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1. Beryn

BukopuctanHs po3moAUIeHUX TapalielbHUX CHCTEM — BaKIMBHM
HaIpsIMOK PO3BUTKY KOMITHOTEpHOI TexHIkU. CKJaaHi OOYUCIEHHS, Takl fK,
HAIPUKJIa/1, MPOTHO3YBaHHS 3MIH KJIIMaTy, BUMararoTh BUKOHAHHS BEJIMYE3HOT
KUIBKOCT1 apudmeTuyHux omeparlii. OkpemMuid KOMIT'IOTEp HE B 3MO031 HaJaTH
HEOOX1/THOI MOTY>KHOCTI ISl BAKOHAHHS MOAIOHUX onepalliid. B Takux Bumaakax
BUKOPHCTAHHS Tapajieii3My € TepeBIpeHHM 3aco00M. 3a TakKoro TiIXOIy
npoOiieMa po30UBAETHCS HA MAJIEHbKI YACTUHU 1 PO3MOAUISIETHCS HAa MEPEKY
KoMIT'toTepiB. KoxkeH koMm'toTep Mpaiffoe Haja CBOEK YaCTHHOIO MpoOieMu, a
3arajJbHANA PO3B'S30K 3BOJUTHCSA 3 IIMX MAJICHbKUX YAaCTUHOK. Takuil Mmiaxif
IOPOCTIIINMA 1 IEMEBIIMN HI)K CTBOPEHHS Ta MIATPUMKA CyNepOOYUCITIOBAIEHUX
KJIACTEPiB UM CYMEPKOMIT'FOTEPIB.

Taxuit miaxia 10 00UMCIECHb BUKOPUCTOBYETHCS B MOIMYJIIPHOMY MPOEKTI
Buenux 3i Crendopuacekoro yHiBepcurery Folding@home'. OcHoBHa 3amaua
IPOEKTy — 3a JOMOMOTOI0 MOJEIOBaHHS IMPOLECIB 3rOPTaHHSA/PO3TOPTaHHS
MOJIEKYJI OUTKY OTpUMAaTH Kpallle pO3yMiHHS MPUYUH BUHUKHEHHS XBOpOO, IO
BUKJIMKAIOTbCA Je(PeKTUBHUMH OUTKaMH, TaKUX SK XBOpoOHM Aublreiimepa,
[Tapkincona, giadet Tumy II, xBopoba Kperitudenpara — SAxoba ta ckiaepos. s
BUKOHAHHA OOYMCICHh BHKOPHCTOBYIOTBCS COTHI THCSY TEPCOHAIBHHUX
KOMIT'FOTEPIB 3 yChOro cBiTy. /[ ydacTi B IpOEKTI HEOOXiTHO 3aBaHTAXKUTH
HEBEJIMKY MPOrpaMy-KII€HT, sika Mpaitoe B (OHOBOMY pPEXKUMI, KOJIU PECypCcCH
npoIecopa He MOBHICTIO BUKOPUCTOBYIOTHCS 1HIIMMH 3aCTOCYBAHHSIMH.

[IpornosyBanHs 3MiH KiiMary 4u npoekT Folding@home — numie oxpemi
NPUKIIATU CKJIATHUX OOYHCIIEHb, /6 MOXKHA 3aCTOCYBAaTH pO3MapasieTroBaHHS

3agad. Kpim 1mx 3acTocyBaHb, mapaiesnizM Moxke OyTH BUKOPUCTaHUN IS

1 http://folding.stanford.edu/




e BHUpIIIECHHA MPOOIEMHU KEPOBAHOTO TEPMOSACPHOTO CUHTERY;
e DO3B'I3aHHA 3a7a4 MEIUYHOI HAyKHM Ta MOJICKYISpHOI 0610J10Tii, TeHHOi

THXEHEPIT;

e BHUBYCHHS 1 MOJICITIOBAHHS 3MiH KIIIMaTYy;

e CTBOPEHHS HOBHUX HAaMiBIPOBIJHUKOBUX Ta KOMIIOBUTHHMX Marepialis;
pOOIT y ranay3i MalIMHHOTO 1HTEJIEKTY 1 POOOTOTEXHIKU;

e (iHaHCOBOTO MOMIENIOBaHHS Ta TOPTIBIII;

e CTBOpPEHHS CKJAJHOI TPUBUMIPHOI aHiMalili Ta  KOMI'IOTEPHUX

cnenedexris. [Barker 2000]

B Oynp-skoMy BUMaAKy, ICHYE HEOOXIAHICTh SKOCh pO3MapajieinuTh
npoOseMy 1 3a0e31e4YnTH KOMYHIKAIIl0 MK KOMIT'FOTepaMu, 110 OEpyTh y4acTb y
oouncnenusax. Icuytores cmemiamizoBani API  (Application Programming
Interface, mpuxnaai nporpamui iHTepdeiicn), cepen AKUX BUILIAETbCS Message
Passing Interface (MPI?, inTepdeiic nmepenadi mosizomiens). Hassa "inrepdeiic
nepeaadi MoBiOMIICHB" TOBOPUTH caMa 3a cebe. Ile moOpe crangapTh3oBaHMIA
MEXaHi3M Ui MOOYyIOBM TNapalielbHUX NOporpaM B  MOJENI  OOMIHY
noBiiomyieHHAMU. [cHyI0Th crannmaptHi "mpus'ssku" MPI no mo C/CH++,
Fortran 77/90. BbeskomtoBHI Ta KOMEpIIHHI peamizaimii € Maibke s BCIX
CYNEPKOMITIOTEPHUX TUIaTGopM, a Takoxk It Mepexk podounx craniii UNIX i
Windows. B nanuii vac MPI HaliG11b111 IMPOKO BUKOPUCTOBYETHCS 1 TUHAMIYHO
po3BuBaeTbes cepGelernter - Generative communication in Linda .pdfen
IPEICTaBHUKIB CBOTO KJIACY.

B cepemuni 1980-x pokis Jlein Ienepurep 3 HMenbchkoro yHiBepcHTETY
3alpONOHYBaB CKOpIlIE MiIX1J, HDK OKpEeMYy MOBY, JUIsl MapajelbHOro
nporpamyBaHHs, 1o HasuBamaca Linda [Gelernter 1985]. Imes mnoOymoBu
cuctreMu Linda BUKIIOUHO mpocTa, a TOMY KpacuBa 1 Ay)Ke NpHBaOJIMBA.

[TapanenbHa mporpama CKJIaAaeThbes 3 0ararboX napaueibHUX MPOLECiB, KOXKEH

2 http://www.mcs.anl.gov/research/projects/mpi/




3 SIKUX TIPAIIOE K 3BUYaiiHA TTOCITIIOBHA MpoTrpamMa. YCi MpoIecu MaroTh JOCTYI
70 CIUJIBHOI TaM'sATi, OJWHHUIICIO 30epiraHHs B sKid € kKopTex. s 3B'A3Ky
MPOIIECIB 1 CMUIBHOT MaM'siTI ICHYe BChOro 6 orepariii 1 B OUIBIIOCTI BUMAIKIB
IILOTO IIJIKOM JTOCTaTHBO. B 11iii Te31 onmucano koopauHaiiitHy mozaens Linda 1 ii

IMILTEMEHTALIIIO JJ1s1 MOBH Scala.

1.1. Ctpykrypa podoTn

Po3nin 2 omwucye 3arajibHi MOHSATTA KOOpAWHALI, BUMOTU JO CHUCTEM
KOOPJMHAIIIT Ta OCHOBHI MiIXOH IS 3aI0BOJICHHSI IINX BUMOT

Po3ain 3 onucye xoopauHaiiiny mozaens Linda, opradizaiito mpoctopy
KOPTEXIB, CTPYKTYpPy KOPTEXKY, omepallii, HeoOXiTHiI s KOMYHIKalii MIx
mpoiiecaMu Ta TMPOCTOPOM KOPTEXiB. KpiM TOTo, pO3MISHYTO PO3UIUPEHHS
MOYaTKOBOI MOJEJI 100 JIBOX HOBHUX OIEpaliii Ta METOAY MOLIYKY KOPTEXIB.
Ha ocTaHok 1ei po3ais Jae onuc AeKUIbKOX MOMEpPEeaHIX IMIUIEMEHTAI MOIEl
Linda.

Po3nin 4 pae xoporkuii ommsim moBu  Scala, ii ocoOnmBocTel Ta
MO>KJTUBOCTI IIOJI0 MapajieIbHIUX OOYNCIICHb.

Po3nina 5 onucye immiemenTanito Linda nas moBu Scala, po3pobieny st

i€l Te3n



1.2. BuMoru 10 NporpamMHoOro cepeaoBuIa

bibmioTeka, HamucaHa B mpolieci poOOTH HaJ II€I0 TE3010 MOTpedye s
pobotu cepenosuile po3podku Eclipse’ 31 BcranoBieHUM muiarinom ajas poboTu
3 MoBOIO Scala ab0 okpeMuil MmakeT 3 IHTEPIPETATOPOM KOMAHIHOTO PsIKa Ta
KOMITLISITOPOM, SIKU# MOKHA 3HalTH Ha caiiti Scala®,

Po3pobnena 6i6mioreka € KpocruiaropMeHHO0, OCKUTBKM MoBa Scala
BUKOPUCTOBYE Java Jjii CBO€i poOOTHM 1 KOMIUTIOEThCS B OailT-koj Java.
bibmioreka Oyna po3pobnenHa B cepemoBumii Mac OS X Bepcii 10.5.7 31
BcTaHoBJeHOw0 Java™ 2 Runtime Environment Bepcii 1.5.0 16. Bepcis Eclipse

SDK 3.4.2, Bepcis Scala 2.7.4.

3 http://www.eclipse.org/
4 http://www.scala-lang.org/



2. OCHOBHI migXoau 10 KOOPAMHALII

BukopuctanHs BChOro MOTEHIIAy MAacIITa0HUX PO3MOIIJIEHUX CHUCTEM
BUMara€ HasBHOCTI TMPOTPaMHUX MOJCIEH, sSKi SBHO OINEPYIOTh MOHATTIMHU
napayiesIbHO1 CITBIpAIll MK Jye BEITUKHUM YUCJIOM aKTUBHUX CYTHOCTEH, sKi
CKJIJal0OTh €MHE 3acToCcyBaHHs. Taka moTpeda mpu3Bena 10 MPOESKTYBaHHS Ta
BIIPOBA/DKCHHS JICKUTHKOX KOOPAWHAIIMHUX MOMETIEH pa3oM 3 OKPEeMHUMHU
MOBaMHU, SIK1 MIATPUMYIOTH 111 Mojiesi. Maiike BCi 11l CXeMH CTBOPIOBAJIUCS IS
TOTO, 100 Hamatu po3poOHHMKaM Kapkac (framework), sikuit Ou TMOKpalyBaB
MOJYNbHICTh, CHOpPUAB OH TOBTOPHOMY BHUKOPHUCTAaHHIO  KOMIIOHEHTIB
(MOCIIOBHUX YW BXKE NapajebHUX ), MiIBUITYBaB OU MEPEHOCUMICTh Ta MOBHY
cymicHicTh. OfHak, 11i MOJAENI BIIPI3HSAIOTHCA B TOMY, SIK CaM€ BHU3HAYA€THCS
MOHATTS KOOPJWHAIlT, IO KOHKPETHO KOOPJAWHYETHCS, SKUMU 3aco0amu
JOCATAETHCSI KOOPAMHAILTIS, 1 iK1 MeTaopH 3aCTOCOBAHI I MPEICTABICHHS 1IUX
TIOHSTh.

Po3poOka Ta BOpOBa/KEHHS BENMKUX 1 CKJIQJHUX CHUCTEM, TaKUX SK
aBlaJucrieTyepchbka ciiy>k0a, TPaHCIIOPTHA HaBIrallisi, IHTEJIEKTyaJIbHUM MOIIYK
Ta 00poOKa JaHUX, MOKa3aldH, 110 €IMHA MOBAa NPOrPaMyBaHHS YW CHCTEMHA
apXiTeKTypa HE B 3MO31 OXOIMTH BCl MOXJIMBI CHTyaIlli, SKI BUHUKAIOTH TPH
pO3p0oO0II TaKOTO CKJIaAHOrO Ta Oararo(yHKI[IOHAILHOTO 3acTocyBaHHs. [liaxin
JI0 TporpaMyBaHHS BEIUKHX 3aCTOCyBaHb Oylo 3HAWAEHO B  11eaX
0araTOMOBHOCTI Ta TreTeporeHHocTi. baratomMoBHe a00 MynbTUIIApaTUTMEHHE
IpOrpaMyBaHHs MIATPUMY€E JEKUIbKa pI3HUX MapajJurM MporpamyBaHHS,
3abe3rmeuye 3B'I30K MDK HHMH Ta 130J110€ HeOakaHny B3aemomiro. Ilin
TeTCPOTCHHICTIO MA€ThCA HAa YyBa3li Te, IO MOBa MpOTpaMyBaHHS IS
TEeTEPOTCHHNX CHCTEM TIOBMHHA MMATPUMYBAaTH Oarato pi3HUX MoOjelen

obuuciens. [Papadopoulos 1991]



Konuenuis koopauHaiii TICHO TOB'si3aHa 3 0araTOMOBHICTIO Ta
reTeporeHHicTio. Po3poOKy mapanenbHOro 4 pPO3MOIIEHOrO 3aCTOCYBAHHS
MOKHAa TIPEACTaBUTH SK PO3pPOOKY JBOX OKPEeMHX YacCTHH: BJacHE
o0uKCITIOBaIbHA YacTHHA 00'€THY€E MPOIIECH, BIAMOBIIANIBbHI 32 0OpPOOKY TaHHUX,
a KoOpJuHalliiiHa yacTUHa Oepe Ha ce0e KOMYHIKAIII0 Ta KOOIepallilo MiX
nporiecamu. ToMy KOOpAMHALIID MOXHA BUKOPUCTATH JUIsl  BIAJIUICHHS
OoOYMCIIEHh B PO3MOAUICHOMY UM TapalieTbHOMY 3aCTOCYBaHHI BiJl BJIaCHE
KOMYHIKaIIlii, 1110 J03BOJIsIE MPOBOAUTH PO3POOKY JABOX YACTHH OKPEMO 1 MOTIM
o0'eHaTH pe3ynbTatd poooTH. OCKUTHKYA KOOPAUHAIIMHUA KOMITOHEHT CHCTEMH
BIIJIVICHO BiJI OOYMCIIIOBAJIBLHOTO, TO OCTAaHHIA MOXXHA BBa)KaTH ‘‘“dOPHOIO
CKPUHBKOIO”, 1 TOMYy KOHKpPETHa MOBa, BUKOPUCTaHAa IJisi OOYMCIIEHb, HE Mae
3HAYEHHs JJI1 KOOPJAWHAIINHOTO MexaHi3My. | OCKUIBKM MOBH JJII OOYHCIICHB
MOXYTh OyTH PI3HUMH, TO KOOpPJHMHALISl 3a0X0Uy€ BHUKOPUCTOBYBATH
TeTePOreHHI aApXITEKTYPH.

3aranom, KOHIIEIIisI KOOPAUHAIII CTOCYEThCA HE TUIBKW MPOTpaMyBaHHS
9yl KOMI'IOTepHHX Hayk. B cBoiii pobori Menoyn (Melone) ta Kpoycrton
(Crowston) roBOpsITh MPO KOOPAHMHAIIIO SK MPO MIUKAUCIUIUTIHAPHUNA TIAXI,
SKUW BIIITpAa€ BaXJIUBY POJb B TAaKUX Tally3sIX K €KOHOMIKa, JOCIIIKCHHS
omepailii, 6ioyorisi. 3a X 3arajJbHUM BU3HAYEHHSIM,

Koopounayin — ye ynpasninusa 3aledCHOCMAMU MIdC Npoyecami.
(Coordination is managing dependencies between activities) [Malone 1994 ]

[ITono xomm'toTepuux Hayk, To JleBin ['enepatep Ta Hikonac Kapepo nanm
HaNOUIBII MOIIUPEHE Ta 3arajibHONPUITHATE BUSHAYEHHSI KOOPAMHALIIT TaK:
Koopounayis — ye npoyec cmeopenns npozpam 3a OO0HOMO20I0

cknerosanns axmusHux uwimamouxis. (Coordination is the process of building

programs by gluing together active pieces.) [Gelernter 1992]
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BiamoBigHo, KoOpAMHAIIIITHA MOMIETH — 1€ TOW KJIEH, SIKHI CKIICIOE€ OKpeMi
nporiecu B euHUI ancam6ib [Papadopoulos 1991].

Koopaunariiini Mozieni MOXKHa pO3IAUIMTH MO 0ararboM KpUTEpisM, aje
HaWOIBII MomupeHa kiacudikailis Ha aBi kareropii: data-driven (opieHToBaHi
Ha 3amady) abo control-driven (opieHTOBaHI Ha MPOIECH) KOOPAWHAIINHI

M IXOH.

2.1. Bumoru 10 cucremM KOOpAMHALIL

B cBoiti pobGori Jlein IenepHTep BU3HAuae pi3HI BUMOTH IO
KOOpAMHALIHUX Mozeneid. Cepen HUX BiH 3rajlye€ OpTOTOHAIBHICTh, IPOCTOTY,
3aranbpHICTh. [Gelernter 1985]

B rany3i mporpamyBaHHS TiJ OpmMO2OHANbHICMIO MA€EThCA Ha YyBasl
NMOEAHAHHA  HE3AICKHUX  KoHmenuid. Hanpuknan, s mapaieiabHOTO
mporpaMyBaHHs HEOOXigHa OOYHMCIIOBajIbHA Ta KOOPJAWHAIIMHA MOJENi, K1 €
OpTOrOHAJIbHUMH a00 He3ajdekHuMU. KokHa MoJenb BiAMOBiAaE 3a CBOIO
YacTUHY pOOOTH, 1 BOHM HE BTpPYy4YaroThCsi B cdepy BIAMOBIIAIBHOCTI IHIION
Mozeni. Takoro BUAY OPTOrOHAJBHICTH POOUTH MOXIIMBHUM T€, IO MPOIEC-
crokuBad 1H(popmallli He MyCUTh MaTH SIKMXOCh Hallepe/] BU3HAYEHUX 3HAHb
npo BianpaBHUKa iH(opMallii. HacmaigkoM KoMyHIKamiifHOI OpPTOrOHaIbHOCTI
BUCTYIIA€ PO3AUICHHS YacOBOTO Ta IPOCTOPOBOIO  acCIEKTIiB  OOMiHY
iH(popMalliero, TOOTO BUKOPUCTAHHS  PO3MOAUICHOI  CIUIBHOI  MaM'sITi.
[IpocTopoBe po3niJIecHHS Ma€ Ha yBa3l Te, IO MPOILECH MOXXYTh OOMIHIOBATHCS
1H(pOopMalli€r0 yepe3 CHUIbHUIM MpocTip AaHuX 0e3 *oAHoi iHdopmalii mpo Te,
XTO BBIB KOPTEX B Il MpocTip. YacoBe po3AlIEHHS JA03BOJISIE JBOM IpOLiecam

CIUIKYBAaTHCsS 4Yepe3 CIHUIbHUNA MPOCTIp JaHUX 0€3 BUMOTM OJHOYACHOI iX
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aktuBHOCTI. Hampuknaa, mpouec Pl Moxe moOMICTHTH B TPOCTIp AaHUX
iHpopmMmarito 11 mrs mponecy P2. Komu nporiec P2 ctaHe akTHBHUM, BiH MOXKe
ckopuctarucs I1, HaBiTh ko P1 Bke 3akiHUMB CBOE BUKOHAHHS.

Bumora npocmomu cTOCy€ThCS B OCHOBHOMY KOMYHIKAIli MiX
nporiecamu. Mojeni KoopauHalli, opieHTOBaHI Ha 3amadi (Taki sk Linda),
BUKOPHCTOBYIOTh CHIJIBHUM NPOCTIp JaHUX, IO HAJa€ PO3POOHUKAM MPOCTHI
CHOCiO JIsl TOCATHEHHS PI3HUX IIUJIEH, TOJIOBHA CEpeJl SIKUX — CHUIKYBaHHS M1k
npouecamu. KomyHikanis npoueciB Mixk coO0I0 uepe3 CHIIbHUN NPOCTIp TaHUX
HiATPUMY€ETHCS 3aBASIKM HEBEIHKIN KUTBKOCTI orepariiil, siki MOXXyTh OyTH JIETKO
BUKOPHCTaH1 IPOTrPaMiCTOM.

3azanvricmy ONUCY€ MOXIMBICTH 1 Oa)KaHHS BU3HAUaTH KOOpPAMHALINHY
MOJIeTTh TAKUM YHUHOM, 11100 11 MO>KHA OyJI0 3aCTOCOBYBATH B OY/Ib K1 MHOKHHI

ACMHXPOHHUX 3aCTOCYBAHb, TAKUX K pOSHO,IIiJICHi CHCTCMMU.

2.2. Mogeab data-driven koopanHamii

OcHoBHOIO 0cO0NMUBICTIO MOJenel Ta MOB data-driven koopauHalii € TOH
¢axT, 110 cTaH OOYMCIIEHb Ha OyIb-sIKUH MOMEHT 4acy BHU3HAYA€THCS JaHUMU,
0 OTPUMYIOThCA ab0 mepenaroTbes Ta  (PAKTUYHOIO — KOH(Irypalliro
CKOOPAMHOBAHMWX  KOMIIOHEHTIB. [HIIMMU  cloBaMH, KOOPAMHATOP YU
KOOPJIMHOBAHMM TIPOIIEC BIJMOBIJIAE K 3a MEPEBIPKY 1 MAHIMYTFOBAHHS JIaHUMH,
TaKk 1 3a KoopauHauilo cebe 1/ad0 IHIIMX TPOUECIB 3a JOMNOMOIOKO
KOOpJMHAIIIMHUX MeXaHI3MiB, ki 3a0e3reuye kokHa MoBa. Lle He 000B'A3KOBO
O3HAuae, 110 HE ICHYE YITKOTO MOy KOOPAWHAIIMHUX MEXaHI3MIB Ta YHUCTO
OOUMCITIOBATBHUX (PYHKIINA NEAKOTro Mpolecy. Aje, SIK MPaBUiIO, 1€ 3HAYUTH,

NpUHAWMHI CTHJIICTUYHO 1 JIHTBICTMYHO, IO ICHYE CYMIII KOOpJWHAINI Ta
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obuncienb B Koxai mporecy. MoBu data-driven koopauHaiii, sIK MpaBUio,
HAJAI0Th JICSIKI KOOPJWHAIINHI MPUMITHBU (y TO€THAHHI 3 KOOPAMHAIIHHOIO
MeTadoporo), K1 3MINIYIOTHCA 3 YACTO OOYMCIIIOBAIIBHOK YacTHUHOIO Komy. [li
MPUMITUBUA 3PYyYHO I1HKAICYTIOIOTh KOMYHIKaIliiHI 1 KOH(ITypalliifHi acleKTH
NEeSIKUX 00YMCIIeHb, ajleé BOHU MOBHHHI OyTH BUKOPUCTAHI B MOEAHAHHI 3 YUCTO
O0OYMCITIOBAILHOK 00pOOKOIO0 TaHUX, MOB'3aHUX 3 mpolecoM. [le o3Hauae, 110
Ipo Tpolec HE MOXKHA JIETKO CKa3aTHh, KOOPJAWHAIIIMHUA BIH YH
oOuHCITIOBANBHUIN. SIK TIpaBMIIO, HA MPOrpamicTa MOKIATAEThCS BH3HAYATH SIK
BIIOyIETbCSI PO3PI3HEHHA KOOpAHMHAII Ta OOYHCIEHb, XO0ua y OUIBIIOCTI
BUIAJIKIB TaKe YITKE PO3JUICHHS HE HOCHTH OOOB'SI3KOBOTO XapaKTepy Ha
CUHTAaKCUYHOMY PiBHI KoopAHHaIiiiHO1 Mojemi. [Papadopoulos 1991]

B ocnoBy w™mogeni control-driven koopauHaiii TOKJIaJA€HO CIUTBHHMA
IPOCTIp AaHUX, SIKUM SIBJIsSIE COOOIO ACOLIATUBHY CTPYKTYpy AaHux. CHiabHUN
IPOCTIp JAaHUX BIANOBIAAE 3a 30epiranHs iHpopMmallii, Takoi K koprexi. Koprex
— 11e Ha01p 3HAUEHb 3 MIHIMAJIBHOIO IOBKHHOIO B OJTHE 3HAYCHHS 1 TEOPETUYHOIO
MaKCHMaJIbHOIO JIOBKMHOIO B N 3HAYCHB, HAIPUKIIA],

(“xoopaunara”, 23, 18)

Kpim Toro, kopTex € aToMapHOI OJUHHMIICIO 30epiranHs iHdopmarllii, He
MOKJTUBO MaHIMYJTIOBaTH OKPEMHM 3HAYEHHSIM KOPTEXKY. Bech KOPTEeK MOBUHEH
OyTH OTpUMaHUM 31 CIUIBHOTO MPOCTOPY MAHUX, MOAN(DIKOBAHUN 1 MTOMIIIICHUI
HazaJl B CHOUIBHUM mpocTip AaHux. lIpomec Moxke OTpUMaTH KOPTEXK 3a
JIOTIOMOTOI0 TaK 3BAHOTO aHTUKOPTEXKY. CHIIbHUM MPOCTIp JaHUX (HAMPUKIA,
cepBep) TMOPIBHIOE 116 AHTHKOPTEXK 3 HAIBHUMH KOPTeXXKaMH 1 Tiepeaae
BIJIMOBIAHUN KOPTEK HA MOYATKOBUHN TIpoOIIEC.

( “xoopmunara”, ?x, ?y) uu (“koopaunara’, ?x, 5)
OTpumanuii KOpTex MOKe OyTH BUITyUYEHHI 3 cepBepy ad0 CKOIMiIMOBaHMIMA.

Bynp sikuii mpoliec MOXe MOMICTUTH IPOLEC B CHUIBHUWA MPOCTIp JaHUX 3a
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JIOTIOMOTOF0 TIPUMITHUBIB, SIKI MIATPUMYIOThCSI KOOpAUHAIIITHOIO Mojemto. Kpim
TOTO, 4Yepe3 CHUIbHUN NPOCTIp JaHUX peaji3oBaHO HEMpPSIMUN 3B'S30K MIXK
npolecamMu. 3MICT CHUIBHOTO MPOCTOPY JaHUX HE 3aJ€XKHUTh BlJ MOTOYHOTO
CTaHy BCIX YYaCHHUKIB KOOpJWHAIII1, TOOTO MPOIIEC MOXKE ITOMICTHTH KOPTEXK Ha
CepBep Ta MPUIMHUTH CBOE BUKOHAHHS, a THIIMI MPOLIEC MOXE OJEPKATU LIeH
KopTex. ToMy CHUIBHHNA MPOCTIp AaHUX TakKoX JONOMAarae peani3yBaTu
MIPOCTOPOBE Ta YAaCOBE PO3AUICHHS MK IporecaMmu. Jleski Momeni KoopauHaIrii
3 TakuM nOpuHIunoMm omnucadi Jxopmxem A. Ilanagomymocom 1 dapxabom
Ap6abom B [Papadopoulos 1991]. IlepmmMm 1 HaicTapuiuM MPEICTABHAKOM ITIi€]
koopauHamiitHoi mojaeni € Linda. IcHye nexiapka po3MIMpEeHb OPHUTIHAIBHOT
moxeni Linda, Takux sik Bonita, Bauhaus Linda, Objective Linda ta inm, siki
MIPUBHOCSATH JI0AATKOBY (DYHKITIOHAIBHICTH a00 aJbTepHATUBHE Oa4eHHST pOoOOTH
moneni. dyHkuionyBaHHss Mmojeni Linda nmeranpHie OmMcaHO B HACTYITHOMY

po3aini 3.

2.3. Mogeas control-driven koopauHamii

OcHoBHa pi3HUIE MDK Moxaensmu data-driven Ta  control-driven
KOOPJMHAIIIT TTOJIATa€ Y TOMY, III0 B OCTAaHHHOMY BHIAJKYy ICHYE Maihke TTOBHE
PO3AUICHHS] KOOpAMHAIT Ta BlacHe odunciieHb. CTaH po3paxyHKIB y Oymab-sIKAN
MOMEHT 4Yacy BHM3HAUA€ThCSA JIMIIE B TEPMiHAX KOOPAMHAIIHHOTO II1a0IoHy
(pattern) 10 SIKOrO HaJEXHUTh MPOILEC, IO Oepe y4acTh B MEBHUX OOYMCICHHSX.
dakTUYHI 3HAYCHHS JAHUX, HAJ SKUMU IMPAIOIOTh MPOIECH, MaiiKe HIKOJIHM HE
OepyTbes 10 yBaru. CTHIIICTUYHO, 1€ O3HAYaeE, 10 KOOPAWHAIIITHA KOMIIOHCHTA
MaiKe MOBHICTIO BIJJIIJICHA BIJ OOYMCIIIOBaNbHOI. lle 3a3BHuUail mocsAraeTbCs

IUISIXOM PO3POOKH IILJIKOM HOBOI KOOPJWHAIIWHOI MOBH, Ji€ OOYHMCITIOBAJIbHI
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YaCTMHU PO3MISAAIOTHCS  AK '"4OpHI CKPUHBKU" 3 UYITKO BU3HAYCHHUMU
BXITHUMH/BUXITHUMHU 1HTepdeticamu. OTox, Ha BiaMiHy Big data-driven
KOOpJIMHaIll1, /e iCHye HaOlp Hamepe] BU3HAUCHUX MPUMITHBIB, control-driven
KOOPJIMHAIIS Maiike 3aBKIU PE3ylIbTye y CTBOPEHHs MOBHOIIIHHOT MoBHU. lle
TaKoXX O3Havae, 110 KOoOpAMHAIlIHHA control-driven Mopaenb CTUMYIIOE
po3poOHMKAa po30MBATH MPOLECH Ha [BI OKpeMi TpyNH, a CcaMe€ YHUCTO
OOYMCITIOBANIBHI 1 CYyTO KOOPJUHAIIIKHI MPOIIECH.

[Ipunuun podotu control-driven koopauHalii rpyHTY€TbCS Ha B3a€MOIIT
noctadanbHuka (producer) Ta crnokwmBaua (consumer) gaHuX. L{g B3aemomis
BU3HAYAEThCA SK TMOTIK a0 KaHal JaHUX MDK BHUXIJHUMH TOPTaMH
NOCTAaYaJbHUKIB 1 BXIJHUMU TOpPTAaMU CHOXHUBadiB. Taki BIJHOCMHU MOXHa
VSIBUTH y BHUIVISAI KOHBEEpA, J€ BHXIJHI JaHI IMOCTAYabHUKIB € BXIJIHHUMH
JaHUMU CIIOKMBa4ya. bijgbiie Toro, mporec MOoXe TMepecusiaTi Yy CBOE
HABKOJIMILIHE CEPEJOBUIIE TMOMAIMHI a00 KOHTPOJIbHI MOBIIOMJICHHS JUIS
1H(OpMYBaHHS IHIIKX MPOIIECIB IIOAO0 3MIHUA CBOTO CTaHy a0o0 3aMuTH MPO CTaH
1HIINX MPOILIECIB.

Takoro BuAy B3a€EMHHH MDK MOCTa4aIbHUKAMU Ta CIIOKMBAaYaMHU YacTO
NPU3BOJATH JO KIIBKOX BHJIIB 3aJIeKHOCTEH, sKi omucaHi MaoyHoM 1
Kpoyctonom y [Malone 1994]. Ilepiioro 1 HalOLIbII MOMTUPEHOIO 3aJEKHICTIO
MDK TOCTAa4aJlbHUKOM Ta CIHOXKHMBa4eM € Te€, IO TMOCTavyajJbHUK TOBHHEH
3aBEpPIIUTU CBOIO POOOTY MEpIl HIXK CIOXKHBAY 3MOXKE MOYaTH MPAILFOBATH.
Takoro BUIy 3aJE€XHICTh Ha3WBAETbCS  "OOMEKEHHAMHM IepeayMOBH"
(prerequisite constraints). s TakuxX 3aJIeKHOCTEH Ma€ BEJIMKE 3HAUYCHHS
MOBIJOMJIEHHS TIPO T€, 110 MPOLEC-CIIOKUBAY MOXKE MoyaTu podoty. binki Toro,
HEOOX1H1 MOCIIIOBHE BUKOHAHHSA MPOIIECIB 1 HAABHICTh OKPEMHUX MPOIIECIB, AKI
CTeXaTh 3a THM, IO MpOIEC-MOCTaYalbHUK OyB 3aBepiieHuid. [Jpyruit Bua

3QJIEKHOCTI1 Ha3uBaeThes "'mepenaya” (transfer) 1 BiAnoBijgae 3a nepenady JaHUX
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BiJl OCTaYaJIbHUKA JI0 CIIOKKMBavya. B ganomy BUManKy AaHi, 0 MEPEAarOThCs —
e iHdopmMmairis BiJ MocTavyajJbHUKA J0 CIIOKHBa4a, 1 TAKUM YUHOM, Tepeaady
JAHUX TAKOXX MO)KHA BBA)KaTU KOMYHIKali€r0. Tpers 1 OCTaHHA 3aJeXHICTh
Ha3MBAaEThC "3acTOCOBHICTH'(usability). s 3anexHICTh onmucye Tou ¢akTt, 1m0
pe3ysbTaToM poOOTH MOCTa4alIbHUKa MYCUTh 3MOTTH CKOPHCTATHUCS CIOXKHBAY.
Jnst 1i€l 3a7€KHOCT1 ICHYE JIBa CIIOCOOM pO3B'I3aHHS: BUKOPUCTAHHS 3aIUTIB 10
CIOXKMBa4a Mpo MOTPiOHY Homy iH(MOpMAIlil0 YW CTaHIapTH3allis BXITHUX Ta
BUXIJHUX JAHUX.

SlckpaBuM mpeacTaBHUKOM control-driven mozpeni KoopauHaIii € MoBa

nporpamyBadHsi Manifold. [Papadopoulos 1991]

2.4. O0macTi 3acTOCYyBaHHS

Kpim  crwimicTuyHUX ~ BIAMIHHOCTEH MK  JIBOMa  OCHOBHHMH
KOODJAMHALIIMHUMU MOJENSAMHU, $KI BIUIMBAIOTh Ha CTYIIHb PO3JUICHHS
OOYHMCITIOBAIPHUX Ta KOOPJAWHAIIIMHUX YaCTHH, KOXKHA KATETOpPis MIIXOAUTh JIIS
pI3HMX THUIIB 3acTocyBaHb. Mojenb control-driven koopauHaiii, K mpaBuio,
BUKOPUCTOBYETHCS B OCHOBHOMY JJIsi PO3MapajellfoBaHHS OOUMCIIOBATBHHUX
3agad. Iligxig control-driven kxoopauwHallii 3a3BUYail BUKOPUCTOBYETHCS IS
MOJIeTIOBaHHS cucteM. Lle Moxke OyTH MOSICHEHO TUM (PakTOM, LIO0 B pamKax
KOH(ITYpaIifHOTO KOMIIOHEHTa MPOrpaMiCT Mae€ OUIBIINUNA KOHTPOJIb Haj
JAHUMH B pa3l BUKOPUCTAHHS MOB, 110 MATPUMYIOTh data-driven koopuHaiiio,
HIK y BUnajky control-driven koopauHamii. Takum 4YWHOM, NpeACTaBHUKH
MEepIoi Kareropii, K MpaBWJIO, HAMAraloThCid KOOPAWHYBATH JaHi, Y TOM dYac
MPeICTaBHUKU IPYTroi HaMararoTbCs KOOPJIMHYBAaTH CYTHOCTI (SIKi, MOXYTbh OyTH

HE TUIbKU 3BHYAHUMU MPOLECaMU, a W MPUCTPOSIMH, KOMIIOHEHTAMHU CUCTEMH 1

T.J.).
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3. Koopaunauiiina monesan Linda

et po3ain gae onuc KoopauHaIiiHoi MoBu Linda sik Mmozeni:

“Linda kpamie BBaXaTH HE OKPEMOI MOBOIO, a
PO3IIUPEHHSM, SIKe MOXKe OyTH JIOAaHO MPAKTUIHO JI0 OyIb-sSKOi
MOBU JJI1 TIOJICTIIEHHS CTBOPEHHS TMPOIECIB, KOMYHIKAIlli, Ta
cunxponizaiii.” [Gelernter 1992]

Llst Mozenb CKIaga€eThes 31 CHIIBHOI MaM'sTi, Ska HA3UBAETHCS TIPOCTOPOM
KOPTEeXIB 1 JEKUIbKOX ofepaimiii s gocTymy A0 Hboro. Il omeparmii
BUKOPHCTOBYIOTBCS PI3HHUMH TIPOIECAaMH I PO3MIINICHHS, YHTAaHHS YU
BUJIAJICHHS KOPTEXKY 3 MPOCTOPY KOPTEKIB.

Omnepamii mozxem Linda, siki 4acTo TakoXX Ha3WBAaIOTh MPUMITHBAMH,
JIO3BOJISIIOTh PO3POOHUKY KOOPJAWHYBATH TPOIIECH, 3alyIICHI Ha OAHIA YM Ha

JEKUTBKOX MalllMHAX, K1 MPAIOI0Th B MEPEXKI.

3.1. IIpocTip KopTexiB

[TpocTip KOpTEXKIB — 1€ CINUIBHUN MPOCTIP JIAHUX 1 €TUHUN TOCEPETHUK
JUTsl KOMYHIKalii Mix nporecaMu. KoxeH mpoiec Mae NOBHUM J0CTyH 0 OyJib-
SKOTO KOPTEXKY, MOXKE BUIBHO J0JaBaTH, YWTATH, BUAAIATH BCl KOPTEXKi. 3a
JIOTIOMOTOI0 MeTaopu CHIIBHOTO MPOCTOPY JaHMX BiJIOYBAETHCA PO3ALICHHS
npoI1ieciB B mpocTopi 1 yaci (space and time decoupling). OniHi npoliecu MOXYTh
PO3MICTUTH B MPOCTOPI JIAHUX SKICh KOPTEX1 1 MPOTOBKYBATH IMPAIIOBATA HAJl
OOYMCIIEHHAMH Y4 HABITh NPUIUHUTH BUKOHAHHS, a B LIeH K€ Yac 1HII1 IpoLecH

MOXYTb aCMHXPOHHO OTpUMATH JOCTYII JO IUX JaHUX. CHO)KI/IBa‘-Iy JaHUX HEC
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NMOTPiOHO 3HATH MPO MOCTAaYaTbHUKA JAHUX 1 HABIMAKU. TakuM YUHOM, CIIUTHHUIN
MIPOCTIP AaHUX BUCTYIIAE SIpOM KOMYyHIKallii B mozmeni Linda.

[IpocTip KOpTEXIB MOXHaA KiIacu(IKyBaTh Ha TPU THUIIH: JIOKAJIbHUH,
po3mnoniyieHuit Ta ckiaaaeHuil. J[o JTOKaIbHOTO TPOCTOPY KOPTEKIB Ma€ JOCTYII
JIMIIIE OIMH MPOIIEC, IKU MOKE BUKOPUCTATH 1IE MPOCTIp 1100 MPOYUTATH YU
BUJIAJIUTU KOPTEXK1 3 PO3MOALIEHOTO YU CKJIAJAEHOTO MPOCTOPY, PO3MICTUTH iX B
JIOKaJIbHOMY TPOCTOpPI 1 BUKOHATH SIKICh OTMepallii HajJ IHUMH KOPTEKaMHU.
CkianeHuid TpOCTIp KOPTEXKIB CKIANAEThCA 3 N MIPOCTOPIB  KOPTEXKIB.
Hanpuknan, Mo)xHa BHKOPUCTAaTH 2 TPOCTOPU KOPTEXKIB, JOCTYHNHHX BCIM
mpoliecam, JJi1 BAKOHAHHS SIKMXOCh O0YHCIIEHb, KOJIM M KOPTEXKIB 30€piraroThCs
B OJHOMY IIPOCTOpi, a pe3yJbTatTd — B 1HIIOMY. Po3mnofineHuil mpocTip

CKIIQJAETHCS 3 OJTHOTO MPOCTOPY KOPTEXKIB, JOCTYITHUX BCIM ITpoIiecam.

3.2. Koprex

Koprexxi HeoOximHi [ KOMYHIKAIlli MK TpoliecamMd Ta MPOCTOPOM
kopTexiB. Koprex siBisie co0010 MOCIIIOBHICTh TUITI30BAaHUX 3HAYCHD JTOBLITLHOT
noBxkuHu. KokHe 3HaueHHs Mae OyTH 3 MIATPUMYBaHOTO TUNY naHux. [Ipoiec
CTBOPIOE TaKl KOPTEXI1 1 pO3Milllye iX B MPOCTOpi KOpTexkiB. KopTexi MOKYyThH
Oyt macMBHUMU (MICTUTH JaHl) YA aKTUBHUMHU (SBISATA COOOK OKpPEMHIA
npotiec). [Iporiec Mae 3Mory CTBOpIOBaTH Tak 3BaHI aHTUKOPTEkK1 YU 1IAOJOHU
JUISl 3HAXO/KEHHS KOPTEXKIB JAHUX B MPOCTOp1 KopTexkiB. Koprex Ha3uBaeThcs
AHTUKOPTEXKEM, SKIIO OJHE YM OUIbIIE OB B KOPTEXKI MICTUTh CHMBOJ-
3aMICHUK, HAIPUKJIA] :

(“Int”, 7x, 20) um (“divide”,15, Int)

Hepnn ABa IIOJII € aKTyaJIbHHUMHU IIapaMCTpaMH, a OCTAaHHE IIOJIC 3
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CHUMBOJIOM-3aMiCHUKOM Ha3MBA€THCA (DOPMaILHUM MapaMeTPOM.
Crnioco6iB peamizailii KOpTexiB icHye Oararo. B omHoMy BUIIAAKY 1€ MOXKE
OyTH OJHOBMMIPHUN MAaCHB YM 3aIlHC, a B IHIIOMY BUIAJKY BKJIAJIEHI KOPTEXI

TeX MOXYTh miaTpumyBatucs. [Papadopoulos 1991]

3.3. Onepanii

3.3.1. out

Onmnepariis out () € €eIMHUM cIOCOOOM MOMICTUTH KOPTEXK B MIPOCTIP

KOPTEXKIB .
out (23, "3Hauenns", 1)

KoxxHe mone B KOpTeXi € axkTyalbHUM mnapamerpom. Ilicis
pPO3MIIIIEHHsI B TMPOCTOPl KOPTEXKIB KOPTEXK MOXKe OyTH BUIyYeHUH abo
IpoYnTaHui 3 Oyap-sikoro mpornecy. Ilopsnok ciigyBaHHsS 3Ha4€Hb B KOPTEXKI
JOBUIBHUM. SIKIIO TPOCTIp KOPTEXIB MOBHICTIO 3allOBHEHUN, TO MOBEIIHKA
CHUCTEMH He BU3HaueHa i omeparitii out(). Hanpuknan, omepartiro out() Moxe
nepepBaTi CBO€ BHKOHAHHS, 1/a00 BUBECTH MOBIJIOMJICHHS TPO MOMUIKY. B
nesikux peamizaniax, Takux sk TCP Linda posmip mpoctopy KopTexiB

0OMEXXEHHUH TIJIbKH HasSBHOIO BIPTyaIbHOIO MaM'sITTIO.

3.3.2. in

Onmnepariis in() HaMaraeTbCs BUIAAIUTH KOPTEX 3 MPOCTOPY KOPTEXKIB,

110 Bi/MOBi/Ia€ aHTUKOPTEXKY. KoskHE 1oJie aHTUKOPTEKY MOKe OyTH (PaKTHIHUM
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9 (HOpMATBHUM TapaMeTpPOM. 3 HACTyIHUM aHTUKOPTEK MOXKHA BHIAJTUTH
KOPTEX JTaHUX, HAaBEJACHUI BUIIIE
in(Int, String,1)

[Iporuec, sikuii BUKOPUCTOBYE in() MPU3YNHUHSIE CBOE BUKOHAHHS 70 THX
Tip, TOKH BIJMIOBIIHUI KOPTEXK HE Oysie 3HaieHO (TOOTO SKUICH 1HIIHMKI Tpo1iec
Ma€ pO3MICTUTH NOTPIOHUI KOPTEX B IMPOCTIP KOPTEXKIB 3a TONOMOIOIO Orepanii
out()). Ilicis 1bOro CUMBONU-3aMICHUKUA Y aHTHKOPTEX1 OyIyTh 3amiHEHI Ha
BI/IMOBIHI 3HAYEHHS B KOPTeXi naHux. Hampukian, omeparito in() MoxHa
BUKOPUCTOBYBATU ISl BUAAJICHHS KOPTEXKY, HOTO 3MIHH 1 pO3MILICHHS Ha3aj B

MIPOCTIP KOPTEXKIB.

3.3.3. rd

Omepariis rd()’ Toroxna omepariii in() BHIIE, 3 TIE JIHIIE Pi3HUIEIO,
IO L5 omepalis He BUAAISAE KOPTEXK 3 MpocTopy KoprexiB. Lle 3HauuTh 1110
KOpPTEX, SIK 1 paHille, JOCTYIHUN IS 1HIUX mpoueciB. Onepartito rd() MoxkHa
BUKOPHCTOBYBaTH TAKUM YUHOM:

rd(Int, String,1)

3.3.4. eval

Onmneparis eval () cTBOpIOE aKTUBHUN KOPTEXK MIJISXOM 3aIyCKy HOBOT'O
MpoIIeCy, pe3yabTaT POOOTH SKOTO TIOBEPTAETHCSA B JAHUM KOPTEXK ITICIA

3aBepIICHHS 1[LOTO Mpoliecy. DakTHUHO, AKECh MICIIE B KOPTEXKI 3aiiMa€e BUKIIUK

5 rd o3nauae read
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neBHoi (ynkmii. Hactymra omepartis eval() cTBOpro€ MTpOCTHI aKTUBHHIA
KOPTEXK:
eval(23, "3nagenns", sin(90))
I{eit akTUBHUI KOPTEXK MEPETBOPUTHCS B HACTYITHUM KOPTEK TAHUX
(23, "3nauenns",1)

Bapro 3azHaunTH, 110 ICHYIOTH NpeaukarHi Gopmu omepauiid in() ta
rd() — inp() Ta rdp(). @yskiioHanbHICTH in() Ta inp() €KBIBaJICHTHA, TaK € 5K 1
rd() ta rdp(). €n1uHa BIAMIHHICTH TOJISITAE B TOMY, IO TpeAUKaTHI (GOpMU HE
NPU3YyNUHAT, BUKOHAHHS TMPOIECY SKIIO BIAMOBIMHUA KOPTEX HE Oyre
3HaWJIeHO, BOHU IMMOBEPHYTh 3HAYeHHsS XubOa abo (iCTMHA, KOPTEXK) Y BHUIAIKY

AKILO 3HAUIYTh LIEH KOPTEXK.

3.4. IlpaBuia BiAMOBIAHOCTI

Linda BUKOpPHCTOBYE acoOIllaTUBHUIM MEXaHI3M TMOIIYKY BIIMOBITHOCTEH
(Associative Matching Mechanism) a5 3HaXOIKEHHSI KOPTEXIB B IPOCTOPI
kopTexiB. [{eit MexaHi3M 0a3yeThCsl HA TAKUX MPOCTUX MPABUIIAX:

® AHTUKOPTEXK 1 KOPTEXK JAHWX TOBUHHI MaTH OJIHAKOBY KIJIbKICTh MOJIB;

e (opManbHi mapamMeTpu MarOTh TOM K€ THUI TaHUX;

e (hakTHUHI MapaMeTpy MAIOTh TOH K€ TUII JaHUX 3 THM K€ 3HAYCHHSIM;

e SIKIIIO AHTUKOPTEX BIJIMOBIJAE ACKITHKOM KOPTEXKIB JaHUX, OJUH KOPTEXK

BUOUPAETHCS JOBUILHUM YHHOM

[lepeBara mporo MexaHizMy — B HWOTO MPOCTOTi, a HEAOJIK MOJIATae B
HEJOCTATHIM THYYKOCTI B ISIKUX BUIAIKax. Hampukiaa, HEMOKIMBO OTpUMATH
MaKCUMYM Y MiHIMYM 3HA4€HHS B KOPTEXi:

rd (max[Int]) a6o in(max[Int])
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VY TakoMy BHITJIKy MPOIEC MOBHHEH OJIEP>KaTHU BCl BIATOBIAHI KOPTEXI,
3HAUTH MaKCUMaJIBHUW 1, HaApeIITi, BIAMPABUTH YCI KOPTEXI JI0 MPOCTOPY
kopTexkiB. CraOKICTIO acOI[laTUBHOTO MEXaHI3My IMOIIYyKY BIJAMOBIIHOCTEH €

MIOTITYK YHCJIOBHUX JaHUX B KopTexkax.[ Wells 2004]

3.5. IIporpamoBHa 0i01i0TeKa MOMIYKY BiINOBiTHOCTEN

Jlxopmk Benc pospobun gana  cBoei  auceptamii  [Wells  2001]
"IIporpamoBHy 016mioTeky mnomryky BinmoBigHocTed" (“The Programmable
Matching Engine”, PME), 106 mo30yTucs ci1abKocCTi acoliaTUBHOTO MEXaH13My
NOIIYKY BIJMOBIIHOCTEH, onucaHoro Buile. PME BXxoauTh 10 cKilaqy HpOEKTy
elLinda 1 3a0e3meuye pO3MMPEHUA MEXaHI3M ISl Omepalii BBEICHHA 3
BUKOPUCTAHHSAM OUIBII THYYKHX KPHUTEPIiB ISl TOIIYKYy KOpTexiB. Y PME
NIATPUMYIOThCSL  1HTepdelicu Ta kigacu Java Uil po3poOKHM  HOBUX
3HaXOo/pKyBadiB 30iriB (matchers). TuMm He MeHII, JesKi 3aNIUTH, K1 MATPUMYE
PME, (manpuknan, Momryk MakCUMyMy) MO)KHa 31HCHIOBATHUCS 3 ICHYIOUMMH
oneparisimu Linda. Ha sxanp, e miaxia B mijoMy HeeeKTHBHHIA.

Y PME BUKOpHUCTOBYIOTHCS TPOIIKM 1HAKIII oOfepalii BBEJACHHS B
MO€THAHHI 3 MaT4yepaMu, HapUKIIa

In.maximum

Kpim Toro, PME BukopucToBy€ po3mMpeHUi CHHTAKCHUC, 11100 TO3HAYUTH

1oJIst JUTsl 3HaXO/KyBaua 301iriB. HactynHe TBepKeHHs

in.maximum( "pixe",?x, ?y,? = z)
BUKOPHCTOBY€E 3HAXO)KYBa4 MAaKCMMYMIB B IO€JHAHHI 3 OMNEpAIi€lo in, 1100
3HaWTH MaKCHMajbHE 3HAYCHHA Z. TakuM YHHOM, 1€ TOJIe TMO3Ha4YeHe s

MaT4depa, a MoJjisi X Ta y He BUKOPUCTOBYIOTh 1I€H po3lIMpeHuit cuaTakcuc. Yepes
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1€ TIPOCTIp KOPTEXkKiB BUKOPUCTOBYE ACOLIIATUBHUN MEXaHI3M MOIIYKY IJI LHUX
JIBOX ITOJIIB.

Takuil miaxig 3BOAUTH 1O MIHIMyMYy MepexkeBU Tpadik, OCKUIbKH
mpoiiecaM He TOTPiOHO OTPUMYBATH BCi BINMOBIMHI KOpTexkiB. [lopiBHSIHHS
3IIACHIOETHCSL Ha OOLll MPOCTOPY KOPTEXKIB, a MpPOLEcaM IPOCTO MEPENAEThCS

BI/IMOBIHUN KOPTEK.

3.6. IIpobuaema dararbox onepaumiii rd

3a gomomororo omeparii rd() MOXXHA TPOYUTATH KOPTEXK 3 MPOCTOPY
KOPTEXKiB. SIKIIO O1IbIIIe HIK OJUH KOPTEXK BIAMOBIAAE aHTUKOPTEXKY, TO KOPTEK
BUOUPAETHCS JOBLIBHO 1 HE BUNIAJIAETHCS 3 TPOCTOPY KOpTexkiB. Lle € mpuunHoIO
“mpobnemu Oararbox omepariii rd()”. L{s omepaiiisi He JECTPYKTHBHA, OTOXK,
HEMae HISIKO1 rapaHTii, 110 BC1 KOPTEXI1 SK1 BIJMOBIIAIOTh aHTUKOPTEXKY, OYIyTh
IPOYUTaHI 3 TPOCTOPY KOPTEXKIB. Y TIPUIOMY BUMNAAKY MOXJIHMBE KUIbKapa3zoBe
MOBEPHEHHSI OJHOTO 1 TOro X KopTexy. [IpocTuit miaxim 10 BUPIMIEHHS ITi€l
npo0JIeMH MOJISATaE y BUAJIEHH] KOKHOTO BIAMOBITHOTO KOPTEKY 3a JOTIOMOTOIO
omepartiii in() Ta inp() B MUK, 3MIHCHEHH] SKUXOCh Jii HAJl IIAMHU KOPTEX)aMHU 1
noBepHeHH1 ix Hazaz. Lle myxe HeedeKTHBHO, B 1€ 4ac KOPTEXK1 HETOCTYIIHI
JUIS.  IHIIUX T[poleciB (HANpUKIaA, JesIKI MOXYTh MPUSYINIHUHUTH CBOE
BUKOHAHHS). J[J151 KO)KHOTO KOPTEXKY HEOOX1JHO BUKOHATH 5 Omeparliii:
1. KiieHT mOBUHEH HaJICIATH 3aIIUT 10 IPOCTOPY KOPTEXKIB;
2. TlpocTip KOPTEXKiB MOBUHEH 31CTABUTH HAsIBHI KOPTEKI1 3 aHTUKOPTEXKEM;
3. Bixicmatu KOpTex JI0 IpoIecy;
4. lleit mporec NOBUHEH PO3MICTUTH KOPTEX B JIOKAJIBHOMY IIPOCTOPI
KOPTEXIB;

5. Tlpouec mOBHMHEH BIANPABUTH Ha3a]l KOXKEH KOPTEK.
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o6 BupimmTu 110 1pobrmemy, Entoni Poycron Tta Anan Byn
3anpononyBaiu B [Rowstron 1996] noBuit npumitus copy-collect (). Cunrakcuc
IILOTO TIPUMITHBY TaKHIi:

copy-collect(TS t1, TS t2 , <mrabmon>)

Ile mpuMITUB — HEIECTPYKTUBHA OTEparllis, 10 KOIIKE BCl KOPTEXKIi, K1
BIJIMOBIAAIOTH 1A0JIOHY, 3 TPOCTOPY KOpTexiB t1 10 mpocTopy kopTexis t2. 11s
orepallis Mo camiil CBOIM TPHPOMAI BUMAra€ HasBHOCTI KUIBKOX MPOCTOPIB
KOPTEXI1B, HAIIPUKJIIA], JIOKAJILHOTO 1 CIIUJIBHOTO. Y MPOCTOP1 KOpTEXiB 0e3 Oy/b-
K01 aKTUBHOCTI (TOOTO TaM HE BHMKOHYIOTH OIEpalii 1HIIMX MPOLECiB, SKi
MOXXYTh 3MIHUTH 3MICT IPOCTOPY KOPTEXKIB), 1151 OIEpallisi KOIMIIE BCl KOPTEXKI 3
t]l mo t2 3a yMOBM BIAMOBIAHOCTI MIAOJIOHY. SIKIIO 1HIII MPOLIECH BUKOHYIOTh
omeparii, fKi MOXYTh 3MIHUTH 3MICT TPOCTOPY KOPTEXKIB, pE3yJIbTaT
HeBU3HaueHUd. KpiM Toro, pi3Hi Mpolecu MOXYTb BHUKOPHUCTOBYBaTH COpY-
collect() He3ale’)KHO 1 ACHHXPOHHO JIJII YUTAHHSA KOPTEXKIB 3 OAHOTO M TOTO Xk
POCTOPY KOPTEXKIB.

Omnepamis collect() Oyna 3ampomonoBana B [Butcher 1994] Bytuepom,
Bynowm 1 Atkinconom. Ile nectpykTuBHuUI BapiaHT omnepaiii copy-collect(), sikuit

BUJIAJISE BC1 B111I0paHi KOPTEXKi 3 MPOCTOPY KOPTEKIB.

3.7. IMmmiemenTanii

Oxpim kimacuuHoi Linda icHye Oararo ii po3IIHMpeHb Ta PI3HUX BapiaHTIB
iMIuieMmenTarnii. ¥ cBoiti po6oti [Papadopoulos 1991] JIxopmxk Ilamagomymoc
3ragye Oarato 3 HuX, B Tomy uuciai Law-Governed Linda, Bonita, Objective

Linda, Sonia, Bauhaus Linda Ta ifmi.
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3.7.1. Bauhaus Linda

Bauhaus Linda € 6e3mocepeHiM MPOIOBKEHHSIM MPOCTOT MOJETI
Linda 3 3 peani3zali€io cCKIaieHuX MPOCTOPIB KOPTEXIB y (HOpMI MYIBTUMHOXKUH
(multisets, msets). Bauhaus Linda He po3pi3Hsie kopTexi 1 IPOCTOPH KOPTEXKIB,
KOPTEX1 1 aHTUKOPTEX1, aKTUBHI 1 TACHUBHI KOPTEXl. 3aMmiCThb J0/laBaHHS,
YUTaHHS a00 BUIATICHHS KOPTEXIB 3 OAHOTO “TIOCKOro” MPOCTOPY KOPTEXIB, LS
peamizaiisg Linda BukopucroBye omepariii out, rd Ta in mo6 g01aBaTu, BUAAIATH
YY YATATH MYJIBTHMHOXXUHU 3 1HINOT MYJTBTUMHOXXHHH. SIK HACIITOK, MEXaHi3M
acolllaTUBHOTO TMONIYKY BinmoBigHocTed Linda, 3acHOBaHUi Ha MOPAIKY Ta
MO3UIIIT €JIEMEHTIB Yy KOPTEXKI1, 3aMIHIOETbCSI HA HEBITOPSIIKOBAHE BKIIFOUEHHS J10
MHOXKHH. J[0 TOTO K IS MOBa TPEIACTABs€ HOBHH MPUMITHB MOVE, SKHMA
BUKOPHCTOBYETHCS JJIA TEPEMINICHHS KOPTEXKIB BrOpy YW BHH3 IO PIBHAX
MYJBTUMHOXXHHH, TOJATKOBUMHU BaplaHTaMH SIKOTO € omeparii up Ta down.
TakuMm 4YMHOM MOKHA OpraHi3yBaTH JaHl B i€papXiyHi CTPYKTYpHU:
{“world”
{*europe”...
{“ukraine”...
{“kyiv”...
{*naukma”...}

)
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3.7.2. Bonita

Bonita onucana B [Rowstron 1998] Bynom ta Poycrponom. Lls npars
IPOIMOHY€E HOBI MPUMITHUBH SIK 3 METOIO MOKPAIIEeHHS (PYHKIIIOHAJIBHOCTI MOJENI
Tak 1 jus 30uTemieHHs npoayktuBHOCTI. [lepma merta mocsraeThcs 3a
JIOTIOMOTOI0 BITPOBA/IPKEHHSI CKJIAJACHUX MPOCTOPIB KOPTEKIB Ta arperoBaHoi
MaHIMyJsLli KoprexaMu. [ JOCSITHEHHS IPpYroi Hijl BOOAUTHCA OUIbII TOYHUI
3alluc A OTPUMAHHS KOPTEXKY, KOJMM 3amuT BiJ SKOroch Hpolecy Ha
3HAXO/DKEHHSI KOPTEXKY OOpOOsIe€ThCd OKPEMO Bl NEPEBIPKA UM OTPUMAB
Opolec 3anuTyBaHi JdaHi. TakuM 4YHMHOM, I Jii MOXYTh OyTH BHUKOHaHI
napayiesIbHO 1 SIK HaCJ1JJOK 3MEHIIYIOThCS HAaKJIaIHI BUTPATH.

B cBoiil poboTi aBTOpH BHUBOIATH Taky (GopMyny ajisi OOYUCIEHHS
YaCOBUX 3aTpaT OTepalliii:

Tpack T Tsendrequest T Tueue T Tprocess T TBiock T Tsendrepty T T Unpack
Tpak — 1€ Yac, MOTPIOHUM NJIsi BUIUICHHS HEoOX1aHO1 1H(dOpMaIllli, CTBOPEHHS
MOBIIOMJICHHS Ta 1HIIIaJi3allisl mepeaadi.
Tsendrequest OMTUCYE YacC, HEOOXIHUW JI HAJACWIAHHA KOPTEXKY /0 MPOCTOPY
KOPTEXKIB.
Tquewe /@€ 3HAUEHHSI Yacy MPOCTOIO, JIO TOTO MOMEHTY SIK MPOCTIP KOPTEXKIB
0OpOOUTH 3aMuT.
Tprocess BUBHAYAE dYac JUISI 3HAXOKCHHS MIJIXOMISALIOTO KOPTEXY, MIATOTOBKU
BIJIMOBI1 Ta BIAMPABJICHHS ii 10 TOYATKOBOTO MPOIIECY.
Thioek — 1€ YAC IO TOTO MOMEHTY SIK TIOTPIOHUN KOPTEXK CTAE TOCTYITHUM.
Tsendreply OMUCYE YaAC JUISI JOCSTHEHHS MOBIJIOMJIEHHSIM I[OYaTKOBOTO IPOLECY
yepe3 MEPExXy
Tunpack — 1€ Yac, HEOOX1AHMI MpoLIECy ISl TOTO, 100 IHTEPIPETYBATH KOPTEXK.

3HaueHHs Ty A7 BCX HE OJIOKYIOUMX oreparlii, Takux sk rdp abo
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INp 3aBX]1 JOPIBHIOE HYIIO

Bonita 30kpeMa miarpumye Taki onepartii:

rquid=dispatch(ts, tuple)

He Onokyroouuil mpuMmiTUB, pO3MilLy€e KOpTEX tuple B ts 1 moBeprae
imeHTU(IKaTop, SKUM MOKe OyTH BUKOPHUCTAHMM IHIMUMHU TIPOLIECAaMH IS
OTPUMAaHHS KOPTEKY.

rquid=dispatch(ts, template, d | p)

He Omokyrouuii mpuMITHB, Ja€ AOCTYN JO MPOCTOPY KOPTEXKIB.
Bunanse xopTex 3 mpocTopy KOPTEXiB, SKIO BKazaHo d, a00 moBepTae KOIIiio,
SKIIO BKa3aHo p. Takoxk nmoBeprae ieHTU(IKATOP 3aMuTY.

rquid=dispatch_bulk(ts1, ts2, template, d | p)

[leit He OyoKyrouWii TMPUMITUB Komitoe (p) uu mepeHocuth (d) Bci
KOpPTEXI1, IO BIAMOBIIAaIOTH 1I1a0NOHY, 3 tsl 10 ts2. DyHKIIOHAIBHICTH I[HOTO
IPUMITUBY MOPIBHIOBaHA 3 (pyHKIIIOHANBHICTIO copy-collect Ta collect.

Jlis Toro mo0 TMepeBipuUTH, YW JOCTYIMHUN KOPTEXK UM PE3YJbTar,
aBTOPH MPOIOHYIOTh TAaKUW HE OJIOKYIOUHI PUMITUB:

arrived(rqgid)

Bin nomeprae true um false sikio KopTex Bxke JOCTaBIEHO. SIKIIO
MPUMITUB BUKOPUCTAHO 3 HEMPAaBWIBHUM rqid, To moBepTaeThes false.

OcranHI 3 3ampoONOHOBAHMX TMPUMITHUBIB I1i¢ obtain 3 TakuM
CUHTAKCHCOM:

obtain(rqid)

Bin G6rokye BUKOHAHHS TIPOIIECY /IO TOTO SIK KOPTEX, BU3HAaUYeHM rqid

CTaHC NOCTYIIHUM.
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3.7.3. JavaSpaces Ta GigaSpaces

[Ipo JavaSpaces rosoputscst B [Wells 2003]. Ile immnemenTanis Linda
st Java Bim Sun Microsystems 1 yactuHa npoekty Jini. O0'ekTHUN MPOCTIp B
i peasizaiii BUKOPHCTOBYETHCS SK TPOCTip KopTexkiB Linda, a o006'ektu
BUCTYNAIOTh KOpTexkamu. JavaSpaces BUKOPUCTOBYE Taki oreparii Ay JOCTYITy
JI0 IPOCTOPY KOPTEXKIB:
e Wwrite po3Milly€e HOBUI 00'€KT B 00'€KTHOMY MPOCTOPI;
e read moBepTaE KOIIIO BIANOBIAHOTO 00'€EKTY 3 00'€EKTHOTO MPOCTOPY;
e take moBepTae KomilO BIAMOBIAHOTO O00'€KTy 3 00'€KTHOTO MPOCTOPY 1
BUAJIAE 11.
Ili omeparmii Taki cami, sk 1 B opuriHaibHid Linda, TUIbKK 3 IHIIUMH
IMEHaMH.
Jlns poGoTu JavaSpaces He0OX1/IHI TaKi CEpBICH:
e BeOcepBep;
e RMI activation server;
e cepgic Jini lookup abo cepsic peectpy RMI;
e MCHEKep TpaH3akuii Jini;
e cepBep JavaSpaces
JavaSpaces BHKOpUCTOBYEe HECTaHIApPTHY cepiamizailito 00'€KTiB I
nepenavi yepe3 MepexKy, Mpu SKiid cepiali3yroThCs JIUIIE MyOiuHl MO KIaciB.
[TopiBHsIHHS 00'€KTIB BiIOYBA€EThCA MOOANTHO, a HE 3a JOMOMOTOK METOIY
equals.
GigaSpaces, Takox 3ragana y [Wells 2003] — komepitiiina iMIIeMeHTAITIS
JavaSpaces 3 BUKOpPUCTAHHSIM HOBHMX MOXJIMBOCTEH, TaKUX SK CKJIAJICHI

KOPTEX1, Y1 MOXKIIUBICTH 1Tepallii o KopTexkax, sIKi BIAMOBIAAI0Th AHTUKOPTEKY.
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4. MoBa nporpamyBanns Scala

[nean KOMIOHEHTHOTO MPOTpaMyBaHHSA, MOr0 OCHOBHA MUIb — 1100
nporpamu 30upanucst 3 010JI0TeK MONEepPeHbO HANMUMCAHUX KOMIIOHEHTIB, TaK
caMo, SIK araparypa 30UpaeThes 3 MONEPEAHHO BUTOTOBICHUX YilliB.

ABtopu MOBHM Scala BBaXkarTh, 1110, TPUHAKWMHI, YaCTKOBO BiJCYTHICTh
porpecy B KOMIIOHEHTHOMY MPOTPaMHOMY 3a0€3MEYeHHI TOSCHIOETHCS
HEJOJIKaMU MOB IMPOTpaMyBaHHS, SIKI BUKOPHUCTOBYIOTHCS JJII BH3HAUCHHS Ta
iHTerpaii KOMIIOHEHTIB. BUIBIIICTh ICHYIOUUX MOB MPOMOHYE JIUIIE OOMEKEHY
HiATPUMKY abcTparyBaHHs 1 KOMIIO3UIlli KOMITOHEHTIB. Lle crocyeThcs, 30Kpema,
TaKMX CTaTUYHO THUMI30BaHUX MoOB, sk Java 1 C #, sKki IIMPOKO
BUKOPHCTOBYIOThCS TIPH CTBOPEHHI KOMIOHEHTHOTO [13.

Moga Scala 6yna ctBopena y 2001-2004 pp. B mabGoparopii MeTO/iB
nporpamyBanfs EPFL®. Bona crana pe3ynsratoM I0CIiIKeHb, CIIPAMOBAHNUX Ha
pO3pOOKYy OUIBII Kpairoi MOBHOI MIATPUMKH KOMIIOHEHTHOTO MPOrpPaMHOI0
3abe3neuenHsa. Ha qymky aBTOpiB Scala, MoBa mporpaMmyBaHHS KOMIIOHEHTHUX
3aCTOCYBaHb, MMO-TepIle, MOBUHHA OyTH MAacIITaOOBaHOIO B TOMY CEHCI, 1110 Ma€
ICHyBaTH MOXKJIUBICTh 3a JIOMTOMOTOIO OJHHMX 1 THX K€ KOHIIEHIIA OMHMCaThH SK
MaJIeHbKi, TaK 1 BEJHMKI YaCTUHU. ToMy poOOTa HaJl MOBOIO CKOHIIEHTpYyBajacs
Ha MexaHi3Max aOcCTpakilii, KOMMO3UIli Ta JEKOMIIO3HUIll 3aMiCTh BBEJICHHS
BEJIUKOI KIJTLKOCTI IPUMITHUBIB, SIKIi MOXKYTh OyTH KOPUCHUMHU TIJILKHA HA SIKOMYCh
oqHOMY piBHI MacmtabyBanHs. [lo-apyre, MacmTtaboBaHa TMIATPUMKA
KOMIIOHEHTIB MOk€ OyTH HaJaHa MOBOKO IPOTpaMyBaHHA, sKa YHI(DIKye 1
y3arajabHIO€ 00'€KTHO-Opi€HTOBaHe 1 (pyHKIIOHaIbHE TporpamyBaHHs. [leski 3
OCHOBHHX TEXHIYHMX HOBOBBEJCHBL Scala — Iie KOHIICHI, SIK1 SIBISIOTH COOOIO

CIUIaB LUX MapaJurM MOporpaMyBaHHsS. Y CTaTMYHO THUII30BaHUN MOBAaX, [0

6 http://www.epfl.ch
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SKUX BITHOCHUTHCS Scala, mi mapagurMu 70 1UX Mmip Oyau Maibke MOBHICTIO
PO3IIIEHI.

Moga Scala sk Taka, HE HaJa€ »XKOJHUX MPUMITUBIB JJIsI TApajebHOTO
mporpaMmyBaHHs. 3aMiCTh IIBOTO SJIPO MOBH CTBOPIOBAJIOCS TaK, OO CIIPOCTUTH
CTBOpPEHHsI 0107110TeK, IO MIATPUMYIOTH PI3HI MOJEN MapaienizMmy, sKi
OyIyIO0TbCSl TOBEPX MOTOYHOI Moziesii MOBU-0CHOBH. [Odersky 2005]

Bapro 3ragatu Taki ki1to4uoBi acniektu Scala:

e Scala-mporpamu 06arato B YoMy CXOXI Ha Java-mporpamu, 1 MOXYTh

BIJIHO B3a€EMOJISTH 3 Java-KojoM.

e Scala Bkitouae yHi(ikoBaHy 00'€KTHY MOJIEJb B TOMY CEHCI, IO Oyab-sKe
3HAYEHHs € 00'€KTOM, a Oy/ib-AKa omeparlis — BUKJIUKOM METO]TY.
e Scala — e Takox (yHKIIIOHAJIbHA MOBa B TOMY CEHCI, IO (YHKIIIT — I1e

MOBHOTMPABHI 3HAYEHHS.

e VY Scala BBeneHO noTyxHi 1 yHI(IKOBaH1 KOHLEMIIi aOCTpaKiii K s

THIIIB, TaK 1 JJIs 3HAYEHbD.

e BoHa MICTUTh THYYKI CHUMETPHYHI KOHCTPYKIII JOMIIIOK (Mixin) Jis

KOMITO3HIIi1 KJIaciB Ta traits.

e Scala m03BossI€e POOUTH JAEKOMITO3UIlISI O0'€KTIB IIJISAXOM IMOPIBHSHHS 31
3pa3KoM.

e Ha norounnii MmomenT Scala peanizoBana Ha ruiardpopmax Java i .NET.
OcHoOBHI Marepiand MO I MOBI MOXYTh OyTH 3HaWJICHI Ha CauTi

http://www.scala-lang.org/, cepes HUX BapTO BUJIUIUTU KHUTY OJHOTO 3 aBTOPIB

MoBH, Maprina Onepcrkoro, “Programming in Scala”.[Odersky 2008]
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5. Linda mjsa Scala

Immnemenrarisa Linda qist Scala, po3po6iieHa B paMkax poOOTH HaJl IT1€10
Te3010, 0a3yeTbcad Ha O0'€KTHO-OpIEHTOBaHOMY miaxoai. s mpeacTtaBieHHsS
THUIIIB JAHUX BUKOPUCTOBYIOTHCS KJIACH 3aMiCTh BOYJIOBaHHMX THITIB JaHUX Scala.
AOcTpakTHMM 0a30BUM Kjac Ui BCiX HUX KiaciB HasuBaeTbes LindaType.
Koxen kmac, sSikuii BUKOPHCTOBYETHCS B KOPTEXKaX, TIOBHHEH yCHAAKOBYBATHCS
Bil 1poro 0OazoBoro kmacy. llefi abGcrpakTHuii 0a30BHI KJIac J03BOJISE
PO3pOOHKKY BUKOPUCTOBYBATH THIM JAaHUX, BU3HA4YEH1 B 1K 016mioTemi 1, 110
BaYKJTMBO, CTBOPIOBATH HOBI TUTIH JaHUX.

B LindaType BusznaueHo juine OyneBy 3MiHHY formal, sika Bka3ye Ha Te,
YU € KJIac aKTyaJbHUM a0o0 (GopMaabHUM TapameTpoM. JIJIs mepecuiiaHHS I10

MepeXkKi 3aCTOCOBY€EThCS BOyIoBaHa B Java cepiamizairisi 00'€KTiB.

5.1. Tunm nanux

Koxken tun ganux B 11 610i0Tell Ma€ yCHaJKOBYBaTUCS Bij 0a30BOro
knacy LindaType. Lle mo3Bomsie peanidyBaTd TpoOCTE€ TMEPETBOPEHHS 31
Bu3HaueHux B Scala kmaciB TupleN (n-mipHuii xoptex, n e 1,22) no Oiabid
3pYy4YHOTO 3 TOYKH 30py 0OpoOku KopTexy y Bumsal cnucky List[LindaType].
HeoOxigHiCTh B TakoMy MpeACTaBICHHI BHHUKIA ToMy, 1m0 kimac TupleN He
MNIATPUMYE 1Tepalliio, M0 CHIBHO YCKJIAJHIOE TIOPIBHIHHA KOPTEXY 3
anTuKopTexkeMm. Ille omHMM apryMeHTOM Uil BUKOPHCTAHHS CIIHCKY SIK
CTPYKTYpH JaHMX JJIS KOpTeXKy Oyno Te, mo B Scala Bke BH3HaueHO Oararo
GbyHKIIH 1151 poOOTH 31 CIIUCKAMM.

Jlnss  mopiBHSHHA ~ THmB  gaHux, noxigHux  Big  LindaType,
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BUKOPUCTOBYETHCS MEPEBU3HAUYEHUIN OMEpaTop PIiBHOCTI == Ta JONOMDKHUUN

meton canEqual:

override def equals (other : Any) = other match {
case that: LindaInteger =>
(that canEqual this) &&
(this.Value == that.Value)
case _ =>

false

def cankEqual (other: Any) = other.isInstanceOf[LindalInteger]

Jlictunr 5.1. Buznauennst metony piBHocTi ajis Lindalnteger.

5.1.1. Hanepen BU3HA4YEHI THIIH TaHUX

ImmtemenTantist Linda mist Scala mae HaGip Hamepen BU3HAYCHUX THITIB

JIaHUX, SIK1 HaBeJI€H1 B TaOIUIl

KJ1ac THUI JaHUX
LindaDouble Double
LindaFloat Float
Lindalnteger Int
LindaLong Long
LindaString String

Hactynnuit  QparmMeHT Komy TMOKa3dye BUKOPUCTAHHS THUITY JIAHUX

Lindalnteger:

val lint:LindaInteger = 20 //akTyanbHun Twn

val lintZ2 = new LindaInteger (15) //akTyanbHui Tun
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lint.toFormal //Tenep lint - ue dopManbHUMN napameTp, SAKUN MOXHA

BUKOPUCTATU ans onepauli in um rd

Jlictunr 5.2. Bukopucranns tumy Lindalnteger
OcraHHA JHIS KOAY IOKa3ye BaXKJIMBY OCOONMMBICTH 0107110TeKH — Oyab
KU aKTyaJdbHUHN MapaMeTp MOXKHA NIEPETBOPUTH Ha (GOpMabHUN 1 HABITAKH 32
nonomororo metofiB toFormal Ta toActual, sxi Bu3HaueHi B 0a30BOMY KJjacl

LindaType.

5.1.2. CTBOpeHHSI HOBUX THIIIB TaHUX

B mpoMy migpo3aini omuMcaHO SK CTBOPUTH HOBI THIM JIaHUX Ta
BUKOpHCTOBYBarH iX B Linda g Scala. Jlng mouarky Tpeba BU3HAYMTH HOBHUI

THII IaHKX, 1110 € rmoxigauM Big LindaType.

case class LindaPoint (coordl : Int, coordZ : Int) extends
LindaType {
val x = coordl

val y = coord?2

override def getType = //MeTop, pNsi OTPUMAHHSI CUTHATYpPU
T™Mny

override def toString = x+" "+y //mMeTop pns nepeTBOPEHHS 3HAYEHb
Ha pAfoK

}

Jlictunr 5.3. Busnauenns knacy LindaPoint
KirouoBe ciioBo case mepej; BU3HaUCHHSAM KJlacy BKa3ye Ha Te, L0 JJis
OOT0 KJAcy 3acTOCOBHMI BOyaoBaHuii B Scala MexaHi3M MOLIYKY

BiZmoBiHOCTEHN (pattern matching). Jlns Toro mo6 36epiratu KopTexiB B 0asi
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JaHUX, MOTPIOHO OTPUMYBaTH CUTHATYypy KOXKHOTO €JEMEHTY KOPTeXY 3a
nonomororo (pyHkiii getType. IlotiM 3 1mx curHaryp ¢GopMyeTbes PSIOK,
NOTPIOHUI AJI 3HAXOPKEHHSI KOPTEXKIB B 0a31 gaHuX. OYHKIIS AJI1 OTPUMAaHHS

TaKOTO psJiIKa BU3HAYeHA B 00'€KTi-CHHITIETOHI (singleton object) LindaTuple.

def getSignature ( : List[LindaType]) : String ={
var =
.foreach( => = + + .getType)
.drop(l1)
¥

Jlictunr 5.4. MeTon i OTpUMaHHS CUTHATYPH KOPTEXKY
Takox I8 HOBUX KJIACIB MOTPIOHO BU3HAYMTH METOM JJISI TOPIBHSIHHS

00'eKTIB JTaHOTO KJIACy MiXK COOOI0, SIK 1€ 3pO0JICHO B JIICTUHTY S.1.

5.2. OcobamBocTi peaJizanii onepamii

Ak BxKe 3rajyBajiocs paHille, KoopAuHaIliiHa Mozaenb Linda micTuTh
HEBEJIMKY KUIbKICTh OMepamiil Juis KOMYHIKAIii MpOLECiB Ta PO3MOIITICHOrO
npoctopy AaHuX. OCKUIbKM KOMYHIKAIIHHI orneparlii MaloTh MpUHMaT Ha BXij
OyIb-IKUW TUN JAHUX 1 MaTH MPOCTUN CHHTAKCHUC, TO JIOTTYHO OTOJIOCUTH, IO
BXIJTHUN MapaMeTp IuX omepariii mae Oytu Any — 0a30BuUi THUI B i€papXxii
kiaciB Scala. daktuyHo Ha BXij omepallid nogaetbest koprex Scala (TupleN),
KU TOTPiOHO mepeTBopuTH Ha KopTex Linda. Tomy Ha KUIBKICTH BXITHHX
00'€KTIB HAKJIAAAETHCA OOMEXKEHHS B 22, 110 TOB'A3aHO 31 CIIOCOOOM peari3airii
xopTexiB y Scala. IleperBopeHHs1 KOpTeXy B NOTpiIOHY (QopmMy poOUTHCS 3a

nomomoroto ¢yskiii createLindaTuple, mo 3HaxomuThCS B 00'€KTI-CHHIIIETOHI
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LindaTuple. Ll QyHKIiT BUKOPUCTOBYETHCA B CHCTEMI OJUH pa3 — KOJIH KIIIEHT
nepenae 3amuT Bija mporecy Ha cepBep. Ilicias 1poro KopTex sBisie coOOI0
criicok 3HadeHb tumy LindaType.

Jlyist Toro o0 mporiec MiIr 3B'sI3aTUCS 3 TMPOCTOPOM KOPTEXKiB, BIH Ma€ B
CBOEMY KOJ/Il CTBOPUTH HOBUH EK3EMIUISP KJIIEHTA 1 BXKE 3a HOro JIOMOMOIOI0

NPAIIOBATH 3 CEPBEPHOIO 03010 MaHMX:

package org.linda.Test

import org.linda.LindaTypes._

import org.linda.Client._

object process extends Application {

val i1l = new LindaInteger (28) //CTBOpeHHsi HOBUX 00'€EKT1B AAHMX
val 12 = new LindaInteger (34)

val 13 = new LindaInteger (14)

val s = new LindaString ( )

val client = new Client //CTBOpeHHS HOBOroO KJI1EHTA

client.out (i1, 12, s) //BMKOHAHHS onepaulii out

client.out (il, 13, s)

12.toFormal //nepeTBOpPEHHS AKTYAJIbHOrO napamMeTpy Ha
dopmanbHum

client.in(il1l,12,s) //BUKOHAHHS onepauii 1in

Jlictusr 5.5. Po6ota 3 Ki1ieHTOM
B nmictunry 5.3 BUJIHO OCHOBHI MOMEHTH POOOTH 3 KJIIIEHTOM — CTBOPEHHS
HOBUX OO0'€KTIB 3Ha4€Hb, CTBOPEHHS KII€EHTA, BUKOHAHHS ormepaniid. Bapro
3ayBaKUTH, 110 OCTAaHHS Olepalis in moBepHe Oyab-IKUH 3 JBOX KOPTEXKIB -
(28, 34, “hello”) um (28, 14, “hello”), 60 axryanbHuii mapameTrp 12

NepPeTBOPUBCS Ha popMaibHuM, GaKTUYHO CTaB MIabI0HOM THITY <Int>.




35

5.3. ba3a naHux Qs KOPTEXKiB

[Tin gac poOoTH cucTeMu 3B'i3Ka KIIEHT-CEPBEP BUKOPUCTOBYETHCS IS
nepenayvil 3anuTiB 10 0a3u JaHUX, sIKa peanizye CIuIbHUM pO3MOAIIEHUIA POCTIp
KOPTEXKIB Ta BIJIMOBIJIA€ 32 MONIYK KOPTEXKIB B I[bOMY ITPOCTOPI.

Crpykrypa 115 30epiranis AaHuX — BimoOpakeHHs Map, Buay [signature
: String -> List [ List [ LindaType]]], ne ko’kHOMY psiIKy-CUTHATYpl CTaBUTHCA Y
BIJIMOBIAHICTD CIIUCOK KOPTEXIB, K MAalOTh TaKy K CUTHATypy. Takuil crocio
oprasi3ailii KOpTeXiB CIPOIIY€ MOIIYK MOTPIOHOTO KOpTexKY. sl 3HAXOMKEHHS
BIJIMTOBITHOCTI 3  QHTUKOPTEKEM  CIIOYATKy OTPUMYETHCS  CHTHATypa
anTukoptrexky. IloTiM 3 BiIOOpaXKeHHS BUOMPAETHCA CIHUCOK KOPTEXKIB 3
BIJIMOBIHOKO CUTHATyporo, 3a jgomnoMororw ¢yskmii find mrykarothesi Bci
KOpTEeXi, SKI 3aJ0BOJBHAIOTH IMAOIOH, OTPUMAHHWN 3 aHTUKOPTEXka. SIKIo
KOpPTEXI1B OLIbIIE HIK OUH, TO 3 HUX BUIMAJKOBUM YMHOM BUOMPAETHCS OJUH 3a
nonomoroto (ykirii chooseTuple. Bubpanuii kopTex BuganseTbes 3 0a3u JaHUX,

OHOBJICHUH CITUCOK 3aMUCY€ETHCA Y BIOOpaKEHHS.

def in (antiTuple : List[LindaType]) : List[LindaType]l= {
println( D
val signature = LindaTuple.getSignature(CantiTuple) //oTpuMaHHS
CUTHATYPU KOpTexy
val tuple = chooseTuple(find(antiTuple)) //nowyk i BUGip KOpTexy
if (db(signature).length == 1) //akwo BUOPAHUN KOPTEX EAUHUA 3
TAKOI CUIHATYPOIO
db - signature //TO BMAGAUTWU CUTHATYPY 3 B1A0OpAXEHHSN
else
db(signature) = deleteTuple(tuple,db(signature)) //BupganeHHs
KopTexy 3 6a3u paHux

tuple //noBepHyTun KopTex

Jlictunr 5.6. Peanizaiis onepariii in B 6a3i gaHuX
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5.4. Linda-kJieHT

KimienT BiamoBiganpHUN 3a mepenady 3aluTiB Bij MPOIECY 0 cepBepy 1
3a MOBEPHEHHSI OTPUMAHOTO Pe3ynbTary. st 3B'A3Ky Mi>K CEpBEpOM Ta KIII€EHTOM
BUKOPHUCTOBYIOThCSI Java-coketu. [Ipu BHKOHAHHI SIKOTOCh METOMY KIIIEHTA,
HaNpUKIIAJ ONEepaliil in 4u out, CTBOPIOIOTHCS HOBHM COKET IS 3'€THAHHS 3
cepBepoM, IOTOKHM (streams) Il 3amucy Ta YUTAHHS OO'€KTIB 3 CepBeEpY,
NePEeNaeThCs 3aUT Ha CEPBEP, OYIKYETHCS BIJIMOBIJb 1 MPOIECY MOBEPTAIOTHCS

OTpUMaH1 3HAUCHHS.

def in (input : Any) : List[LindaType] = {
val socket = new Socket(ia, port) //CTBOpeHHS HOBOFrO COKeTYy
val outStream = new ObjectOutputStream(new
DataOutputStream(socket.getOutputStream())) //cTBOpeHHS HOBOrO
BUX1AHOIO MOTOKY
val inStream = new ObjectInputStream (new
DataInputStream(socket.getInputStream())) //cTBOpeHHs HOBOro
BX1AHOr0 MOTOKY
val antiTuple = LindaTuple.createlLindaTuple(input) //cCTBOpeHHs
KopTexy Linda
outStream.writeObject(( , ",antiTuple)) //nepepaua 3anuTy Ha
cepsep
val tuple = inStream.readObject().asInstanceOf[List[LindaType]]
//4YMTaHHS 06'€eKTy B1p cepBepa
outStream.close() //3akpuTTa NOTOKiB
inStream.close()

tuple //noBepHeHHS 3HAWAEHOrO KOpPTEXy Mnpouecy

Jlictunr 5.7. Peanizaiiis onepaiiii in Ha KJII€HTI
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5.5. Linda-cepsep

lonoBHa 3amada cepBepa — OYIKYBaTH Ha 3alWTH BIiJ KIIEHTIB Ta
BUKOHYBATH 111 3aNIUTH. JIJI1 BUKOHAHHS KOXKHOTO 3aITUTY 3aIyCKAEThCS OKPEMUIN
MOTIK, SKUM 1 pOOUTH 3amuTH A0 0a3u naHuX. [I0TOKM MOXYTb BHUKOHYBATHCS
napaienbHo. KoxeH MOTIK BiIKpHUBA€E streams JIsl YUTaHHS Ta 3aMucy 00'€KTiB
3/Ha kaieHT. Came B MOTOKaxX peai3oBaHO Te, 110 JAESIKl omeparlii, Takl SK in 49u
rd, MpU3yNUHAIOTh BUKOHAHHSA IPOLIECY A0 TUX Mip, NOKKM B 0a3l JaHUX HE
3'IBUThCS MOTPIOHUN KOopTek. CHHXPOHI3aIlid MIXK MMOTOKaMHU BiAOYBAETHCS T10
00'ekTy 6a3u JaHUX 3a JIOMOMOTOI0 MeToay Java syncronized: db.synchronized

{...}, a xonu B 6a3i JaHUX HEMAa€ BIJMOBIJHOIO KOPTEXa, BUKOHAHHS MOTOKY

MPU3YNUHAETHCSA 3a JOIIOMOTOK0 KOMaHIN waitQ).
case => {while (db.find( ).isEmpty)
waitQ)

.writeObject(db.in( ))

Jlictunr 5.7. Peamizanisa onepariiii in Ha cepBepi

5.6. JlokaJabHUU NPOCTIP KOPTEXKiB
JlokanbHMT TPOCTIP KOPTEXKIB BUKOPUCTOBYETHCA JUISI MIATPUMKHU
JIOJIATKOBUX omeparliii Ha 3pa3ok collect uu copy-collect, konu 3 po3noa1IEHOTO
IPOCTOPY KOPTEXKIB MOBEPTAETHCS HE OKPEMUI KOPTEXK, a CITUCOK KOPTEXKIB, SIKi
HEOOX1THO 30eperTu. 3arajioM CXeMy B3aeMOjii MDK KIIIEHTOM Ta CEPBEPOM 3

ONNIsAly Ha JIOKAJbHUM IPOCTIP KOPTEXKIB MPEACTABICHO Ha Alarpami S.1.
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LocalSpace Client Server
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ginstantistes: ginstantistes:

Databaze

Hiarpama 5.1. B3aemonis B cucremi Linda nns Scala
3 marpamu 5.1 BWAHO, IO JOKAJbHUM MPOCTIp JaHUX Ta CepBEp
BUKOPHCTOBYIOTh OJIMH 1 TOW k€ Kiac 0a3u JaHUX AJii CTBOPEHHS MPOCTOPY
KopTexiB. i mporecy JOKaJIbHUN MPOCTIP BUKOHYE Ti K cami QyHKIII, 10 i

cepBep IS KIIIEHTA, a came TIepeIae 3aluTH Mpolecy 10 0a3u JaHuX.

5.7. lonaTkoBi onepamuii

B miit immiemenTartii Linda mst Scala peamizoBano Taki J07aTKOBI
MPUMITUBU YU OTIE€pallii:
e collect
e copy-collect
e query
e copyquery

JIBi ocTaHHI oOIlepamil0 TaKOX MAalTh IPEAUKATHBHY (GOpMy, sKa HE



39

NpU3yINUHSE BUKOHAHHA Tpolecy, a moeprae true um false. Omepamii copy-
collect Ta collect Bxe omucyBamucs panime. Omeparis query cxoxka Ha
ornepauito collect 3a BUHATKOM TOro, 110 BKa3Y€TbCA KUIBKICTh €JIEMEHTIB, SIKY
HEOOX1THO TMOBEPHYTH 3 MPOCTOPY KOPTEXKiB. BiNMoBimHO omepairisi copyquery
Hece Ty X caMy (YHKIIIOHAJIBHICTh, OKPIM TOTO III0O BOHA HE BUAANSE 3HANUJICHI

KOPTEX1 3 TPOCTOPY KOPTEXKIB.
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6. BucHoBKH

Ha choronmHi BUKOPUCTaHHS CKIIAJHUX MapajieIbHUX PO3IMOALUICHUX
CUCTEM € TUM IILJISAXOM, IO SIKOMY MIIIOB PO3BUTOK KOMII'FOTEPHUX HAyK B CIIPOOi
3HAXO/PKCHHSI PO3B'SI3KY CKJIAHUX 1 MAcIITAOHUX OOYHCIIOBATBHUX MPOOIIEM.
Cepen 1ux mpo0OiieM MOXKHA 3rajlaTd MOIIYK JIIKIB BiJ XBOpoO AJjblreiMepa Ta
[TapkiHCOHA, MOZENIOBAaHHS KJIIMaTy Ta KHOro MIOOAaJbHUX 3MiH, OTPUMAaHHS
KEPOBAHOTO TEPMOSIEPHOTO CHHTE3y. Po3paxyHkH, sIKi BUMAararoTbCs IJIsl IIUX
NUTaHb, HE MOXYTh OyTH BUKOHAaHI Ha OKpPEMOMY KOMII'IOTEpi, TOMY IOCTa€
NUTAHHA PO METOAW  PO3MapaJIeTIOBaHHS 1  KOOpAWHAINT  OKPEMHUX
oOuncmoBanbHUX 3amad. [Ipocte, 1 B TOH >X€ 4Yac eJIeTaHTHE PIIICHHS
3anpornionyBaB JleBin ['enepurep y 1985 poili, npencTaBUBIIM KOOPAUHAIIAHY
monenb Linda, sxa moxe OyTH AodaHa MPAKTUYHO MO0 OyAb-SKOi MOBHU
porpamMyBaHHS.

Mogens Linda 6a3yeThcsi Ha KOHUENLII CIUIBHOTO MPOCTOPY JAaHMX, IS
JOCTYIy J0 SKOTO Y IMPOIECIB € HEeBEIMKUU, ajie JOCTaTHIA HAOIp MPUMITHBIB
abo omepaiiii. 3a JOMOMOIOK IUX OMNEpalii MIpolec MOXKE PO3MICTUTH,
npoynTaT ab0 BUIYYHUTH KOPTEX 3 CIIILHOTO TMpocTopy AaHuX. lIpomecw
CHUIKYIOTBCS JIUIIIE Yepe3 CIUIbHUM NPOCTIp JaHUX, IO J03BOJISIE POZHECTH iX Y
npocTopi Ta yaci (space and time decoupling).

B miit Te3i ommcano ctBopeHy Oi0miotexky Linda st HOBOI MOBH
nporpamyBaHHs Scala. biGimioTreka BUKOPUCTOBYE KIIIEHT-CEPBEPHY apXiTEKTYyDY,
0a3y MaHMX IS MPEACTABICHHS MPOCTOPY KOPTEXKIB; B HIM IMIUIEMEHTOBAHO
MEXaHI13M IIOIITYKY BIAMOBIAHOCTEH, “TIPUMITHUBHI” Ta J0JaTKOBI omeparrii. s
MOJAJIBIIIONO  BAOCKOHAJEHHS, 3BUYANHO, TOTPIOHO BHUKOPUCTAHHS  I€T

010:110TeKH 1 PO3POOKH PO3IMOAUICHUX TapalieIbHUX JT0IaTKIB.
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