MiJ 4Yac po3napajeiioBaHHs pobuTbca crpoba
KOXHOMY npouecy (¢pi3M4HOMY MpPOLIECOPOBl) JAOPYUYHTH
pPO3paxyHKH IMOAO 3arajibHoi MOCHAOBHOCTI  IHCTPYKLii
(koMaHg, onepaTopm) onHoro npoxoay uuiiy. Ha puc.16.1
BEKTOpH3allisl 1  po3mapajenioBaHHA  NPEACTaBjIEHI 5K
FOPU3OHTAJIBHUA 1 BEpPTUKaNbHUI  criocobu  posnojiny

004YUCITIOBAJIbHUX POOIT.

NOCMAQOBHI LWKIM
n nosTopis

BEXTOPHIAUK
wr——-
m HCTPyXUR

lmwm

m
BOX TOPREX
XOMAHA

m

n Bpoyecis, XoXHEA 9 CABKM NPOXORSM WHT XY
pirnosiaRe
m pocximo-
pyTuis

Puc. 16.1. Po3napaneiioBaHHs Ta BEKTOpU3aliis
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[Ipu HAgBHOCTI 3aNEXKHOCT! HAHUX I
po3napanefoBaHHs MOXYTh  3HAJAOOMTHMCH  AONMOMIXII
ONepaTopu CUMHXPOHMU3aUll npoueciB. AKkilo, HAMpUKIa, iCHY(«
3a51€KHICTb JaHUX MDK JBOMA MPOXOJlaMu UMKy (a Mig 4ac
po3napaJjiesfOBaHH — MDK /JBOMa TMpOUEcaMM), TO KOXHHMH
MPOUEC MAE YEKATHU HA MOSBY 3a/CKHUX BiJl IHIIOrO MpoLECY
AAHMX, 110 OOYUCITIOITLCA Y BIANOBIAHOMY MpoXxoai uMkay. L
OMepaTopy CUHXPOHI3aUil 3yMOBIIOIOTH YacoOBI iHTEPBAJIM
OYIKYBAHHS MPOLECIB i 3MEHWYIOTb 3arajbHy NMPOAYKTUBHICTI,
napasesbHOl MpOrpaMu.

[MoganbuwikMii aHaniz MnokKasye, WO He BCl 3ajIeKHOCTI
JaHUX NoTpeOyOTh CHHXPOHI3ALT Iij| Yac po3napaientoBaHHs.
Y 3B'3Ky 3 TMM LLIO HA BiAIMIHY BiJl BEKTOpH3allii MOCHIAOBHICTH
BCIX IHCTPYKUIA B Me€Xax UMKAY 3aJMIIAETHCA HE3MIHHOIO,
MOXHA He 6paTH 10 YBaru 3aeXHOCTI JaHKUX B MEXKaX NMPOXOJLy
LMKIY.

[TpaBusa po3napane/oBanHs:

K"

a) 3aJIEXKHOCTI AaHUX HaMmpAMKY =
pPO3napaleoBaHOro LUKy He Tpebd CMHXPOHI3yBaTH;

0) 3afnexHOCTI JaHux “<” abo “>" B MOXIMBO
HAsABHUX 30BHILHIX LMKJIAX TpU Po3rnapaiesioBaHHI
UMKJIIB MOXYThH He Opatucs 10 yBaru;

B)  MOXIJIMBO HAsiBHI BHYTPIIUHI UMKIH MOXYTb IIijt
yac posnapaieaioBaHHs He OpaTMChL A0 yBalw: BOHM
NEePeHOCATLCA B NapalicfibHAd KOJI  KOMILIEKTHO Oe3
IMIN; ‘

) Oyib-AKa iHWA  3@JEXKHICTL  JIAHUX  Mac
CHUHXPOHI3YBATUCS 3a JOMOMOTOI0 CBOTO BJIACHOIO
MacuBy cemadopiB, O BH3HAYAIOTb MOCHIJOBHICThL
BUKOHAHHS MPOLIECIB;

A)  Aas  nigBuieHHs edeKTUBHOCTI MmapaJelbHOl
nporpamu  Moxe OyTH  3MiHEHa  NOCIIIOBHICTb
BUKOHAHHS THCTPYKLIN B MeXax HAfBHMX 3dAJIEKHOCTEH

JAHUX; OTXKE, AKIIO MA€E MicLe 3AIEXHICTL S, §E=) S

v
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BCEpEJEH] UMKy, TO B [apajiei3oBaHOMYy KOZi
iHCTpyKUis S, Mac BHUKOHYBAaTHUCA Mepel iHCTPYKUICKO
S,.
IIpuknan no npaBuia a):

fori:=1 to n do
AYH Ali] .= Clil;
S2: BJi] := Ali];

end;

Tyr mae wmicue 3anexHictb Aanux tvny S, 6., S,

(uepes Ali]) | nposBIsie ce6¢ B OJHOMY il TOMY X NPOXOi LIMKIY,
AKUM Mig vac po3napaseiioBaHHd Ma€ BHKOHYBATHCh THM
caMHM mpouecoM. Y LbOMY BHNAAKy CHHXPOHi3alis He
notpibHa.

3a 10NOMOroOK0 MapaieslbHOro MOBHOTO KOHCTPYKTHBY
doacross BUKOHYETHCS PO3MOALL KOXXHOMY MPOXOJAOBI LIMKIY
Ha/Jla€ThCs NMPOLEC (B 1AeaNbHOMY BMNAJKy — CBili MpoLecop).
Po3napaneneHuid LUK Ma€ TaKWUH BUTTIAL

doacrossi:=1 to n do

AYR Ali] = Cfi];
AYS B[i] := Alil;
enddoacross;

IIpuknaa no npasuna 6);

fori:=1 to n do
forj:=1 to m do

YR Ali, j] == Cfi, jl;
S$2: Bli, j] := Ali-1, j-1];
end;
end;

Tyt icHye sanexuicts nawux S, &, S, (yepe3 Alij)

MK [BOMAa NpOXOJAMM 30BHIUHBOIO LMKy (HAMPSIMOK

v
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[ )

3a/1€KHOCTI <”). Skmwo B uUbOMY MOpUKIAAl  Mac
pO3NapaenoBaTUCS MITbKU SHYMPIwHill yuki, TO NoTpeba
CHMHXPOHI3alil Bianagac.

Po3napaneneHuin LMki:

fori:==1 to n do
doacrossj =1 to m do

St , Ali, j1:=CIi, jI;
82 B(i, j] := Ali-1, j-1];
enddcacross;
end;

Ilpuxnaa jo npaBuja B)

Mae 6yTH posnapasienieHHit 30BHIILHIA LUK :

fori:=1 to n do
forj:=1 to n do

St Afi, 1 := B, jI;
S2: BIi, j] := Ali, j-1];
end;
end;

3Haii1iMO BCl 3a1€XKHOCTI NAHUX:

S0 ., S, (uepes A) = HeMae HiKUX
000B’A3KOBHX YMOB

CUHXPOHI3aLT

S, (uepes B)

SIkuio Mae po3napanenioBaTUCs 30BHIIHIA UMK, TO
OOM/IBI 3aN€XHOCTI JaHMX He MNOTpebyioTb CHHXPOHI3aLii
BIAMOBIAHO [0 HAaBeJCHUX BHIUE MNpaBUa (4acThHa a)
HAMPAMOK Yy MEPILOMY iHAEKCI KOXKHOT 3a1exXHOCTI € “="", ToOTO
3A1eKHICTb HasBHAa B TOMYy camoMy mpoxoji uukiay. lle nmac
MOXJIMBICTb BUKOHATU Oe3nocepegHe po3napalientoBaHHsA 34
JlornoMoroto oneparopa doacross. B boMy BUNaAky 30BHilLHIA
UMKJT  PO3MOAUTAETLCA MDK  OKPEMHMMM  npouecamu, 4
BHYTDILUHIN LMK 00pOGASETHCA OJHHUM MPOLIECOM MOCIAOBHO.
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Po3napanentoBaHHs BHYTPIIIHBOTO LIMKIY 4Yepe3 HAasBHICTb
3aJ1©KHOCTI 1aHUX HANpAMKY “<” (ApYruil iHAeKC 3aJIeXHOCTI
Bil A ) HeMoxiuBe. Po3napanemoBaHHs 30BHILUHLOTO LIMKJIY
Mac TaKui BUTISA;

doacrossi:=1 to n do
forj:=1 to n do
St Ali, il := BIi, jk;
YR Bfi, jl := Ali, j-1];
end;
enddoacross;

[Ipuknag no npasun r) i a) i3 [Hwang, DeGroot 89] :

fori:=1tondo

S Ali]:= B[i]+CIi];

S DI := A[i|*+E[i-1];

S3: E[i] := E[i]+2*BJ[i];

Sa. Fl] = E[i]+1;

end;

B4  JaHHUX

AHaji3  3aJieXxHOCTEN

pE3yJbTaTH!

nokasye Taki

S, I, S, (4epes Alil)
Sy 8., S, (uepes E[i])
Sy 6., S, (uepes E[])

[Mepuni ABi 3a1€XHOCTI MalOTh IHAEKCH “=" i TOMY He
CUHXPOHI3yIOTbC. BOHM  TUIbKM  BU3HAYAKOTHL, IO B
po3napajesieHoMy MNpOrpaMHOMY KOJAi IHCTpyKuUis S, Mae
BUKOHYBATUCS nepex, S,, a S; — mepea S,. A L€ He Tak
BaX1HBO, 60 B camiil NOCaiA0BHIH NporpaMi nepeadaucHo came
Leil MOps/I0K BUKOHAHHSI IHCTPYKLiH.

Tinbky oOcCTaHHA 3afeXHICTL BiA AaHUX Mac OyTu
CHHXPOHI30BaHa, 60 BOHa MOB'A3ye MiX cOOOK jJBa Pi3HUX
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MPOXoAH UMKy, TOOTO /jBa MNpOLECH B po3napaleseHii
nporpami. Ile sAcHo i3 HampsaMmky “<”  3aJeXHOCTI.
CnpaBeAnuBO, HANPUKIA/, TaKe CMiBBIJHOLIEHHS:

S} & S, (uepes E[4], ansa ingekca unkiy maemo 4<5)

Y npoxoji UMKy i=4 onepatop S, 3anucye uncio B E[4]
I B rpoxoai i=5 onepatop S, uutae umcrno i3 E[4]. 3 wici
MPUUYUHK  OMepaTop S, MOKE BHUKOHYBATUCS B KOXHOMY
APOXOAl LMKIY TiAbKW TOAl, KOJIM 3aKIHUMBCS MPOXOJ LIMKJY
(npouec) 3 BMKOHaHHAM onepatopa S,;. lLle nmpuBoauth a0
TAKOI MnapajiefbHOl NpOIPaMK pO3MapasieiioBaHHs UMKAY 3
CUHXPOHI3ALIEIO:

var sync: array[1.. n] of semaphore [0];

doacrossi = 1tondo
S1: AJi) == B[i]) + C[i];

if i>1 then P(sync[i-1]) end;
S2: DIi] := Ali] + E[i-1};

S3 Efi] = E[] + 2°BIi);
V(syncli]);

S4: F[]:=E[]+1,
enddoacross;

Ipouecu (abo0 Npouecopw, SKIIO BOHM € B JOCTATHINA
KiJIbKOCTI)  CUHXPOHI3YIOTHCS = MOMapHO 3a  AONOMOTOK0
cemadopa, AKHH iHiLiani3yeTbC HyJIEM | Mae OYTH 3BIILHEHUH
NPOLIECOM-MNOTNEPEAHMKOM Onepauielo V (3a BUHATKOM NEPLIOro
npouecy). Y el yac npouec 3 HACTYIHUM MPOXOJOM LMKITY
MOXe€ BMKOHATHU cBOw P-onepauito. Hanpuknan, npouec Ne2
MOX€ BUKOHYBATH CBOIO IHCTPYKLIiO S, fapajenbHo 3 yciMa
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HILMMHK MpolLecaMu, aje HaMNpuKiHl BiH Mae y cBoii P-
onepauii yeKaTu Ha BIAMOBIAHY V-onepaulio APYroro npouecy
Haa cemadopom sync[1]. Llto V-onepaiiiro Haa sync[1] BUKOHYE
npouec Nel, ajie TUIbKHM Michs TOro, SK BiH caM obpobuts S,
S, 1 S;. Takum YUHOM, BUHHKae Oinblla 3aTpUMKa Hacy, fka 3
UMX MPUYHMH MOLIUPIOETBCA HA Bel mpouecH. Sk BUAHO 3

puc.16.2, BUHHKAE BeJIMKA BTpaTa e(peKTUBHOCTI
po3napasefoBaHHs.
1€ HCTPYKLIT

-

PIII\ -
- .\

s
YEKAHHA

en | [51]

Yac

Puc. 16.2. Po3znapasientoBaHHs 6e3 onrumizaitii

EdexTuBHe po3napaentoBaHHs LUKIY (34 NPABUIOM 1)

CyTTeBO eeKkTUBHIiLIEC po3napaiesIloBaHHs JOCAIaeThCs
33 JIOMOMOTrOI0 MEPECTAHOBKHU IHCTPYKIIIA BCEPEAMHI MPOXOY
LUMKJYy B MEXaX THX UMKJIB, Kl JOMYCKAIOTb 3aJEXKHOCTI Bij|
JaHUX BCEPEAUHI NPOXOAY LMKIY (HANPAMOK 3aJIeXHOCTI “=").
[Ipy ULOMY HAJCKUTL CMOYATKY cnpobyBaTH BHKOHATH V-
orepatiio rnepea P-onepaui€lo NPoXoAay UMKJY, a MOTiM
cripoOyBaTH JIOCATTH MAKCUMAaJIbHOI BIACTaHI MK V- Ta P-
onepauismMu. HacTynHe piuieHHs JI0CATa€  MaKCUMAalbHOI
BIACTAHI, MAPHUYOMY 3aszjajerijib 3afadi  BIAMOBIAHO 10
3aJIeKHOCTI  JaHUX KpahoBl yMOBM 30¢piraioTb MNopsioK
BUKOHaHHA onepaTopis S, nepea S,, a S, nepea S,.

var sync : array [1..n] of semaphore|[0];
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doacross i-=1tondo
S3: E[i] := E[i] + 2*B]i];
V(sync [i]);

Si: Alil = BI[i] + C[i];
S4 F[il = E[i)]+1; S1:

if i>1 then P(sync [i-1]) end;
S2. D[i) := A[i] + E[i-1]:
enddoacross;

Y 11bOMY pillieHH] nicast Aepliol IHCTPYKILT BUKOHYETHCH
V-onepauis. Jani KOXHMIA MPOLEC HE3AICHKHO B IHILMY
MPOUECIB MOXE BHKOHATH 1€ JIBI {HCTPYKLIT, a noTiM nepeit
OCTAHHBLOIO THCTPYKIIEIO BIH Ma€ OYIKyBaTH Ha PE3yJbTa
npoileca-nonepe/iiunka. Ilpore B 38'3Ky 3 THUM, 1O V-0onepariis
BUKOHYCTLCS B KOXHOMY NPOXO/I LMKIY nepe P-onepauielo,
TO, AK NPABUIIO, MPOLEC-NONEPEAHNK YXKE BUKOHAB HCOOXIJHY
V-onepatii, SKUo  [NpoLUec  HaCTYMHOro  NpoXoay  HHKIY
BUKOHYE CBOIO P-onepauito. Lle aae 3Mory maixe roBHICTIO
VHUKHYTH IHTEPBAIB OUIKYBAHHA (32 BUHSATKOM BUTpAT vacy
Ha onepaiii cunxpoHizauii P i V). Ha puc.16.3 nokazano
3HAYHO  Kpallli  CHiBBIAHOWIEHHS MDK BHTPATAMH 4acy Ha
BukoHanHst S, S,, S, Ta S,, WO JlOCATAIOTLCS B

3

ONTUMI3OBAHOMY NAPAICAbLHOMY PILICHHI.

E IHCTPYKLN

1
P2

P3

| & I

Yac

Puc. 16.3. OnTuMizoBaHe po3napaneitoBaHHs

16.4. Po3B'si3yBaHHs CKJIAAHHUX 32134 32J1€KHOCTI
AAHHUX.

ITpencrageni BUIIIE METOIU BEKTOpU3aLil 1
po3napajeloBaHHsl HE JalTh €PEKTY y BUMAJAKAX CKIAJHUX
3aJIe)KHOCTEH  JaHUX. Po3risitHbMO TpPH MPOCTUX METOAM, AKi
MIATPUMYIOTb BEKTOPH3allilo abo po3napaie/ioBaHHS UK.

Oupkynaginni saxexHocTi

Akilo B AEAKOMY LMK Mae Miclle UMpKyasLidHa
3AJIEKHICTb MDK IHCTpyKLissMU TUny S, nepea S,, S, nepen S;,
S, nepea S, TO po3rasHyTUil B n.16.3 MeToa BekTopU3allil He
Moxke OyTW 3acTocoBaHWii, 00 IHCTPYKUIl HE JOMYyCKaiTb
BIINOBIJIHOI NepecTaHoBkW iX. Jas pos'eaHaHHs UbOTO
AAHLOTa  3aJIEKHOCTEH 3aCTOCOBYIOTH JOMOMIKHI  3MIHHI.
Hanpuknan:

fori:=1ton do

St Ali} := Bli);
AYS BIi] := A[i+1];
end;

Tyr MAIOTh MICLIE TaKi 3a€XHOCTI JAHMX:
S, 5 , S (uepe3 A) = S,nepen S,

S,6(=) S, (yepez B) = S, nepex S,

Takum uMHOM, HasBHA UMPKYJSILifiHA 3aJ1€XKHICTb.
BBoaumo  pnonomixHy 3MiHHY Hilf, ska 3a6e3neuye 3anuc
3HaYeHb BEKTOPHOI 3MiHHOI B B MaM'aTb MPOMIXHOTO
pe3yabTaTy, a MOTIM LEH pe3ynbTaT MeperucyeTbes B paMKax
BUABJIEHOT 3aJIEKHOCTI AdHHX:

fori:= 1tondo
Su:  Hilffi] := Bfi];
AYR Ali] := Hilf[i};
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Sae Bli] = Ali+1%
end;

3aexHocT! JAHWA  3MIHIOOTLE  3aBIAKM  TAKOMA

Nnpuiomy:
S, 0, (uepes Hilf) = S, nepell S
S, 5. S, {(depesB) = S, neped S,
S, (‘\, S, {uepes Ay => S, nepeid S,

Tenep BewTopuzanls MOKIMBA:

Su: Hilf(1:N) = B{1:N);
S B(1:N) = A2:N+1);
Si. o A(EN) = Hilf(1:N);

3amina uMJiB.

VY BUN@IKAX CKIQUMY UKIB (111 4aC BEKTOPU3ALT, sk
HPABHIO,  BUAOBMIHIOCTLCH  BUYTPIUNGHR 1Mk, & 1L Y
PO3MAPAICHOBAHHS ~ 30BHILMIA. BHACH0K LbLOIO BEKTOPHU
(MacuBHO napancibia) nporpama SIMD-cucremMn MiciT
BUXIUOMY  3OBHIIHOMY LUK JICAKY KUILKICTH BEKTOP#H?Y
KOMaH/l, 8 Toi uac ssik MIMD-napaneibHa nporpaMa MICTHG L
doacross-BUKIIMK 3aMicTh 30BHIMIHNLOFO LUMKIY, & BHYTPHIH
HUKIIH B KOXKHOMY TPOLIECT 3aJIMLIAIO THCS UICH TUUHUMU.

Y BUNAAKY, KOJW B 30BHINIHLOMY LMK Mae Micuc
POZB SA3HA  BAJIEKHICTD AdHUX, a Y BHYTPIUHLOMY
HCPO3B’A3Ha, TO  OC3MOCCPC/IHI  BEKTOPU3AlllSl  HEMOXJIMBA
(BUINOBLAHO  MABMAKKW  Mijl  wac posnapanemosaHus). s
Hpobsiema MOXe OyTv BHPILICHA MCTOAOM 3aMIHM  IIMKIIB
(30BHIWHBLOI'O  HA BHYTPIWHIA 1 HaBMakW), $KIO HEMac
3AJICOKHOCTI JIAHUX B HanpaMKax (<,>), T06To B nanpsMky “<”
B 30BHIIIHLOMY | B HANPAMKY “>" y BHYTPILUHLOMY LIUKJIAX.

3aMiHa LUMKJIB Mae 3aCTOCOBYBATHCS TAKOXK TOAI, KOU
e Aacrb  edekTuBHILIMA nporpamuuil xoj. Tak, fKulo
30BHILHIA  UMKD  BHUKOHY€TbCs [Uls  iHAeKcy n=1000, a
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BHYTPILLHINA — 17 m=10, TO MiA yac BekTopu3auil mist SIMD-
cuctemu 3 1000 TIE nepeTBOpeHHS 30BHILIHLOTO LMKIY 3 1000
onepauii  (rMoBHe 3aBaHTaxeHHs Bcix IIE)  cyrreBo
e(PeKTUBHILUE, HIXK MEPETBOPEHHS BHYTPIlUHLOrO LMKy 3 10
onepauisMu (y uboMy Bunaaky 990 I'1E 6ynu 6 Heak TUBHUMMU).

IMpukaan 3aMiHd  uukiais (aBrop Wolfe B [Hwang,

DeGoot 89]):

fori:=1tondo
forj:=1tondo

S AL J] = Al j-1) + Al j+1;
end; (*/ )

end; (*i ")

TyT MalTb MicLe TaKi 3aJIEKHOCT] JaHUX:

S, 0.4 S (uepes Afj, -1]) = S, nepen S,
S, o, S (yepes Afi, j+1]) = S, nepea S,
HasBHicTb 1X He Jae 3MOrM BHKOPHCTOBYBATH

BHYTPIILHIA LMK, ajle y 3B'A3Ky 3 THM, LIO HEMAE HANPAMKY
3aJIEXKHOCTI (<,>), LI UMKJIN MOXHA NMOMIHATH MICUSAMH, TOOTO:

forj:=1tondo
fori:=1tondo

Sa: Al ] := Al j-1]+A[L j+1];
end; (i)

end; (*;7)

B uiii 3MmiHeHid nporpamMi ICHYIOTb Taki 3aJIEXXHOCTI

JaHUX;
S 0., S, (uepesAl[,j-1]) HISKMX OOMexXeHb, 60
' }:> 30BHILIHIA UMK Mae
. i HanmpaM  3aJieXXHOCTI
§ 6., S (uepe3Al[j+1]) “<”p
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BHYTpilHii UMK~ MOXe BeKTopusyBaTHcs  Oci
cMHXpOHI3auii, 60 iCHye 3aeXHICTb JIaHWX TiIbKU Yepe3 IHIEK
30BHILUHBOTO UMKIY (SKUA HE 3MIHIOEThCs). BekTopu3oBaiii
nporpaMa Mae Takui Burisg Ha moi @optpah- 90:

doj=1,n
A1 n, )= A(1:n, j-1) + A(1: n, j+1)
end do

SAKWO iCHYE 38JEXKHICTb MiX MeXaMi BHYTPHUIHbOIO 1
30BHILIHLOTO UMKIIIB, TO MPH 3aMiHi LMKIIIB MEX1 IXHIX IHIEKCIH
MalTb OyTH  y3rofkeHi. MKWO 3aleXHICTbL  IHAEKCY
BHYTPILIHLOTO LMKIY BiZl IHAEKCY 30BHIIIHLOIO LIMKJY
HeJiHifHA, TO 3aMiHa y UMK/ Moxe 6yTH HemoxuBoto [Wolfe
86]. ,

: [puknan 3aMiHK LMKITIB 13 B32EMO3B'A3aHUMHU MEXAMMU:

fori:=1tondo

forj:=1toido

S1: AL §] = Al

end; (*/°)

end; (*i")

SAx  BUAHO 3 MporpaMM, KUIbKiCTb  MOBTOpIB
BHYTPILLIHBOTO UMKJY | 3aJIEXXUTb Bili 3HAUYEHHS 30BHILUHLOTO
iHOekcy i. Mexi LUMKIIB Npu 3aMiHi 1X MaloTb OyTH y3roxeHi
(06UBI MAIOTb JOPIBHIOBATH n):

forj:=1tondo
fori:=jtondo

St A=)
end; (*;*)

end; (*i 7)

HoBuii 30BHIWHIA UMK (iHAEKC j) BUKOHYETbCA B
MOBHOMY [ianma3oHi Bif 1 [0 n, a HOBUI BHYTPILHIA LHKI
(iHpexc i) onepali€lo i = j y3rOJXKYETbCA Hd HOro moBTOpi B
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mexax Bia j A0 n. Ha puc.16.4 noscHIOETbCA L€ Y3rOZKCHHS.
BekTopu3oBaHa NporpaMa Ma€ Takuid BUTIAML

doj=1,n
A(: n, j) = A(, j: n);
end do
byno Crano
i .

2] 1.

Puc.16.4. Y3romkeHHs IHAEKCIB BiANOBIAHO 10 3MiHH
UHKTIB

KoMnsrexcui sanexnocTi

Y npakTuaui NporpaMyBaHHsS TPamIAIOTbCA BHMNAAKH,
KOJIU MPOCTI METOAM BEKTOpHU3aLlii (po3rfapajesioBaHHsA) He
MOXYTb OyTH 3acTocoBaHi. PO3rNAHBMO LMKI 13 JBiYi
IHIEKCOBAHHUM AOCTYITOM:

fori:=1tondo
Si1: A[C[i]] := BIi];
end;

Tyt icHye 3anexHicts Tuny S, &, S, (uepe3 A[C[i]}), 6o

6€3 BU3HAUYEHHS BEJIMYMH C[i] BAHUKAE CHTYALlisl, KOJH B OJMUH |
TOW camMuii eneMeHT mnam'sati Alx] Oyayte O6aratopa3oBo
3aMMCyBaTHUCh AaHi. Po3B'A3aHHS LbOro KOH(MIIKTY HEMOXIIHBE.
Ille oana npobaema, ska, npaBAa, Ma€ BUPILIYBaTHCS
MPOCTILLE, L€ 3ANEXHICTh JaHUX B MEXaX OJHi€l IHCTPYKLl:

fori.=1tondo
S1: Ali) ;= Afi+1];
end;
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V uiii nporpaMi BUHHKAE 3aJIXHICTb THITY

S, o, S, (uepe3A)

Ilia yac posnapanenoBaHHA MOTPiOGHA CHHXPOHI3ALLS
MIXK MpoLlecamu 3a AonoMorolo cemadopa. Y pasi BEKTOpU3aLLl
He BHUHHUKAE 3ajJ€XKHOCTI JaHux, 00 mnapafejibHUA KOjL

IEeHEPYETLCA TaK, IO CMOYATKY OLIHIOETbCA MpaBa 4acTHHA
IHCTPYKLIi, 2 NOTIM BUKOHYETbCS ONepallis NPUCBOEHHS:

Si: A(1:n) = A(2:n+1)

Tpeba TakoXx BIOMITUTH, 11O L€ BUpa3 Ha MOBI
®opTpaH-90 MiCTUTb HEABHHI OOMIH AaHUMHU (B J@HHUX YMOBaX
Jopoxda onepauis). BekropHi agaHi B SIMD-cuctemax
PO3MillieHI MOKOMIIOHEHTHO B PI3HMUX MPOLIECOPHUX €IEMEHTAaX
(TIE), TOMYy BEKTOpHE MPHUCBOEHHS 3 DIZHUMH MEXAMH
iHAEKCIB— Lie He IO iHWe, sk 0OMiH AaHWMM Bij Mpouecopa i+1
a0 npouecopa i. Bei I1E nepeaatoTh Aajii 4MCiOBI 3HAYEHHS
IXHbOI JIOKaJ1bHOT 3MiHHOT A iBOMY cyciay.

17. HEIIPOLIEAYPHI ITAPAJIEJIbHI
MOBU INPOI'PAMYBAHHS

IMopaa 3 npoueAypHUMH, IMMEPATHUBHHMH MOBAMH
nNporpamMyBaHHsi OCTaHHIM vacom HabyBalOThb Bce OUILLIOTO
3HAYEHHS HernpoueaypHi, IekiapaTHBHI MOBH NPOrpaMyBaHHS.
B wuiti  rnaBi  oxapakTepu3oBaHI  A€AKI  NpPEeaCTaBHUKH
napanesbHUX dyHKUIOHAIbLHUX i JIOTIYHUX MOB
nporpamyBanHa. Toit ¢akT, wWo HenpoueaypHi MOBH
nporpaMyBaHHs — L€ Aajleko HE HOBMH HanpsaM po3pobok,
NiATBEPIKYETbCA  AaTolo  noseu  MmoBu  Lisp, ska
sanpornoHoBaHa B 1962 p. McCarthy i B3arani HanexuTb J0
HalcTapili¥X MOB NMPOrpamMyBaHHs.

HenpoueaypHi MOBM NOPIBHAHO 3 MMPOLEAYPHHMH
HanexaTb JO Olibll BHCOKMX piBHIB abcTpakuii. Y 3B'a3Ky 3
UMM MOAIN LMX MOB Ha MOCJIJOBHI Ta MapaseibHi NPaKTHYHO
Hiyoro He gae. Taxi moBu, ax FP abo APL ne norpebyioth
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HIIKUX $IBHMX MapajeIbHUX MOBHMX KOHCTPYKTUBIB, ULI00
BijOOpaxaTu mnapanenbHi #ABULAa abo edekTHBHO  iX
posnapanemoBaTd. TyT Bcs napajieibHICTh TPHMAETHCS
HEMOMITHOIO JUISl KODHMCTYBauya; 3aBIAKH JeKIapaTHBHOMY
XapakTepy MOBM 3ajadi KepyBaHHS po3MnapaieloBaHHIM
MOXYTb PO3B’A3yBaTHUCi CAMOIO CHCTEMOIO TPaHCMAPEHTHO.
Mosga 6ankiB gaHux SQL Moxe Takox po3rjisaaTHChb K Taka
K fapajielibHa HEMpolelypHa MOBa NporpaMyBaHHS.

ABTOMaTHYHE pO3NapasenioBaHHd | BEKTOpM3allis B
(GYHKLiOHAJILHUX NporpaMax MOXYTb BHUKOHYBATHCH 3HAYHO
nNpocTiIE, HIX B MOCIIJAOBHUX MPOUEAYPHHX Nporpamax
(rn.16). HesBaxaroun Ha ue, iICHye WMWK psAl napajieibHHX
(GyHKLIOHANbHUX MOB 3 SBHHMU mNapajiejbHUMH MOBHHMH
KOHCTpYKTMBaMH. B MoBy *Lisp nepeHeceHo Oe3nocepenHbo 3
C* imnepaTvBHI Napasie/ibHi KOHCTPYKTHBH TS NapasiebHOCTI
panux. Ilo-iHwomy cknajgaloTbcs OOCTaBMHH B HOBMX
napajenbHux (pyHKLIOHANIbHUX MOBax nporpaMyBaHHs. Tak, B
“napa-pyHkuioHanbHii” moBi Haskell [Hudak, Wadler 90],
[Szymanski 91] BBoaaTbCst KOJM-aHOTALIT IS yNOPSAKYBaHHS
YACTHH MPOTPaM, L0 BUKOHYIOTbCS MAPANiebHO.

AK  NpeACTaBHUK  MapalielibHUX  JIOTIYHUX  MOB
nporpamyBaHHs po3rnanaeTbcs MoBa Concurrent Prolog. Lis
MOBa Maile He BiApi3HAeTbes Bif MoB Parlog, Strand 1 GHC.
Taki Bigomi HempoueaypHi MoBM, sk moBa ID EOM, uo
kepyerbcs notokoMm aAaHux ([Nikhil 88], [Szymanski 91]), a
TakoX JjoriyHa MoBa Unity, mo He 6a3yeTbcsd Ha moBi Prolog
([Chandy, Misra 88], [Kurfep 91]), Tyr pgeranbHoO He
pO3rIsiAAOTHCA.

17.1. *Lisp (3ipka-jicm).

Aemop: Thinking Machines Corporation, 1986.

Mogy “Star-Lisp” po3po6jeHo Ha3BaHOWO KOpnopali€en
K JIpyTMd napajenbHuii BapiaHT MoBu Lisp mis SIMD-
cuctemr CM-2 [Thinking Machines 86]. 11s MoBa Mmakixe He
cxoxa Ha MoBy CMLisp, wo po3pobsieHa XiliicoM ik OCHOBHa
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MoBa nporpamyBanHs ans pany Connection Machine [Hillis 85,
Steele, Hillis 86]. MoBa CMLisp 3acTOCOBY€ BEJIMKY KiJIbKICTh
JIOMOMIDKHUX KOHCTPYKTHBIB, THIIIB Ta aOCTpakTHHUX 0oOpasin,
o HarajywTb MoBY APL i yacTo € BaXkuMu A PO3YyMiHHS,
lIle onHMM, MeEHLI YCMilIHUM BapiaHTOM, € MoBa Paralation
Lisp [Sabot 88]. B Hiif MOXYyTb A€KJIApPYBAaTHCh I Mapaluesibiio
MOEJIEMEHTHO BUKOHYBATUCS T'PYIM BIPTYaJbHHUX MPOLIECOPHUX
ejgemenTiB  (Paralations); oOMIH JaHMMHU pPeEaJli3YETbCH 3
JOMOMOro0 Ppi3HOMAHITHUX BitoOpaxeHb (mappings). He
6yaeMo TyT po3rasgatd ui BapiaHth Lisp. B MoBi *Lisp Ha
BiAMIHY Bia HasBaHUXx CMLisp i Paralation Lisp MicTaTbCA Taki
X MPOCTI mapanesibHi KOHCTPYKTHBH, ik i B C*, aje BOHM
BOya0BaHi B Lisp-cepenoBuiue. bazoBoto MoBoto *Lisp € MoBa
Common Lisp.
Ilapaneneni MOBH1I KOHCTPYKTHUBH:

e [lapanenbHi cucrteMHi ¢yHkuii marore npedikc “*7.
BararocucteMui (GYHKUIT ICHYIOTb B CKaJAPHIA | BEKTOPHIii
BEPCISX.

[Mpukian:
(*defvar a) — JICKJIApYBAHHA MapajicfibHUX BEKTOPIB.

CCga
.

e [IpananensHi onepaTopu MalOTh  Ccy(dikc
BijibulicTh onepaTopiB iCHYE B CKaNAPHINA | BEKTOPHIA Bepcigx.

[Mpuxiaju:

(*'ab) - CyMMa JIBOX BEKTOpIB

(*Mab) - 1noOyTOK ABOX BEKTOPIB

m2 - BEKTOPHA KOHCTAHTA 3 IICHTUUUMH
KOMITOHEHTAMHU

(+' a (12) - CKJIaJlaHHA BeKTOpa 3 BCEKTOPHOI

KOHCTAHTOIO.

3aBASKM NPOCTOMY TMOLUMPEHHIO BIAOMHMX CKaJSAPHUX
cucTeMHMX (PYHKLIH Ta onepaTopiB Ha BEKTOPHY 0bnacTh crae

294

€JICTaHTHE napajeciibHE

MOXUIMBUM 3po3ymine i
MporpamyBaHHS.

e MoxiauBe BHU3HAYEHHA 1 BUAUIEHHA i3 3arajbHUX
MPOLIECOPHUX CTPYKTYp TIPyNn NpOLECOPIB 3a JOMNOMOTIOIO
byuxuii def-vp-set (“‘define virtual processor set”) CyMiCHO 3
GyHKLUIEIO greate-geometry, 4YUM MiATPUMYIOTbCA BIpPTYalbHi
npouecopu. BimmosiaHo a0 nokanbHoi peuitkd (“NEWS-
Grid”) cucremu CM-2 3a 1o0NOMOror0 Hi€i MalUMHHO-3aJI€XKHOL
¢dYHKUIT MOXYTbh BM3HAYaTHCh N-BUMipHI OJOKH MPOLIECOPHUX
eaemeHTiB. Lle Taka cama ¢dyHkuis, sk CONFIGURATION B MOBI
Parallaxis (auB. n.14.4).

Tak., nana pgeknapyBaHHa i ¢isnwyHoOi  peanizauii
tpuBuMipHoi pewitku IIE, wmo mae iM's wuerfel i po3MipH

50x50x50 I'1E, BHKOPHUCTOBYETLCS 3aMUC:
(def-vp-set wuerfel'(50 50 50) ).

¢ Brnacuuii Homep koxHoro I1E moxe 6yTH oaepxaHWi
3a JJONIOMOTOK0 TaKUX QYHKLIIiA:
selff — BuAae aapecHUM OO0'eKT, AKMH OXOIUIIOE BCI
PO3MIPHOCTI AE€K/1aPOBAHOI PELIITKM.

(self_address_grid!!(llp)) - BHJae aJpecHUH O0O0'e€KT
TU1bKH JUIS p-Oi PO3MIPHOCTI PELUITKH.
self_address!! — Buaaec ‘“aapecy BianpaBHHKA” s

koxxHoro [IE. BoHa B 3arajbHOMy BHIIAAKy He
30iraerbes 3 agpecoto IE B pewitui (y ToMy yMchi B
OJHOBUMIPHIH peLuiTLi).

o J[lna oO6miHy pauumu Mmix IIE BignosigHo [0
cTpYKTYpH CM-2 iCHYIOTb /IBa KOHCTPYKTHBM:
1. [lns nokanbHOi nepejavyi AaHUX yepe3 LWBMAKY

peLiTYaCTy CTPYKTYPY:

*news — BUKOHY€E JIOKaJbHUI OOMIH JaHUMH B3I0OBX

PEWITKM MDK BUpPa3oM-IXKepesioM |  UiJIbOBOIO
3MIHHOIO BEJIMYHHOIO;
news!! — noBepTae Hazad ‘‘JIOKaJbHO-TNepeMiuleHi”

(abo poToBaHi) faHi BUpa3y-axepena ;
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news-border!! — [03BOJis€ OOMiH, siK news!!, OdHauc
MOXYTb OyTH PpO3KPHUTI [JOCTynM [0 MO3MUIA 3a
MeXaMH PEWITKY i3 3agaHuM AK  napamerp
“NPUKOPAOHHUM BEKTOPOM™;

*news-direction — OOMIH AK 1 *news, ajie TUIbKHA B3JOBX
OJIHOTO HaNpsAMKY pO3Mipy PELiTKH;

news_direction!! — 0OMiH $IK i news!l, ajie TilbKU B3JOBX
OIHOTO HAMPSIMKY PO3MIPY PELIITKH.

[lpuknan: (news!source 12)

Lle#t onepaTop nocrauyae aaHi BekTopa source, sIKI Ha
3aMUT MEPEeMilleHi B PEUliTUi Ha OJHY MO3MLII0 BJIBO i Ha [IBI
no3uLiii Bropy.

2. Ins rnobanbHOI nepejaui JaHMX 4epe3 MOBUIbHUK
poyTep (MaplupyTH3aTOp):
*pset — BMKOHY€E TIJ100ajibHMii OOMIH AaHUMH MIX
BiANPaBHHUKOM i L{iIJIbOBOK 3MiHHOIO BEJAUYHHOIO;

prefll — noBepTae Hazan “riaobanbHO OOMiHEHI” AaHi
BiJNpaBHUKA.

IMpuvknan;: (pref!! source address )
Peanizye NepecTaHOBKY JAaHMX BEKTOpa source
BIAMOBIAHO 0 BEKTOPHOI ajpecH address.

e Peaykuis BekTOpa B CKalsp 3a JONOMOTON0
CTaHAAPTHHUX PYHKL#:

*and *or “xor “*logand “logior *logxor

*sum *min *max *integer-length

MoBa i#pge npo BigoMi apudmeTHuHi Ta OYyJiBCHKI
onepaTopH (*‘log”-onepaTopy BUKOHYIOTh JIOT'IYHI onepauii Haj
JaHUMHU  TUMY integer). Onepauiﬂ *integer-length BH3Hauae
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IOHaMMEHUIY AOBXHHY ABOIYHOrO CJIOBA, Aka NMOTpPiOHa, o6
MOXHa OyJi0 MPeACTaBUTH KOXHY BEJIMUMHY 33aHOT'0 BEKTOpA.
B MoBi *Lisp MoXIMBa TakoX peAyKLis BekTopa 3a
IOMOMOrOI0 onepauii peayKLii, 3a1aHUX KOPUCTYBayeM.

e Inpikauis OyNBCBKOTO YMCIOBOrO 3HAYEHHS BCiX
(hi3UYHHUX TPOLIECOPHUX €JIEMEHTIB Ha MaHEIi CHCTEMH
CM-2 3a gonoMororo ¢yHKLUIT *light.

[lapanenbHi MOBHi KOHCTPYKTHBH *Lisp Xyxe nonibHi
20 TAKMX K€ KOHCTPYKTUBIB MOBH C*. OcoGIUBOIO MepeBaro
*Lisp € HasBHiCTb iMmiTaTOpa, sikuid noOymoBaHuii Ha Oa3i
Common-Lisp i pobute MOXJIMBUM BUKOHaHHS MNapajelbHUX
nporpaM Ha nocnigoBiux EOM. Henonikom *Lisp € 3aHaiaro
BEJIMKA, MaiXe Heo30pa KiUIbKICThb napajieibHUX onepauiid rta
iXHIX ~ [J0oJaTKOBMX napaMerpiB. B ubomy naparpadi
NpeACTaBsieHi TUIbKY HalBaXJIMBIiLLI onepaitii.

Cxanapuui goOyTox MoBoo *Lisp:

a) 13 3arajgbHOI0 QYHKLIE peayKLiT
(*defun s_prod (ab)
(reduce!! #+!1(*!1ab)))

0) ckopoueHa onepalis 3 CTaHZAPTHOK (yHKLUIEO
BU3HAUYEHHS CYMH
(*defun s_prod (ab)
(*sum (*Nab)))

OnepaTop Jlanmaca wMoBow *Lisp:

(def-vp-set grid * (100 100))
(*defvar pixel)

(*with vp-set grid
(*set pixel (-1! (*!f pixel (I! 4))
(news!! pixel 0 1)
(news!! pixel 0-1)
(newsl!! pixel 1 0)
(news!! pixel -1 0))
))
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O6MiH  iHdopMaLli€l0  BHKOHYETbCS  TYT GinbLy
LIBUIKUMH, aJie MALIMHHO-3aJIEXXHUMH mignporpamMaMu oOMiHy
B pewiTyactiii cTpykTypi. Komanau “news!!” 4UTAIOTb JlaHi
BEKTOpa 3 BiJHOCHMM 3MilLEHHAM (TyT -1, 0 abo +1) 1 TOMYy
onepadlii 3 abCOMIOTHUMH aapecamMy He noTpioOHi.

17.2. Mosa FP

Aemop: John Backus, 1978

Mosga FP pospobGiena bekycom [Backus 78] sk 4ucTO
¢yHKLIOHaTbHA MOBa NpOrpaMyBaHH:A i MICTUTL LUIMH PSi
eneMeHTiB, nogibuux go mosu APL [Iverson 62]. OcHOBHI
CKJ1a/0Bi yacTHHH 3aranbHoi “FP-cncremu’™

a. Jleska oOnacTtb 06'eKTHUX OaHHX (HanpUKIan,
yycna TUny integer, real, aHi character, string TOLLO).
Koxuuii 06'ext Moxe ©Oyth abo  aTOMOM
(eeMEHTApHUM OO'€EKTOM), ab60 CrUMCcKOM OO'€KTIB,
IO 3aMMKAIOTbCs TOCTPOKYTHHMU  AyXKaMH i
PO3AINAIOTLCA KOMaMH.

0./eqka MHOXHHAa NPUMITUBHHX byHKLUIHA
(Hanpukaaj, apudMeTHyHI onepaTopH +,-,%,/ TOLO).
3acTocyBaHHs (YHKUIT MO3HAYAETLCS 3HAKOM <7 MiXK

(pyHKUI€O T2 apTyMEHTOM.

p.Jleska MHOXuWHA orepalid nobyiosu nporpam
“program forming operations” PFO (Hanpukian,
noejlieMeHTHEe  3acTOCyBaHHs  (QYyHKUIl  BiIHOCHO
CMIMCKY, MG/ 10BHE BUKOHAHH3, PelyKLis TOWO).

ITicjis 3acTOCYBaHHS KOHKPETHMX BE/MYMH BiITHOCHO
LMX TPbOX MYHKTIB “BHHHKAE", K MOKa3aHO B [Eisenbach 87],
moBa FP.
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a. ‘Qﬁnacﬁ JAHUX 119 00'€KTiB BKIIOYAIOTD:

uini - yucna (integer), miMcHI u4wucna (real), CUMBOJM
(character) i MOCHIAOBHOCTI CUMBOJIIB (string), @ TAKOX CUMBOJI =+
hiit| “geanaquoT” onepauli (Hampukaag, MNOMHIKOBOI
onepauﬂ_uineﬂuﬂ Ha HYJib). ATOMU T Ta F IHTEpPIPETYIOTbCA SIK
OyJIiBCbKiI BEJIMUMHU “true” Ta “false”. )

[IpuKIaau aToMiB : 10, -5.25, ¢, T, hallo, L

Ipuknaam CITUCKIB: <1,2,3>; <<1,2> <a,b> <c,1>>; <>
(MPOCTHH CITUCOK;, CKJIaIHHUM CﬂP[COK; H}/CTl/Iﬁ CIHCOK).

6. HasiBui Taki npumituBHi pyHKLil.

6'.1. ApudMeTruuHi onepauii:+,-,*,/ (BM3Ha4YalOTbCA
TUIbKU AJ151 YUCEIT).

Ipuknaau:
+:<1,2>=3

* - <2 hallo>= 1

0.2. OnepaTopu NMOpiBHsIHHS: eq (equal, TOPIBHIOE), ne
(not equal, He OPIBHIOE), gt (greater than, Oljiblle HIX),
ge (greater or equal, OiIbLIE 200 AOPIBHIOE), It (less than,
MeHLLe HIX), le (less or equal, MeHilie 20O JOPIBHIOE).
Lli onepaTopu BU3HAUAIOTLCS TUILKH BIJTHOCHO YHUCE.

[lpukiajm :
eq<t1>=T
gti<1,2> =F

0.3. byaiBcbki onepadii: and, or, not.

Ipuknaau :

and:<T,F>=F
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not: F=T [Ipukaaj; id:<2,3>=<2,3>

6.4. IlepeBipka, 4M CIKUCOK € NYCTUM: null )

6.9. TpaHcriOHYyBaHHA MaTpHLI: trans
T, AKI1O x= <>

Busnasents: nulx= F, sKino <x',...x"> npun=1 Bu3HAYEHHS!

1. B IHWKX BUNAagKax
trans; <<>,...,<>>=<>

Ip q:null<2,3>=F trans: _
HKJ1a, » <<x11’._.'x1n>,<xz1,...,X2n>,...,<Xm1,-...an>>_

> < e Xmn>>
<<€X1q,0 00 X1, <X1250 0 XM27 5005 Xans -+ Xmn
0.5.BuznaueHHs I].OB)KHHM CITUCKY! len "

0, AKLLO x= <> [Tpuknana:
1 n
Bu3naueHnns: lenix = n, AKHO <X',...X"> Ipu n 21 trans: <<a,b> <c,d> <e,f>>=<<a,c,e>,<b,d,f>>

1, B IHUWIMX BUNAagKax
6.10. Posnonin o6'ekTa MiX €1E€MEHTaMU BEKTOpa: distl,

0.6. lonoBHeHHs criKcky 31iBa a00 3npasa: al, ar (append distr (distribute left, distribute right)
left, append right).

BusnaueHha :
BusHaueHHs:  ali<y, <>>=<y>
ali<y, <2q,... Zn>>=<Y, 2y, Zm> distl: <x,<>>=<>
ar.,<<>, y>=<y> . distl: <x,<z1,...,zm>>=<<X,Z1>,---,<X.Zm>>
Ar<<Z4,Zz:- 2o Y2 =L ZmnY > distr: <<> x>=<>

distr; <<24,...,.Zn> X>=<<2Z¢,X>,...,$Zm, X>>

[lpuknang : al: <5,<7,4,7>>=<5,7 4,7>
[Ipuknan : disti:<1,<1,2,3>>=<<1,1>,<1,2>,<1,3>>>

6.7.Bubip enemeHTIB 13 COMCKY: 1,2,3,...,1r,2r3r,...

(BubupaeThea i-i eneMenT 3niBa abo 3npasa (r)) 6.11. TeHepyBaHHs BEKTOpA YHCEN: iota
[puknaam : 1:<10,11,12>=10 (NEPLUKUH 311iBa) [puxnamy : iota: 0 = <>

iota: 5 = <1,2,3,4,5>
1r:<10,11,12>=12 (Nepluunm 3npasa)
4: <10,11,12>=L (onepauis HeBM3HAu€Ha, 6O B CIHCKY
nuuie 3 €J1eMEHTH)

B. HasBHi Taki onepauii no6yaosu nporpam (PFO):

B.1.ITocnigoBHe BUKOHAHHA, KOMMNO3MULis:

0.8. [neHTHYHICTD: id o
(f 9):x=f:(g:x)
BusHayeHHs: id:x =
3 id:x = x _ 301
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Ipuxaan: (not” and):<F,T>=not:(and:<F,T>)=not:F=T
B.2.YMoBa, BHOIp:
f:x, AKWO p:x=T

g:x, Ko p:x=T
1, B iHILXX BUMAgKax

(p—f; 9): =

Ilpuknan : (eq - +,-):<5,3>=-:<5,3>=2

B.3.ACMHXpOHHE BUKOHaHHH,

KOHCTPYKLIA:

napa’senbHe

[f1.f2,.. . fmlix=<fx 20X, L fri x>

[Ipuknan : [+*]:<1,2>=<+:<1,2> *:<1,2>>=<3,2>

B.4.CHHXpOHHE napaneibHe BUKOHaHHS (apply to all)

af:<x1,...,xm>=<f:x1,... fixm>

[Ipuknan :

a+:<<1,2> <3, 4> <5 6>>=<+:<1,2> +:<3,4> +:<5 6>>=<3,7,11>

B.5.Penykuis (BniBo i BiipaBo)
Z, AKIO x=<Z>
fx = fi<zy, 1.<2,,...,2,>>, AKLLO X=<24,...,Zp>, M22
1, B IHIUMX BUNaaKax

Z, AKIO x=<Z>
\fix = f.<\f:<zZy,...,Zm1>,20>, AKIIO X=<2Z4,...,Zm>, M22
1, B IHIWIMX BUNagkax
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[Tpuknan: /for:<F,T,F>=or:<F for:<T,F>>
=or:<F,or:<T,/or:<F>>>=or:<F,or:<T,F>>
=or;<F,T>=T

B.6. OnepaTop KOHCTAHT (Hanp., 1, 2, 3,...)

L, akmo x=1
fx = k, AKILIO B iHLUMX BUMNaakKax ( k — KOHCTaHTa, L0
BM3HAYa€TbCA F, apI'yMEHT X HE 3aCTOCOBYEThCS )

Ilpuknan: 5:<1,2,3>=5

[IporpamHi onepauii B.3) Ta B.4) TOYHO BiZMOBIZAIOTb
molensiM acuHXxpoHHoi (MIMD) Tta cuHxpoHHoi (SIMD)
napanensHocteil.B 38'a3ky ¢ unM FP-nporpamu MoxyTb OyTH
JIEKO NepeKafieH! BiAMOBIHUM KOMIMIJIATOPOM B MapaienbHi
nporpamMu Ans oOUMCIIOBaJbHHUX CUCTeM 3aiaHoro tumny. [lpu
LbOMY MOXYTb BUKOPUCTOBYBATHUCH Pi3Hi TEXHIUHI MPUHOMH:
“eager evaluation”, TOOTO HeraiiHa OLIIHKA YaCTHH MPOTPaMH,
KoJaM MoxuuBo (data driven); ”lazy evaluation”, TO6TO
BiIK/1aICHHA OLlIHKH YaCTHH MPOTPaMH 0 TOrO MOMEHTY,KOJH
BOHH ()aKTHYHO CTalOTh NOTPiOHHMHM (demand driven). 3amicTb
PO3IAHYTHX TYT Onepauii peAyKuii BiBO Ta BMPaBO MOXHa
noOyayBaTH CUHXPOHHO-MapajielibHy BEPCil0, KA MPOBOAMUTH
PEedyKUiI0 CMMCOYHOro o0'ekTa (BekTOpa) B aToM (CKausp)
BCLOIrO 3a log,n KPOKM (n-KiuIbKicTb enemeHTiB). B mosi FP

MOXUIMBO KOHCTPYIOBATH NPUKJIAAHI NPOrpaMu 3a AONMOMOTOI0
3aHOBO BM3HaueHUX (QYHKLIH | TUX (YyHKUiA Ta onepauii, aKi
icHyloTb B Wil MOBi. [{ns uporo nepeabauyeHo KOHCTPYKTHB
Bu3HayeHb def. PO3rngHbMO fAK nNpuKIaag  BU3HAYEHHS
ckanspHoro pobytky [Eisenach 87). Hio onepauito Mu
HaBOJMJIM PaHillie CTOCOBHO iHILIMX MOB MPOrPaMyBaHH.

defs_prod=(/+)" (a*)" trans
s_prod:<<1,2,3>,<4,5,6> >
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=(/+) ) (a")° trans:<<1,2,3> <4,5 6>>
=/+:(a*:(trans:<<1,2,3>,<4,5_6>>))
=/+.(a*:<<1 4>,<2,5> <3 6>>)

BusnauenHs s_prod

Po3kpuTTa nocninoBHOCTI onepautii
Po3kpurTa onepauii trans-
TPaHCNO3MLlis

3anyc napanesibHOro CHHXpPOHHOTO
BHKOHAHHS oMnepauil MHOXeHHs
PesynbraT napanenbHoro
MHOXEHHS “*"

Penykuis,1-it kpok

Penyxuis,2-i kpok

Penykuis,3-i kpok s oaHOro
e/ieMeHTa

Penykuis 4-i kpok "+"

Penykuia 5-# xpox "+" ,

KiHUEBHUI pe3ynbTarT.

=/+:<*:<1 ,4>,*:<2,5>'*;<3,6>>
=/+:<4,10,18>"

=+:<4,/+:<10,18>>
=+:<4 +:<10</+:<18>>>
=+:<4,+:<10,18>>

=+:<4,28>
=32

Sk BuaHo 3 npuknagy, dyHkuis s_prod NOCTYMOBO
PO3LUIMPIOETLCA | BUKOHYE Jii HaJ apryMeHToM, IO
CKJIAZAE€TLCA 3 JABOX BEKTOPIB (<1,2,3>,<4,5,6>). BianosigHo g0
BU3HAUCHHS “‘CripaBa HalliBO” BUKOHYIOTbCS TakKi onepatiii:

(1) — TpaHcno3uuis 060x BeKTOPIB,TO6TO TBOPEHHSA Nap
€EMEHTIB,B3ATUX BiMOBIJHO 3 MEPILOrO i APYroro BEKTOPIB
(pe3yJibTar : <1,4>,<2 5> <3,6>).

(2) — CuHXPOHHO mnapanejibHE MHOXEHHS BCIX nap
€NIEMEHTIB.

(3) — CknapaHHs BCiX ogepXaHuX nap (peaykuis).

17.3. I1apanenbunii Iposor

Aesmop: Ehud Shapiro, 1983

Mosa Concurrent Prolog po3pobneHa sk pO3LWMUpEHHS
noriyHoi Mosu Prolog 1 npu3HayeHa Ui napajenbHOro
nporpamyBattsa [Shapiro 87]. bByam po3pobreni Takox
Bapiantn Parlog, Strand, GHC (Guarded Horn Clouses), Flat
Concurrent Prolog ta inwi [Shapiro 87 ]. 3ynunimoca na mMosi
Concurrent Prolog, 60 iHwii BapiaHTM Mano BIAPI3HAOTHCA
OJUH BiJl OAAHOIO.
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Y 3B'3KYy 3 TUM ULIO JIOTiYHE MpPOrpaMyBaHHs Ha
BMCOKOMY,  J€KJIAapaTMBHOMY  piBHi  BMKOHYETbCH  fIK
npoueaypHe, IMMEPaTUBHE MPOTPaMyBaHHA, TO OOULJILHO
napajieibHO BUKOHYBATH JIOTIYHUN Oa3uc npaBui HesaBHO. Ile
O3HAuae, 110 MOXHA 0biiiThcs 6e3 ABHMX MapalelbHUX MOBHUX
KOHCTPYKTHUBIB, BHUKOPHUCTOBYIOYM TiJIbKi MPOCTi (HEABHI)
MEXaHI3MM CHHXpoHi3auil. Ha puc. 17.1 nokaszaHo MOXJIHBI
BIANPAaBHI MYyHKTH U1 NapaieiabHoi 00poOKH, IO BHUTIKAIOTh 3
MoJesi nociaigoBHoi MoBH Prolog.

Pedennn B Gaoi XaHRX (§akTH, NpabHAa, Hporpamda”)
’4\ XoT.@¢'cAHAHHA "I'( “and*)

abc (X, Xp} « br.ba,...bm.
abe (Yq,..., Y, €= C1,62..\Cp. >
! ? o2 ° XOr'. ' €AHAHRA

o “abo™(*or’)
W yHigixalin

3anuT a0 6asH faREX ("BEXAHK DpOrpamu-):
7o ale thallo, 1, 2).

Puc.17.1. By37i0Bi MOMEHTH NapaneibHOCTI B MOBI
Prolog

BianoBiaHO KO TPHOX OCHOBHMX onepauiii — yHigikaris,
”1”-06'eqHaHHS (and), “a60”-06'¢qHaHHA (or) ~ 3'ABJIAIOTLCA TPH
MOXUIMBHX BIAMPaBHMX MYHKTH IJIs napaliefibHoi 0OpOoOKH.

I. YHidikoBaHa napanienbHICTh:

rnapalejibHa fnapa rnapaMeTpiB peueHHs MOXeE CYTTEBO
CKOPOTUTH u4ac, noTpibuuil Ha yHidikauio. IIpu wuboMy
MOXYTh napaenbHo ob6pobisTvcy sk napameTpu (top-level),
TaKk i KOMIUIEKCHI MnapaMeTpd 3 06aroTbMa MpoOLIECOPAMU
(PEKYPCHBHO).

2. ABO (OR)-napanenbHICTb:

AKIIO JUIA  OJHOrO PEYEHHS (JIOriYHOro BHpa3sy)
OIHOYACHO ICHYIOTb JeKiJlbka npaBuil abo ¢akriB, TO BCi
BapiaHTH  MOXYTb  MporasgaTucs napanenbHo. Takui
napajielbHdi aHaniz KOHQIKTYE 3 CEMAHTHKOK MOCITiAOBHOI
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mMoBH Prolog, 60 B Hiil 3aCTOCOBYEThCS MeEpLUE MapHE MMPaBHIIo.
TakuM 4MHOM, B MOCHAOBHiIH Bepcii MoBu Prolog nopsaumox
NPOXOJKEHHSA MNpaBui i ¢GakTiB Ma€ MPUHUUNOBE 3HAYCHHS.
SK1io BeAeTbCs MOLIYK TibKKM OJHOrO, a HE BCIX MOXJIMBMX
BHCHOBKIB (pillleHb) AEAKOro 3BepTaHHA 10 06a3u OaHuXx (K B
CEMAHTHL{ MOCITJOBHOrO MpPOJIOTY), TO NpPHU MapaesbHii
06pobui ABO-BapiaHTiB 31e6iMbLIOrO0 BHUHMKAe MoTpeda B
HEJOLIbHOMY  30i/bIUEHHI BUTpaT Ha OOYMCITIOBAJIbHY
notyxHicte. lLle 3anexuTh BiA BIANOBIAHOI MNpOrpaMy |
CEMAaHTMKH NapajenbHOro BapiaHTy MOBM Prolog, ska mae
BM3HAuaTHUCA.

3. “I”’(AND)-napaneybHiCTh:

PeueHHs (JoriuHi Bupa3u), siki OyBaioTb B MpaBwiIax
(a6o 3anuTax), OO0‘€AHYIOTbCA JIOTIYHOIO onepauiero “I7 1
MOXYTb OLIIHIOBATHCS NapajesibHO, AKLO BOHW HE 3anexaThb
O/IHE BiJ OJHOro, TOOTO SAKLIO BOHW HE MICTATb CYMICHMX
BIILHUX 3MiHHMX. YacTille TpamusoTbCd BUNAAKH, KOJIM
YACTHHH peUYeHb B3aEMO3allexHi. ToMy OKpEMi JIoriuHI peyeHHs
MOXYTb JIMIUE YACTKOBO OOpoOJsATMCA NapajeibHO, a [pH
nosBi BiTlbHUX 3MIHHUX BOHM MOBWHHI CUHXPOHI3YBATHCb,
TOOTO YekaT, MOKM iHLIe napanesibHe JIOTiUYHE PEYEHHS He
Oy/ie peanizoBaHe i He BUJACTb O4iKYBaHOT'O 3HaUY€HHS 3MIHHOL.

I3 pO3rJISHYTUX TPbOX BIAMPABHUX MYHKTIB OYEBMJIHO,
(O BH3HAUYEHHS MapaseNbHOl JOriYHOi MOBM MpOrpaMyBaHHs
He Take MpocTe, sk MoxHa Oyno O ouikyBaTw 3 orisly Ha
piBeHb aOcTpakuii. Lli BignpaBHI NyHKTHU napasesbHoI JIOriYHOT
06po6KH NMOWMPIOIOTLCS  BUKMOuYHO Ha MIMD-mozens, 60
MPU LIbOMY BUHMKAIOTb ACHHXPOHHI YaCTHHH 3aJay 3 pPiZHUMHU
notokaMu Kepywuux komaua. Ilokasani Tyt mpoGiemu, wwo
BMHUKAIOTb Mij yac napajieibHoi o6pobku B MoBi Concurrent
Prolog, He palOTb HISAKMX KOHKPETHHX TBEPAKEHb NPO
e(EeKTUBHICTb NapanenbHUX MPUKIAJAHUX MPOrpaMm.

ITig yac Bu3HayeHHs moBu Concurrent Prolog icHye psaa
CUHTAKCHYHHX i CEMAHTUYHHMX BiAMIH BiTHOCHO 10 MOC/iAOBHOI
MOBM Prolog. PeueHHs ogHoro mpasujia NOAUIAIOTbCS Ha ABI
rpynu — Guard i Body, ski po3ainsiotscs Commit-onepaTopom
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h\-lu

3acrocyBanHss ABO-napanefibHOCTI JOMYyCKaeTbCss B
mexax rpynd Guard. Ilepwa ycniwuHo o6pobGieHa rpymna
Guard BukoHye Commit-onepaiuiro i 3yMnWHA€ HEW BCi iHLUI
ABO-napanenbni npouecd. I'pyna Body paesxoro npasuia
obpobnseTbea I-napanenbHO B MeXax TOro, L0 - AOTMYyCKae
CHHXPOHi3aLlisl B32€MO3aJIeXKHHUX JIOTIYHUX pedeHb. SIBHi MOBHI
KOHCTPYKTMBU 1N yHiikoBaHOI  mapajiefNbHOCTI  He
nepenbdaueHi, ajle BOHU A MOXJIMBOIO pO3MapajeaoBaHHs HE
NOTpiOHi.

CTpyKTypa JIOTiYHOTO PEYEHHS:

A « G..G, | B,...B,. (M,n>0)
goal guards commit  body

INopsnok 06pobku peyeHHs:

e Bci BapiaHTH (Gy,...,Gn) 0OpOOGISAIOTbCA NapalsienbHo,
MOKH B NEPLIOMY BapiaHTi Bci G; OyayTh BukoHaHi. TUIbKH ueit
BapiaHT ige aanm (“‘commit”™); Bci iHWI BiakugamoTbess. ABO-
napanenbHiCTb obMexeHa Ha Guard-pevyeHHSX, MPH LBOMY
o0uMcIoBabHa MOTYXHICTh HE BMKOHYBaHMX ABO-npouecis
He BUKOPHUCTOBYEThCH.

e Bci peyeHHs, 3B's3aHi JOTiyHOIO ornepauico I,
BUKOHYIOTbCA napajenbHo. Ti peyeHHs, WO B3aEMO3AEXKHI,
MalOTb CHHXPOHI3yBaTHUCs (AMB. HACTynHuil nyHkT) I-
napaenbHiCTb, oOMexeHa Ha Body-peueHHs, BMKOHYETbCS
aCUHXPOHHO Napa’enbHoO.

o CuHxpoHizauis [-napanensHo BukOHyBaHWX Body-
peyeHb 3abe3neyyeTbCs 3a JOMOMOrOK Tak 3BaHMX “read-
only”-3MiHHMX, fKi [O3Ha4alOTLCA 3HAKOM  3aMWTaHHA.
Hanpuknan: x?. Ilpouec, skuii 3B€pHYBCS 3 METOO YMTaHHS J0
“read-only”-3MiHHOI, 11O B JJaHWIl MOMEHT llie¢ HE BM3HayeHa (B
moBi Prolog var(x)), 6IOKyeTbCS [0 TOrO MOMEHTY,MOKH Lt
3MiHHZ CUHXpOHiI3allii AICTaHe BU3HAYEHHS BiJ JAPYroro
PEUYEHHSI-MpOoLECY.

Hyxe uUlkaBO camMOMy HanucaTH IHTEprpeTaTop AJs
napanenbHOro  po3smMnpeHHs MoBM  Prolog 3 metowo
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MOJENIOBaHHA i TECTYBaHHA B MochigoBHIii MoBi Prolog. Lie
nokasye  HactynHe  Bu3HaueHHs  Illanipo  mpocrtoro
“TPUPAAKOBOIO METaiHTeprpeTaTopa” (BUKIMK, HampUKIan,
Mae BULJAA. ?_solve(my task(x).). IMnnemeHTalis Ha [IEAKOMY
peajbHOMY MapajelbHOMY KOMM'IOTEPI MA€ HEOAMIHHO
BUKOHYBATHCA Ha Oisibll HU3bKOMY PIBHI.

1) solve (true) |
2) solve ((Goal,Rest)) :-solve (Goal), solve (Rest)
3) solve (Head) :-clause(Head.Body), solve (Body)

Jamo Taki KOMeHTapii 10 UbOTO METalHTEPIpeTaTOpA.

(1) YMoBa Goal true BAKOHaHA HEramHo.

(2) SAxwo mekinbka Goal 3B'A3aHi JOTiYHOW onepauiero |
(komu B MoBi Prolog),To BoHU MmycaTb OyTHM 00poOIIEHI
NOCAiAOBHO (YaCTKOBA PEKYpCis Uepe3 3MiHHY Rest).

(3) Ans po3B'sizaHHs yMOBHU Goal WYKAaOTbCS METOAOM
nepeGopy 3 noBepHeHHSM (Backtracking) mociifoBHO B 0a3i
JaHWX pi3Hi pedyeHHs (nmpaBuia abo dakTH), AKi OIAXOAATh 1O
uiei  “ronosu”. BigmHocHO “‘Tina” 3HaijeHoro npasuiia
3aCTOCOBYETbCS PEKYPCUBHO METAIHTEPMNPETATOP Solve.

Llen METAiHTEPNPETATOP MOX€E NoCTyNnoBO
PO3IIUPIOBATHCH 1 MPUCTOCOBYBATUCH A0 HOBUX CHHTAKCHCY Ta
CEMAaHTHKH BiANOBiAHOrO BapiaHTa MoBH Prolog. Sk ¢parmeHt
i3 MerainTepnperatopa ans MoBu Concurrent Prolog [Shapiro
83] HaBeeHO pO3LIMPEH] MpaBWia YHidikaLii i3 SMIHHUMU TUNY
“read-only” B AXMX IoNyCKa€eTbCA TIILKHK TX UMATAHHS:

1) unify (X,Y):-(var(x); var(Y) ),! , X=Y.

Ile npaBuo nepeBipse,un € 0OHa 3 ABOX 3MIHHUX ( X, Y )
Tako10, uJ0 He notpebye HeranHoi oOpoOKH I, AKLIO Ui YMOBA
BUKOHYETbLCS, MPOBOAUTL 3 “X=Y* “HopMalibHy” YHipikauio
Prolog-cuctemn nicna  “cut”-oneparopa, sKkviA 3anobirae
3BOPOTHOMY XOAy;

2) unify (X?,Y):-!,nonvar (X),unify (X,Y)
3) unify (X,Y?):-,nonvar (Y),unify (X,Y)
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Lli 1Ba npaBuia o6poOAAOTE CUMETPUYHO “‘read-only” -
cyddixc “?”. dkino BianoBigHa 3MiHHA BXXe Habyja YHUCIOBOTO
3HAYeHHs (nonvar (x)), TO PEKYPCUBHO BUKJIMKAETHCA YHidikaris
6e3 3Haka 3afuTaHHdg; B IHIUOMY BHMAaAKy YHidikalid He
BiAOyBaeTbea (“cut“-onepartop). PasoM 3 Meranpeaukatopammu,
SKi TYT He pO3riAsfaloThCi,lie BeAe A0 THMYAacoBOro
6/10KYBaHHS BUKJIHUKY.

4) unify ([X|XLIY]Ys)):-Lunify (X,Y),unify (Xs,Ys).

5) unify ([1.01):-!.

Ili nBa mnpaBwia oO6pobnsOTL YHIiKaLiIO CHMCKIB,
npuyomy yHidikaiis o60x 3arojioBkiB Ta 000X TiA JOTIUHUX
BUpAa3iB BUKOHYETbCA TaK, K B 3BMYaiiHii MOBi Prolog.

6) unify (X,Y):-X=..[FIX],Y=..[F]Ys],unify (Xs,Ys).

Ile nmnpaBumo BiAKPUBAE MOXMJIMBICTL  PO3JUIMTH
CTPYKTYpOBaHi mapaMeTpu Ha (QyHKTOpH 1 MapaMeTpH.
@YHKTOpP MOBUHEH OyTH iIGHTHYHKUM, B TOW 4ac K BIAHOCHO
napaMeTpiB 3aCTOCOBYETbCA PEKYPCHBHUHA BHKJIMK PYTHH
yHi]iKawii.

HanpukiHui po3rjisiHeMO [JBa MNpUKJIaJd Ha MOBI

Concurrent Prolog. BizMoBuMocs Bif obuuciieHs onepaTopa

Jlannaca, siki € THnoBow npobaemoro mans SIMD-cuctem, 60
moBa Concurrent Prolog Haitbinbuie niaxoauTh 41 BUpILIEHHS
MIMD-npo6nem.

Crrananns eneMdeHTiB pmepesBa Ha mopi Concurrent
Prolog:

Bu3HaueHHs AepeBONOAIOHOT CTPYKTYPH:
baum (element,teilbaum_links,teilbaum_rechts)
(*Oepeso (enemenm, nisa_uacmuna_oepesa, npasa_svacmuna_oepesa) *)

[lycTi gepeBa No3HA4AKOTLCS CJIOBOM leer.
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Ha puc.17.2 nokazanso npyknan Aepea:

baum(7,
baum(3,baum(5,leer,leer),baum(2 leer leer)),
baum(9,leer,baum(6,leer,leer)))

Puc. 17.2. {epeBononi6Ha ctpykTypa moBoro PROLOG
Ta NPUKIA]

IIporpama cknagaHHs:

add(leer,0) .

add(baum(E,L,R),Summe):-add (L?,SL),
add (R?,SR),
Summe;=E?+SL7+SR?.

-~ Burauk npoepamu.

?-add(baum(3,baum(5,leer,leer) baum(2 leer leer)),S).
= 8=10

OuiHIOBAaHHS JIIBOTO Ta MNPABOro MiJUIEPEB, a TaKOX
CKJIQ/IaHHS TMPOMIKHUX DE3YAbTATIB 1 BY3JOBUX CIICMEHTIB
3aMyCKaloThCs SIK TPW NapaJjellbHUX MPOoLecH | 34 A0MOMOTO0
“read-only”-aHorauid (“?”) CHHXPOHI3YIOTbCA 32 CHiJLHOIKO
3MiHHO. TlignepeBa L Ta R MaloTh B PEKYPCHBHUX BHKJIMKAX
3HAK 7?7, U100 YHUKHYTH O€3KIHEYHOTO LMKITY NI/l YAC BUKJIUKY
(add(x,y)), 10 He noTpedye HeraHoi oOpobku. Ilpu onepxanui
CYyMM BCl CKJIa[OBi 3MIHHI MOBMHHI MAaTH YMCIIOBE 3HAYEHHS,
TOOTO LiEl NPoLEC MOBUHEH YEKATH, NOKU 00U/IBA MPOLECH,ILO
CKNAJA0Th MnijiepeBa, OyayTh 3aKiHUEHI.
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Cranapuus JoOyTOK, 3anporpaMOBaHMi MOEBON
Concurrent Prolog.

s_prod ([ ].[],0):- |.

s_prod ([H1)T1L,{H2 | T2 1,X):-|
X:=H1*H2+Rest?,
s_prod(T1?,T27,Rest).

Buknux npoepamu:

?-s_prod([1 2 3],[4 5 6),SP).
= SP=32

Commit-onepaTop 3anobirae HenoTpiOHOMYy B LbOMY
BUMNAAKy MOIUYKY aJbTEPHATHBHOTO peYeHHs (OOMEXeHHS
ABO-napanenbHOCTI), 60 TYT HEMa€ AEAKOi MHOXHHHU pEYEHb 3
ONHaKOBMM  3arojjoBkoM. OOuaBa  peyeHHS  MpaBui
(MPUCBOEHHA 1  PEKYPCMBHUH  BHKJIMK)  BUKOHYIOThCSH
napanefbHO, NPUYOMY Onepalisi MPUCBOEHHA MOBUHHA YEKATH,
MOKHM 11 3MIHHA CHHXpOHi3alii “Rest?” He HaOyne yMCIOBOroO
3HAYCHHS BII PEKYPCHBHOTO BHUKJIMKY TpouedaypH s_prod. 3
OrJIsiAYy Ha PEKYPCHMBHICTL aKTMBi3auUii i 3BOPOTHOI BHaui
pe3y/ibTaTiB  BiI UbOrO MNpPHUKJIAAY 3aCTOCYBAHHS MOBH
Concurrent Prolog He cnim dekaTh BHCOKOI epeKTHBHOCTI
po3napanenoBaHH.

17.4. Moa SQL

Aemop: Chamberlin ma Boyce (IBM),1974.
Ha nepiuuii nornsa Moxe 34aTUCh A€IIO HE3BUYAMHUM

3apaxyBaHHA MOBHM pensuifinux OaHkiB gaHux SQL g0

napajneibHuX MoB mporpaMyBaHHs (SQL-"struktured query
language”, paniie-SEQUEL) [Chamberlin, Boyce 74]. Oanaue
B JificHocTi SQL € He 1I0 iHWeE, Sk MOBa 3 HEABHOIO
napaje/ibHICTIO, SIKA MOXE€ BHKOPHCTOBYBATHCh BiJAMOBIAHUM
KOMMASATOPOM B PO3MOALICHIH cHucTeMi OGaHKiB [aHUX, He
notpebytouy I UbOIO CrielialbHUX MOBHMX KOHCTPYKTHBIB.
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Kpim uporo, HesanepeyHa Ouibwictb TpaHsakuin SQL-
nporpaMm Mae o6poOnsTucb B OaHKy [JaHHUX PpI3HUMH
KOPUCTYBauyaMH{ MapajeabHo abo0 3 PO3HECEHHSAM 4YacOBHX
iHTepBaJiB BMKOHAHHSA | B3aEMO3AJIOXKHICTIO JaHHX. 34
JOMOMOro BiAnoBigHux cemadopHux OnokyBaHb (“locks”)
KOMMIASATOP Mae TrapaHTyBaTH IHTErpauilo JdaHUX BCiX
tpaH3akuid. SQL-iHCTpYKUil MOXYTb BHKOPHCTOBYBATHUCH
6e3nocepenHbo  (iHTepakTMBHO) B  OaHKy JaHux abo
iHTErpyBaTHCs B OJHY i3 CTAHZAPTHHWX MOB [POrpaMyBaHHs
("host programming language”, Hanp. Kobol abo PL/I) sk
“BOyaoBanuit SQL (“embedded SQL”), [Date 86].

PensauiiiHuii 6aHk JaHUX — L€ CYKYIHICTb Tabnulb,
NpMYOMY KO»Ha 3 HUX MicTUTb abo Entities (mina, pedi,
06'exTH), abo Relationships (B3aemoBiaHocHHM Mix Entities).
Jia poctyny [0 OKPEeMMX psaKiB Tabivlb ICHYIOTb KIIOUI
JOCTYMy, Cepel SKUX BIAPI3HAIOTL HAasBHI NMpUMa-Kioui Ta
MOMCUTUBI APYropsHi KaoYi. 3HaHOMCTBO 31 BCIMA €IEMEHTaAMH
MoBM SQL BHUXOAMTb 34 PAMKH J4HOI KHHWIM, TOMY JHLLe
KOPOTKO po3riisaaeMo MoxiausocTti SQL.

IMTopsaa 3 reHepyBaHHsAM Tabauup Ta iHAckciB B SQL
iCHYIOTb HOTHPH OCHOBHI onepawii:

SELECT — BWOIp OoJHOro peuyeHHs abo mojs peuyeHb i3
Tabauui;

UPDATE —BHECEHHS 3MiH Y peuyeHHs abo Moijs peyeHs,
L0 MICTATbCA B TabNMLI,

DELETE — BWIYYE€HHs peUeHHs i3 TaOJnul (FaciHHA):

INSERT — BHECEHHS PEUYEHHS B TAOIULIO. _

TunoBuit 3anuT Ha MoBi SQL B Oanky JaHuUX
clyxOOBUIB MIl OM BUIJIAJATH TaK:

SELECT im's (npissutle)
FROM cnyx6oeeupb
WHERE 3apnnarta >10000

Momyk y 6aHKy AaHMX 33 UMM 3aNMTOM MOXE BECTHCh
HesBHO mnapajenbHo. Sk pesyabrar OepyTe i3 Tabnuui
ciyx00BLIB npi3BvLia (iMeHAa) BCiX CnyOOBLIB, O MAalOThb
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3apobiTHY niaTy moHaa 4mcao 10000. CrnMCOK,IO BHAAETHCA,
MOXE 3a J0MOMOrox KoMaHA GROUP i ORDER BiaNOBIgHO
BIOPANAKOBYBAaTHCh a00 COPTYBATUC.

3MiHa 3MmicTy Tabiauub, WO MOB'S3aHa, HaMpUKIaa, 3
MOJJIMBUM MiJBULLIEHHAM 3apO0biTKIB, BUKOHYETHCS TAK:

UPDATE cnyx6osy,i
SET 3apnnara=3apnnata+100
WHERE 3apnnata<2000

3a uieto SQL-KOHCTpyKUi€Kw BCI Cpynu ciayxOoBUIB 3
HUXKHBOIO MeXel 3apoObiTKy (MeHiue 2000) Moriu 6 oaepXxaTu
301AbLIEHHS 3apruiaTh Ha uucio 100. Lli onepauii 3MiHu
3apobiTKy, 11O MPOBOJAATHLCS BIAHOCHO MOMJMBO BEJMKOT
KiJIbKOCTI  Cyx)OOBLIB (ENEMEHTIB [aHHMX), BHKOHYIOTbCS
HESBHO Mapalie/ibHO.

Y B3aemofil 3 OCHOBHUMHM OMEpalisIMM  MOXYTb
BUKOPHCTOBYBATHUCS Taki CTaHHapTHI ¢pyHkuil SQL:

COUNT — KIIbKICTb €JIEMEHTIB;

SUM  — cyMa BiIHOCHO BCiX €/IEMEHTIB;
AVR  — cepeliHiii NOKa3HHK BCIX €JIEMEHTIB;
MAX — MakCHMYM BCIX €JIEMEHTIB;

MIN  — MiHIMYM BCiX €JIEMEHTIB.

Mabytb HaitcuabHiluMMK onepauisMu B SQL € Tak
3BaHi Join Queries, TOOTO 3aMWTH, AN BIANOBIAL HA AKI MAOTh
3B'A3yBaTHUCA MiXk 00010 Pi3Hi TAONHUL.

He3Baxalouu Ha Te, WO Ui 3aNMTH MOXYTb OyTH
TPYNOEMKHMH 32 BEIMYUHOK BHUKOPHCTOBYBAHUX TaOnuilb, 3a
BHMaMU JOCTYMIB Ta 32 HAABHUMMU (ab0 BiICYTHIMH) iHAEKCAMH,
caMe TYT MOXE€ OKYNHUTH cebe 3aCTOCYyBaHHs MapaseibHOro
06pobneHHa. HactynHuii npuknan nokasye onepadito Join Haa
tabiauuero ciyxO0oBUiB Aesakoi ¢ipMu | TabNMLE u/eHiB
cnoptuBHoro kiny6y. BubupaioTbcs Bci ocobu, ski €
cnyx6oBusgmu pipmu i wieHamu kiayOy (B nepeadaueHHi, Lo
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iM's (NAME) — Lie OHO3Ha4HO ifAeHTH}iKaLiliHa o3HaKa, TO6TO
OCHOBHMH KIIIOU):

SELECT cnyxbosetb.npizsuuie
FROM cnyx6oBeupb,uneH_knyby
WHERE cnyx6oseus.npizsuwe=uned_knyby.npissuiie;

SQL - ue HainowMpeHiwa cbOrofHi MoBa OaHKIB
JaHuX, a caMe Y cdepi O0aHKIB JaHMX OYIKYETbCA LLIUPOKE
3aCTOCYBAHHA MapaielbHUX OOYMUCHIOBANLHUX cucTeM. Jlns
NpUKJIaJAHOro  mporpamMicta  ui€i  cdepu  nepexin  Ha
3actocyBaHHs SQL B napanenbHiii abo po3noaiieHil cuctemi
OauKiB AdHUX oO3Hayae Jjauuie 301ablIeHHsT OO0YMCAIOBaIbHOL
MOTYXHOCTI: BiH HE T[IOBHUHEH KJOMOTATHCS Mpo Aeran
napanesibHol iMMaeMeHTalll.

18. HEMPOHHI MEPEXI

HeilpoHHi Mepexi — ue Taka crpaBal BeiaMka i
caMmocTiiiHa 061acTb napaienbHOro NporpaMyBaHHs, Lo B Uik
KHHM3l MOXHa HaBecTM Juuwe 1  ornaga.  Tak  3BaHe

“nporpaMyBaHHs” 3a JOMOMOIOK HEWPOHHHMX MeEpex 3
3a34ajieriib 3aJaHuMK napaMerpaMu (PyHKUil akTUBI3aLil,
cnocoOX HaBUaHHs TOLUO) MOKa3ye BiAHOCHO KiaciB npobiem
NMPOCTOTY 1 OOMEXEHICTb UbOr0 METOAY FMOPIBHAHO [0
NOTTYHOTO NMPOrpaMyBaHHs 3 HE3MIHHOIO CTPATETIEI0 MOWYKY
(Hanpuknana, METO/ 3BOPOTHOTO PyXy B MoBi Prolog).

OCHOBM LUITYYHUX HEHWPOHHUX Mepex Oyo po3pobieHo
ue B 1943 p. Buenumn McCulloch 1 Pitts, aki onucanu
NPUPOAHUHA HEHWpPOH sK aOCTPAaKTHHI JIOTIYHHUH NOPOTOBUI
eleMEHT. 13 1oCniaXeHb OCTAHHLOTO 4acy 3aciyroBYIOTb Ha
0COBAMBY yBary pe3yibTath AOCHiAHMLULKOI rpynu Parallel
Distributed Processing (Rumelhart, McClelland 86]. Beryn o
uiel remaTuki € B npausx [Hecht-Nielsen 90] Ta [Arbib 87].
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B ocHOBYy Modeni IUTY4YHOI HEMPOHHOI  MeEpexi
MOKJAJEHO CINpPOileHy MoJeib ©O10J0riyHOro oO6poGIIeHHs
iHpopmauii (puc. 18.1).

Cuyanc
{86y AR eHHA @60 raxXbMyBaHHA)

AXKCOH

Puc. 18.1. [Ipupoana HelipoHHA Mepexa

Tyt “HefipoHu” abcTparyroTscs 4K MpUCTpol 06pobku
iHpopMaLil, WO € npocTM O0OuYUCIIOBaYeM 3 JOKaJbHOIO
nam'artio. llITyuHa HelipoHHa Mepexa cKjlalaeThes 3 6araTbox
AYXE NPOCTUX, ajie 3aBXIM aKTHBHHUX €JIEMEHTIB (HEHpOHIB),
KI  NapajielbHO BUKOHYIOTb iJIEHTHUUHI PYTUHHI onepauii
00po0buieHHa inpopMauii. Xou BcepeleHI HEHPOHHOI Mepexi
00po0JIcHHS i1J1e aCHHXPOHHO, LIS MEPEXa € 3MOTy Halikpalle
Brnojobutucs SIMD-mopeni. ificHo, sikiio BCi  HEHpOHH
BMKOHYIOTb OJIHAKOBI omepauii HajJl CBOIMH JIOKQJIbHHMH
JAHUMH | aCHHXPOHHICTb HE € YMOBOIO (PYHKLIOHYBAHHS, TO
SIMD-cucreMn  sikHa#kpalle TOAATLCA Ul MOJACHIOBAHHA
(imiTauil) HeHpOHHMX Mepex. B nojanbiioMy TeKCTi 1ij
TEPMIHOM  “HEHPOHHI Mepexi” 3aBxau OyneMo po3yMmiTH
HITYUHI HEWPOHHI MEpEXKI.

18.1. BiacTuBocTi Hel pOHHUX Mepek
[TobynoBa  HEHpOHHOI  Mepexi  XapaKTepU3yeTbCs

TAKUMH 1XHIMH BJIACTHBOCTAMM:
» Bennka KilbKICTb HEHPOHIB i3 BXIAHUMK Ta BUXIAHUMH

JIHISMHU 3B'SI3KY.
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e JlocriliHa, npoGNEMHOOPIEHTOBAHA CTPYKTYpa 3B'A3KY
(MepeMMKaHHs) HEeWpOHiB, WO 3Ae0inblIOro iepapxiyHa, ane
HEOOOB'A3KOBO pPeErysipHa.

¢ 3B'S3KM MAKOTh Bary i MOXyTb OyTH ab0 CTUMYJIIOKOUM-
MU (excitatory, 3 TO3UTUBHOIO Barow), abo CTPUMYIOYUMHM
(inhibitory, 3 HEraTMBHOIO BAroko).

e KOXHUI HEHPOH NMOCTIAHO yuTa€ (B CMHXPOHHOMY abo
ACMHXPOHHOMY UHMKJI) CBOIKO BXIJHY BEJIMYMHY, CpUHAMae 1
BIAMOBIIHO O BEJMUYMH Baru JiHIA 3B'A3KY 1 3aCTOCOBYE CBOIO
dyHKLI0O akTUBI3aLli (30y1KeHHs1 HelipoHa). B HalmpocTiiuomy
BUNaAKy QYHKLIs aKTUBI3aLIT — L€ IIEHTUUHICTb, TOTOXHICTD.

e BigHocHO akTHBi3auii (30yUKEHHs!) HEHpOHA BUKOPH-
CTOBYETLCS  BMXiAHA  dyHKUis  (output  function). B
HAUMPOCTILLIOMY BWMAAKY 1€ € TMOPIBHAHHA aKTUBI3auil 3
JESIKUM JIOKalbHUM TOPOTOBUM uucioM (threshold, puc.18.2,
3niBa). CTOCOBHO UMX OIHApHUX CTaHIB HEUPOHA T'OBOPATH
TAKOX NMPO HOTO “BOI'OHL .

¢ BuxigHa BeMUMHA HEMPOHA NepelaeThes A1 BBOIY B
iHLLI HEHPOHHM uepe3 JiHil 3B'A3KY, 0 MAlOTh Bary.

e Heiiponn uacto o6'eaHytoTs B npowapku (layers
(piBHi)), NPUUYOMY 3B'S3KM ICHYIOTb TilbKM MK CYyCIAHIMU
NpollapKaMu (PIBHAMM).

[

AXTHBIBaYIR

ByAiBchbRa HeAlitui pyukuil “Sigmoid”

Puc. 18.2. Buxiani pyHkuii

BuxigHa QyHkilis HefipoHa 3anexuTh Big HOTo
AaKTUBI3aLIl, sKa B HAWMPOCTILWIOMY BMMA/KY BIAMOBIJAC CyMIi
BCIMUYMH Bar ycix BxigHux BeauvuuH. Ha  puc.  18.2
Mpe/iCTABIEHO PsiJl MOXIMBUX (OPM  BUXIAHMX  PYHKLIMN.

316

3anexHo Bia BUXiAHMX QyHKLUiH HEHPOHHIH Mepexi NpUTaMaHHi
PI3HOMAHITHI KOHBEPT€HTHI BJIACTUBOCTI, AKi
BHKODHUCTOBYIOTHCS B Pi3HUX METO/IaX HaBYaHHS MEPEX.

IlepeBaru Ta HeRoOJikM HEHPOHHHX MEPEexX:

. 4 31aTHICTb 4O HABUAHHA.

HeiipoHHi Mepexi MOXyTb 3acBOITM  XapakTepHi
BJIACTMBOCTI TPEHYBAJILHUX 0Opa3iB.

+ VY3arajabHEHHs. _

Inpopmauis, mo nobyra i3 TpeHyBanbHUX o0pa3iB Ta
pe3yNbTaTiB TPEHYBaHb, MOXe OYTH y3arajbHeHa i MOLIMpeHa
Ha HEBIIOMI MEpPEXi BXifHI JaHi.

+ TonepaHTHICTb O MOMUNOK.

Buxig 3 nagy abo nmosBa MOMWIKOBUX JaHHX OAHOrO
HepoHa He MpPU3BOAWTb OO HEMPUAATHOCTI BCi€l Mepexi,
pe3ynbTat ii po60OTH JIMIIE NMOCTYNOBO MOTipWyeTbca (graceful
degradation).

+ HeuyTaMBicTb 10 LLIYMiB.

SKILO CYTTEBI XapaKTEPUCTHMKH BXIAHOro oOpa3y He
JIy>K€ 3MiHEHi WwyMamMH abo iHIWKMMH NepelKogaMUu, TO HERPOH
NPOJAOBXYE BIpPHO PO3PI3HATH BXiAHY iHpoOpMaLlilo.

0 Meroan HaByaHHA He rapanTyioTh 100-BigcoTKOBHMIA
NOKAa3HUK YCMiXy.

VY pealbHMX YMOBax 3aCTOCYBaHHS HEHPOHHMX MEPEXK
nicns iHTeHCUBHOI a3y HaBYaHHA MOKa3HUK PO3Mi3HABAHHSA HE
3apxaAW pocarae  100%. 3anuiaeTbcs neBHUit  dakTop
HEHaAIMHOCTI, KWl B JEAKUX MPUKJIAJHUX Tajly3aX MOXE CTaTH
NponyckH1M 6ap'epoM y 3aCTOCYBaHHI HEHPOHHUX MEPEX.

— HeMoxnuBHH aHami3 BUBYEHUX KPUTEPIiB Kjaacupi-
KaLii. '

Bepudikauis  indpopmauii, 3acBO€HOI  HEHPOHHOIO
Mepexelo, TOOTO aHali3 Toro, sKi. XapaKTepUCTHKH
BUKODUCTOBYIOTbCA 1y kjacudikauii, Hemoxnunsa. Lle
NOB'A3aHO 3 TUM, WO iH(OpMaLis, fAka 3anam'ATOBYETbCS B
YMCNIOBUX 3HAYEHHAX 3B'A3KiB, He MOXe OyTH TMOACHEHa
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CEMAHTHUYHO (MEPLIUIA BKAAA y LbOMY HaNpsAMKy — L€ “METOMH
iHBepcii™).

— HaByaHH® MOXIKBE TUIbKM COCOOOM TpeHaxy. 3
UbOrO BUXOIWTL, IO MOTPIOHO roTyBaTH “BIAMOBIAHI™
TpeHyBaibHI AaHi; iHii, 6e3nocepenHi iHpopmauiiiHi 3aBAaHHs
(Hanpuknal, MpoueaAypHi 3HaHHA) BBECTH HEMOXIIUBO.

— MeToauM HaBYaHHA NOTPEOYIOTh BEJIMKUX BUTpPAT
yacy. Binbuwiicts MeToAiB HaB4YaHHsA NnotTpedyroTh Gararopaso-
BOI'O TMOBTOPEHHA HaBYajibHUX UMKIIB, LWOO aJanTyBaTH
MEPEXY Ha Po3Mi3HaBaHHA OaXXaHMUX BXIAHMX AaHMX.

— Mepexi MOXYTb 3aCTOCOBYBATHUCb TilbkM B CreLi-
aJbHUX KJacax npooiem.

[Mopsag 3 TMM, WO  3arajdbHe  mnapajeibHe
nporpaMyBaHHs 1  OCOOJIMBO  CMHXPOHHE,  JOLIIbHO
3aCTOCOBYBATH [ TMEBHUX KjaciB npobneM, y HEHpPOHHUX
Mepexax L} K1acH 3HOBY OOMEXYI0Thca. binbuiicTs HEHPOHHUX
Mepex BUKOPUCTOBYETbCA 1A 3a1au kiacugikadii.

— HeMae yHiBepcanbHOI HEHPOHHOI MEPEXi.

OcHoBHa iaes HEHMPOHHUX MeEpex noasrajga B cnpoOi
MiKBIAYBaTH SIBHE napasellbHEe NPOrpaMyBaHHs, alleé UbOrO He
aocsrHyTo. He icHye “yHiBepcasibHOI” HEHPOHHOT Mepexi ans
BUpIlUEHHS 3aralbHUX npobiem, TOMY I KOXHOI npobiemu
noTpibHo po3pobssTu cBOl Mepexy. Po3pobka mMepexi Ha
3aMOBJIEHHs (K MpaBWIO, AyXe CkilagHa), BUOIp CTPyKTypu
PIBHIB, JiHIA 3B'A3Ky MK HeWpoHamu, BUOIp MOYATKOBUX
BEJIMYMH Baru 3B's3KiB, BUMXiAHUX (YHKUiK Ta BiAMOBIAHUX TM
NMOPOrOBUX KOHCTAHT, @ TakoX BMOIp NpUOATHHUX METOJIB
HaBYaHHS 3 BIANOBIAHMMHU TPEHYBAJILHUMH JAHHUMHU — BCE LiE
Ma€ BMpillyBaTHC caMuM nporpamictoM. Omxe, Taka
po3pobka MPOBOANTBHCA AK AeAKe “MeTanporpaMyBaHHs”.

18.2. Mepexi Tuny “feed-forward”

OJHUM 3 HAUMOLUMPEHILIUX KIaciB HERPOHHUX MEPEX €
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mepexi thny “feed-forward”. Ha BiamiHy Bix Tak 3BaHMUX
“PEKYPEHTHHX” MEPEX BOHHU HE MaiOThb 3BOPOTHHUX 3B'f3KIB.
Fedd-forward-mepexi — ue po3UIMpeHHS “‘MEpUEnTPOHY”
Pozenbiara [Rosenblatt 62], siki MicTWIIM TUJIbKK WAapH (PiBHI)
BBOAY-BUBOAY | TOMY OylIM 3HAa4HO OOMEXEHHMH Y CBOIX
mMoxJIMBocTsx [Minsky, Papert 69]. [{lux oomexeHb He MaeMO B
6araTopiBHEBHX MEpexax.

TConoBHe GaXkaHHS NiJ Y4ac 3aMpPOBa/XKEHHS] HEMPOHHHUX
MEPEX Mosiarae B TOMY, 100 3aMiCTb TPYIAOMICTKOTrO
(napanenbHOro) MporpaMyBaHHS  afanTyBaTH  HEHPOHHY
MEpexKY 3a AOTOMOrol0 1i HaBUYaHHA HA OCHOBI POy BBEICHHUX
NpUKAaAiB, & TaKoX, 3 OrNsdy Ha METOAM HaBYaHHS, 3a
JOTNOMOTOI0 OIEPXKYBAHMX BUXIAHUX JAHHX.

Po3po0nsoun  HEMpOHHY Mepexy, BCTaHOBJIIOIOTh
KIUIbKICTh | PO3MIlLLIEHHsS HEHPOHIB Ta JIHIH 3B'S3Ky MiX HUMH.
Ilpy ubomy 3 MIpKYBaHb HAO0YHOCTI HEHPOHM PpO3MILIYIOTh
3A€011bIOr0 B MpoUIApKax (PiBHAX). 3HU3Y PO3MILLYETbCS
PiBEHb BBOAY, [€ ICHYIOTb ‘‘peuenTopu’ HEHPOHHOI Mepexi.
Mepexa ofepxye TYT CBOI BXiJHI JaHi; CTaHU aKTHUBI3aUIl LIMX
HEWpOHIB MOB'A3aHi 3 BIANOBIAHUMH 3HAUYCHHAMU AaHuX. [lai
iAoyt oauH abo Jekijibka 3aKpUTUX NPOMIXKHUX PIBHIB, Ais
AKWX HE MOXE CMpHHMAaTHCs 30BHIlIHIMK 00'ekTamMmu. Mepexa
3aKiHUy€TbCS piBHEM Buaaul iHdopmauii. Te, wo BUaawTh
HEHPOHM 11bOTO OCTaHHbOTO PIBHA — Li¢ BUXiAHI AaHi HEHPOHHOT
MEpexi.

Kinbkictb iHpopMmalii, abo “piBeHb 3HaHbL” HeHpoHHOT
MepeXi, B MOCTIHHHX MEpPEeXHMX CTPYKTYpax BH3HAYa€TbCs
BUKJIFOUHO Baroo JIiHii 3B'A3Ky (ayr) Mix HeiipoHamu. Baru ayr
CAOYATKY 3a/al0TbCd 8K BWMAAKOBI 4MCIAa 1 MaloTh
YTOUYHIOBATUCA MOBTOPHUM 3aJaHHSIM TPEHYBAaJbHUX AaHUX. Y
LIMKJII HABYAHHSI HEHPOHHIH MEPEXi MPE3EHTYIOThCS ITEPATUBHO
BCi TpeHyBajbHI o6pa3u no uepsi. Byab-axuii BuXigHui
pe3ybTaT MEpeXi MOPIBHIOETbCA 3  BIAOMHM  PiLICHHAM
BIAMOBIAHOrO  TPEHYBaJbHOrO 3aBAaHHA. Pi3HMUs  Mix
pe3ynbTaTaMM, O BUAAE MEPEXKA, | KOPEKTHUM pilIEHHAM
NoJa€eTbCs B MEPEXY fAK iHPopmauis 3BOPOTHOrO 3B'A3KY i
BUKOPUCTOBYEThCS /111 KOPEKTYBAHHS BaroBHUX XapaKTEPHUCTHK
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JiHIA 3B'A3KY (ayr rpada Mepexi), HAnpUKIal A MiACUICHHS
Npyu KOPEKTHOMY pe3yJbTaTi | ocabneHHs NpH HEKOPEKTHOMY.
Y 3B'3KY 3 TUM U0 BaroBi XapakTEPUCTHKU 3B'A3KiB
iHILNAMI3YIOTBCS  BUIMAJKOBMMU  BEJIMYMHAMM, Mepexa Ha

- MOYaTKY TPEHAXy AYXE PIAKO MOXE “‘pajuTy’’ MpaBHIbHY
BIAMOBIAb Ans Aedkoro obpazy. OnHaue, sk NpaBUioO, y Mipy
3017IbIUEHHA TEPMiHY TPEHIHTY JOCAraloThCs BCE  Kpalii
pe3yiabTaTH 33 BUXIZHHUMH JaHMMU HaBYAHHS aX J0 i1€aJIbHOrO
CTaHy, KONW Mepexa ao0pe 3acBoloe 3agane. [licna uboro
BMBUECHI BaroBi XapaKTEPHUCTHKH 3B'A3KIB ““3aMOPOXYIOTbCs”,
TOOTO Oliblue He 3MIHIOITLCA, | HEWPOHHA Mepexa MOXKe
34CTOCOBYBATHCS JUIA PO3B'A3aHHS CBOEI 3a/1a4l PO3MI3HABAHHA.

IcHy€e UMt paa PIBHOMAHITHUX METOJIB HaBUYAHHS, 5Kl
3aJIE)KHO BiJL KJIACiB 3a/lau MaloTh CBOI nepeBar i HepoJiku. He
6yaeM0 TYT JAETajbHILE Ha HUX 3YMMHATHCS. Haiioinbiu
BiIOMUM METOAOM € A€fbTa- npaBuIo 13 3BOPOTHMM XOLOM
Backpropagation. B UbOMY METO/Il PI3HHIA MDK BUXiJHUMH
AAHWUMHK HEHPOHHOT Mepexi i PE3YNbTYIOUNMU JaHUMH TPEHIHTY
BI/ICTEXYETbCS Ha KOXKHOMY PiBHI | fpH LbOMY KOPEKTYIOThCA
3HAYEHHS Bar BIAMOBIJHUX 3B'S3KIB HA JIESIKY HEBEIIMKY
MO3UTUBHY 400 HETATHUBHY BEJAUYMHY.

[lobynoBa mepexi, BUOIp AaHMX NS TPEHIHTY Ta WOro
TPUBAJICTL — BCE L€ BUpillafibHl GakTOpU ANS HEAPOHHOI
MEpexi, fKa Moxe OyTH BH3HAUEHA TUIbKU E€MIIPHUHO,
CTOCOBHO JJAHMX TPEHIHry. Mepexa Ma€ 1aBatv pe3yibTaTH Bij
nyxe 1o0pux 10 0e3NMOMUAKOBHX; Y TAKOMY pa3l € Halis, 1o 3a
JIONOMOrOK) BUBYEHHMX [JAHMX TPEHIHLY MEpPexa 3MOXe
MOWMPUTH CBIH HaOyTHI NOCBIA HA “peanbHi” 1 MOXIJIMBO
“3alIyMJICHI” [AHI Mg 44aCc HACTYMHOrO 3acTOCyBaHHA. 3
IHIIOTO OOKY, HEMPOHHA MEpeXa He MOXE “BYMTH HAMAM'ATb”
AaHl TpeHiury, 00 Toal BOHa © He 3Moriaa 3acTOCOBYBATH
BUBYEHY IHPOpMALLIO HAa AHAJIOTIYHI BXi/IHI AaHI.

Ha puc.18.3 HaBeeHo NpuKkiaa HEHPOHHOT Mepexi, sika
no0yaoBaHa 3a AOMOMOrOK BUCOKOPO3BUHEHOI MOJEIOUO]
cucremm SNNS  (Stuttgarter Neuronale Netze Simulator).
Cucrema SNNS po3pobnena nig kepiauursom Llenns. i
MOXHa OJepkaTH fK Oe3KOIUTOBHUUA NPOIPAMHUKA NPOAYKT

320

[Zell, Mache ta inwn, 92]. BoHa pae MOXIMBICTL pospodinsin
HEUPOHHI MepeXi B IHTEPAKTUBHOMY PEXHUMI, TPEHYBa1H 1X, o
TAKOX HAOUYHO AEMOHCTPYBATH Pe3ySibTath B rpadiuniit dopmi.

{oore]} {seTvP ]

Puc. 18.3. LLTyTTraprchka cHCTeMa MOACIIOBATTHSE
HeHpOHHMX Mepex SNNS

[Tokasana Ha puc.18.3 mepexa NOBMIHA CHYXWTH JUIS
pO3NIZHABAHHS BeAMKMX JmiTep. BoHa cCriiajaetbes 3 TPLOX
LapiB (PIBHIB):

e Lllap BBOAY AaHMX

35 HEHWpOHIB PO3MILLEHI Y BUTASA/IL MATPHLI PO3MIPOM
5X7 BUWIOBIAHO 1O BXLAHWX AAHKX OAMICT JIITEPH (HA PUCYHKY
MOKd3aHa AKTHBI3ALA T JTitepu “M™)

o CXOBaHUIA NPOMDKHMIE Wwap (piBeiin)

Bit mictnth 10 HelpoHIB i BUKOPUCTOBYETHLCS THILKK
AL 3B'SI3KY: 9K BMAHO 3 pUC.18.3, ICHYIOTH 3B'S3KM  MiX
HEMPOHAMM NPOMDKHOIO 1apy | HEHpOHaMM BXIZHOIO |
BUXIAHOIO 1napis. B LbOMY MIPUKIAAl KOKHUIA HCHPOH BBOJY
iHGopMadii 3'€AHAHUA 3 KOKHUM  HEHPOHOM TIPOMIKHOIO
APy, a TOW — 3 KOXHMUM HEWpoHom Bujaui jlanux. Takuw
YUHOM, Maemo (pnc.18.3) Beboro 35*10+10*26=610 minii
3B'SI3KY.

o [llap Buaaui ganunx
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MoxauBi aaHi 18 BMAAYi — Le BeJIuKi niTepu Big “A”
ao “Z”. BianoBiaHo 10 Uboro nepeadauycHo 26 HEHpoOHIB
BMAAuYl, KOXHUIA 1015 CBOEI jiTepu (Ha puc.18.3 axtuBoBaHMi
HEMPOH AN niTepu “M™: HellpoHHA Mepexa BUBYMIA, TAKUM
YMHOM, aCOLIalil1o 3 i€t JIITepoto).

18.3. Mepeixi, mo camooprauizyiorbes

30BCIM MnoO-iHIWOMY, HiX po3rnsHyTi “feed-forward™-
mepexi, nodyaosadi kaptu KoxoxeHa, 1o caMoopraHizyoTbes
(“Kohonen feeture maps”, [Kohonen 82 |). Bonu matoth nuiue
O/IMH 1Uap HEUPOHIB, 1O 3'€AHAHI MiX COO0K B MEpeKy,
NPUYOMY MIK CYCIIHIMKU HEHpOHaMH BU3HAUECHO JIBOBUMIpPHI
ado TPUBUMIPHI B3aeMOBiAHOCUHW. Bxiahi gadi 1 mipu Bar
3B'SI3KIB - MDK  HEHPOHAMU [HTEPFPETYIOTHCS SIK NPOCTOPOBI
BexTopu. 1)1 uac BUBUCHHS BUIOMHX O3HAK 3alaHOro 00Opasy
HelpoHu kapTn KoxoHeHa 3MiHIO0 T CBOIO Bary BIAMOBIHO 10
“sigctant” BijL 00'exra 30ymxenHs. HeldpoH, skuid posmilueHui
Nopsij 3 “UeHTPOM 30Y/LUKEHHS” (MOAPA3HCHHS) BIJCYBACTHCS
Halalll, B TOH 4ac sAK NCPEMIUICHHS CYCUIHIX HCHPOHIB
crpykTypn KoxoHeHa, Hanpukia/l, CKjiajaloTb 3a QyHKLIE0
Fayca. He sigoOpaxkae xil pO3BHTKY JIIOJCLKOTO OPraHi3My, B
SAKOMY CYCLIHT OOJ1ACTT, TAKI, HATIPHKIIA/L, K YYTIUBI 10 JOTHKY
CEHCOPU LLKIPU, BIAOOPAKAIOTHCS Ha BIANOBIAHOMY NPOILAPKY
HEHpOHIB MOBKY 3 CKBIBAJICHTHHMH CYCIHIMH
B3aCMOBLHOCUHAMU. PErioHU 1WKIPH 3 BAKJIUBUMHU CEHCOPaMH,
Taklt HANPUKNAL, K 1Talbli, BLIOOPaX4loTbes Ha Oiablumx
o0JiacTX  HEUPOMIB, HDK periol 3 MCHUI  BAXJIMBUMH
CCHCOPAMM, K, HANPUKIIA/L, CIUHA.

19. [IPOXYKTUBHICTS HAPAAETBHUX
CUCTEM :

[MapasieiibHi cucremid OyAytOTbCs HacaMIlepe uepes
OJIHY TXHIO BJACTUBICTL. BUCOKY OOUKCIOBA/IbHY TOTYXKHICTD.
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Y rnaBax 8 ta 13 Bxe 6yn10 mokasaHo Mpy BUBYEHHI npobiem,
10 BMHMKAIOTh B CMCTEMax Pi3HOro knacy, o ehekTUBHICTb
mapaJjesibHUX CUCTEM HE 3aBX/JIH Y3TOKYETbCS 3  IXHIMM
TCOPETUYHUMM BeJIMYMHaMK noTyxHocTi. Kpim wmporo, Bifg
KOHKPEKTHOI MOCTAHOBKHU NPOOAEMH 3aEKUTh, SIKOT'O KJjacy 1
IKOro THMNY napaienbHy cucTteMy Tpeba 3acTOCOBYBATH 1 YM
B3araji  JOUUJIbHE U€  3acTtocyBaHHs. Big  KoxHOro
34CTOCOBYBAHHS 3aJIeXUTb, YW Oylle AOCATHYTO OYIKYBaHUM
edeKT BIJ po3rapasenioBaHHs.

OuiHIowYM  NPOAYKTHBHICTL . Oe3nocepeaHbO  Ha
napanelbHUX cUCTeMax, BII3HAYAKOTb MO3UTHBHUH e(eKT Bif
posnapanenoBanns  (Speedup-npuUcKopeHHs) | BUIOAW Bil
301ibHIEHHA MacluTabHOCTI po3B’a3aHMX 3afay (Scaleup), sxi
MOXHa O/IEPXKATU BI [MpaUOOY0l napajieabHOl Nporpamu
[Reuter 92]. TlokasHuk Speedup Bu3Hauyae, y CKilbkM pasiB
IWIBWLLC MOXe OyTH BupilleHa ojHa W Ta X 3anaua Ha N
npoLecopax NOPIBHAHO 3 11 BUPILECHHSIM HAa OJIHOMY NPOUECOPI.
[Tokasuux Skaleup BM3Hauae, y ckiibkd pasiB OuiblIY 34
posMmipaMmn npobJieMy MOXKHA BHPHIMTH 3a TOH xc uyac N
[poNecopaMu  NOPIBHAHO 3 NPOBJAEMOI0, IO BHUPILYETHCS
OJAHHUM MPOLIECOPOM.

19.1.I1oka3uuk npuckopeHHs (Speedup)

Ile B 1967 p. AMaaj npoaHali3yBaB MPOAYKTUBHICTD
napajieabHUX 0OUUCTIOBATLHUX CHCTEM, fIKI 3a LICH 4Yac cTaju
Bigomumu sk “‘3akoH Ampana” [Amdahl 1967]). Tyt eauxum
napameTpoM € MO AporpamMd  Ha  [OCAIAOBUY |
po3napajeioBaHy 4acTUHM; MaciuTad BHpILIYBaHO! 3ajaul
SAJAIIAETHCS MOCTIHHUM. Po3risiHbMO Aewo cnpotieHy dopmy
LbOI'O 3aKOHY.

BusHaveHHs QM8 3ajgaHoi nporpammu A

P —MaxcumalibHUH CTYMIHb po3napasnenioBaHH
(ocaraeTbes MpOrpamMor A 3 MOJENI0 napaljensHocti C): ue
MAKCHUMaJlbHA  KiJIbKICTb  MpPOLIECOPIB, fAKi MOXYyTb OyTH
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BKJIIOYEHI B poOOTY napaseiibHo B Oy/b-9KMiA MOMEHT Yacy B
nepiojg BUKOHaHHs nporpamu A. TyT BupiiaabHE 3HAYECHHS
M€ TAKOK 32CTOCOBYBAHA MOJE/b MapaielbHOCT! (HAaNpUKIIaj,
MIMD a6o SIMD).

Ty~ TPUBANICTb BUKOHAHHS NMPOrpam A 3 MakKCHUMalbHUM
[OKA3HUKOM DO3NApANICIOBAHHS P, > k Ha CHCTEMI 3 K
NpOoLECOpaMH.

N - KUILKICTb NPOLECOPIB Yy napajienbuiid obuncio-
BAILHIN CHCTEMI.

f - NOCALIOBHA 4aCTUHA NporpaMu (v nporpami A 3
MOJIEANO NapaiesibHICTE C): MPOUEHTHA YacTKa ONepailin, ki
He MOXYTHh OyTH BUKOHAHI napaieibHo Ha N npouecopax, a
BUKOHYIOTLCS TLIBKM NOCTIIOBHO.

N HALIOMY CIPOLUEHOMY PO3IIIsLLL Oyaemo
BUKOPUCTOBYBATH TUILKN  NOKA3HUKH  PO3NAPASICHOBAHHS 1
400 N, 0€3 MPOMDKHHX 3HAUCHD.

TpuBanicrs BUKOHANHS NPOIpamMu  Ha  Mapaieabiii
CHCTCMI 3 N IIPOHECOPAMH OHIHIOCTLCS (POPMYHOLO:

IN :.f*ln ‘*(1“/)*7\1/

3BUIKM JUCTaNEMO NOKa3HUK APHCKOpeHtst (speedup) B cHeTeMi
3 N npouccopami

N

[V’

Y 383Ky 3 TMM 10 0< f £ 1, CrpaBe/umMBe Take

CRIBBIIHOILIEHH S
<S8, <N,

TOOTO MOKA3HWUK MPUCKOPEHHS HC MOXe OyTH OlIbIIMM HIK
KiJIbKICTb MPOLECOPiB N.

Sk Mipa  JOCSTHYTOrO  MPUCKOPCHHSI  BIHIOCHO
MAaKCMMAJLHOTO BMU3HAvacThes eeKTUBHICTL CHCTEMM 3 N
npolecopamu

5=

O6Gnacrs Mexi edekrusrocti € © /N < £, <1
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Ha npakTtulli BUKOPHUCTOBYIOTb 3HauyeHHs E, vy
siacorkax. Ilpy E, = 09, Hanpuknan, moraa 6 Oyru

AocArHyTa epeKTUBHICTh, WO AopiBHIOE 90% MakcUMabHO
MOXJIMBOI.

HOpuxranm BacTOCyBAaHHS 3aKOHy Ampana

1. LlinboBa cuctema mae N=1000 npoLIEcOpiB

e Ilporpama Mmac MAaKCUMAJIbHUI MOKa3HUK
po3napa’ienaoBaHHs 1000

e 0,1% nporpaMy Ma€ BHMKOHYBATHCS MOCJIJIOBHO
(Hanpuknaja, onepauii BBOAY-BMBOAY), TOOTO £=0,001
OO6uuncaeHHs noka3HHUKa NpUckopeHHs (speedup) nal0Th:

S = an 7 =200

Takum  unHOM, He3BaXalO4M Ha CYTTEBO  Maly
NOC/I0OBHY YACTUHY NPOrpamu, y LUbOMY BHIAJKY JOCATAETHCS
TUIbKH MoJOBMHA MaKCUMAJbLHO MOXJIMBOTO
NPUCKOPEHHA, TOOTO S, =1000. EdexkTuBHICTDb Oyae

; — 0
E gy =30%.

2. LlinboBa cuctema Mae N=1000 NpOLECOPIB

e llporpama Mae MAKCUMaJIbHW IOKA3HUK
po3napaJiesntoBaHHs 1000.

e % nporpaMy Mae BUKOHYBATHCS MOCII/JIOBHO, TOOTO
£=0,01 .

[Moka3zHuk npuckopeHHs (speedup)
1000
1000-1

1+

100

91

Su 000
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EdexTusdicts  E,j, =9.1%. TOOTO BUKOPUCTOBYETbHCS
TiAbKK 9,1% 3aranbHOl NOTYXHOCTI NPOLECOPIB i L1e NpU Mailii,
Ha nepiuri norasi, NociiIoBHi YacTHHI nporpamMu!

Yum Oinplia TNOCTIJOBHA YacTHHA NPOTpaMH, THUM
IBUALIE NA/a€ 3aBAHTAXKEHHS MPOLECOPIB, @ 3 HAM 1 NOKA3HHMK
NPUCKOPEHHS MNOPIBHAHO 3 TNOCIAOBHOI OOYMCIIOBAJILHOIO
CUCTEMO0. 11 KOXKHOI NOCAIIOBHOT YaCTUHH NPOrPaMyu MOXKeE
OyTu  obuucneHUt  MaKCMMallbHO  MOXJAMBMIT  INOKA3HUK
MPUCKOPEHHST  HE3aIEKHO  BiJl KIJIbKOCTI  3d4CTOCOBYBAHUX
NPOUECOPIB:

N _l_

lﬂll{] Sy (= ‘1‘;““/. *—(—]\l:————l )‘ = 7

Lle o3Hauae, w0 nporpama i3 ckalspHOIO YACTUHOIO,
KA CTAHOBUTb 1%, HIKOJAM HE 3MOXKe JOCAITH [OKa3HUKa
npuckopeHHs (speedup), 1o Oy Ou Giniblunum 100 ~ HE3ANEKHO
BiJl TOT0, 3aCTOCOBY€ETLCA 100, 1000 aG0 1000000 NPOLIECOPIB.

Puc.19.1 nokaszye 3anexHiCTb NOKa3HUKA MPHUCKOPEHHS
BIL KUJILKOCTI NPOUECOPIB N /11 PI3HUX BEJIWUHH MOCTAOBHOI
yacTMHM nporpamu f. [0JIOBHA Alaronailb HaNCKWTbL A0
JAHIAHOTO MPUCKOPEHHS | MOXKe OyTH 1ODya0oBaHa Npu f=0.

NipRcKopeRnA

100

80

£ =0,005
69

=00
40

20

a0 100
Npouecopr

Puc. 19.1. 3aiexHicTb NPUCKOPEHHS Bijl KIJILKOCTI
npoliecopis

A "

Puc 19. 2 nokasye 3anexHictb eQeKTUBHOCTI BIA N i f.

Egex THRHICTS
1

o8f\ N Tl
~ AT
\ S m~ F=0005
8.6 .
N > r=00f
0.4 A
S~

0z ~—  f=005

20 40 60 80 100
Npoyecopr

Puc. 19.2. 3azexHicTb €peKTUBHOCTI BiJ KiJIbKOCTI
NpouUECOpIB

19.2. Tloka3unk macmrabuocri (Scaleup)

OckillbkH s BUMIPIOBAHHSA eeKTUBHOCTI
3aCTOCOBYETbCA Ta caMma MporpamMa, TO MOKAa3HHUK f B 3aKOHI
Ampana 3anuuiaerobca He3MIHHUM. OpnHave He Tpeba 3abyBaTtH,
10 KOXHAa MapaJie/lbHa nporpama, He3alexHO BiJ il BEIUYHHH,
Mae IMOCHIAOBHO OOpOOJATH JesKy  MOCTiMHY MiHIMaJIbHY
KiIbKICTh f cBOIX iHCTpykuid. Lle o3Hauae, wo rpadiku,
nokaszani Ha puc.19.1, 19.2, i3 3MiHOI0 pO3MIpIB npobiemu
craoTh Hegiiichumn! TlpakTuuHi 3amipy Ha napajeabHHUX
CMCTEMAX 3 AYXKE€ BEIMKOIO KibKicTio npouecopiB [Gustafson
88] nokazanu: uuMm OublUMMM € BUpilIyBaHa npobiema i
KiJIbKICTb 3aCTOCOBYBAHMX MPOLIECOPIiB, THM MEHILUOI CTae
BIJICOTKOBA MOC/IAOBHA YacTHHA obuuciedb. Lle aae nigcraBy
3poOMTH BHCHOBOK, IO HA MapasielbHid CcHUCTEMI 3 JAyxe
BCJAMKOKW KUIBKICTIO MPOLECOPIB MOXHA JIOCSITTH BHUCOKOI
epekTuBHocTi. Hanpoulyerbes iies NpoOBECTH JOCHIAKEHHS

3aJIEKHOCTEN, 10 MaloTh MICLE MiX PI3HUMHM 332 BEIHYUHOIO,

MaclITaOHMMU BEPCIIMM NTPOrpaMm, WO peasti3yloTh OJIMH | TOH
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CaMHIi airopyuT™M (Hamnpukaan, 3 Oibliow obnacTio aaHux abo
3 BUILIOIO TOUYHICTIO).

BusHaweHHs ONns BapiaHTie mporpaMu, mMO ManTh
pPisHy BeauuwHY

T, (m)~ TPUBAICTb BUKOHAHHS NPOrPAMHU 3 BEJIMYMHOIO
npodjieMu m i MaKCHMaJIbHUM NOKAa3HUKOM
po3napanenoBanHa P. > k Ha k npouecopax.

[Moxazuuk macwtabuoct (skaleup) aesikoi npoOnemu,
BCJIMUMHA SIKOL n Ha k Npouecopax MOPIBHAHO 3 MEHILOW
NpooOJIeMOi0 M (M<n) HA OJAHOMY NPOLIECOP! BU3HAYAETLCA TaK:
akie T,(m)y=T1,(n), ToOOTO TpUBANICTL BUKOHAaHHS “‘Majoi’
NPOrpaMU Ha OJIHOMY TPOUECOP! AOPIBHIOE TPHUBAIOCTI
BUKOHAHHA “BEIMKOI  MpOrpamyd Ha Kk npouecopax, To

nokasHuk  macwrabuocri  (skaleup)  MoxHa  BUpazuTU
dhopmynoto: '
. R
LS(_,’,\, =
m

Tpeba maru Ha yBa3i, WO TPUBANICTL BUKOHAHHS
3ANCKHTL Bijl TAKOro napaMmerpa, sk “BeluuuHa npobiemn”,
gKa TOUHO HE BW3HAYCHA. 11 B JAHOMY ACNEKTi MOXHA
TPAKTYBATH K  KUILKICTH  JlaHux, axki  00poOnsioThes
BApiaHTaAMM MPOIPAM Pi3HOT BCIMUMHU 34 OJHUM 1 TUM XK€
ANTOPUTMOM.

Chiana ne)
40

20 ‘/‘

& + " 4 +

[} 20 40 60 a0 100 t20 t40
Npoyecopu

Puc. 19.3. 3anexHicrs nokasHUKA 361U1bIIEHHS
cKJjiaiHocTt BuplinyBanux 3aaau SCk Bij
KUILKOCTI MPOLLECOPIB
Ak BMAHO 3 npakTMkM poboTH 3 napalieslbHUMU
nporpaMaMM, 13 OibIUEHHSAM  KUILKOCTI  MPOLECOPIB
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HaHuacTillle BHUPIlUYIOTbCS Olibiii MpobiaemMu 1 B OiLIbIIOCTI
MPAaKTUYHUX 3aCTOCYBaHb HE CTABUTLCS 3ajJa4a BUPILLYBATH Ti
K MpobjeMu IUBUALLE 34 pPaxyHOK 30i/MbILUEHHS KiJIbKOCTI
npouecopiB. ¥ TakuxX NpakTHYHUX 00acTsax nokazHUk Skaleup

mae Olnblie 3HaYeHH4A, HiX Speedup.
19.3.MIMD nporu SIMD

[Tin yac TeopeTH4YHOro aHajily MpPOXYKTUBHOCTI
napanejibHUX OOYMCIIOBAILHUX CHUCTEM, MPOBEACHOMY BHILUE,
mMu He pospisHsan MIMD- ta SIMD-cuctemu, ajne koXHa
nporpama MiCTUTb y coDOI  SK MIHIMYM JBa pi3HHX
MaKCMMaJIbHUX  TMOKa3HUKA  NapaJiefIbHOCTI:  OAMH  AJIA
ACMHXPOHHOI napanenabHoi 00poOkH, Pyyyp, @ Apyruid — Ans
CHUHXPOHHOT, Pgyp. Y 3B'A3KY 3 YHIBEpCAJIbHICTIO aCHHXPOHHOI
napajenbHoi  oOpobkM  mae  Micue  CHIBBIAHOLLIECHHS
[?\‘//\r/l) < [3\1//\///) "

Ha npakTuui Mae Benuke 3HAYEHHS WE OAMH MOMEHT:
akio B MIMD-cucremi € BiibHI  MPOLIECOPH, 1LO HE
BUKOPUCTOBYIOTbCS B JaHId 3ajiayi, TO BOHW MOXYTb OyTH
3aCTOCOBAHI IHWHWMM KOPHUCTYyBauaMMu JUisl CBOIX 3ajlay, Wo
pO3B’A3yI0TbCA  OogHO4acHO. A ocb B SIMD-cucremax
HEAaKTHBI3OBAHI MPOLECOPH HE BHUKOPUCTOBYIOTHCA. Tomy,
craBisiuy 3aaayi Ha SIMD-cucremax, tpeba BUXOAUTH 3 TOIO,
o s npobinemu, ska norpedye 100 [IE, HenouinbHO
BukopuctoByBatd SIMD-cucremy 3 16.384 TIE! Cnocib
00pobku iHpopmanii B8 SIMD-nporpamax aa€ cyTTEBO MeHL
mokasHuku 3aBaHTaxenHs IIE  nopiBusno 3  MIMD-
nporpamaMiu. Tak, TiIbKY JJIsI OOHOT'O €AMHOTO MPOrPaAMHOTO
posrajly)eHHs IF-THEN-ELSE, wo [a€ nporpaMum JABOX
HAMPAMKIB 3 OJHAKOBOIO  TPMBAJICTIO  BHMKOHAaHHA (Y
3arallbHOMy  BHNAAKy —  DpI3HI  TPUBAJIOCTI),  CEpE/HSA
3aBAHTAXCHICTL najae miaa uiei iHcrpykuii Ha 50%. Tpeba
AIIKPECIIUTH TAKOX, W0 NpouecopHi eaemeHtH SIMD-cucrem,
AK  MpaBWIO, MEHIU TNOTYXHi, HDK [POUECOPH, LO
3acTocoByloTbess B MIMD-cuctemax, ane UeH HEROJIK
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KOMIIEHCYETbCA 32 ° PaXyHOK 3HA4yHO OUIbLIOT  KiIbKOCTI
npouecopiB SIMD-cucrem nopiBusino 3 MIMD-cuctemamu.

Y MIMD-cucremax 4acTo MOXHa OOMITUTU (PEHOMEH,
1110 NoJsArae B nporpamMyBanHi 3agau B “SIMD-pexumi”, TobTo
HE BUKOPDHCTOBYETbCS MOXIMBA HE3ANEKHICTb OKPEMHX
npouecopiB. OcOOJIMBO 1lie MOMIYAETHCA, KOJMM 3ajava, Lo
pO3’A3y€TbCA, PO3NOMUIAETLCS MIK  BEIMKOIO  KUILKICTIO
npoiiecopiB, TOOTO KoM MOBa e (PaKTMUHO TPO MACUBHY
napajienbHicTh. biasimceTs npobeMm, Wo AonyckaTs po3noais
ix Ha 100, 1000 abo Ginblue npouecopiB, € ob'ekToM 0OpoOKU
iHpopmauii, ansg gaxoro Oyno 6 gocratHbo npoctol SIMD-
cucremu. g obcraBrHa € OJHUM 3 HAMBATOMILIMX APryMEHTIB
Ha kopucTb SPMD-mopaeni napanensHocTi (same program,
multiple data), ska BUHUKAE BHAC/AOK  3MIlUAHOTO
Bukopuctanis SIMD 1 MIMD B pamkax ofHiei cuctemu (JiuB.
n2.1).

V 3B'3KYy 3 TUM 110 34 3aKOHOM AmJalia, sk yxe Oyio
NOKa3aHO, CPEKTUBHICTL CHIILHO 3aJICKHTL BiA  KUILKOCTI
NpPOoUECOPIB, a 3 IHHOrO OOKY, HE MAe MOXAUBOCTI YHUKHYTH
JAEAKOl  MOCJIOBHOT  Y4CTUHH  NPOrpaMu (K MIHIMYM,
3aAMMIAIOTLC  TIPOTPAMM BBOJIY-BUBOJY  JIdHMX), 10CTaE
MATAHHA: YK AOWIABHO B3arajli BUKOPUCTOBYBATH MapajiciibHy
SIMD-cucremy 3 KisbkicTio npoitecopis noHaz 650007 Sk Oyie
MOKA3aHO HIKYE, IE MATAHHS LIJIKOM PE3OHHE.

SIKILO MOMWIIKOBO 34CTOCYBATH 3akOH AMJlana, 10
MOXHA  OJEepXKaTW HenpaBWibHI  pe3yabTaTv, [0  AKHX
Hacamnepe] TNPU3BOAMTL  CROCIO  mepeliiky  iHCTPYKUiH
(puc.19.4). Y To# yac sk B nporpami A (Hanpukiaj, 8 MIMD-

B § CKAXAD. KoM,
19] Sl%D/ V POKT. EOM
$ KOMaRX J— /
nocAigos ———————
v'N
xomMaHA RN R S S W
L P l'.rN-I

N3pPAAeA
LoBXKHa
BeXTOpa

f, =16 IB =12

Puc. 19.4. Ouinka KIIbKOCTI napaieibHuxX iHCTPYKLH
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nporpami) BIANOBIZHO A0 (QOpMyaM AMpaana BpaxOBYEThCS
KOXHa eJleMeHTapHa onepatlis (Ue aae gakrop f,), B nporpami
B nns SIMD-cuctemMu sik CKajisipHi, Tak 1 BEKTOPHI onepatil
BPAXOBYIOTbCS SIK OJIHA IHCTPYKUis (ue Jae qaxtop f,). Take
BM3HAYCHHA € TPHPOIHUM i SIMD-cuctemn, 60 koxHa
onepauisi, WO TaKk BPaxOBYETbCs, MNOTpeOye MNpPUOIN3HO
0/IHAKOBOI0 Yacy Ha BukoHaHHs. OTxe, MaEMo:

f,~la€ noCAigOBHY 4YacTWHY [POTPaMH BiIHOCHO
KIAbKOCMI eIeMEeHINapHux onepayid.

fy—Aa€ TMOCAIJOBHY YACTHHY MporpamMu BiIOHOCHO
mpueaI0Ccmi 6UKOHAHHA onepayii.

VY npuxaani, noxazanomy Ha puc.19.4, SIMD-nporpama
MOXe MpaLioBaTH napalnelbHO NONOBUHY cBoro vacy ( f, =0,5).
BoaHouac KUIbKICTh MOCHIIOBHO BUKOHYBAHHX €JIEMEHTapHHX
orepaLif NoMiTHO MeHwa, a came f,=1/6. MoxHa BUpa3uTH
3AJEKHICT MK UMMHU ABOMA dakTopamu Hopmyiolo

. Sy
SN 11,

s Toro wob oaepxarty TOUHI AaHi NPOAYKTUBHOCTI,
MOHa 3acTOCYBaTh A KOkHOT SIMD-iHcTpykuil BUpaxeHy y
BIICOTKAX KUIbKICT AKTUBHMX B LM IHCTPYKUii npouecopi
BIJIHOCHO TXHbOI 3araibHOi KiAbkKOCTi: Lie Oyle 4Mcio Mix
HyJIeM (Y BAMaZKy BUKOHAHHS CKanApHOI onepauil B Kepyouii
EOM) Ta oauHuueo (Bunagaok, koav Bci TIE axtusHi). Take
3BAKEHC 33 (PAKTOPOM Yacy CKIa[aHHA BKA3aHUX MPOUEHTHUX |
BEJIMUYMH JIaCTh TOUHIIIY MIpY 3aBaHTaxeHHs napanensHux [1E
NPUKJIAAHOO MPOrpaMoI0, HIXK YHACTE MnepepaxyBaHHA BCiX
(HCTPYKLIIKA.

Ins BU3HAUEHHA NOKa3HMKA NpUckopeHHs (speedup)
SIMD-cucremn moxna nepepaxyBartu T, Ha T, BLINOBIAHO 10
zanuradin: “Ckinbku yacy Oyno 6 morpibHo nocninoBHINM
EOM s BUKOHaHHSA i€l napanenbHoi nporpamMu?”’[Braund
9lal.
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BusznayeHHs:

fy-BUApaXx€Ha Yy BIJCOTKax YacTHHAa CKaJAPHUX
iHcTpykuih SIMD-nporpamu BIAHOCHO 3arajibHOl KiJIbKOCTI
(CKAJIAPHUX | BEKTOPHHUX ) IHCTPYKUI.

MoxHa BBaXaTH iICHTUUHUM 1 TaKE BU3HAUECHHSI
fy' ue eupajdcena y 8I0COMKAX HACMUHA HACY BUKOHAHHSL
NOCAIO0BHUX — Onepayitl  GIOHOCHO — 3A2GJAbHOI  NMIPUBANOCI
BUKOHAHMS NAPATIeNbHOL NPOZPAMU.

[lepepaxyHox s MoCAiJ0OBHOTO BUKOHAHHS
napajelbHol NporpamMu 34IHCHIOETheS 32 POPMYIIOO

TI :flf*TN +(]*fls)*N*TN

TTokaszunk npuckopeHns (speedup) 3a  HE3MIHHOI
KibkocTl npouecopiB N jlicTaHeMO Y BUIJIsi

, T . .
‘SN :77":.]‘}: +(1’./H)*N
T,

Hpuxnanz BacCTOCYBAaHHS LUEBEOI'O BMiHEHOoIro BaxKOHY

l. e uuoBa cucrema mae 1000 npouecopis.
e [lIporpama Mae MaKCHMaJIbHUH
posnapanesoBaHHs 1000.

o 0, % nporpamu (B SIMD-obuncacnni) mae
BUKOHYBATUCS MOCHiA0BHO, TOOTO f, =1/1000.
PospaxyHok nokastuka npuckopeHis (speedup) jac

NMOKA3HHUK

8,00 = 0.001+ (1 - 0.001)*1000 = 999

Y uboMy BUMAJIKY AOCAra€TbCS MPUCKOPEHHS, Oiu3lbke
J0 TEOPETHYHO MAKCUMaJlbHO MOXauBoro (K, =100%).
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Takuit xe pe3yabTat oaepxyemo i 3a ¢popmysoro Amaana 3
BIANOBIAHHUM f,:

~ £ ~ 0.001 10
N*(1= f)+ f, 1000*(1-0.001)+0.001 '

/s

IlokazHuk npuckopeHHs 3a Gopmyio Amaena:
1000

S = =
0 4 10*(1000 - 1)

.

2. e [{inbora cucrema mae 1000 npouecopis
o [Iporpama Maec  MakchMallbHUH  MOKAa3HHMK
posnapasnentoBadis 1000
e 10% nporpamu ( B SIMD-00umncieHH]) MawTb
BHUKOHYBAaTHCA NOCHIA0BHO, TobTO f, =0,1.

Po3paxyHok nokasHuka npuckopeHHs (speedup) aae

Si000 = 0,1+0,9*1000 = 900.

He3Baxalouu Ha MOMITHO BEJIMKY MOCHIAOBHY 4aCTHHY
SIMD-nporpamu JOCATAETHCH 90% MAKCUMAaJIbHOTO
NPUCKOPEHHs!!

HasBeneni TyT MiIpKyBaHHS CrpsiMOBaHI HA JEAKY YiTKO
oKpeciieHy npodseMy (3 BIANOBIAHO BEIWMKUM MAKCMMANbHUM
MOKa3HUKOM pO3MNapaleltoBaHHs) 1 Ha 3ajlaHy HE3MiHHY
KUIbKICT TPOLECOPHMX €JIEMEHTIB: Hi pO3Mipu 3ajaui, Hi
KiJIbKICTL TIPOLIECOPIB HE 3MIiHIOIOTHCS, MPOBOAUTHLCS TUIbKH
NOPIBHSAHHA 3 TMOCIIAOBHOIO CUCTEMOW. Y BHUMNAJKY, KOJIH
3MIHIOEThCst KinbKicTh TTE B npoueci BUKOHaHHsS nporpamu,
OLIIHUTH, SK 3MIHIOETHCS TMPH 1LIbOMY MOKA3HWK TMPUCKOPEHHS
(speedup), 3a HaBegeHOIO popmysow At S, HEMOXIHBO, 60
BOHa Oazyerbea Ha napamerpi 7, ! 30inblueHHs Kinbkocti [TE
He npuBesno 06 A0 WBMAILOIO BUKOHAHHS Tiel camoi SIMD-
nporpamu B obGnacti N>P, , (xiabkicts T1E. 6inbua abo
MAaKCHUMaJIbHOMY MOKA3HHUKY SIMD-
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po3napanesntoBanHs), 60 ui aogatkosi I1E Oynu 6 3aiiBumu i
3anuuianucs 6u HeakTuBHUMHK. OOGuucnuBium Bei 7, ae 1<i<N,

MO>KH4 3HAWTH BIANOBIAHI NOKA3HUKH MPHUCKOPEHHS S, :

N*T
T = f,Ty +(1- f;)* i” :
s=L.
T

/

1[vm BenuuMHaM BiANOBIZAIOTL rpadiku Ha puc. 19.1.

Hagenena puuie dopmyna aas S, BUKOPHUCTaHa B MpaLi
[Gustafson 88] mas excTpanonsiiii TpuBasoCTeil BHKOHAHHS
maclTaboBaHMUX BapiaHTIB NMpobrneMy 3 MiHIHHUM MaclTabHUM
xoeddiuieHrom (Skaleup) i Bu3Hauena sk “scaled speedup”
(MOKa3HUK NMPUCKOPEHHA, NOB’A3aHUH 3 Mmacuwitabamu 3apay),
IO Jerko BBOJWMTb B OMaHy: TYT Oyiam AOCHiDKEHI 4acoBi
NOKa3HUKY Pi3HMX 32 MacluTabaMu BapiaHTIB MPOrpaMu (J4B.
n.19.2) i o6paxoBaHi NMOKa3HWKW NMPUCKOPEHHS BIAHOCHO WHX
BapiaHTiB. Bys0 TakOX NpUHAHATO, WO MOC/IJOBHA YacTHHA (3a
dopMysolw Amaana) AesKol “peanicTU4HOI” mporpaMu npu ii
MaciuTabyBaHHI 3aJMIIAETLCA MMOCTIHHOWD, a 30inbluyeTbhes
- nuuie napanenbHa vactuHa. IlpoTe 3a BHM3HAYEHHSIM LE €
TOYHICEHbKO KJlaC nporpam 3 JIHIAHWM  MOKAa3HUKOM
macuitabHocti  (scaleup), TOOTO AN HBLOrO CnpaBeAnyBa
bopmyna

T,(A)=T, *n(K* 4)

A€ k — uKcno, Ake rnokasye, ulo B k pasis OinbLuMii BapiaHT
MPOrpaMH BHKOHYETbCA B k pa3iB  OUIbIIO  KiIBKICTIO
MPOLIECOPIB 34 TOM XE vac.

Kpim TOro, 3aBX/1 BUKOHYETHCA yMOBA:

T,(k*A)=k*T(4) - nporpama, Oinrplna B k pa3sis,
noTpebye npY BUKOHAHHI Ha OJHOMY TNpoLecopli B k pa3iB
6inbiue yacy.

3 ui€i nepeaymMoBu, TOOTO 3 1ILOrO OOMEXEHOTO KIacy
3a/1a4, BMIUIMBAE, NPUPOAHO, NiHIMHWA NPUPICT noKa3HMKa
“scaled speedup”:

224

Tkt KT

Sew k¥ A) _ Ton *k*A) _ T (k3 4) _ k*T,(4) _,
s{ LA LA T ktA)
T(d) T4

19.4.0uiHka BeJIMYMH NPOAYKTUBHOCTI

Yei 06e3  BHHATKY  jaHi. WO  XapaKTEepU3YIOThb
NPOJYKTUBHICTb  MapajieflbHUX  OOUYMCHIOBAIbHUX  CUCTEM,
MalOTb B TIPUHLUMI PO3THAAATHCA KPHTHYHO. g Uboro e
WLAWH PSIL TPHUYMH.

e TaKi X4paKTEPUCTHUKM MPOJAYKTUBHOCTI, AK NMOKAZHHK
npuckopeHHs (speedup) 1 MnOKazHUK wmacwTabHOCTI
(scaleup),  3aBxaAH NOB'A3aHI 3 KOHKPETHHM
3ACTOCYBAHHAM  [ApaiefpHHUx  cucTtem,To0To Ui
MOKA3HWUKKA  CMPABC/UIMBI  TUILKM  Juis  JaHOIO
CNEUIAIBLHOTO 3aCTOCYBAHHS 1 JIYXKE YMOBHO MOXYTL
OYTH NOILKMPEH] HA THILT MOCTAHOBKK 3a/1dY.

o [lokazHUK npHCKOpeHHs (Speedup) AesKOol nporpaMu
CTOCYETLCS OJHOTO OKPEMOTO MPOLLCOpPa NapajesibHol
chcremu, ane B SIMD-cucremax npouecopti efieMeH,
K MPaBWIO, MAOTh 3HAUMO MCHUIY MOTYXHICTb, HIX
nopiBHioBaHi MIMD-npouccopn, 1110 Moxe jatn Ha
NOPSAoK, a TO i OUIblUE, PI3HULIIO B OLIIHKAX IWBHAKOCTI.

o 34BAHTAXKEHHS NAPAJCIibHMX NpoUECcopIB - Ue
rojgopHa mera B MIMD-cucremax. Y SIMD-cucremax
Us MeTa He ¢ TAKOKW X BaXJIMBOIO, OO HEAKTUBHI
NpoLEcOprH He MOXYTbh OyTM BUKOPHUCTAHI 1HWHUMHM
3ajlauaMu. He3Baxcalouu Ha 11, NMOKa3HUK NPUCKOPEHHA
OOUMCIIOETBCA  3AMEKHO  BiJl  XAPAKTEPUCTHKM
3aBantaxeHHda. Sxuio SIMD-nporpama sikuMch YMHOM
cnpobye “BkaouHTH B poboTy” HermotpibHi ITIE
(3€KOHOMHUTH HenoTpiOHy onepauito ABHOI'O
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BukmovaHHa [1E), To gaHi 3aBanHTaXeHHs, a 3 HUMH |
MOKA3HWUKK  TMPUCKOPEHHA.  CTAHYTb  HEAIMCHUMH.
IlapanesbHa nporpama B HbOMY Banaiky Oyae MeHiU
e(eKTUBHOO, HIX 3a PE3y/NbTaTaMH TECTYBAHHA.

e Jlani npoayktuBHocti B MIPS (miflion instructions .
per second) abo MFLOPS (million flacting point

operations per second) Majio PO WO rOBOPSTHL, 60 A

TOro, wob IX oAepXaTH. BHKOHYIOTHCH HAMIIBUILLL

onepauii Haa UUIMMH  yucaamu  abo  uucnamu 3

nadBaroyolo  komolo. Hanpuknag, ska npobGnema

noTpedye 8ukaOYHO BEKTOPHOT Onepallii JoAaBaHHs, WO

€ OCHOBOIO ISl [JAHWMX MPOAYKTUBHOCTI, SiKi HABOAUTH

bipMa-BUpoOHHK  OOuMcIIOBANIbHOI  cucTeMH?  Mix
{HILKM, B MOAIOHMX NAHWX HEMAC XOAHOIO HATAKY Ha
IUBUAKICTL OOMIHY JlaHuMu, TTakeTh Ansi NOPIBHAHHOTO
AHA3Y NPOJAYKTUBHOCTI TakuxX nociiioBunux EOM, sk
Linpack,  Whetstone,  Dhrystone  a6o  SPEC
Benchmarks, ns napaneibHux CHCTEM 4acTo  He
MOXYTb OyTH 3acTocoBaHi. Etanosni TecTy cneuianibHo
JUIf mapanenbHuX  cucrem  nepedysaloTh B CTall
pO3pobKH.

e Haapmi wmoBM fporpaMmyBaHHs BHCOKOTO PiBHA
HailvacTitie HE  MOXYTb  BUKODPHMCTOBYBaTH  BCl
MOTCHUIMHI  MOXJIMBOCTI  ANdpaTypy  fapanelibHux
cucreM. Ilng  JocsarHeHHs JekaapoBanux  dipmamu-
BUPOOHUKAMM AdHWX NPO/AYKTHBHOCTI 4acTO BUHMKAE
notpeba B MpPOrpaMyBaHHI HAa HMXKYOMY  PIBHI
(acembnep) abo y  BMKOPHUCTAHHI MalIMHHO-
cnetrdiunnx 6ibnioTeunyx nignporpam.

e [lopiBHIOIOUM CHUCTEMHU PI3HUX TUNIB, HAMPUKIA]
NapanecibHl  CUCTEMH 3 CHCTEMAMM MAPANEibHOIrO
obcnyroByBanus — pabounx  micus  (Workstation),
OUIHIOIOTb 3apa3oM  BIAMOBIAHI KOMOULIT 3 MOB
NPOrpaMyBaHHs 1 CUCTEM BBOAY-BMBOAY JiaHux. B

NPUHLMAI TYT MOXYThb MOPIBHIOBATUCS TUIbKU BllaCHE
TPMBAJIOCTI BUKOHAaHHS NpOrpam (4ac LEHTPajJbHOro
apouecopHoro Giaoka, CPU time, abo Takox
ACTPOHOMIYHMI 4ac OJHOTO KOPUCTYBaua BIJ fOYATKY
006pobKKH Nporpamy 1o Moro 3akiHueHHs, elapsed time).

o JlopiBHIOIOUM napajeiabHy CUCTEMY (HANpUKiIajg,
BEKTOPHY) 3 JEAKOK MOCTIJOBHONK (CKalspHOK), He
000B'I3K0BO AOUIBHO 34CTOCORYBATH IBa Pa3v OAUH i
TOW K€ AIrOpuUTM (B rapaieibHil 1 8 NOCIIOBHIH
Bepeiax). Hanmpuknan, OETS-anropurm - ue THnonuit
AJIropuT™ coptyBaHHs ans SIMD-cuctem (aumB. 11.15.4),
ane aas nocaigosunx  EOM  waliedexkTHBHILIUM - €
anroput™ Quicksort — B ycskomy pasi Quicksort He
MOKE OyTH Tak Mpocro nepesejeHuil B eheKTUBHY
napaienpHy nporpamy st SIMD-cucrem. TTopiHsist
“OETS-napaneasporo™ 1 “OETS-nocaigosroro”™ anro-
PATMIB  d€  XOPOIL  BCAMUHIM  JIisl  [APaNCHLHOT
CHCTEMHM, alle BOHO HC MAC MPAKTHUHOTO  Fiy3/y!
3anMacTbCa DL MUTAHHAM  JOUUILIICTL TOPIBHSTS
“OETS-napanenabruii” “Quicksort-nocioBHnii”
(400 B3aArdjli MOPIBHSHHS MAPANCIALHOTO aNlI'OPHIMA 3
HAMWBUAWMM  BLUIOMHM  CLOPOJE  MTOCIUIOBHNM
AJTOPUTMOM 4718 TI€! K npobiiemit). Lle Birsnauenis xou
| € CYTTEBUM UL NIPAKTHWIONO BXKHBAIIS (HANPHKIAL, 3
TOUKI  30Py  MOTEHLUIHHOIO  BJIACHHKA  1TAPASICHBLIIOT
CHCTEMHU), OHAYE PE3YJIbTaTH NopiBLsiis Oyim 6 noTim
TIPH MCBHMX YMOBAX DHAAQNT YACOBHM 3MIHAM,

Buipasu ;1o posaiay IV

o 3naifjurh vel 3aJIeKHOCHT JJaHHX B HOCLOBHOCT]

THCTPYKIHI:

S A:=B+C;
S7: B:=A+C:
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S3: D:=B*C-2;
S4: A:=B/C

2. Bukonaiite Taki 3aBAaHHs LI dparMenTa nporpamu,
11{0 HaBEACHA HUXKYE:

a) 3HAAITL YCl 3aAEXKHOCTI JJAHUX 3 HANPSIMKaMU;

0) BUBEMITD 13 3aNEKHOCTEM JaHUX BiAMOBIJIHI NPaBUia;

B) BekTOpu3yiTe LMkad B 3anucax Doprtpan-90 ans
Jesikoi BekTopHoi EOM.

fori:=2 ton-1 do
AYH Ail:=Bli}+Cli};
S B[i-1}:=2"D[i]+1,
Si: Cli:=A[i]+8Bli];
Sq Efi}:=Ali+1}/7,
end;

3. Bukouaiire Taxi 3aBaauHs st pparMeHta nporpamu,
11O HABEACHUH HUXUeE:

A)3HANAITD YCI 3a7EKHOCT] JIAHUX 3 HANIPSIMKAMM;,

O)BHALNITE  TI  3ajexHocTri, saki  MalTh  OyTu
CUHXPOHI30BAHHUMU;

B) posnapasnelibre UuKan jpis aeskot MIMD-cuctemu (y
ncero3anucax “doacross”). CnpoOyite npu ULOMY JOCHITH
MaKCUMaJIbHOI napajenbHocT!

fori=5tondo
S Ali-1]:= 2*Bli}+3;
S Bli] :=2*Dfi|+1;
S3: Eli] = E[i}+5;
Sq Cli] := Ali+D[i};
end;

4. BukoHaiiTe Taki 3aBAanHs ans GparMenTa nporpam,
10 HABECHUN HUXKYe:

a) 3HANAITH yCl 3aJIeXHOCTI JaHKX 3 HANPAMKAMHU ;
0) BUBEAITH i3 KOXKHOT 3aJ1eKHOCTI BiJNOBiAHE NPABUIIO;
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B) BEKTOpU3YyiiTe UMKIM HAa MOBi ®Poprtpan-90 (sxuio
MOKINBO).

fori:=5tondo
S1: Ali] .= B[i}+D[i+1];
S2: B[i] := D{i-1]+1;
S3: Cli} := A[i-1]+B[i+1];
S4: Dfi] := 15;

end;

S. BukoHalite Taki 3aBAaHHA 11 pparMeHTa rporpamu,
1110 HaBEAEHHI HUXKYE:
a) 3HaiIITh BCi 3a/IEXKHOCTI AAHMX 3 HAMIPAMKaMHU;
0) BUBEAITb 3 KOXHOT 3aJIEKHOCTI BiIMOBIIHE MTPABUIIO;
B) BeKTopu3yiTe UMKIM Ha MoBI DoprtpaH-90 (sxuio
MOXIJIUBO).
fori:=5tondo

AE Ali] := B[i]+D[i+1};
Sa: B[i] := D[i-1]+1;
S3: Cli) := Ali-1]+Ali+1];
Sa: Dfi] := 185;

end;

6. BukoHaiite Taki 3aBaaHHa JUis pparMeHTa nporpamu,
1110 HABEJICHUI HMKYeE:

a)3HaliITh YCi 3aJIEKHOCT] JaHUX;

0)po3napaienbTe 30BHILIHIA LMKka (Y nceBao3anucax
“doacross”) ans MIMD-cucremun. CnpoOyiite npu LbOMY
JOCATTH  MaKCUMaibHOI mnapanenbHocTi! (BHyTpiWwHIA uuki
3aJIMIIAETHCS HE3MIHHUM), _

B)BEKTOPU3YHTE BHYTPIllIHIM LMK (Ha MoBi PopTpaH-
90) ansa SIMD-cucremu. (30BHILHIA LUK 3aJiMIIAECTLCA
HE3MIHHUM).

7. IlobypyiitTe CUHXpOHHO MapasieibHUA oOnepaTop

" peaykuii JUis HempoiueaypHOi MOBM nporpamyBaHHs FP.

Po3ainiTh AJjis UbOro CUCOK apryMEHTIB Ha ABI YaCTHHM, IUIA
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AKMX PEKypCMBHO MapalelbHO BMKIMKAETbCS  Ofepaliis
peiaykuii. Peaykuis n €NEMEHTIB  Mae  BUKOHYBATHUCH
BIPOAOAOBK 4acy log,n (32 [OCTATHLOl  KUILKOCTI
fpoLIECOPIB).

8. TlapanenbHa nporpama Ma€ BUKOHYBATHCS Ha
MIMD-cuctemi 3 100 npouecopamu, 3% BCIX KOMaHJI NpH
NpoOXoji  MOporpamMM  MapTb  BHUKOHYBATMCS  MNOCHIJIOBHO
(HanpukKiaa, BHaC1i10K CHHXPOHI3aLil, BBOAY-BUBOJY TOLLO), &
peluTa MOXe BHKOHYBATHUCH NapasiejibHO Ha BCIX Tpollecopax.
Slke 3HaueHHS Ma€ TMOKa3HWK MNpHCKopeHHst (speedup) uiel
NporpamMu Ha obpaHiil oGuuctoBanbHIA cuctemi?

9. [leska napajenbHa nporpama, wo mae 10-BIACOTKOBY
MOCAIIOBHY 4aCcTUHY, Ma€ BUKOHyBaThcs Ha MIMD-cucremi.
Un  icHye AeAKHH  MAKCUMAajbHO  MOMXIMBUW  MOKA3ZHHUK
npuckoperns (speedup), HE3ANEKHUN BiJL KLTBKOCTI MPOLECOPIB
cucremu?

10. TapasnesibHa NporpamMa  Mae BUKOHYBATHCH Ha
MIMD-cucremi 3 100 npouiecopamu, ojiHaue:

2% BCiX KOMaHJ TPWU NPOXOji NPOrpamMu  MaloTh
BUKOHYBATHCH MOCTIAOBHO;

20% BCIX KOMaH/{ MOXYTb BMKOHYBATUCb THIbKKM Ha 50
NPOLECOPAX.

SIke 3HAYeHHs Mae MNoKa3HUK MpuckopenHs (speedup)
LI€T NporpaMu Juist JLIAHOI NApanesibHOT CUCTEMU?

11. MMapasnenbHa nporpama mae BukonyBaTucs B SIMD-
cucremi, o Mae 10000 npouecopHUX €J1IEMEHTIB, OjJIHAYE BOHA
MICTHTL NPU BMKOHAHHI 20% ckajisipHUX KOMaH/ (HAfIpUKan,
uyepes nepejady jAaHux o uenrpaibioi EOM). Pewrra - ne
BEKTOPHI KOMAHAM, 5Kl BUKOHYIOTbCS Ha Bcix T1E. Ske
3HAYEHHS Mde€  TOKa3HMK TpUcKopeHHst (speedup)  wiel
AporpaMy Ha JaHiil napanenbHii cuctemi?
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12. TlapanenbHa nporpama BHUKOHYETbCS Ha SIMD-
cuctemi, wo wmae 10000 TIE. 3amipu nokasywoTb, WO B
cepenHbomy Bci IIE  Oynu  akTvBHMMH BOpomoBx  30%
3arajpbHOl TPUBAJIOCT! BUKOHAHHS MPOrpaMu, a peury 4acy
OynM HEAKTMBHMMM (HANPUKJIAA, 4YE€pe3 IHCTPYKUil TUny IF-
THEN-ELSE).

Slke 3HayeHHs Ma€ [OKA3HUK MPUCKOPEHHS  Ui€l
NporpaMu Ha JaHii napanenbHii cucteMi?

13. IlapanenbHa nporpama Ma€ BUKOHYBaTHCA Ha
SIMD-cucremi, wo mae 100000 ITE, oanaue:

20% BCIX BHMKOHYBAHMX IHCTPYKUIH € CKaJsspHUMM
KOMaHAaMU;

10% BCiX IHCTPYKLIN MOXYTb BUKOHYBATHCSl BEKTOPHO
TinbkH Ha 100 npouecopax;

40% BCIX THCTPYKLIH MOXYTb BUKOHYBATHCh BEKTOPHO
Tiibku Ha 50000 npolecopis;

peliTa IHCTPYKUIH MOXE BHUKOHYBATHCS BEKTOPHO . HA
Beix T1E.

Ske 3HAYEHHA MAa€ TMOKA3HMK NPUCKOPCHHSA L€l
MporpamMu Ha jlaHil napanenbHid cncreMi?



Cnncok BUKOPUCTAHOI JTiTepaTypu

[Ahuja, Carriero, Gelernter 86] S.Ahuja, N.Carriero,
D.Gelernter, Linda and Friends, IEEE
Computer,vol.19,n0 8, Aug.1986,pp.26-34 (9)

[Akl 89] S.AKl, The Design and Analysis of Parallel
Algorithms, Prentice-Hall, International Editions,
Englewood Cliffs NJ, 1989

[Almasi, Cottlieb 89] G.Almasi, A.Cottlieb, Highly Parallel
Computing, Redwood City CA, 1989

[Amdahl 67) G.Amdahl, Validity of the Single-Processor
Approach to Achieving Large Scale Computing
Capabilities, AFIPS Conference Proceedings, vol.
30, Atlantic City NJ, Apr. 1967, pp. 483-485(3)

[Arbib 87]  M.Abrib, Brains, Machines, and Mathematics,
Second Edition, Springer-Verlad, Berlin
Heidelberg New York, 1987

[Babb 89]  R.Babb (Ed.), Programming Parallel Processors,
Addison-Wesley, Reading MA,1989

[Backus 78] J.Backus, Can programming be liberated from the
won Neumann style? A functional style and its
algebra of programs, Communications of the
ACM, vol.21, no.8, Aug.1978, pp.613-641 (29)

[Barth, Briaunl, Engelhardt, Sembach 92] [.Barth, T.Braunl,
S.Engelhard, F.Sembach, Parallaxis Version 2
User Manual, Second Edition, Computer Science
Report, n0.2/92, Universitit Stuttgart, Feb.1992,
pp. (110)

342

[Baumgarten 90] B.Baumgarten, Petri-Neize Grundlugen  und
Anwendungen, Bl Wissenschaftsverlag,
Mannheim Wien Ziirich,1990

{Breizer 90]  B. Breizer, Software Testing Technigues, Second
Edition. Van Nostrand Reinhold, New York NY,
1990

{Ben-Ari 82] M.Ben-Ari. Principles of Concurrent
Programming, Prentice-Hall International,
Englewood Cliffs NJ, 1982

{Black 87] U.Black, Data Communications and Distributed
Networks, Second Edition, Prentice-Hall,
Englewood Cliffs NJ, 1987

[Blasgen, Gray, Mitoma, Price 79] M.Blasgen, J.Gray,
M.Mitoma, T.Price, The Convoy Phenomenon,
ACM Operating Systems Review, vol.13, no.2,
April 1979 pp. 20-25 (6)

[Briunl, Hinkel, von Puttkamer 86] T.Briunl, R.Hinkel, E.von
Puttkamer, Konzepte der  Programumiersprache
Modula-P, Interner Bericht Nr.158/86,Universitit
Kaiserslautern,1986

[Braunl 89]  T.Braunl, Structured SIMD Programming in
Parallaxis, Structured Programming, vol. 10,
no.3, Juli, 1989, pp.121-132 (12)

[Braunl 90) T.Braunl, Massiv parallele Programmierung mit
dem Parallaxis-Modell, Springer-Verlag, Berlin
Heidelberg New York, Informatik-Fachberichte
Nr.246, 1990

[Briunl 91a] T.Brdaunl, Braun!’s Law, IEEE Computer, The
Open Channel, vol.24, no.8, Aug.1991, pp.120 (1)
343



[Braunl 91b] T.Briunl, Designing Massively Parallel Algorithms
with Parallaxis, Proceedings of the 15th Annual
International Computer Softwar &Applications
Conference, compas91, Sep.1991, pp.612-617 (6)

[Braunl, Norz 92] T.Brdunl, R.Norz, Modulu-P User Manual,
Computer Science Report, n0.5/92, Universitit
Stuttgart, August 1992

[Brinch Hansen 75] P.Brinch Hansen, The Programming
Language Concurrent Pascal, IEEE Transcations
on Software Engineering, vol.1, no.2, Juni 1975,
pp-199-207 (9)

[Brinch Hansen 77) P.Brinch Hansen, The Architecture of
Concurrent Programs, Prentice-Hall, Englewood
Chiffs NJ, 1977, (auf Deutsch: Konstruction von
Mehrprozefprogrammen, Oldenbourg Verlag,
1981)

[Carriero. Gelenter 89] N.Carriero, D.Gelenter, How to Write
Parallel Programs: A Guide to the Perplexed,
ACM Computing Surveys, vol.21, no.3, Sep,
1989, pp.323-357 (35)

[Chamberlin, Boyce 74] D.Chamberlin, r.Boyce, SEQUEL: A
Structured Lnglish Query Language, Proc. 1974
ACM SIGMOD Workshop on Data Description,
Access and Control, Mai 1974

[Chandy, Misra 88] K.M.Chandy, J.Misra, Parallel Pragram
Design, Addison-Wesley, Reading MA, 1988

|Chen,Doolen Matthacus 911 S.Chen, G.Doolen, W.Matthacus,
Lattice Gas Automata for Simple and Complex

344

Fluids. Journal of Statistical Physics, vol.64,
no.5/6, 1991, pp.1133-1162 (30)

[Clos 53] 'C.Clos,4 Study of Nonblocking Switching
Networks, Bell System Technical Journal, vol.32,
no.2, 1953, pp.406-424 (19)

[Coffman, Elphick, Soshani 71] E.Coffman, M.Elphick,
A.Soshani, System Deadlocks, ACM Computing
Surveys, vol.3, 1971, pp.67-68 (12)

[Conway 63] M.Conway. A Multipracessor System Design,
Proceedings of the AFIPS Fall Joint Conference,
1963, pp.139-146 (8)

[Coulouris, Doilimore 88] G.Coulouris, J.Dollimore,
Distributed Systems Concepts and Design,
International Computer Science Series, Addision-
Wesley, Reading MA 1988

[Courtois, Heymans, Parnas 71] P.Courtois, F.Heymans,
D.Parnas, Concurrent Control with ‘Reades’ and
‘Writers’, Communications of the ACM, vol.14,
no.10, Okt.1971, pp.667-668 (2)

[Date 86) C.Date, An Introduction to Database Systems
(2vols.) Addison-Wesley, Reading MA, 1986

[Dennis, Van Horn 66] J.Dennis, E.Van Horn, Programming
Semantics for Multiprogrammed Computations,
Communications of the ACM, vol.9, no.3, Marz
1966, pp.143-155 (13)

[Dijkstra 65] E.Dijkstra, Cooperating Sequential Processes,
Technical Report EWD-123, Technisch
Universitit Eindhoven, 1965, (auch enthalten in
[Genuys 68])

345



[Doolen 90] G.Doolen (Ed.), Lattice Gas Methods for Partial
: Differential Equations, Addison-Wesley, Reading
MA, 1990

[Eisenbach 87] S.Eisenbach (Ed.), Functional Programming
languages, tools and architectures, Ellis
Horwood, Chichester England, 1987

[Eisenberg, McGuire 72] M Eisenberg. M .McGuire, Furher
Comments on Dijkstra’s Concurrent
Programming Control Problem, Communications
of the ACM. vol.15, no. 11, Nov.1972, pp.999 (1)

[Fisher 84]  J.Fisher, The VLIW Muchine: A Multiprocessor
for Compiling Scientific Code, IEEE Computer,
vol.17, no.7, Juli 1984, pp.37-47 (11

[Flynn 66]  M.Flynn, Very High Speed Computing Sysicms,

Proceedings of the IEELE, vol.54, 19606, pp.1901-
1990 (9)

[Fox, Hiranandani, Kennedy, Kocelbel, Kremer, Tseng, Wu 91}
G.Kennedy, S.Haranandani, K.Kennedy,
C.Koelbel, U.Kremer, C. Tseng, M.Wu, Foriran
D Language Specification, Technical Report,
Rice University, HoustonTX, April 1991, pp.(37)

[Gehani, McGettrick 88] N.Gehani, A.McGettrick (Eds.),
Concurrent Programming, Addison-Wesley,
International Computer Science Series, Reading
MA, 1988

[Genuys 68] F.Genuys (Ed.), Programming Languages,
Academic Press, London, 1968

346

{Gibbons, Rytter 88] A.Gibbons, W,Ryttér, Efficient Parallel
Algorithms, Cambridge University Press,
Cambridge England. 1988

[Gonauser, Mrva 89] M.Gonauser, M.Mrva (Eds.),
Multiprozessor-Systeme, Springer-Verlag, Berlin
Heidelberg New York, 1989

[Goscmskl 91] A. Goscinski, Distributed Operation Systems The
Logical Design, Addision-Wesley, Reading MA,
1991

[Gray, Reuter 92] J.Gray, A.Rauter, Transaction Processing:
Concepts and Tehniques, Morgan Kaufmann,
Los Altos CA, 1992

[Gustafson 88] J.Gustafson, Reevaluating Amdahl’s Law,
Communications of the ACM, Technical Note,
vol.31, no.5, Mai 1988, pp.532-533 (2)

[Habermann 76] A.N.Habermann, Introduction to Operating
System Design, Science Research Associates Inc./
IBM, SRA Computer Science Series, Chicago,
1976

[Hecht-Nielsen 90] R.Hecht-Nielsen, Neurocomputing,
Addison-Wesley, Reading MA, 1990

[Hillis 85] W.D.Hillis, The Connection Machine,
Ph.D.Thesis, MIT-Press, Cambridge MA,1985

[Hoare 74]  C.A.R.Hoare, Monitors: An Operating System

Structuring Concept, Communications of the
ACM, vol.17, no.10, Okt. 1974, pp.549-557 (9)

347



[Hoare 78]  C.A.R.Hoare, Communicating Sequential
Processes, Communications of the ACM, vol.21,
no.8, Aug. 1978, pp.666-667

[Hoare 85] C.A.R.Hoare, Communicating Sequential
Processes, Printice Hall, International Series in
Computer Science, Englewood Cliffs NJ, 1985

[Hockney, Jesshope 88) R.Hockney, C.Jesshope, Parallel
Computer 2, Second Edition, Adam Hilger IOP
Publishing Ltd.. Bristol, 1988

[Hopcroft, Ullman 69] J.Hopcroft, J.Ullman, Formal
Languages and their Relation 1o Automata,
Addison-Wesley, Reading MA, 1969

[Hudak, Wadler 90] P.Hudak, P. Wadler (Eds.), Report on the
Programming Language Haskell, a Non-strict
Purely Functional Language (Version 1.0),
Technical Report no. YALEU/DCS/RR777, Yale
University, Department of Computer Science,
April 1990

[Hwang, Briggs 84] K.Hwang, F.Briggs, Computer Architecture
and Parallel Processing, McGraw-Hill, New
York, 1984 ‘

[Hwang, DeGroot 89] K.Hwang, D.DeGroot (Eds.), Parallel
Processing for Supercomputers & Artificial
Intelligence, McGraw-Hill, New York, 1989

[Inmos 84] Inmos Limited, occam Programming Manual,
Prentice Hall International, Englewood Cliffs NJ,
1984

[Iverson 62) K.E.lverson, 4 Programming Language, Wiley,
New York, 1962

24R

[JaJa 92] J.JaJa, An Introduction to Parallel Algorithms,
Addison-Wesley,Reading MA,1992

[Julesz 60]  B.Julesz, Binocular Depth Perception of
Computer Generated Patterns, Bell Systems
Technical Journal, no.38, 1960, pp.1001-1020 (20)

[Julesz 78]  B.Julesz, Cooperative Phenomena in Binocular
Depth Perception, Sensory Physiology, no.8§,
1978, pp.215-252 (38)

[Kernighan, Pike 84] B.Kernighan, R.Pike, The Unix
Programming Environment, Prentice-Hall,
Englewood Cliffs NJ, 1984

[Kober 88)  R.Kober, Parallelrechner-Architekturen.
Springer-Verlag, Berlin Heidelberg New York,
1988

[Kohonen 82] T.Kohonen, Self-Organized Formation of
Topologically Correct Feature Maps, Biological
Cybernetics, no.43, 1982, pp.59-69 (11)

[Krishnamurthy 89] E.V Krishnamurthy, Parallel Processing
and Practice, Addison-Wesley, Reading MA,1989

[Kuck, Kuhn, Leasure, Wolfe 80] D.Kuck, R.Kuhn, B.Leasure,
M. Wolfe, The Structure of an Advanced
Vektorizer for Pipelined Processors, Proceedings
of the 4th International Computer Softwar and
Applications Conference, compsac80, Chicago
IL, Okt.1980, pp.709-715 (7)

[Kung, Leiserson 79] H.T.Kung, C.E.Leiserson, Systolic
Arrays (for VLSI), Sparse Matrix Proceedings
78, Academic Press, Orlando FL, 1979, pp.256-

349



282 (27), (ebenfalls enthalten in [Mead, Conway
80])

(Kung, Lo, Jean, Hwang 87] S.Kung, S.L.o, S.Jean, J.Hwang,
Wavefront Array Processors — Concept 1o
Implementation, IEEE Computer, vol.20, no.7,
Juli 1987, pp.18-33 (i6)

[Kurfe 911 F.Kurfep, Parallelism in Logic, Vieweg
Verlagsgesellschatt, Artificial Intelligence Series,
Braunschweig, 1991

[Leiserson 85] C.Leiserson, Fat-Trees: Universal Networks for
Hardware-Efficient Supercomputing, IEEE
Transactions on Computers, vol.C-34, no.10,
Okt.1985, pp.892-901 (10)

[Lewis 911 T.Lewis, Data parallel computing: An alternative for
the 1990s, IEEE Computer, Viewpoints, vol.24,
no.9, Sep.1991, pp.110-111 (2)

[MasPar 91] MasPar Computer Corporation, MasPar
Programming Language ( ANSI C compatible
MPIL. ) User Guide, Software Version 2.2 ,
MasPar System Documentation, DPN 9302-
0101, Dec.1991

[McCulloch, Pitts 43] W.McCulloch, W.Pitts, 4 logical Calculus

of the Ideas immanent in Nervous Activity,
Bulletin of Mathematical Biopysiology, no.5,

[Metcalf. Reid 90] M.Metcalf, J.Reid, Fortran 90 Explained,
Oxford New York Tokyo, 1990

IMinsky. Papert 69] M.Minsky. S.Papert, Perceptrons. MIT
Press. Cambridge MA,1969

[Mujtaba, Goldman 81] S.Mujtaba. R.Goldman, AL
Users’Manual, Third Edition, Stanford Artificial
Intelligence Laboratory Report, Stanford
University, Dez, 1981

[Nehmer 85] J.Nehmer. Sofiwaretechnik fur verteilte Systeme,
Springer-Verlag, Berlin Heidelberg New York.
1985 '

{Parkinson, Litt 90] D.Parkinson, J.Litt (Eds.), Massively
Parallel Computing with the DAP, Pitman
Publishing, London, and the MIT Press,
Cambridge MA, 1990

[Peitgen, Saupe 88] H.O.Peitgen, D.Saupe (Eds.), The Science
of Fractal Images, Springer-Verlag, Berlin
Heidelberg New York, 1988

[Perrot 87] R.Perrot, Parallel Programming, Addison-
Wesley, Reading MA, 1987

[Peterson J. 81] J.Peterson, Petri Net Theory and the Modeling
of Systems, Prentice-Hall, Englewood Cliffs NJ,
(981

{Peterson G. 81} G.Peterson, Myths About the Mutual Exclusion
Problem, Information Processing Letters, vol.12,
n0.3, Juni 1981, pp.115-116 (2)

1943, pp.115-133 (19)

[Mead, Conway 80] C.Mead, L.Conway (Eds.), Introduction to
VLSI Systems, Addison-Wesley, Reading MA,
1980

351
3506



[Peteréon, Silberschatz 85] J Peterson. A.Silberschatz, Operating
Svstem Concepts. Second Edition, Addison-
Wesley, Reading MA, 1985

[Petri 62] C.A Petri, Kommunikation mit Automaten,
Dissertation, Universitat Bonn, 1962

[Pountain, May 87] D.Pountain, D.May, 4 Tutorial
Introduction to occam Programming, Blockwell
Scientific Publications Ltd.,INMOS. 1987

[Quinn 87]  M.Quinn, Desugning Efficient Algorithms for
Parallel Computing, McGraw-Hill, New York,
1987, (auf Deutsch: Algorithmenbau und
Parallelcimputer, McGraw-Hill, New York,
1988)

[Reuter 92} A.Reuter, Grenzen der Parallelitat,
Informationstechnick it, vol.34, no.l, 1992,
pp.62-74 (13)

[Rose, Steele 87] J.Rose, G.SteeleC*: An Extended C Language
for Data Parallel Programming, Thinking
Machines Corporation, Technical Report,
PL87-5, 1987, auch: Second International
Conference on Supercomputing, Mai 1987,
pp.(36)

[Rosenblatt 62] F.Rosenblatt, Principles of Neurodynamics,
Spartan, New York NY, 1962

[Rumelhart, McClelland 86} D.Rumelhart, J.McClelland(Eds.),
Parallel Distributed Programming (2 vols.), MIT-
Press, Cambridge MA, 1986

[Sabot 88]  G.Sabot, The Paralation Model, MIT Press,
Cambridge MA, 1988

352

(Sequent 87] Sequent Coputer Systems Inc., Sequent Guide to
Parallel Programming, Sequent Computer
Systems, Report 1003-44459, 1987

[Shapiro 83] E.Shapiro, 4 Subset of Concurrent Prolog and

’ IisInterpreter, Institute for New Generation
Computer Technology, Tokvo, ICOT Technical
Report n0.TR-003, 1983, (auch enthalten in
{Shapiro 87})

{Shapiro 871 E.Shapiro (Ed.), Concurrent Prolog (2 vols.),
MIT-Press, Cambridge MA. 1987

[Siegel 791  H.).Siegel, Interconnection Networks for SIMD
Machines, IEEE Computer. vol.12, no.6, Juni
1979, pp. 57-65(9)

[Sommerville, Morrison 87] 1.Sommerville, R.Morrison,
Software Development with Ada, Addison-Wesley,
Reading MA, 1987

|Steele, Hillis 86] G.Steele, W.D.Hillis, Connection Machine
Lisp: Fine Grained Parallel Symbolic Processing,
Thinking Machines Co., Technical Report Series
PL86-2, 1986; auch: ACM Symposium on Lisp
and Functional Programming, Aug.1986, pp.(42)

[Szymanski 91] B. Szymanski (Ed.), Parallel Functional
Languages and Compilers, ACM Press New York
NY, Addison-Wesley, Reading MA, 1991

[Tanenbaum 89] A Tanenbaum, Computer Networks, Second
Edition, Prentice-Hall, Englewood Cliffs NJ,
1989
[Trew,Wilson 91] A. Trew, G.Wilson (Eds.), Past, Present,
353



Parallel, Springer-Verlag, Berlin Heidelberg New
York, 1991

[Thinking Machines 86] Thinking Machines Corporation,
Introduction to Data Level Parallelism, Thinking
Machines Co., Technical Report Series TR86-14,
1986, pp.(60)

[Thinking Machines 90] Thinking Machines Corporation, C*
Programming Guide Version 6.0, Thinking
Machines System Documentation, Nov.1990

[United States Department of Defense 8§1] United Sates
Department of Defense, The Programming
Language Ada Reference Manual, Lecture Notes
in Computer Science, no. 106, Springer-Verlag,
Berlin Heidelberg New York, 1981

[Weicker 90} R. Weicker, An Overview of Common Benchmarks,

IEEE Computer, vol.23, no.12, Dez. 1990, pp.65-
75(11)

[Wirth 83] N.Wirth, Programming in Modula-2, Springer-
Verlag, Berlin Heidelberg New York, 1983

[Wolfe 86] M.Wolfe, Advanced Loop Interchanging,
Processing of the 1986 International Conference
on Parallel Processing, St Charles, IEEE CS
Press, Washington, D.C., Aug.1986, pp.536-543
(8)

[Zell, Mache, Hiibner, Schmalzl, Sommer, Korb 92] A Zell,
N.Mache, R.Hiibner, M.Schmalzl, T.Korb,
SNNS Stuttgart Neuronal Network Simulator
User Manual Version 3.0, Computer Science
Report, No.3/92, Universitat Stuttgart, 1992,
pp.(157)

354

3IMICT
BerymHecimoBo . . ... ... S5
Ilepeamosa . . . ... ....... ... ... ... ......... S 11
HepeaMoBa 10 YKPATHCHKOTO BUAAHHS . . . ... .. ... ......... 13
LOCHOBHW ....... ... ... . . . ... ... ... 16
1. [lapaaeabnicTb: 3araibHi MOJOKEHHSA . . . ... .. ......... 17
2. Knacudiramii . .. ... ... 21
2.1. Knacudixauisn o6U1CTIOBAAbLHHX CUCTEM. . . . . . .. 21
2.2. PiBHI po3napanentoBaHHa . . .. ... ... ... .. 31
2.3, TlapanenbHionepamii . . ... .. ... ovuivon... 35
3 Mepexillerpi. . ........... ... .. ... .. ... ... 38
3.1. IIpocri mepexi Tletpr . ... ... ... ... ... .. 39
3.2. Poswwmpeni mepexi Tlerps. .. ... ... ..o L. 45
3.3. Hpuxknaau Mepexc Herpi. ... .. ... ... ... .. 48
4. Konnentiii napaneinnoi oopodkn ingopmanii. . ... .. ... .. 53
4.1.CoiBOpoOrpaMM . . .. .o 34
42 ForkilJoin. . ... .. ... . 55
43.ParBegintaParEnd..... ... ... ... L. 57
44 Tlpouecr ... ... 58
4.5. JJMCTAHLUIAHUIA BUKIIMK . . ... ..o 60
4.6. HesBHA Napane€bHICTb. . ... ..., 62
4.7. [MopiBHAHHS ABHOI TA HESBHOI NapasenbHOCTEM. . 63
S. CTpyKTYypH 38’3KY MK IpoLiecopamMu . . .. ............. 65
SUTHMHHICITKHM. . ..o 66
5.2. CITKM 3 KOMYTATOPAMM . .. . oo ee e aans 67

5.3. CTpyKTYpH, 110 3a0€3neUyioTh 38 430K TUNY

CAVHKT-MYHKT . oo 73
5.4 TODIBHSHHA MEPEX . ... oot 30
Bupasugoposminy L. .. ... .. ... .. .. 83



11.1. OBuuciwoBajibdal SIMD-cucremu

............ 175
11.2. ITapanenbHICTh JIAHMUX . . . . oo oot o e e e e o s 18C
[Il. ACHHXPOHHA ITAPAJIENBHICTD . ...... .. 85 [1.3. BipryaslbHi HPOLECOPU. . ... ..o 182
. | . Cniaxysanns 8 SIMD- cue e 186
6. Mobynosa MIMD-EOM. ... ... ... ... ... ... 86 12. Crieypagiun b SIVID- cucremax e
1. O6uncmoBanbHi cuctemu Tuny MIMD. .. .. ... 87 Sy 8 A~ oty
6 . 12.2. Crpykrypu 3B s13ky SIMD-cucrem. . . .. ... .. 193
6.2. CTAHM MPOUIECIB . .« v v o oo ve et i 89 123, Peavkuisl BeKTOPA. - . o o\ oo 198
7. Cusxponisauia Ta KoMy Hikania 8 MIMD-cucremax. . . .. . o1 13. TIpo6.1eMy CMHXPOHHOI NAPAJICTABHOCTE. . . . . . .. . .. . ... 200
7.1. ITporpamue pilieHHs 92 ) ; .
7')' Ap, p PUUCHHA e 97 13.1. InaexcoBaHi BeKTOPHIi onepatyiy . . ... .. .. .. .. 201
7'3" Cndpdee PUUCHHS. e 99 13.2. BizoGpaxkeHHs BIPpTYaibHHX (TPORECOPIB HA
7'4' Memgq)opn """"""""""""""""""""""" 113 (PI3MYH]I IPOUECOPH. . . . . . o oo i e ... 202
7‘5' HOH.”OPH """ oL 120 13.3. 3MiHIIEHHSA TPONYCKHOT CAPOMOXKHOCT Tt
-0+ LIOBUIOMAICHHS Td ANCTARUIMHUI BUIGIUIC - . 4ac NIAKIOUCHHS nepUepiitvol anaparypu. . . 204
8. Mpobaemu acuHXPOHHOT NApaCILROCTE. . ... .. ... ... .. 124 13.4. llhipnna 9acTOTHOT CMYTH KOMYTALIHHNX
8.1. HecyMicHI JIaHi. .. ... .. .. ... ... ...... 125 MCEPCAHC . - oo 206
82.BAOKYBAHHA . . . ... . . ... 128 13.5. .P060T‘d B _P@KHMi BaraTbOX KOPHCTYBAUIR
8.3. banaHcyBaHHS 3aBAHTAXEHHS . . . .. ... ....... 131 1 TOACPAHTHICTL 10 NMOMMIOK. « . .. ... . . | 207
9. MIMD-MOBH NPOrPaMYBAHHA. . . . . ... ... ............ 134 14. SIMD-MOBM IPOrPaMyBAMHS . . . .. .. ... ... ... . 209
9.1. Napanensuuii [ackans . .. ........... ...... 134 (4.1 @oprpan-90 .. ... ... 209
92.MoBa CSP. ... ... 135 14.2. Mosa nporpamyBanns C* .. .. ... 0 219
93. OCCAM . ... . 137 14.3. MoBa nporpaMyBaHHs CUCTEMN
94 ADA . 139 MasPar-MPL. . .. ... .. oo o000 227
9.5.Sequent-C .. ... .. ... 142 14.4. Mosa PARALLAXIS .. ... .......... . .. 231
96.Linda. ... ... ... 146 .
97.Modula-P ... .. ... 150 [5. MacusHo napajessii amopurmm. ... ... 240
) 15.1. HucenbHe iIHTErpyBaHHA. .. . .. ... ... . 241
10. Bemko6.10Kk0Bi napauem:ui ANrOPAUTMM. . .. .. ... ... .. 155 15.2. Koitaacri aptoMara. . ... ... 43
10.1. 06MC)KyBaﬂle/ll/ul Oydep 3 CeM%}(i)OpaMH ------ 156 153, TenepyBanng npocTux umeest. . ... ... 245
10.2. O6bmexysanbHuii 6ydep 3 MOHITOPOM. . . . . . .. \123 154. CopryBanus .. ................... . 547
10.3. Po3noain 3asBoK uepe':s MOHITOP . . ... ... ... 15.5. Cucronuune Muoweuns . ... 549
Bupasu 10 posminy K. . ... oo 165 - 15.6. Tenepysanus gpakrageit .. ... 251
15.7. Ananis crepeosolOpaxenb. . ... ..o 254
. CMHXPOHHA NAPAJIEJIBHICTD. . ... .. .. 173 Bupasn o pospiay HL .00 261

11. Tlo6yaosa o6uncmosannuol cncremu SIMD-crpykTypn. 174
356

LAY



IV. IHIUI MOJEJI TAPAJIEJBHOCTI. . .. .. ..

16. ABroMaTuuHe po3napajeTiOBaHHs Ta BeKTOpH3auis . . .
16.1. B3aeMO3aNeKHICTb JAHUX. . . . o oo oo et
16.2. BeKTOpH3aLIA UMKITY . . oot
16.3. Po3napanetoBaHHs LMKAY. . .o .o oo ..
16.4. PO3B’sI3aHHS CKJIA/AHUX 3a/1a4 3a/1€)KHOCTI
JIAHMX. et e

17. HenpoueaypHi napaJjie/ibHi MOBH NIPOrPAMYBAHHSA . . . . . .

7 0%LISp oo o .

17.3. Mapaneabuuit [Mpostor .. ... ..o
17.4. MoBaSQL. ... .. ... ..

18. Heitpouni Mepexi. ... ... ... ... .. .. . L.
[8.1. BaacTnBocti HEHPOHHUX MEPEA. . ... .. ... ...
18.2. Mepesxi tuny “feed-forward™ ..o o000
[8.3. Mepesi, 1110 CAMOOPTaHi3YIOThCS . ... .. ... ..

19. IlpoayKTUBHICTH HAPAJICIABHUX CHCTEM . . . ... ... ... ..
19.1. TTOKA3HUK MPUCKOPEHHSL. . . . . ..o
19.2. TTOKa3HUK MACIITAOHOCTL. « ..o oo
19.3. MIMD rnporuSIMD. .. ... oo
19.4. OuiHKa BEJIMUMH MPOAYKTUBHOCTL. . .. . ... . ..

Bupagn o pospiny IV, .00 oo

ClHCOK BUKOPHCTAHOL JINTEPATYPH. . . . . . ... ... ... . ... ..

Hb IIHYC

I

608394



