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NMPOBJIEMU KOOPOAUHALII
B PO3NOAINEHMUX OBYUCIIEHHAX

B pobomi npoaHanizoeaHi 0e8i 0OCHOBHIi MoOeni KoopduHauii 6 po3nodineHux
ob4yucrnieHHsix: data-driven (cmaH ob4ucrieHb Ha 6yOb-sKul MOMEHM Yacy 8u3Ha4aembCs
OaHumMu, Wo ompumMmyrombcs abo nepedarombCsi ma akKmu4YyHOK KOHGbigypauito
CKOOPOUHOBaHUX KOMrOHeHmie8) ma control-driven (8 ocHogy koopduHauii rnokrnadeHo
cninbHUlt npocmip daHux, SKul € acoyiamueHor cmpykmypoto daHux). Kpim eudineHux
cMunicmuYyHUX 8iOMiHHocmeUl MK YuMU KOOpOUHauitiHumMu mModensMmu, siki ernnuearoms
Ha cmyniHb po3dineHHs1 obyucro8anbHUX ma KoopOuHauiliHUX 4YacmuH, 3a3HaqyeHo |
pisHe 3acmocyeaHHs. [NpueedeHuli kopomkuli onuc KoopduHauiliHOi Knacu4Hoi modersti
Linda ma ii iMnnemeHmauit, rokasye pocmomy rpuUBHECEHHSI KOOpOUHaUilHUX
mexaHiamie 00 6yOb-sIKOI MO8U rpoepamMy8aHHsI.

Knrouoei cnoea: posnodineHi cucmemu, data-driven, control-driven, koopduHaujitiHa
modernb JliHOa.

B pabome npoaHanusupogaHbl 08e OCHOBHble MOOenu KoopduHauyuu 8
pacnipedernieHHbIx pacyemax data-driven (cocmosiHue pacyemos Ha 6ol MOMeHm
epeMeHU ornpedensemcs OaHHbIMU, KOMOpbIe rosydaromes unau nepedaromcs U
ghakmuyeckol KoHghuaypayuel CKOOpOUHUPOBaHHbLIX KOMITOHEHMO8) U ma control-driven
(8 ocHogy KoOpOUHayuU MOSIoXKeHO obwee npocmpaHcmeo daHHbIX, KOMOopoe s81s5emcs
accoyuamueHol cmpykmypol OaHHbiX). Kpome bidenieHHbIX CMuUAUCMUYeCcKUX
ommuyquli Mex0y amumMu KOOPOUHaUUOHHbIMU MOOEerSaMU, Komopble enusiom Ha
cmeneHb pa3desieHUs1 pacyemHbiX U KOOPOUHayUOOHbIX Yyacmel, 0603Ha4YeHo U pa3Hoe
npumeHeHusi. [lpueedeHHOe KOpPOmMKoe orucaHue KoopOUHaUUOHHOU Kraccu4eckoul
modenu Linda u ee umniemMeHmayul, riokasbieaem [IPOCIMOMYy  8HECEeHUSs
KOOPOOUHaUUOHHbIX MEXaHU3MO8 8 J1H060U 513biK Mpo2paMMUpO8aHUs.

Knrodeeble crnoea: pacnpedeneHHbie cucmembl, data-driven, control-driven
KoopOuHayuoHHasi moodesib JluHda.

Two major models of coordination in distributed systems are analyzed: data-driven
(the state of computation at any moment of time is determined by the data received or
transmitted and by the actual configuration of the coordinated components) and control-
driven (a shared data space in the form of an associative data structure is the basis of the
coordination). Besides the named stylistic differences between the coordination model,
which impact the degree of distribution between computational and coordination parts,
some differences in applications are also considered. The given brief description of the
classic coordination model Linda and of its implementations demonstrates the simplicity
of injecting coordination tools into any programming language.

Key words: distributed systems,data-driven, control-driven, coordination model Linda.

BCTYyIl
BuxopucrtanHs  pO3MOMITIEHWX TapalelbHUX CHCTEM — BAXJIMBHA HAmpsSM  PO3BUTKY

00YHCITIOBATIBHUX MTPHUCTPOIB CIIPSIMOBAHNX Ha €)EKTUBHE BUPIIICHHS aKTyalbHUX 3a]1a4 ChOTOICHHS:
MOJIEITIOBAaHHS TIPOIECIB 3TOPTAHHS/PO3TOPTAHHS MOJIEKYJI OUIKYy, MPOTHO3YBaHHS 3MiH KIIMaTy,
BHPIIICHHS TIPOOJIEeMH KEPOBAHOTO TEPMOSACPHOTO CHHTE3Yy, CTBOPEHHS HOBHX HAaIliBIIPOBITHUKOBUX
Ta KOMIO3UTHUX MaTepialliB, poOiT y Tary3i MalIMHHOTO iHTEIEKTY i poOOTOTEXHIKH, (hiHAHCOBOTO
MOJEIIOBAaHHS Ta TOPTiBJIi, CTBOPEHHS CKJIQJHOI TPUBHUMIPHOI aHIMAIlii Ta KOMIT FOTEpHUX
criertepexTis [1; 2].

VY OumbmIocTi BapiaHTIB po3MapaliefieHHsT Ta 3a0e3leueHHsT KOMYHIKAIll MK TpOIeCOpaMH, IO
0OepyTh ydacTh y OOUYHCIICHHSIX, BUKOPHUCTOBYIOTH CIICiai30BaHi MPHUKIAAl MporpaMHi iHTepdeiicu
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API (Application Programming Interface). Oxpemo, TyT MoxxHa BHIIIHTH iHTepdelc mepemadi
nosinomiiens MPI (Message Passing Interface). Hazpa «inTepdetic nepenadi moBiioMIeHb» TOBOPUTH
cama 3a cebe. lle moOpe craHmapTH30BaHWN MeXaHi3M NMOOYAOBH IMapalelbHUX IporpaM y MOIewi
00MiHY ToOBimOMJIEHHAMHU. ICHYIOTH cTaHmapTHi «mpus’s3km» MPI no moB C/C++, Fortran 77/90.
be3komToBHI Ta KOMEpITifHI pearizarii € Maike I BCiX CyHepKOMIT FOTEpHUX IUIAT(HOpPM, a TaKOXK
st Mepexx poboumx crammin UNIX 1 Windows. Y mammit gac MPI mHaiibimem mmpoko
BUKOPHUCTOBYETHCS 1 TUHAMIYHO PO3BUBAETHCS CEepPeI MPEACTaBHUKIB CBOTO Kiacy [3].

BuxoprcTtaHHS BCHOIO TOTEHITIATY MACIITAOHUX PO3MOMUICHHX CHCTEM BHMAara€ HasBHOCTI
MIPOTPAMHMX MOJIEEH, SKi SBHO OIEPYIOTh MOHATTSAMHU MapajeIbHOI CIIBIIpAIi MK JyXe BEITUKHM
YUCIIOM aKTHBHHX CYTHOCTEH, SIKI CKIIQJaloTh €IWHE 3acTocyBaHHS. Taka moTpeba mpusBena 0
MPOEKTYBaHHS Ta BIPOBAKEHHS AEKIIBKOX KOOPAMHAMIMHAX MOJENEH pa3oM 3 OKpEMHUMH MOBaMH,
SIKi MITPUMYIOTH I1i Mozenmi. Maibke BCi Il CXeMH CTBOPIOBAIWCS I TOTO, MO0 HamaTh
po3pobHuKaM kapkac (framework), sikuii OM MOKpalryBaB MOIYJBHICTh, CHPUSB OU TOBTOPHOMY
BUKOPUCTAHHIO KOMIIOHEHTIB (ITOCJTIIOBHUX YH BXX€ NapalieNbHUX), MiJBUIIYBaB OW IaThopMHY
HE3aJICKHICTh Ta MOBHY CyMiCHiCTh. OJIHAK, 11l MOJIEINI BIAPI3HAIOTHCS B TOMY, SIK CaMe BU3HAYAEThCS
MOHATTS KOOPJWHAIIIT, 1[0 KOHKPETHO KOOPAUHYETHCS, SKUMH 3aC00aMHU JTOCSTAEThCS KOOPAMHALLIS, 1
skl MeTadopy 3aCTOCOBaHI [Tl TPEICTABICHHS I[UX HOHSATh.

Po3poOka Ta BIpOBaKEHHSI BENMKUX 1 CKIAJHUX CHUCTEM, TAaKWMX K aBiaJHCIeTYepchKa ciyxo0a,
TPaHCIIOPTHA HaBiralis, 1HTEJEKTyaJbHUH MOIIYK Ta OOpoOKa JaHWX, MOKa3al, IO €IWHa MOBa
NpOrpaMyBaHHS YW CHCTEMHA apXiTeKTypa He B 3M031 OXOIHUTH BCi MOXKJIMBI CUTYaIlil, sIKi BAHUKAIOTh
Opyd  po3poOlli  Takoro CKJIagHOro Ta OaraTo(yHKIiOHAJIBHOTO 3acrocyBaHHs. [limxinm mo
NpOrpaMyBaHHS BEIMKHUX 3aCTOCYBaHb OYJIO 3HAiIEHO B ifiessXx 0araTOMOBHOCTI Ta T€TEpOTCHHOCTI.
BararomoBHe a00 MyJbTUNApaJAWTMEHHE NPOrpaMyBaHHsS WIiATPUMYE NEKUIbKa PI3HUX MapagurMm
NporpaMyBaHHs, 3a0e3rnedye 3B’S30K MK HHMH Ta I130JIF0€ HeOaxkaHy B3aemofito. Ilix
TeTEepPOTeHHICTIO MAaeThCA Ha yBa3i Te, 10 MOBa MPOTPaMyBaHHS ISl TETEPOreHHUX CHUCTEM MOBHHHA
HiATpUMYBAaTH OaraTo pisHUX Mojenel o0uncneHs [4; 5].

Konmeniiss koopauHaiiii TICHO TMOB’si3aHa 3 0araTOMOBHICTIO Ta TETEPOTreHHICTIO. Po3polOky
NapaJIeIbHOTO YK PO3IMOAITICHOTO 3aCTOCYBaHHS MOXHA MPEACTABUTH K PO3POOKY IIBOX OKPEMHX
YaCTHH: BJacHE OOYMCIIOBaJIbHA YacTWHAa 00’€qHYE MpOLEcH, BiANMOBiJaNbHI 3a 0OpOOKYy AaHUX, a
KOOpIMHALlIiHA dYacTHHA Oepe Ha cebe KOMYHIKALil0 Ta KOOIMEpalil0 MiX mpouecamu. Tomy
KOOPJIMHALIII0O MOYXHA BUKOPUCTATH IUIS BIIAUIEHHS OOYMCIIEHb B PO3NOAUICHOMY YH MapajlelbHOMY
3aCTOCYBaHHI BiJl BIIACHE KOMYHIKaIlii, 110 JTO3BOJISIE€ TPOBOJUTH PO3POOKY ABOX YACTHH OKPEMO i
MOTiM 00’ €THATH Pe3yibTaTH POOOTH. OCKIIBKN KOOPIWHAIIIMHINA KOMIIOHEHT CUCTEMH BiJIIICHO Bij
00YHCITIOBAIbHOTO, TO OCTaHHIM MOYKHa BBa)KAaTH «YOPHOIO CKPHHBKOIO», 1 TOMY KOHKpETHa MOBa,
BUKOPHCTaHA JIJIsl OOYMCIIeHb, HE Ma€ 3HAYCHHS U1 KOOPAWHALIHHOTO MeXaHi3My. | OCKiTbKH MOBH
JUIE O0YHCIeHh MOXYTh OyTH PI3HUMH, TO KOOPJHMHAIIS 3a0X0UYy€ BHKOPHCTOBYBATHU TeTepOTEHHI
apXITEKTypH.

HeBing I'eneprrep Ta Hikonmac Kapepo pamm HaiOLIpIl mOmmMpeHe Ta 3aralbHONPUNHHSTE
BU3HAYCHHS KoopauHalii. Koopounayis — ye npoyec cmeoperts npoepam 3a O0NOMO20I0 CKACHOB8AHHS
axmusHux ¢paemenmis [6]. BinmosimgHo, KOOpauHAIIiHA MOJIENb — II€ TOU KIIeH, SIKUH CKIICI0E OKpeMi
MIPOIIECH B €IMHUIN aHCaMOIb [5].

KoopnuHariiiai Mozelni MOXHa PO3IUIMTH IO 0araThboM KPHUTEpisM, aje HAWOUIBIN MOITHpEeHa
kimacuikaris Ha aBi Kareropii: data-driven (opieHToBaHi Ha 3amady) abo control-driven (opieHTOBaHI
Ha TIPOIIEeCH ) KOOPAMHAITIIHI T AXOIH.

AHamizy 1UX MOJIENEH 1 MPUCBAYEHA JaHa poOoTa.

1. BAMOI' JO CUCTEM KOOPOUHALII
VYV kiacuuHii poOoTi [4] Bu3HaueHO 0a30BI BUMOTH JI0 KOOpIMHAIMHMX Mojueneh. Cepen HUX

BUJIISETHCS 3aI0BOJICHHS TAKMX BIIACTUBOCTEH, SIK OPTOrOHAJIBHICTD, IPOCTOTA Ta 3arajibHICTh.
Y mporpamyBaHHI MiJ| OpMOSOHATLHICMIO PO3YMIETbCS TOETHAHHS HE3aICKHUX KOHIICIIIIH.
Hampuxiian, mias mapajienbHOro MporpaMyBaHHS HEOOXigHa OOYMCIIIOBAIbHA Ta KOOPIMHALIMHA
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MoJielTi, SIKi € OPTOrOHANbHUMHU a00 He3anekHuMH. KoKHa MOJeNb BiJTOBIZa€ 32 CBOK YACTHHY
po0oTH, HE BTpy4arounch y cepy BiAMOBIZaNBHOCTI iHINOI Mojelni. Takoro THUIYy OpPTOTOHAJIBHICTH
pOOHUTH MOXKJIMBHM T€, IO TIPOIEC-CIIOXKUBAY iHGoOpMaIii He MyCHTh MAaTH IIEBHHX Hamepe.
BH3HAYCHHX 3HAHB PO BiANPaBHUKA iHPOPMAITIi.

HacmigkoM KOMyHIKaIifHOI OPTOTOHAIBHOCTI € MOMJIMBICTH PO3IIJICHHS YacoOBOTO Ta
MIPOCTOPOBOTO aCTEKTIiB 0OMiHY iH(MOpMAITi€r0, TOOTO BUKOPUCTAHHS PO3TOIIICHOI CIIIBHOT 1aM’ sTi.
IIpocTopoBe pO3IiUIEHHS O3HA4Yae Te, IO IPOIECH MOXKYTh OOMIHIOBAaTHCS i1H(GOpPMAIEI0 Yepe3
CIIITFHUHM TIPOCTip MaHWX 0e3 jkoAHoi iHdopMmarii mpo Te, XTO BBIB KOPTEXK y el mpocTip. Yacose
PO3IUTICHHS JO3BOJIAE JBOM IIpOIlecaM CIIUIKYBATHCS 4epe3 CIUIBHAKA TIPOCTIp JaHUX 03 BHUMOTH
OJTHOYACHOI iX aKTHBHOCTI.

Bumora npocmomu cTocyeTbes B OCHOBHOMY KOMYHIKAIIl Midk TiporiecaMu. MoJieni KoopauHaIlii,
opieHTOBaHI Ha 3amadi (Taki, sk Linda), BUKOPHCTOBYIOTH CHUIBHHM NPOCTIp TaHUX, IO HAIaE
PO3pOOHHMKAaM TPOCTHH CIOCIO Uil TOCATHEHHS PI3HHUX LiJIeH, TOJOBHA cepell SIKMX — CHUIKYBaHHS
Mik nporecamu. KoMmyHikaiis mporeciB Mi>k co0010 uepe3 CHUIbHUIA MPOCTip JaHUX MiATPUMYETHCS
3aBJISIKM HEBEJIMKIN KUIBKOCTI OIepaniii, ki MOXKYTb OYTH JIETKO BUKOPUCTaHI MPOrpamMicTOM.

V cepenuni 1980-x poxis Jlein I'eneprrep 3 Menbchkoro yHiBepcuTeTy 3alpoIoOHyBaB CKOpilie
HiXig, HDK OKpeMy MOBY, U TMapalelbHOTO IMporpaMyBaHHs, 1o HaszuBaiacs Linda [4]. Inmes
noOynoBu cuctemu Linda BUKIIOYHO TpOCTa, a TOMY KpacuBa i Ayxe mnpuBaOnuBa. [lapanenbHa
nporpaMa CKIaIaeThesi 3 0araThboX MapalielIbHUX IMPOLECiB, KOKEH 3 SKUX MpaIioe sSK 3BUYaiiHa
MOCJIIOBHA MporpaMa. Yci MpomecH MarTh JOCTYI IO CIUIBHOI 1MaM’siTi, OJUHUIICIO 30epiraHHs B
AKii € KopTex. JlJst 3B°s13Ky MPOLIECiB 1 CIUTBHOT TaM’sITi iCHY€ BCHOTO IIICTh ONepallii i y OUTbIIOCTI
BHIIAJKIB [[6Or'0 I[IJIKOM JOCTATHEO.

3aeanvHicmey oNMUCye MOMXJIIMBICTH 1 OakKaHHS BU3HAYATH KOOPIWHAINHY MOJENb TAKHUM YHHOM,
mo6 1 MoxkHa OyJl0 3aCTOCOBYBAaTH y OyAb-siIKii MHOXHHI aCHHXPOHHHMX 3aCTOCYBaHb, TaKHX SK
PO3MOIIICHI CUCTEMHU.

1.1. Modenb data-driven koopOuHauii

OcCHOBHOIO 0COONIMBICTIO Mozeneil Ta MoB data-driven koopauHamii € Toi ¢akrt, IO CTaH
o0uuncIeHb Ha Oy Ib-SIKH MOMEHT Yacy BU3HAYAETHCS IAHUMHU, [0 OTPUMYIOTHCS 200 TIepelaloThes Ta
(hakTHYHOI KOH(DIrypalio CKOOPJAMHOBAHWUX KOMITOHEHTIB. [HINIMMHU CIIOBaMHU, KOOPIUHATOP YU
KOOPJIMHOBAHUH TIPOIlEC BIATIOBiMAaE SK 3a TEPEBIpKY 1 MaHIMYTIOBaHHS JaHUMH, TaK 1 3a
KOOpJIMHAIlI0 cebe 1/abo IHIMUX TIPOIECIB 3a JOTIOMOTOI0 KOOPIWHAIIIWHUX MEXaHi3MiB, SKi
3abe3mnedye koxxHa MoBa. Lle He BHKIIOYa€ iCHYBaHHS YiTKOTO MOALTY KOOPIUHAIIIHHUX MEXaHi3MiB Ta
YUCTO OOYHCITIOBATBHUX (PYHKIH Aeskoro mporecy. Aue, SK TpaBWIO, 1€ 3HAYWTh, NMPHUHANMHI
CTHJTICTHYHO 1 JIIHTBICTUYIHO, IO iICHY€E CYMIIT KOOPAMHAIIIT Ta 00YHCIIEHD Y KOJII TIPOIIECy .

Mosu data-driven koopauwHarlii, SK IpaBWJIO, HAMAIOTh ICAKI KOOpPAWHAINHI TpuUMITHBU (Y
MOETHAHHI 3 KOOPIWHAIIIHHOI0 MeTa(oporo), SAKi 3MINIYIOTECS 3 YUCTO OOYHCITIOBAEHOIO YaCTHHOIO
koxy. Lli TIpUMITHBH 3pydYHO IHKAIICYTIOIOTh KOMYHIKAIMHI 1 KOH(ITypariiiHi acmekTH esIKuX
00YMCIIeHD, ale BOHU ITOBUHHI OYTH BUKOPHUCTaHI Y TOETHAHHI 3 YUCTO OOYHCITIOBATHLHOIO 00pOOKOIO
JAHWX, TOB’s3aHUX 3 TmporiecoM. lle o3Hawae, moO Mpo Tpolec He MOXKHA JIETKO BU3HAYUTH,
KOOpAMHAIIIMHUI BiH 4u oOuMciaoBajibHM. Ha mporpaMmicta MOKJIANA€ThCA BH3HAUCHHS 5K
BiOyneTbcsl PO3PI3HEHHS KOOpAWHAILT Ta OOYHCICHb, Xo4Ya Yy OUIBIIOCTI BUMAIKIB Take
YiTKe PO3JUIEHHS HE HOCHTH O0OB’SI3KOBOTO XapaKTepy HAa CHHTAKCHYHOMY DiBHI KOOPIMHAIIHOT
mozeii [5].

B ocHoBy Mogeni control-driven koopauHamii TOKJIaJeHO CHUILHHA TPOCTIp AaHHUX, SKUH €
aCOI[IaTUBHOIO CTPYKTYporo nanux. CHiNBHUM MPOCTip NaHWX BiANOBigae 3a 30epiraHHs iHpopmallii,
takoi gk koprexi. Koprexx € aromapHoro onunmIero 30epiraHHs indopmamii. He wmoxinBo
MaHIITyJIFOBaTH OKPEMUM 3HA4YEeHHSIM KOpPTEXKy. Bech KOpTek MOBHHEH OyTH OTPUMAHUH 31 CHJILHOTO
poCTOpYy JaHuX, MOAM(DIKOBAaHMN 1 MOMIEHUH Ha3a[ y CIUIBHHMN TpocTip AaHuXx. [Iporec Moxe
OTPHMATH KOPTEXK 3a AOTIOMOIOI0 TaK 3BaHOTO aHTHKOPTEXY. CHUTBHUI MPOCTip NaHuX (HampUKIa,
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cepBep) TOpPIBHIOE el aHTHKOPTEX 3 HASBHUMH KOPTEXKaMHU 1 Tepelac BIAMOBITHUN KOPTEX
MMOYATKOBOMY TIPOIIECY.

OTpumaHuil KOPTEXK MOXKe OyTH BWIYUEHHH 3 cepBepy abo CKomiiioBaHWH. bymb-skuii mporec
MO>K€ TIOMICTHTH TIPOIIEC Y CIUTBHHUIA IIPOCTIP JaHUX 32 JOMTOMOTOI0 MPUMITHBIB, SKi MIATPAMYIOTHCS
KOOPJIWHAIIHHOI0 MoAeInTio. KpiM TOro, depe3 CIUIBHUNA TMPOCTIp JAaHUX peaTi30BaHO HETPSIMUI
3B’S30K MK IMpoIecaMy. 3MICT CITIJTLHOTO IPOCTOPY AAHWX HE 3aJICKHUTH BiJl TOTOYHOTO CTaHY BCIX
YYaCHHKIB KOOPIWHAIl, TOOTO TpoIlec MOXKE€ MOMICTHTH KOPTEX Ha CepBep Ta NMPUIUHUTH CBOE
BUKOHAHHS, a IHIIWHA TPOIeC MOXKE OJIep)KaTH Iel KOopTeK. ToMy CIUTBHHN TPOCTIP JaHUX TaKOXK
JIOTIOMarae peajizyBaTd IPOCTOPOBE Ta YaCOBE PO3AUICHHS MIXK IIPOIIECaMHU.

1.2. Modenb control-driven koopduHauii

OcHoBHa pi3HuI Mixk Mozessimu data-driven ta control-driven koopauHaIii mojsirae y Tomy, 1o B
OCTaHHBOMY BHIIQJIKy iCHY€ Maike MOBHE PO3AUICHHS KOOpAMHAII Ta BiacHe oOuucieHb. CtaH
obuuncieHb y OyIb-KHi MOMEHT 4Yacy BH3HAUYAETHCS JIMIIC B TEPMiHAX KOOPAMHAIIWHOTO NIA0IOHY
(pattern) 70 SKOro HAJNEXKHTH MPOLEC, MO Oepe y4acTh B oOuKciaeHHAX. DAKTUYHI 3HAYCHHS NaHUX,
HAJl SKUMHU TPAIOOTh MPOIIECH, Maiike HIKOIU He OepyThes j0 yBard. CTHIIICTHYHO, IIe 03HAYAE, 110
KOOpAMHAIlIHHA KOMIIOHEHTa MaiKe TIOBHICTIO BijiieHa Bix oOunciroBanbHOi. lle 3a3Bhuaii
JIOCSATAETHCS IIUIIXOM PO3POOKH IIJIKOM HOBOI KOOPIWHALIHHOI MOBH, Jie OOYMCITIOBATBbHI YaCTHHU
PO3TIANAIOTECS K «YOPHI CKPUHBKH» 3 YITKO BH3HAUYEHUMH BXiTHUMH/BUXITHUME 1HTepQeiicamu.
Ortox, Ha BiaMiHy Bix data-driven koopauHaiii, ne icHye HaOip Harepen BU3HAYEHUX IMPHUMITHBIB,
control-driven xoopauHaIlis Maike 3aBKIU 3aKiHIYEThCSI CTBOPSHHSIM ITOBHOITIHHOT MOBH. Lle Takox
o3HadYae, 10 KoOopauHaIliiHa control-driven Moaens CTUMYJIIOE PO3POOHMKA PO30MBATH IPOIECH Ha
JIBI OKpEMIi TPYITH, a caMe YUCTO OOUNCITIOBAILHI 1 CYTO KOOpAMHAITIHHI TIPOIIECH.

[Ipuamun  poGotn control-driven koopawHAMii TPYHTYETHCA Ha B3aEMOJII ITOCTadabHUKA
(producer) Ta coxuBada (consumer) ganux. L1 B3aeMois BU3HAYAETHCS SK MOTIK a00 KaHAJ MTaHUX
MDK BUXITHAMH TIOPTaMH ITOCTAaYaILHUKIB 1 BXITHAMH MTOPTaMHU CTIOKKBadiB. Taki BITHOCHHU MOXHA
VSBUTH y BUTJIAII KOHBEEpa, NI€ BUXIAHI JaHI MMOCTAYaJbHUKIB € BXIIHHUMH TAaHUMH CIIOKHBAYa.
binbmie Toro, mportec MoXe MEPECHIaTH Y CBOE HABKOJUIITHE CEPEIOBHINE MOiHHI a00 KOHTPOIHHI
TOBIOMJICHHS IS iH(MOPMYBAHHS IHIIMX IPOIIECIB MO0 3MiHM CBOTO CTaHy ab0 3alMTH PO CTaH
IHIIUX TIporeciB [7].

Takoro TUIy B3aEMHHU MIX MOCTayaJlbHUKAMH Ta CIOXHBA4YaMH 4YacTO MPHU3BOMAATH JI0 KUIBKOX
BUiB 3anexxHocter [8]. [lepiroro i HaWOUIBII MOUTMPEHOK 3aJCKHICTIO MIX MOCTAYaJLHUKOM Ta
CIIOYKUBAYEM € T€, [0 MOCTa4yaIbHUK TOBHHEH 3aBEPIIUTH CBOIO POOOTY MEPII HIXK CIIOKUBAY 3MOXKE
moyaTy MpamioBaTh. Takoro BUAY 3aJICKHICTh HA3UBAETHCS «OOMEKEHHSIMH IE€PEIyMOBI
(prerequisite constraints). J[7s Takux 3aleXHOCTEH Ma€ BEJMKE 3HAYEHHS IMOBiIOMIICHHS MPO Te, IO
MIPOIIEC-CIIOKUBAY MOXKE MoyaTH poOoty. Bkl Toro, HEOOXiIHI MOCII0BHE BUKOHAHHS TPOIIECIB i
HAsBHICTh OKPEMHX IIPOIIECIB, SIKI CTEKATh 3a THUM, IO IMPOIEC-IIOCTAYaIbHUK OYB 3aBEpILICHUI.
Jpyruii BUJ 3aJIe)KHOCTI Ha3MBAa€ThCA «Imepenaday (transfer) i BimmoBigae 3a mepepady AaHUX Bif
nocravyajbHUKa 70 CIIOKMBavya. B jgaHOMy BUIanKy daHi, IO MEPEHAlOThCS — Iie 1H(QOpMaIlis Bij
MOCTAa4YaJIbHUKA JIO CIOXHBada, 1 TaKUM YWHOM, IiepeJady JaHuX TaKoXX MOXKHA BBaXKaTH
KOMYHiKaili€w. Tpers i ocTaHHS 3aJIeKHICTh HA3UBAETHCS «3aCTOCOBHICTEY (usability). Lls 3anexHicTh
OIHCYE TOH (PaKT, M0 Pe3yJILTATOM POOOTH IMOCTAYAIBHUKA 3MOXKE CKOPUCTATUCS criokuBad. J{s 1iel
3aJIeKHOCTI iCHY€ J1Ba ClocOOM pO3B’s3aHHs: BUKOPUCTAHHS 3allUTIB O CIIOKMBAda MPO MOTPiOHY
oMy iH(pOpMAaLIiI0 UM CTaHAAPTU3ALI BXIIHUX Ta BUXiTHUX JTaHHX.

SckpaBuM TpeAcTaBHHKOM control-driven Mozgeni KoopAauHalii € MoOBa IIpOrpaMyBaHHS
Manifold [5].

2. IMIMJIEMEHTALIT LINDA

Oxkpim knacuunoi Linda, icHye Oarato i po3mupeHb Ta pI3HHX BapiaHTIB IMIUIEMEHTAIII].
[Ipoanamizyemo nesiki 3 HUX.

183



Haykoei npaui. Komn’tomepHi mexHoroaii

2.1. Bauhaus Linda

Bauhaus Linda e Oe3nocepenHiM NpomOBKEHHAM KiacuuHoi Moxeni Linda 3 peanizaiiero
CKJIQJICHUX TPOCTOPIB KOPTEKIB y (opmi MynbTUMHOXKUH (multisets, msets) [5]. Bauhaus Linda ne
PO3pi3HsE KOPTEXI 1 MPOCTOPH KOPTEXKIB, KOPTEXKI 1 aHTHKOPTEXKi, aKTHBHI 1 MACHUBHI KOPTEXKI.
3aMicTh 0JjaBaHHs, YATaHHS a00 BUIAIICHHS KOPTEXIB 3 OJHOTO «IUIOCKOTO0)» MPOCTOPY KOPTEXKIB, 15
peamizamist Linda BukopuctoBye omepamii out, rd Ta in, mo0 101aBaTH, BUAAIATH, YUTATH
MYJbTUMHOKMHU 3 1HIIOI MYJIBTHMHOXHHH. SIK HAcHiIOK, MEXaHi3M acoI[iaTUBHOIO TMOUIYKY
BignoBigHocTed Linda, 3acHOBaHMIT Ha MOPSAIKY Ta MO3MINI €JIEMEHTIB Y KOPTEXI, 3aMIHIOETbCS Ha
HEBIIOPSIKOBAaHE BKJIIOYCHHS 10 MHOXHH. [0 TOTO X IIsI MOBa TpE/CTaBIISIE HOBHI MPUMITHB Move,
SKUH BUKOPUCTOBYETHCS UIS MEPEMillleHHs] KOPTEKIB BrOpY UM BHHU3 3a PiBHSMH MYJIbTHUMHOXWHH,
JOJaTKOBUMH BapiaHTaMU SIKOTO € oreparii up Ta down. TakuM 4HHOM MOXKHa OpraHi3yBaTH JaHi B
iepapxiuHi CTPYKTYpH.

2.2. Bonita

Bonita onucana B [9] Bynom ta PoyctpoHoM. Lis mparis mponoHye HOBI MPUMITUBU K 3 METOIO
MOKpalieHHs (DYHKI[IOHATBHOCTI MOZeNi, Tak i Juis 30iiblmeHHS mpomykTuBHOCTI. llepmra mera
JOCSITAEThCS 32 JOINOMOIOI0 BIPOBAIPKEHHS CKIAICHUX IIPOCTOPIB KOPTEXIB Ta arperoBaHol
MaHInyJAil kopTesxkamu. i AoCsSTHEHHS APYToi il BOAMTHCS OUIBIN TOYHHUH 3aluc OTPUMAaHHS
KOPTEXY, KOJIM 3alUT BiJ SKOTrOCh IIPOLECY Ha 3HAXOIUKEHHS KOPTEXY OOpOOISAETHCA OKPEMO Bif
MEPeBipKA YW OTPHUMAaB MPOILEC OYiKyBaHiI JaHi. TakuM YWHOM, i Aii MOXYTb OyTH BUKOHaHI
MapayieJIbHO 1 K HACIIiIOK 3MEHIMYIOTHCS HAKJIaHI BUTPATH.

2.3. JavaSpaces ma GigaSpaces

IIpo JavaSpaces iine moBa B [10]. Lle immiemenTamis Linda ansa Java Bim Sun Microsystems i
yactuHa npoekty Jini. O0’ekTHUIT pocTip y Wil peanizallii BAKOPHCTOBYETHCS SIK TPOCTIP KOPTEKIB
Linda, a 06’€KTH BHCTYTIAIOTh KOPTEKAMH.

Hns pobotu JavaSpaces HeoOXinHi Taki cepBicu: BeOcepep, RMI activation server, cepsic Jini
lookup a6o cepsic peectpy RMI, Mmenemkep Tpan3akiiii Jini, cepBep JavaSpaces.

JavaSpaces BUKOPHCTOBY€E HECTAaHAAPTHY cepiajiizallito 00’ €KTIB JJIs nepeaadi uepe3 Mepexy, pu
SIKIH cepiani3ytoThCs Juie myOiuHi moss knaciB. [lopiBHSHHA 00°€KTiB BigOyBa€eThCs M0OANTHO, a HE
3a JOIOMOTOI0 MeToy equals.

GigaSpaces, Takox 3ragana y [10] — komepuiiina immiuemeHTauis JavaSpaces 3 BUKOPUCTaHHSIM
HOBUX MOXJIMBOCTEH, TaKuMX SIK CKJIaJeHi KOPTEXi, Yd MOIMBICTH iTepauii MO KoOpTexax, sKi
BiJINIOB1Ial0Th aHTHKOPTEKY.

BUCHOBKU

Ha cborojiHi BUKOPHCTaHHS CKJIAJHHUX IapajelbHUX PO3MOAUICHUX CHUCTEM € TUM IIIISIXOM, 10
SKOMY TIIIOB HAYKOBHH CBIT y cHIpoOi 3HaXOMKEHHS PpO3B’SI3KYy CKIaJHHX 1 MAacIITaOHHX
o0OuncmoBaIbHUX MpobneM. ToMy mocTae akTyanbHe MUTaHHS PO CTBOPEHHS €(PEKTHMBHUX METOMIB
po3napaiesicHHs i1 KOOPAMHALT OKPEeMUX O0YUCITIOBAILHUX 3a/1ad.

YV pobori npoaHasizoBaHi Bl OCHOBHI Moeli koopauHailii: data-driven (ctan o04ucieHb Ha Oy 1b-
SKH MOMEHT 4acy BU3HAUYAEThCS MAHUMH, IIO OTPUMYIOTBCS ab0 TMepenaroThes Ta (HaKTHIHOIO
KOH(]Irypaito CKOOpJMHOBaHUX KOMIIOHEHTIB) Ta control-driven (B OCHOBY KOOpJHMHAII] MOKIAJICHO
CHIUTBHHN TIPOCTIp AaHUX, SIKMH € aCOLIaTHBHOI CTPYKTYPOIO JIAHHX ).

KpiM BHIUIEHUX CTHIICTUYHMX BiJMIHHOCTEH MK IIMMH KOODIMHALIMHUMHU MOJCISAMH, SKi
BIUIMBAIOTh Ha CTYIIHb PO3AUICHHS 00YMCIIOBAIBHUX Ta KOOPIUHALIIMHUX YaCTHH, 3a3HAYCHO 1 Pi3HE
3aCTOCYBaHHSI.

Mogens data-driven koopauHamii BHKOPUCTOBYETbCS B OCHOBHOMY JJisl PO3MapalieIOBaHHS
obOuncmoBanbHuX 3amad. l[liaxig control-driven koopauHarlii 3a3BU4ail BUKOPUCTOBYETHCS IS
MoJenoBaHHs cucteM. Lle mMoxe OyTu mosicHeHO TUM (hakToM, IO B paMKax KOHQIrypauiidHoOro
KOMIIOHEHTa MpPOrpaMiCT Ma€ OUTbIIMH KOHTPOJb HAJX JAAaHMMHU B pa3i BUKOPHUCTaHHS MOB, IIO
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niaTpuMyroTh data-driven kKoopAHHAIO, HIXK y BHMAnKy control-driven koopaunaitii. Takum gmHOM,
NpPEACTAaBHUKK TIepInoi KaTeropii, sIK MpaBWJIO, HAMAararThCS KOOPIWHYBaTH JaHi, y TOW wYac
MIPEICTaBHUKH JPYTOi HaMararThCs KOOPAWMHYBATH CYTHOCTI (SKi, MOXYTh OYTH HE TUIBKH
3BUYAHUMH MIPOIIECAMHU, a i IPUCTPOSMU, KOMITOHEHTAMH CUCTEMH 1 T. JI.).

Kopotkwuit onme koopauHamiiHoi kiracnaHoi Moaem Linda Ta 11 iMIuieMeHTaIii, mokasye nmpocToTy
MIPUBHECEHHS KOOPIUHAIIIHHUX MEXaHI3MiB J0 OyIb-IKOi MOBH IIPOTPaMyBaHHS.
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