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TEXHOJIOT' WS IPOTPAMMUWPOBAHUS BBIYMCJIEHUN B KJIACTEPHBIX
CUCTEMAX C UCHHIOJIB30BAHUEM TPAHCITAPEHTHOI'O PACITAPAJIVIEJIUBAHUA,
OCHOBAHHOI'O HA 3AKA3AX

Annomayun. Paccmampusaiomes peanusayuonnsle 0cHO8bl CO30AHUA NPUKIAOHO20 UHCIMPYMEHmMapus Onst Noo-
0epIHCKU. MEXHONO2UY MPAHCNAPEHMHO20 PACHAPANIETUBAHUS 8bIYUCTEHUT 8 KIIACMEPHBIX CUCIEMAX HA OCHO8e 3aKd-
308. OnUCHIBAIOMCS. OCHOBHbIE APXUMEKIYPHbIE PeuleHs, NPUHAMble npu paspabomre u cO30aHUU UHCHIPYMEHMapusl

napaiieilbHblx BLIYUCTCHUIL.
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TECHNOLOGY OF PROGRAMMING OF COMPUTING IN THE CLUSTER SYSTEMS WITH
USING TRANSPARENT PARALLELIZING BASED ON ORDERS
Abstract. Realization fundamentals for creation of the applied tools are examined for support of technologies or-
ders based transparent parallelizing of cluster computing systems. Basic architectural decisions, accepted at develop-
ment and creation of tool of parallel computations, are described.
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B.B. Bypneiinmii

TEXHOJIOI'TA TIPOTPAMYBAHHSA OBYUCJIEHD Y KJIACTEPHUX
CUCTEMAX 3 BUKOPUCTAHHSAM TPAHCIHAPEHTHOI'O PO3ITAPAJIEJIFOBAHHS],
11O 3ACHOBAHE HA 3AMOBJIEHHAX

Anomauin. Pozensioaiomecs peanizayitini 0OCHOBU CMBOPEHHSI NPUKIAOHO020 THCMPYMEHMAapito 01 NIOMpPUMKU
MEeXHON02I MPAHCNAPEHMHO20 PONAPANETIOBAHHS 0OUUCTIEHDb Y KIACMEPHBIX CUCMEMAX HA OCHOBI 3amoeaenb. Onucy-
FOMbCsL OCHOBHI apXimeKmypHi piuieHHs, AKi NpUtHAmi npu po3pooyi ma CMeopeHHi IHCMPYMEeHmapio napanieibHux

obuucnensy.

Knrwouoei cnoea: napanenvui oouucients, Kiacmepu, iHCmpymenmapii, apXimexmypa npocpamHo2o 3a6e3neyenHs.

Beenenne. [lapasuienbHble BEIYUCICHUS aK-
THBHO Pa3BHUBAIOTCS B MocleaHee Bpems [3, 6, 7,
10], uTo O0OYCIOBIIEHO B MEPBYIO OUepe/b MOSB-
JIeHHEeM Bce Oollee CIOXKHBIX 3aJay, peIICHHE
KOTOpPBIX Ha COBPEMEHHBIX MOCIEAOBATEIBHBIX
OBM 3a npuemiiemoe BpeMs MOJIYyYUTh HEBO3-
MOXHO [4, 8]. B yacTHOCTH, OJTHON M3 Ba)KHBIX
3aJa4 B OOJIACTH MapauIeIbHBIX BBIUMCICHUMA
SIBIISIETCS CO3JIaHNE CPEACTB pa3pabOTKu mapall-
JIENBHBIX TPUIOKEHUH, TO3BOJIAIONIUX OBICTPO
co3maBath J(PQPEKTUBHBIC MapauleIbHbIE MPO-
rpaMMbl M pPaclapajljieiuBaTh CYIIECTBYIOLIUE
MOCJIE/IOBATENbHbIE MPOTPAMMbI, a TaKXkKe IMpe-
JIOCTABJIATH MOJIb30BATEIIO CPEACTBA MOJACPKKU
pa3paboTKy, HampuUMep, aHal3a TPACC BBIMOJI-
HEHUsI, OTJIAJKU TMapauIelbHBIX TPHIOKEHHUHA
WJIM HAXOXKJCHUS Y3KHX MECT.

Jns pemieHus ykazaHHOM 3aJaud HCHOJIb-
3yIOTCS JIBA OCHOBHBIX mojaxona. Ilepseiii 3a-
KJIIOYAaeTCd B NPENOCTABICHUU TPUKIATHBIM
MpOrpaMMHUCTaM CPEACTB PYYHOIrO pacmapal-
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JEIUBAaHMS, KaK IpPaBUJIO, HU3KOYPOBHEBBIX
CPEICTB OpraHU3alliM IOTOKOB, CHHXPOHHU3a-
LMY WIA KOMMYHUKAllUU MEXIY BBIUUCIUTEIb-
HbIMH y31aMmHu. [IpeumymiecTBa Takoro merona —
B BO3MOKHOCTH CO3JaHMs CpPEICTB, OCHOBAH-
HBIX Ha HIMPOKO HCIOJIb3YEMBIX UMIIEPATUBHBIX
A3bIKaX MPOrpaMMUpOBaHus (M MOTOMY BO3-
MOKHOCTH  MCIIOJIb30BaHMUS  CYILECTBYIOLIMX
peanu3aluii anropuTMOB) U IIUPOKUM BO3MOX-
HOCTSIM Il py4YHON ONTHUMM3aLMK, & HEJOCTaT-
KW — B CJIO)KHOCTH TECTUPOBAHUS, OTJIAJKU U
MOJJIEPKKH MTapalIENbHbBIX TPUIOKEHUH.

Jpyroii moaxox 3aKJIIOYAETCs B CO3/IaHUU
II0JIyaBTOMAaTU4YECKUX U aBTOMAaTHYECKUX Cpe-
CTB pacnapaienusanus. K takum cpencrsam, B
YaCTHOCTH, OTHOCHUTCS TEXHOJIOTHSl TpaHcIa-
PEHTHOIO pacmnapaienusanus |5, 9].

[lenbro naHHO# paboTHI sABJSIETCS peau3a-
1Sl TEXHOJOTMM TPAHCIIAPEHTHOIO pacrapa-
JIeTUBAaHUs B BUJIE MPUKIATHOIO UHCTPYMEHTA-
pHsl MapajyieNIbHBIX BBIYHUCICHUH; peleHue 3a-
Jlay, CBSI3aHHBIX C pealu3aluedl M mpakTude-
CKUM HCIIOJIb30BaHUEM IIpelaraéMoro HMHCT-
pyMeHTapHsi, 000CHOBaHHE OCHOBHBIX apXHUTEK-
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TYPHBIX pEIICHWH, MPHUHATHIX TpPHU CO3JaHUHU
WHCTPYMEHTApHSI.

TexHosoruss TPAaHCHAPEHTHOrO0 pacma-
panieauBanusi. OCHOBHAsl UJesl TEXHOJIOTHUHU
TPAHCIAPEHTHOTO paclapalIeIuBaHus 3aKIIIO-
4aeTcs B BBIJCICHUU HAOOPOB aJIrOPUTMOB,
KOTOpBIE MOTYT OBITh Ha BBICOKOM YPOBHE OIU-
CaHbl OJHOM CTPYKTYpOH U MOTYT OBITH 3(Pdek-
TUBHO pacmapasielieHbl CXOTHBIM 00Opa3oM u
peaMzanuy MAOIIOHOB TMapaJUIENbHBIX alro-
PUTMOB B T€PMHHAX TaKUX CTPYKTYpHI, TOCIE
4ero paspaboTaHHbIC MIA0JOHBI MOTYT OBITh
WCIOJIb30BaHbl ISl paclapajjieIuBaHusl KOH-
KPETHBIX MPUKIATHBIX aJTOPUTMOB.

[IpermyIiecTBOM TaKOTO MOIXOJa SIBIISIET-
Cs  BO3MOXHOCTb pEaIM3allld  JOCTATOYHO
CIIOXHBIX CPEJICTB TOMJCPKKUA Pa3pabOTKU H
BBHITIOJTHEHUS TapaUIeIbHBIX MPOTPAMM B pam-
Kax 3a)MKCUPOBAHHBIX CTPYKTYp, KOTOpas JA0C-
TUTaeTCs MyTeM CYyXeHHs Kiacca 3()(ekTHBHO
pacmapaiieuBaeMblX aJITOPUTMOB. Bmpouewm,
MpU TOSIBJICHUH alITrOpUTMa, HE pacrapasuieu-
BaeMoro 3(dekTuBHO B paMKax HU OJHON W3
y’K€ peaTu30BaHHBIX CTPYKTYP, AJIST HETO MOXKET
OBITH pear3oBaHa HOBasi CTPYKTYpa.

Ha ngaHHbBINE MOMEHT B paMKax TEXHOJOTHUHU
TPAHCIIAPEHTHOTO pacmapajieiuBaHusi  Oblia
paccMOTpeHa W pealnn3oBaHa OJHA CTPYKTypa
QITOpPUTMA, OCHOBAaHHAs Ha MPEANOJIOKEHHUH,
4YTO B pachapajieiiBaeMOi MporpamMme Bblje-
neH Habop mpouexyp, B mpoiiecce paboThl KO-
TOPBIX HE MOJUGDUIUPYIOTCS HHUKAKUE TMepe-
MEHHBIE, KpOME MapaMeTPOB U JaHHBIX, HEIOC-
TYIHBIX BHE JAaHHOTO BBI30BAa MPOILEIYPHI, a
BXOJIHbIC W BBIXOJIHBIC MapaMeTphl MEePEAAIOTCS
M0 3HAYCHUI0. BRIOTHEHNE MPOTpaMMBbI JI0JIXK-
HO CBOJUTBHCSA K BBHITIOJTHEHHUIO OJHOW U3 3TUX
porexyp.

[lepBoIii MpUHIMI, HA KOTOPOM OCHOBAH
mpeaiaraéMbelii  METOJl  pacrhapajuielrBaHus,
BBOJIUT TOHSTHE 3aKa3a Ha BBIYUCIICHUA. 3aKa3
— @JIMHMIIA BBITIOJIHSAEMON Ha OJHOM U3 KOMITb-
I0TEpPOB KilacTepa paboThl, T.e. 00beM paboThl,
KOTOPBI CJeyeT BBINOJIHUTh HAa OJHOM U3
KOMIIBIOTEPOB KJIacTepa MOJHOCTBIO U HE MO-
&KeT ObITh pa3dut Ha Oojee Menkue yactu. B
KauecTBe Takoro obobema paboThl (3aka3a) BBO-
JUTCS BBITMIOJTHEHHE OJHON MPOLEayphl Oe3 BbI-
MOJIHEHUSI TeX MPOLEAyp, KOTOpPble OHA BBI3bI-
BAaeT, a BBHIMOJHEHUE KaXJI0W U3 HUX BBIICISACT-
csl B OTACNBHBIN 3aka3. YTOOKI onpenennTh ToY-

Ky CTapTa mporpamMmbl, OQHY U3 HpOLEIyp He-
00xoauMO omucaTh Kak TiaaBHyr. Uepes3 mapa-
METpPBI ATOM MPOLIEAYPHI TOJKHBI IIEPE1aBaThCs
HCXOJIHbIE JAHHBIE U PE3YNIbTATHl BHIUYMCICHUI.

Yckopenue pocturaercss Ojaromaps BTO-
poOMy HpPHUHLHUITY, OCHOBAHHOMY Ha CYIIECTBO-
BAHUU OTPE3KOB BPEMEHU MEXKIY IMOJYy4YECHUEM
HEKOTOPBIX JaHHBIX U MEPBBIM UX UCIOJIb30BA-
HUEM B JalbHEHIINX BBIYMCIEHUSIX, KOTOpHIE
9acTO MOTYT OBITh CHEIHAIbHO YBEIHYEHBI
MyTeM U3MEHEHHs TOPSIIKA BHIYUCIICHUH.

[Tpu TpaguIIMOHHOM MOAXOJIE MPHU BBHI30BAX
MpOLEYp BBI3BIBAIOIIAS MPOLIETypa MPOI0JIKa-
€T CBOIO PalbOTy TOJBKO IMOCJIE OKOHYaHUS pa-
00THI BBI3bIBaEMOM MpoleaAyphl. Jpyrumu cio-
BaMH, BBI3BIBAIOIIAs MPOIIEypa HAUMHACT OXKH-
JaHWE PE3yJbTATOB BBHITIOJHEHUS BBI3BIBAEMOM
MpOLEAYPhl B MOMEHT BBI30Ba, a 3aKAHUYUBAET B
MOMEHT 3aBEpIICHUS BBI3BIBAEMOU MPOIIEAYPHI.
Bmecrto sToro mpemiaraercss HaYMHATH OXKH[A-
HUE B MOMEHT, KOrJa JaHHbIE, BBIYUCISIEMbIE
BBI3BIBAEMOM MpOIeNypoii, MOTpeOyroTCs Ui
nanbHenme paboTsl (€ciu B 3TOT MOMEHT OHH
YK€ BBIYUCIICHBI, TO HAUYMHATh OKHUJIAHUE HE
HY)KHO), ¥ 3aKaHUMBaTh OHJIaHUE B MOMEHT,
KOT'/Ia 9T JJAHHBIE MOJIyYEHBI.

IIporpammuasi peaju3auus TeXHOJIOTHH.
[Ipennaraemplii MOIXO/ MPEANOIaraeT UCHOIb-
30BaHME TMapajuleu3Ma 3aJaHuid U MOJENH
MIMD (Multiple Instruction Multiple Data) [1].
B3aumopeiicTBue Mexay KOMIBIOTEpaMH MPH
ATOM CBOJUTCS K CJIEAYIOLIUM TISTH OTEpaIHsiM:
MOJIyUYEHUIO 3aKa3a, €ro OTIpaBKe, 3ampocam o
HAJIMYUU 3HAYEHUU NaHHBIX, MOJYYCHHUIO BHI-
YHCIIEHHBIX B IPYTOM 3aKa3e JaHHBIX U OTIPAaB-
K€ pe3yabTaTOB BBIMOJIHEHUS 3aKa3a.

[IpukiaamHOMy MPOTPAMMUCTY U3 ITUX M-
TH OMepanuii JOCTYIHBI TOJIBKO JBE: OTIpPaBKa
3aKa3a M TMOJIyY€HHE BBIYHCIECHHBIX B JIPYrOM
3aKa3e JaHHBIX. BaxHO, 4TO AeTanu nepenadyu
JAHHBIX MEX]y KOMIbIOTEpaMU HECYIIeCTBEH-
HBI U1 TIPOrPaMMUCTA, a TIOTOMY MOTYT OBIThH
MHKAICYJMPOBaHbl B MHCTPYMEHTApUU, peaju-
3YIOIIEM MpeyIaraeMyko TEXHOJIOTHIO.

B pamkax maHHOW TEXHOJOTWHU BBINOJIHSIE-
Masi mporpamma SBISI€TCS HaOOpOM HUHCTPYK-
Ui, OMMCHIBAIOIINX PabOTy KJIacTepa B IIENIOM,
B TO BpeMSsl KaK TPAIUIIMOHHO UCTOJIb3YIOMIAsCS
JUIsl HAMMCAaHUS TNPUIOKEHUM AN KIacTepoB
texHonoruss MPI [2] ocHOBaHa Ha TOM, 4TO
nporpaMma — HabOp MHCTPYKIUH I KaXKJI0TO
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U3 KOMIIBIOTEPOB KJIacTepa B OTAEIBLHOCTH.
Takol moaxon, Korga Iporpamma Co3Aaercs
JUISL KJIacTepa TaK, KaK eclid Obl OHa TOJHOCTHIO
BBITIOJIHAUIACH HA OJTHOIIPOLIECCOPHOM KOMIIBIO-
Tepe, BO MHOTUX CIIy4asX IpEeANoOYTUTEIbHA
i pa3paboTUMKa TPUKIAIHBIX I[POrpaMM.
OO6nacTpi0 NPUMEHEHHSI MPEJUI0KESHHON TEXHO-
JIOTUM paclapajleIMBaHusl SIBJSIOTCS BbIUKC-
JUTENIBHBIE ANTOPUTMBI, pEAIN3yeMblE€ C UC-
[10JIb30BAHMEM IapaJljIesIn3Ma 3a/laHu.
[IpennoxkeHHbli NOAXOA K pacrapauiein-
BaHUIO BBIUYMCIICHUN MOXKET ObITh PEaM30BaH Ha
JOCTaTOYHO OOJIBIIOM KOJIUYECTBE SI3BIKOB IIPO-
rpamMMmupoBaHus. B ganHoi pabote ucmonb3yer-
cs A3BIK IPOTPaMMHUpPOBaHUS Java, MNOITOMY
JajJbHENINe paccyXIeHus: OyayT MPOU3BOIUTh-
Csl B TEPMMHAX ITOTO SI3bIKa IPOrPaMMHUPOBAHUS.
Tak kak Ui pacnapajieNMBaeMoON Ipo-
rpaMMbl ObUIO BBEJICHO TpeOOBAaHHE O TOM, YTO
B IpOrpamMMe BBIJIEIEHBI IPOLEAYPHI, TapaMeT-
pBl KOTOPBIX NEPEAAIOTCS IO 3HAYEHWIO, a B
npoiiecce paboThl KakHe-IM00 W3MEHEHHs BHO-
CATCSI TOJIBKO B MapaMeTpbl U BPEMEHHO CO3/a-
BAaE€MbI€ U HEIOCTYIIHbIE U3BHE CTPYKTYpHI JaH-
HBIX, MOYKHO CJIEJIaTh CJIEIYIOIINE BBIBOIBI.
Bo-nepBbIX, mepenada NaHHBIX W3 OAHOMU
IIPOLIEAYPHI B APYT'YIO BO3MOKHA TOJIBKO 4Ye€pe3
IapaMeTpbl, NPUYEM, IIOCKOJIbKY IapaMeTpsl
[EPENAOTCS 10 3HAYCHWIO, B3aUMOJEHUCTBUE
IIPOUCXOJUT TOJIBKO B 1BA MOMEHTA BPEMEHU —
B MOMEHT BBI30Ba U B MOMEHT 3aBEpIICHUS pa-
OOTHI BBI3BIBAEMOM MPOLEAYPHl. DTHUM T'apaHTHU-
pyercsi, 4TO MpOoLEeIyphbl BO BPEMsI BBIIIOJHEHUS
He Oynyr paboTaTh ¢ KakMMHU-IMOO IaHHBIMU,
JIOCTYNHBIMU H3BHE. Takum oOpazom obecrie-
YUBAETCA, C OJHOM CTOPOHBI, BO3MOYKHOCTb
IIEPEHOCA BBINOJIHEHMS OTAEIBHOU MpOLETypHI
Ha IpYro KOMIIBIOTEP Kiacrepa, a ¢ Apyrou —
BO3MOKHOCTb OJIHOBPEMEHHOI'O BBIIIOJIHEHUS
HECKOJIBKUX MPOLELYp Ha OJHOM KOMIIBIOTEpE,
YTO IIO3BOJISIET M1OCJIE NPUOCTAHOBKHU BBIIIOJIHE-
HUS Kakoi-nu0o mpoueaypsl HCIOJIB30BaTh
0CBOOOAMBIIINECS BEIYUCIUTEIBHBIE PECYPCHI.
Bo-BTOpBIX, BBIIIOJHEHUE BCSIKOM MpOLEAY-
pPBl CBOJUTCS K BHECEHUIO HEKOTOPBIX U3MEHE-
HUI B II€pelaHHblE 3HAYECHMsI IIapaMeTpoB, a
[I0O3TOMY BCSIKMM BBI30B IPOLIELYPbl MOXHO
3aMEHUTb BHECEHUEM B IEPEIAHHbIC 3HAYCHHUS
napaMeTpoB Te€X M3MEHEHWH, KOTOpble Obl BbI-
MIOJIHWJIA dTa MpOLEAYypa B MPOLECCE CBOEU pa-

60Thl. Takue M3MEHEHUS MOTYT ObITh BHECEHBI
WY B MOMEHT BBI30Ba, WJIU IOCJIE HET0, HO HE
MO3/JHEE MEePBOT0 OOpaIEHUsI K 3HAYSHHIO JTO-
ro nmapamerpa.

[TpuBeneHHbIMU coOOpakeHusIMH obecre-
YHBAETCS KOPPEKTHOCTh MPEATIOKEHHON TEeXHO-
JIOTHH, TIOHUMaeMasi KaKk COBIAJCHUE pe3yibTa-
TOB BBIMOJIHEHUS AITOPUTMOB TIPU OTCYTCTBUU U
MpY HAJMYUM pacrapavieluBaHus, a TaKkKe Kak
BO3MOKHOCTh YBEJIIMYEHUS CKOPOCTH BBIMOJHE-
HUS 32 CYET pachapaiieIMBaHus BEIYUCICHUH.

B tepmunax si3pika Java BBEACHHBIE Tpe-
MOJIOKEHUS O TMOJIb30BATEIHCKOM KOJE O3Haya-
I0T, YTO B MPOrpaMMe JOJDKEH ObITh BbIACTICH
Habop cratnueckux MeToaoB. Ilepemaua mapa-
METPOB M0 3HAYEHHIO BBI3BIBACT TPYIHOCTH BO
MHOTHUX $I3bIKaX MPOrpaMMHUpOBaHus. B gacTHo-
CTH, B Java TO 3HAYEHHIO MEPEAaloTCs JIHIIb
BXOJIHbIE MapaMeTpbl MPUMUTHUBHBIX THUIIOB, a
OpraHM30BaTh Mepefady Mo 3HAYEHUI0 MOKHO
TOJBKO JIJIsi OJHOTO BBIXOJHOTO MapameTpa
MPUMHUTHUBHOTO THIIA, MIEpeAaBasi €ro 4epe3 Bo3-
BpallaeMoe 3HaueHue meroaa. [lorTomy 3ame-
HUM 35TO TpeOOBaHHME IPYTUM, MO3BOISIOLIIM
caenatb TE€ K€ BBIBOJABI OTHOCHUTEIBHO KOp-
pexkTtHOCcTH TexHosoruu. IloTpebyem, uTOOBI
pe3yabTaT U BpeMs BBITIOJIHEHUS MPOLIETyphl HE
M3MEHHIINCH, €CTTU 3HAUYeHUE KaXJI0Tro U3 BXO-
HBIX MMapaMETPOB HE MPUMUTUBHOTO TUMA OBLIO
3aMEHEHO pe3yJbTaTOM Jecephaliu3aliu Cce-
pHAIM30BAHHOTO 3HAYEHHSI TAaHHOTO MapameTpa,
a BCE 3HAYEHUS BBIXOJHBIX MapaMeTpoB ObLIH
3aMEHEHbI 3HAUCHUSIMHU 10 YMOJTYAHHUIO.

CpenctBa A OTHPaBKH 3aKa30B MOTYT
OBITH OpPraHM30BaHbl MyTEeM reHepanuu Habopa
METO/IOB, 10 CUTHATYpaM COBIAJIAIOUINX C BbI-
JIEIIEHHBIMU METOJIaMH, U OTIPABJISIONINX COOT-
BETCTBYIOIINE 3aKa3bl Ha cepBep. MeToabl mpu
ATOM MOTYT BBLAENSATHCS B HCXOJIHOM KOJE Mpo-
rpaMMBbl JTUOO TP MOMOIIYU CIIEUATBHBIX KOM-
MEHTapueB, JUOO aHHOTHPOBAHHEM BbIIEIICH-
HBIX METOJIOB, MO0 aHHOTHPOBAHHUEM METOJIOB
abCTpakTHOTO KJlacca HWMEHAaMHU BBIJICTICHHBIX
METO/I0B (3aKa3bl, Ha BBINOJHEHUE KOTOPBIX
OyIeT OTHpaBisTh TEHEPUPYEMBIH MOTOMOK
ATOro Kjacca), JUOO ACKIapUpOBAHUEM METO-
0B Bo BHemHeM (aitne. Kmaccsl ¢ meTomamu
JUTSL OTIIPaBKU 3aKa30B MOTYT OBITH CT€HEPUPO-
BaHbI IN0O B BUJE MCXOJHOTO KOJa, UJIU HETo-
CPEICTBEHHO B BUJE OalT-KoIa.
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eHepaTops! KaccoB 415 CBSA3N C Mporpamma
NONb30BATENBCKAM KOAOM aAMVHMCTPUPOBaHHS

Puc. 1. Apxurekrypa pa3paboTaHHOTO HHCTPYMEHTapus

OmnucanHasi TEXHOJOTHs peaTn30BaHa B BH-
7 TPUKJIAJHOTO MHCTPYMEHTApus Mapaieib-
HBIX BbIYMCIIEHUN. Ero apxurekrypa npuseneHa
Ha puc. 1.

[Ipu peanuzanuu HMHCTpYMEHTapHs OblLia
BbIJICJICHA CEpBEpHAsi 4acTh, HA KOTOPYIO BO3-
JIOXKEHB! (PYHKIMH KaK 10 KOOPIUHAIUU JIeHCT-
BUH KJIMEHTOB, TaK M MO XPAHEHUIO MPOMEXKY-
TOYHBIX JJAHHBIX M MPEJOCTABICHUIO UX KJIMEH-
tam. Takoe pemieHue NPUHATO A YIPOILEHUS
oOecrieyeHns HAJEKHOCTH, MOIACPKKH JHUHA-
MHYECKOTO H3MEHEHMsS COCTaBa Kjacrepa H
YIIPaBJICHUS KJIACTEPOM C €IMHOIO y37a.

JIOTIOJTHUTENBHBIM CPEJICTBOM OOeCTIeYeHUs
HA/IKHOCTH SIBIIIETCSI BHELIHSS 0a3a JaHHBIX,
KOTOpast MOXKET MCIIOJIb30BAThHCS ISl XpaHCHUS
NPOMEKYTOUHBIX JaHHBIX BBIYMCICHUNA. OTO
MO3BOJISICT MPOAOJKATh BEIYUCICHHS ¢ OTHOCH-
TEJbHO HEOOJBIIMMHU MOTEPSIMU BPEMEHH T1OCIIE
anmnapaTHoOro Wi MpOrpaMMHOro c0osi cepBepa
WIM OJTHOTO W3 KJIIMEHTOB, MIOCKOJIbKY B Clly4yae
cOos1 cepBepa OH MOXKET OBITh INepe3amyllieH ¢
BOCCTAHOBJICHMEM COCTOSHHMSI BBIYMCICHUHA W3
0a3bl JTaHHBIX, a B ciyyae c0Os KIHEHTa €ro
3aJjauydl MOT'YT OBITh MepellaHbl Ha BBITIOJIHEHUE
APYTUM KJIMEHTaM.

CepBepHass 4YacThb [JOJDKHa oOecreyuBaTh
BBITMIOJIHEHUE I10 3alpocaM OT KJIHMEHTOB Cclie-
Ayroumx (YHKIMHA: OTHpaBKM 3aKas3a, ero Io-
Jy4eHUs, OTIIPABKU 3HAYEHUs, OTYUYEHHS 3Ha-
YEHUS U OTIPABKU YBEJOMJICHUS O 3aBEPILIECHUU
BBITMIOJIHEHUS 3aka3a. Taioke A OTJIAAKM Ia-
paJUIeTIbHBIX NPWIOKEHUH K Habopy 3THX
¢byHKuui 100aBiIeHB PYHKUIUHU U TOJTyYSHUS
TEKYIIero BpEMEHU Ha CepBepe M BbIBOJA OTJIA-
JOYHBIX COOOILIEHUH B CO3/IaBaeMblii Ha cepBepe
¢aitn. ba3oBbIMU MOHATHUSAMH, HA OCHOBE KOTO-
PBIX OpraHW30BaH MHCTPYMEHTAapui, SBISIOTCS

3aKa3, UIEHTHU(PHUKATOp 3HAUYEHUS U HUJCHTU(U-
KaTOp HEU3BECTHOTO 3HAYECHHUS.
WnenTudukaTop 3HaUCHHUs UCHOIb3YETCs B
KAaueCTBE CCHUIKM Ha II€PENaBAEMOE 3HAUYCHHE
napaMerpa 3akasa. Bceskoe omnmcaHue 3akasa
COJCPXKUT JIMIIb MJICHTU(UKATOPBI, a HE CaMH
3HA4YEHUs TapaMeTpoB. DTO MO3BOJISIET U30EraTh
IIOBTOPHOM NEpejaun OAHUX U TEX K€ 3HAUCHUU
[IapaMeTpoB, €CIM OHM MCIONb3YIOTCA B pas-
JMYHBIX BBI30BaX, U TEM CAMbIM CHUXAaTb Ha-
Ipy3Ky Ha CEThb 3a CUET KEIIMPOBAHMs 3Haye-
HUH, NPUBS3aHHBIX K UICHTH(PUKATOPaM.
[Tonartue wuaeHTU(UKATOpAa HEU3BECTHOTO
3HAa4YeHUs BO3HUKAET U3 (POPMYIMPOBKU BTOPO-
ro MpUHLMNA MPEIOKEHHOro MOJX0ja: IIo-
CKOJIBKY TIOCJ€ OTIPABKH 3aKa3a BBINOJHEHHE
BBI3BaBLICH €ro Mpoueaypbl JOJKHO MPOJIOJI-
KaTbCs, BCAKOMY BXOJHOMY M TpPaH3UTHOMY
napameTpy 3TOTo 3aka3a HeoOXOAMMO IMPHUCBO-
UTh HEKOTOPBIA HACHTU(UKATOP, KOTOPHIN 3a-
TE€M TIO3BOJIUT TMOJYYUTh pealbHOE 3HAaYEHHE
COOTBETCTBYIOLIETO MapaMeTpa. Takum oOpa-
30M, PE3yJbTaTOM BBIMOJIHEHUS 3aKa3a SBIISIET-
Csl YCTAaHOBKA CBSI3UM HJCHTU(UKATOpa HEU3-
BECTHOTO 3HAYEHMSI KQKJOT0 U3 BBIXOJHBIX UIIH
TPAaH3UTHBIX IApaMETPOB ATOTO 3aKa3a C HEKO-
TOPBIM MAEHTHU(PHUKATOPOM 3HAYECHUS WM UICH-
TU(UKATOPOM HEU3BECTHOro 3HaueHus. Bos-
MOKHOCTb YCTaHOBKM CBSA3M HIEHTH(UKaTOpa
HEU3BECTHOTO 3HAYEHUs HE C HMAEHTH(HKATO-
pPOM 3HAYEHUs, a C APYrMM HACHTU(PHUKATOPOM
HEU3BECTHOTO 3HAYEHUs HE BIIOJIHE OYEBUJIHA,
HO OHA BO3HHUKAET, HallpuMep, B CUTYyalUH, KO-
r7la HeKMH 3aKa3 B KauecTBE BBIXOJHOrO Iapa-
MeTpa IepefaeT 3HaueHUe BeJIMYMHbI, BbIYHC-
JsieMOH B JIpYroM 3akasze, M He oOparaercs K
3TOH BEJIMYMHE B MPOLIECCE BHIIOIHEHUS.
[Tonatue 3aka3za BO3HMKAaeT Kak (hopmaib-
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HOe omnucaHue HH(popManuu, Tpedyemoi i
BBITMIOJIHEHUS 3aKa3a. JTa MHGOpMaIus BKIIO-
yaeT B ce0s yKa3aHue O TOM, Kakas Mpoueaypa
JOJKHA OBITH BBINIOJIHEHA, WH(OPMAIIMIO O Ma-
paMeTpax B MOMEHT CTapTa MpOILEAyphl U B
MOMEHT ee 3aBepieHus. Mupopmanus o napa-
METpax B MOMEHT CTapTa MpeicTaBiseT coOoii
Ha00Op HIEHTU(PUKATOPOB 3HAYCHUN WM HJIEH-
TU(PUKATOPOB HETOTOBBIX 3HAUCHHM, IPUCBOCH-
HBIX BXOJHBIM M TPAaH3UTHBIM Iapamerpam 3a-
Ka3a, 3HAYCHHUsS KOTOPBIX OBbUIM MepeiaHbl B
MOMEHT BbI30Ba, 3aMEHEHHOT'O OTIIPaBKOM 3aKa-
3a. MHpopManus O BBIXOJHBIX Hapamerpax —
Ha00p UACHTU(UKATOPOB HETOTOBBIX 3HAYCHUH,
KOTOpBbI€ ObUIM IPUCBOEHBI BBIXOJHBIM U TPaH-
3UTHBIM MapameTpam 3akaza. Crienyer orme-
TUTh, YTO MOJOOHOE MPEICTaBICHUE TO3BOJISET
JOCTaTO4YHO OBICTPO OTBETUTH HAa BOIPOC O TOM,
COBMajJaeT U MHpOpMalUs O BXOJIHBIX Mapa-
MeTpax JBYX 3aKa30B Ha BHINOJIHEHUE OJHON M
TOH ke mpoueaypsl. Eciu paznuunble HIEHTH-
(uKaTOpHl 3HAUECHUI HE MOTYT OBITH CBSI3aHBI C
OJIHUM M TEM JK€ 3HAUE€HUEM, JJOCTAaTOYHO IIO0-
TpeOOBaTh PABEHCTBA BCEX COOTBETCTBYIOIINUX
napamerpoB. IIpudyem paBeHCTBO mMapaMeTpoB
BBOJMTCS CIIEAYIOIIMM 00pa3oM: HICHTU(UKA-
TOpBl 3HAYEHWH paBHbI, €CJIM OHHM COBIAMAIOT,
UACHTU(UKATOPHl HEM3BECTHBIX 3HAUEHUH MU
UACHTU(GUKATOP 3HAUYEHUS U HICHTU(UKATOD
HEM3BECTHOTO 3HAYEHUS — €CJIM OHH CBSI3aHBbI.
Takoe cpaBHEHME IO3BOJIIET B Cilydae JeTep-
MUHHUPOBAHHBIX aJITOPUTMOB OBICTPO HAXOIUThH
CUTYallHl0, B KOTOPOH HEKOTOPHIN 3aka3 OT-
IpaBJieH B MPOLECCE BbIUMCIEHUI OoJiee oaHO-
ro pas3a, U BMECTO HOCJIEIYIOUINX BBINOJIHEHUH
MOJICTABIATh PE3yJbTAaThl IEPBOIO BBIMOJIHE-
HUS. B yacTHOCTH, aHAJIOTWYHAs CUTYalUs MO-
’KET BO3HMKATh NP MOBTOPHOM DPELICHUU 3ajia-
YM TIOCJI€ BHECEHUS M3MEHEHHH BO BXOJHBIC
JIaHHBIE, €CIIM YaCTh BBIYMCICHUN MPU 3TOM He
U3MEHSETCS.

Kpome KIMEHTCKOW M cepBEpHON uyacTei B
COCTaB HMHCTPYMEHTApusi BXOAMUT TaKXe Mpo-
rpaMma aJMHUHHCTPUPOBAHUS, TO3BOJIAIOLIAS
10JIy4aTh MHGOPMALIMIO O COCTOSIHMM KilacTepa
U BBINOJHEHUM HpPOTrpaMM, 3aIllyCKaTh BBIMNOJI-
HEHHE MapaJleNIbHbIX MPUIOKEHUN U MOJIy4aTh
pe3yibTaThl cyeTa, a TaKkkKe MHporpaMma s
TeHepaluu CIy)KeOHOro KoJia, HCHOJb3yeMas
pu pa3paboTke.

PaccMOTpUM JA€TaIbHO MOACUCTEMBI MHCT-

pyMeHTapusi, MpeICTaBICHHbIE Ha pUc. 1.

briok B3auMonelcTBUS C TOJIB30BATENb-
CKUM KOJIOM U OJIOK TeHepaliu UCXOJHOTO KO-
na. OYHKIIMOHABHOCTD, JOCTYIHAS IMOJIh30Ba-
TEJI0, 3aKJII0YEHa B HECKOJIbKUX Kiaccax. Bo-
MIEPBBIX, 3TO T€HEPUPYEMBIH KIacc OMOTUOTEKH,
KOTOPBIA JUTSl KaXA0H U3 BBIACIEHHBIX MOJB30-
BaTeleM MpOIEAyp COACPKHUT METOJ A OT-
MpaBKU 3aKa3a Ha BBIMIOJIHEHUE STOW MpOIEedy-
pbl. CIIUCOK BBIJENIEHHBIX MPOIEAYp MPU ITOM
JOJKEH JIeKIIapupOBaThCsl TMOIB30BaTEIEM B
XML ¢aiine, mpuueM Ui KaKIOHM MpoLETypHI
JOJKHO OBITh 3a/laHO €€ PACIOJIOKEHUEe, UM
TEeHEpUPYEMOTO METOJIa, a TAKXKe IS KaKIIOTo
napamerpa — THII, UMs U HampasieHue. Bo-
BTOPBIX, 3T0 Kjacc ServComnector, coaepixa-
Ui cpeacTBa Uit pabOThI ¢ PACHOJIOKEHHBIMH
Ha cepBepe (aiinmamu U n100aBIEHUS 3amucell B
nor-daiin, Beaymuiics Ha cepBepe. B-TpeTbux,
ato knacc DataHandler, oT KOTOPOTo OJKHBI
OBITh MOPOKICHBI BCE KJIACCHI, UCTIOIB3YIOIIHE-
Cs B KayecTBE TUIIOB IapaMeTpOB MPOLEAYD.
[Tonb30BaTemnto TOCTYMHBI IBE TPYIIIBI METOIOB
ATOTO KJIacca.

1. AGcTpakTHBIE METOIBI AJIs Cepuanimn3a-
IIMM U BOCCTAHOBJICHHUsI cocTosiHUSA. s mepe-
Jlaud TapaMeTpoB MHPOLEAYp HE HUCIOJb3YyeTcs
CTaHJIaPTHBIA MEXaHW3M CepuaIu3aliy, Io-
CKOJIbKY TpH Tepeaayue BBHIXOJHBIX MapaMeTpoB
WX 3HAYEHUS HY)KHO BHOCHUTH B YK€ CYIIECT-
BYIOIIME OOBEKTHI, B TO BpeMs KaK CYIIEeCT-
BYIOIIMI MeXaHU3M IO3BOJISIET JIUIb CO3/aTh
HOBBIN 00BeKT. [IoaTOMY co31aBaemMbie MOIIB30-
BaTeJeM KJIACChl JOJIKHBI PeajM30BBIBATH ATH
METO/IbI.

2. Meronet  preRead(), preChange(),
preReplace(), xoTtopble IODKHBI BBI3BIBATHCS
nepes; oOpallleHueM K JaHHBIM, YaCTUYHBIM H3-
MEHEHHMEM JaHHBIX U TOJHOM 3aMeHOW cojep-
KUMOT0 OObEKTa COOTBETCTBEHHO. /{151 moToMm-
KOB 3TOTrO Kjacca BBOAWUTCS NPaBUIJIO, YTO OHU
JOJDKHBI  TIPEAOCTaBIAATh JOCTYH K COZAEpKa-
IIMMCS B HUX JIaHHBIM TOJIbKO Yepe3 CBOM METO-
JIbl, B KOTOPBIX BBI3BIBAIOTCSI STH TPU YHACIEIO-
BaHHBIX MeTozia. Metoabl preRead w preChange
yOexaalTcs, 4yTo B OOBEKTE €CTh JaHHbIE, a
preReplace cOpaceiBaet yiar o TOM, 4TO B 00b-
€KTE HEeT JaHHBIX, €CIU OH OBbLI yCTaHOBIIEH.
Brenenue nByx metonoB preRead w preChange
MO3BOJISIET, €CIM TOCIE CepHaIH3alMy JaHHBIX
00BeKTa MPOU3BOAMIICS TOJBKO JOCTYN HA 4YTe-
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HUe, OOHAPY)KHUBATh 3Ty CUTYallUIO U HE MPOU3-
BOJUTH BTOPOU Pa3 CEpUAIU3ALIMIO.

biok B3aMMOAEHCTBUSA C TMOJIB30BATENb-
CKUM KOJIOM SBJISIETCS CBS3YIOLIUM 3BEHOM Me-
KTy KOHKPETHBIMH MPUKIAJIHBIMU aIrOpUTMa-
MU M HHCTpyMeHTapueM. Ero 3amada cocTout B
TOM, YTOOBI COBMECTHO C Cr€HEPHUPOBAHHBIMHU
KJlJacCaMM, C OJHOW CTOpOHBI, IPEIOCTABUTH
BBIIIOJIHAIOLIMMCS. 3aKa3aM BO3MOYKHOCTb OT-
NPaBKH 3aKa30B U 0a30BBIM KJIACC JJISI HETOTO-
BBIX BEJIMYMH, PEATH3YIOINUNA UX CEMAHTHKY, H,
C JpYrodl CTOPOHBI, NPENOCTABUTh OCTAIBHBIM
4acTAM MHCTPYMEHTapus JOCTyNl K I0JIb30Ba-
TENbCKOM 3aJjaue Kak K HEKOTOPOMY ‘“‘UepHOMY
ANIUKY’, CHOCOOHOMY IO MPEIOCTABICHHOMY
ONMCAHMIO 3aKa3a BBIIOJIHUTH €ro, CBS3aB
UACHTU(PUKATOPHl HETOTOBBIX 3HAYEHUH BBI-
XOJHBIX TapaMeTpoB C HJICHTU(UKaTOpamMu
TOTOBBIX 3HAYCHUH WU APYTUMU UICHTH(HKA-
TOPAaMH HETOTOBBIX 3HAUYEHUH, UM K€ B Cllydae
HEBO3MO>KHOCTH 3aBEPUIMTH BBIIOJIHEHHE IIpe-
JOCTaBUTh MOAPOOHYI0 HH(OpMaIuio o cboe.
Taxoke maHHBINA OJOK 3aHUMAaeTcs cOOPOM CTa-
TUCTHKH U YIPaBJIEHUEM HAaOOpPOM BBIMOJIHSIO-
IIUXCSA IOTOKOB BBIUUCIEHUM, IPEIOCTaBIISIL
JIOKAJIbHOMY  IJIAHUPOBIIUKY HEOOXOAUMYIO
nHGOpPMAIMIO U MPHOCTAHABIUBAs WU 3aIyc-
Kasl BBIIIOJHEHHE IOTOKOB COIVIACHO IIOJyY€H-
HBIM OT HETO YKa3aHHUSM.

C TouKHM 3peHHs UCXOJAHOTO KoJia OJIOK CBSI-
3 C IOJIb30BATEIbCKUM KOJOM IIPEJCTaBIICH

KJIaCCOM IIOTOKA BBITTOJTHCHHS 3aKa3a
ExecuterThread, xnaccom BCIIOMOTaTeIbHOM
(YHKIIMOHATTEHOCTH WHCTPYMEHTapUs

ServConnector, K1accoM CBA3U C IOTOKaMH
BbInoHeHust StubConnector u 6a30BBIM Kilac-
COM Uil CTPYKTYp nNaHHbIX DataHandler, pa3-
MEILEHHBIMU B nakete org.parallel.client. Knacc
IIOTOKA BBIMIOJIHEHUS OTBEYAeT 3a IMOJIyuyeHHE
CBEJICHUI O 3aKa3e M €ro BBIIOJHEHHE, a Kilacc
CBSI3U COJCPXKHUT METOJbl, HCIIOJIb3yeMble JUIs
OTIIPaBKM 3aKa30B, MOJYYEHHUS JAaHHBIX IO Tpe-
00BaHUIO, @ TAaK)Ke HEKOTOPBIE CPEJICTBA YIIPaB-
JICHUs TOTOKAaMHU BBINOJIHEHUS, KOTOpPbIE HC-
M0JIb3YIOTCS TUTAHUPOBIIIUKOM.

C OnokOM B3aMMOJIEHCTBHS C MOJIb30Ba-
TEJIbCKUM KOJIOM TECHO CBSI3aH I'€HEepaTop HC-
XOJHOTO KOJa CITyEeOHBIX KJIaCCOB, pa3MellleH-
HBI B makete org.parallel.sourcegen. Ero pa-
00Ta CBOJIUTCS K UYTEHHIO IPEJOCTaBICHHOTO
XML daiina ¢ onucanueM TpeOyeMbIX METOJOB

JUIS OTIPABKHU 3aKa30B, MPOBEPKE €ro KOPPEKT-
HOCTH (TIpOBEpKa HANW4YMsI YINOMHHAEMBIX B
¢aiine kiIaccoB M METOJOB HE IMPOU3BOAUTCS,
4YTOOBI HE YCIOXKHATH pa3paboTKy), TeHepaluu
MCXOJHOTO KOJa KJIacCOB OMOIMOTEKH, JIOKAJh-
HOM OMONMMOTEKH, yAaJeHHOW OUONMMOTEeKH W
ucnonuutens. IlpoBepka Hanmuyusi yrmoMuHae-
MBIX KJIaCCOB HE MPOM3BOJAUTCS, TaK KaK OHH, B
CBOIO OYepelb, MOTYT HCIOJb30BaTh KIJIACCHI
OuONMMOTEeKH W Takas MpoBEpKa MpuBena Obl K
KOJIBIIEBOM 3aBHCHUMOCTH M YCIOXHSJIA OBl
KOMITWJISIIUIO TpuiokeHus. HaznaueHus >tux
CITY’K€OHBIX KIaCCOB TAaKOBBI:

Kiacc OuOGimmMoTeku coaepKUT aOCTPaKTHBIC
METO/IbI JUIS OTIPABKU 3aKa30B, KOTOPHIE MOTYT
UCIIOJIb30BAaThCS METOJAMH BBITIOJHEHHS 3aKa-
30B. /[ TOTO, YTOOBI MOTYYUTH JOCTYII K KJIac-
cy OuOMMOTeKH, METOJ BBINIOJIHEHUS 3aKa3a
JOJDKEH MPUHUMAaTh €ro Kak mapaMmerp U HH-
dbopmarus 00 3TOM JOJDKHA OBITH NMPUBEICHA B
daiine omnucaHus MONB30BATENBCKOM 3alayH.
[Tpu sTOoM renepatop OyneT 3amuChIBaTH B HC-
XOIHOM KOJI€ BBI30BBI METOJOB C IMepenadeit
ATOTO Mapamerpa.

Kitacc nokanpHO#M OMOIMOTEKM — peanu3a-
s Ki1acca OMOIUOTEKH, B KOTOPOI KaXAbli U3
METO/IOB pealn30BaH KakK JIOKaJbHBIA BBHI3OB
COOTBETCTBYIOILIETO METOJa. JTOT KiIacc He
MIPUMEHSIETCS] B MPOLIECCE BBIMOJIHEHHUS TOJIB30-
BaTEIbCKOM MPOrpaMMbl, HO MOXET OBITh HC-
MOJIb30BaH IJIsl JIOKAJbHOW OTJIAJKU CO3/aBae-
MBIX TPHUJIOKECHUH.

Knacc ynanenHoit OubGnmoTeku — peanusa-
1Us Ki1acca OMOIUOTEKH, B KOTOPOH KaxAbIi U3
METOJ/IOB peanu3yeT OTIPaBKYy COOTBETCTBYIO-
Iero 3aKa3a CPeICTBAMU MHCTPYMEHTAPHSI.

Knacc wucnonHuTens coAepXUT METOIbI,
UCIOJIb3yeMble MHCTPYMEHTapHeM B MpoIecce
BBITIOJTHEHH S TI0JIb30BATENbCKON MPOTPAMMBI.

brnox B3auMozeicTBUS C TMOJIB30BaATElNb-
CKHUM KOJIOM COBMECTHO CO CI'€HEpHUPOBAHHBIMU
KJIJacCaMH TPEAOCTABISET IMOIb30BATENECKOMY
KOJy OIEepaluio OTIPaBKH 3aKa3a, a TakKe pea-
JU3yeT ONepaluyl BHITIOJHEHUs 3aKa3a U IMOIy-
YEeHUsI 3HAUCHUS. AJITOPUTMBI ITUX OMNEpaluii
MPEJICTaBJICHBI HUXKE.

InanupoBmuk. ILnanHupoBIIKK, 1O CpaB-
HEHUIO C OCTAJIbHBIMHM YacTSIMU HHCTPYMEHTa-
pHsi, COJIEPKUT JAOCTATOYHO CIOXKHYIO JIOTHKY.
On peanu3oBaH KJIaCCOM
org.parallel.client.Scheduler. Peanuzanus mia-
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HUPOBIIMKA OCHOBaHAa HAa OTHOCHUTEJIBHO IIPO-
CTOW ABPUCTHUKE HAUBHOTO IJIAHUPOBAHUS, Ipe-
JyCMaTpUBAIOIIE MPEUMYIIECTBO BBIMNOIHSIO-
LIMXCS 3aKa30B HAJ €Il€ HE CTapTOBAaBLIUMH.
Kaxnpiii pa3, xorma oOriee KOJUYECTBO IPO-
LIECCOB  BBINIOJHEHUS 3aKa30B  OKa3bIBAcTCs
MEHBUIE KOJIMYECTBA IMPOLECCOPOB B KOMIIbIO-
Tepe, IUIAHUPOBIIMK CHaJaja MbITAETCs 3aroJfi-
HUTb TPOLIECCOPHI IYTEM NPOJOJIKEHHS BbI-
IIOJIHEHUS paHEE IPUOCTAHOBIEHHBIX 3aKa30B, a
3aTeM, €CIM ATO HE yJAEeTCsl, 3arpy’KaeT HOBBIE
3aka3zpl C cepBepa. Ecim 310 cnenate He

yAaCTCHd, IJIAHUPOBHIUK HAYMHACT NCPUOJUYC-
CKM ONpAIIMBaTh CEpBEp, 3arpyxas MOsBISIO-
muecs 3anaHus (MOJOOHBIH Ompoc cepBepa
IJIAHUPYCTCA B IMOCICAYIOIIHNX BEPCUAX HHCT-
PYMEHTapHs 3aMEHUTH IOJIyYCHUEM YBeJI0MIIe-
HUI OT cepBepa). 3areM, KOrja KOJIUYECTBO
BBIITOJIHAKOIIUXCA 3aKa30B CPABHACTCSA C KOJIM-
4eCTBOM IIPOLIECCOPOB, ONIPOC CepBepa IpeKpa-
maercs.

[InaHupoOBIIMK  BBI3BIBAaETCA B JBYX
CUTYallUsAX: B CJIyyae 3aBEPIICHUS BBITOJIHEHUS
3aKa3a W Iepe]l HayaJoM OXXHUJIAHUS JaHHBIX.

ANTOpUTM BBHITIOJTHEHUS 3aKa3a:
MIOJTyYUTh 3aKa3 C CEPBEPA;

} nHaue {

}

} nHaue {

b
}

}

AJ'Il"OpI/ITM OTIIpABKH 3aKa3a:

} nHaue {

b
}

}

AJ'Il"OpI/ITM NOJTyUYCHU 3HAYCHU A

}

O 0O O O0OO0OO0OO0OO0OO0O ® 0000000 O0OO0ODOLBODOO ® O OO O0OO0OO0OO0ODO0ODO0OO0OO0OO0OO0OO0OO0OO0OCO0O -

s (KayKIOTo mapaMerpa mpoueaypsl) {
ecinu (apameTp - BXOAHOW WM TPaH3UTHBIN) {
eciu (3HaUYEHHE TapaMeTpa U3BECTHO) {
YCTaHOBUTH 3HAUCHHUE MTapaMerpa U3 JaHHBIX O 3aKa3e;

CBA34aTh MapameTp € I/I):[eHTI/I(l)I/IKaTOpOM H3 JaHHBIX O 3aKa3€;

YCTAaHOBUTH 3HAUCHUC 110 YMOJIYAHUIO,

BBINIOJTHUTH COOTBETCTBYIOIIYIO IPOLIENYPY;
J1s1 (KayKAOro BRIXOAHOTO MM TPaH3UTHOIO IapaMeTpa Mpouenypsl) {
OTIPABUTH Ha CEpBEP 3HAUCHHUE apaMeTpa;

YBEIOMUTh MJIAHUPOBIINK 00 OCBOOOKICHUH MPOLECCOpPa;

OTIIPABUTH HA CEPBEP HOMEP MPOLEAYPHI, KOTOPYIO HY>KHO BBITIOJIHHTE)
JUTst (KaXI0T0 BXOJHOTO WM TPAH3UTHOTO rmapamerpa) {
ecu (3HaYCHUE MapaMeTpa U3BECTHO) {
OTIIPaBUTh 3HAUCHHE TTapaMeTpa Ha cepBep;

OTIIPABUTH HAa CCPBCP CBSI3aHHBIH C napameTpom I/I,Z[CHTI/I(l)I/IKaTOI);

MOJIY4UTh C cepBepa HabOp UACHTHU(PHUKATOPOB;
It (Ka>KAOTo BBIXOAHOTO WIIM TPAH3UTHOTO IapameTpa) {
CBSI3aTh apaMeTp C OUEPEAHBIM UACHTH(PUKATOPOM;

YBCAOMUTDH IJIAHWPOBIIHUK O MMOSABJICHUHN 3aKa3ad,

MOJTyYUTh UICHTH(QHUKATOP, CBSI3AHHBIN CO 3HAUCHUEM;
3aMpOCUTh 3HAUCHHUE C CepBepa Mo UACHTU(UKATOPY;
ecny (3HAaYEHUE ele He BHIUYUCIICHO) {
COOOIINTH UJCHTU(MUKATOP TUTAHUPOBIIHKY;
YBEIIOMUTH IJIAHUPOBIIUK 00 OCBOOOXKICHUH MPOIIECCOPa;
MPUOCTAHOBUTH Pa0OTY J0 YKa3aHUS OT IUIAaHUPOBIINKA
3alpOCUTH 3HAYCHUE C CEpBEPa MO UACHTUDUKATOPY;

C6pOCI/ITI> CBs3b 3HAUYCHUA C I/IZ[GHTI/I(l)I/IKaTopOM;
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OTtmeruMm, 4YTO Tpu padoTe IUIAHUPOBIIMKA,
BBI3BIBAEMOTO TE€pe] HAyaJIOM OXHJIAHHS JaH-
HBIX, HY)XHO YYMTBHIBaTb TO OOCTOSITENBCTBO,
YTO IMJIAHUPOBUIMK BBI3BIBAETCS U3 MOTOKA BbI-
MOJIHEHHUS 3aKa3a. DTO 03HAYAET, YTO BO3MOXKHA
CUTyalUs, B KOTOPOH IUIAHUPOBILUK MOXKET
MOTIBITATHCS. POU3BECTH HEKOTOPHIC JIEHCTBHS
HaJl TeKYIIMM MOTOKOM. Hampumep, momsiTars-
csi ero pasOynuTh ele 0 Havajga OXKHJIAHHS
nanublx. Ciaydaif, KOrjna IUIAaHUPOBIIMK BBI3BI-
BAETCs MOCTIC 3aBEpIICHUs BHITOJIHEHUS 3aKa3a,
10I00HBIX TPOOJIEeM HE BBI3BIBACT, MOCKOJBKY
HUKAaKUX JIEUCTBUU HAJ TEKYIIMM 3aKa30M Iula-
HUPOBILUK ITPOU3BECTH HE MOXKET.

JluarpaMma COCTOSHMM 3aKas3a IIpPe/ICTaB-
JeHa Ha puc. 2. M3 miecTH mnpeacTaBICHHBIX
COCTOSIHUHM B TPOIIECCE CBOETO BBINOJHEHUS Ha
KJIMEHTCKOM KOMITBIOTEPE 3aKa3 MOXET ObITh
TOJILKO B OJHOM M3 TpPEX COCTOSIHUI: TOTOB,
61okupoBaH, BeinonHsAercs. [ng adexTuBHOrO
YIIpaBJICHUS 3aKa3aMU B MPOLIECCE BBIMOJIHEHHS
BBITOJIHAIOUINECS U TOTOBBIE 3aKa3bl COOpaHbI B
CIIMCKH, a OKUIAIOILINE JAaHHBIX — B accolua-
TUBHBIA MaccHB, B KOTOPOM HJAEHTH(PHUKATOpaM
HETOTOBBIX 3HAYEHUH MOCTABJIECHbI B COOTBETCT-
BUE CIMCKU 3aKa30B, UX OXKHJAIOIINE.

bnok kewuposanua. Biox KenmpoBaHUs
JAHHBIX B KJIMEHTCKOM 4acTH, MPeICTaBICHHbIN
KJIACCOM ProblemServiceProxy IaKera
org.parallel.client, XxpaHUT TIOTy4YEHHBIE OT CEp-
BEpa JJaHHbIE O 3HAYEHUSX, CBS3aHHBIX C HJICH-
TU(UKATOpaMHU 3HAYEHUH, a TakXke O CBA3AX
UACHTU(GUKATOPOB HETOTOBBIX 3HAUCHUH C
UACHTU(UKATOPAMHU 3HAYEHUH U Jpyr C Jpy-
roM. [Ins xpaHeHus 3HAUCHHM, CBS3aHHBIX C
UACHTU(DUKATOPAMH 3HAUCHHUH, HCIHOIb3yeTCs
MEXaHM3M MATKUX CChbUIOK. J[aHHBIM Kiacc siB-
JsieTcs peanu3alnued yaajJeHHOro HuHTepderica
ProblemService. To, 4T0 BCe 3ampockl K cepBe-

Py NpOXOJAT 4epe3 3TOT OJIOK, MO3BOJIAET HE
[0JIy4aTh MOBTOPHO YXK€ MMEIOLIMecs Ha KIu-
€HTE JlaHHbIE, YTO YMEHBIIAET HArpy3Ky Ha
CETb.

API cepsepa. BzanmopelicTBue MEXIY KIU-
€HTOM U CEPBEPOM OPraHM30BaHO C MCIIOJIb30Ba-
HueM texHosornu RMI. Bcee xmaccbl, ucnois-
3yeMble Ul YIAJCHHBIX BBI30BOB, COOpaHbl B
nakere org.parallel.protocol. Y nanensbie MeTo-
Jbl coOpanbl B 1Ba uHTepdeiica — InfoService n
ProblemService. Untepdeiic InfoService conep-
KUT METObI, HCIOJb3yeMbIe JJIi HACTPOMKH
KJIMEHTCKOM 4YacTM WHCTPYMEHTapHsi B Hauaje
Ipollecca BBIYMCICHUH W HUCMOJIb3yeMbIE IIPO-
rpaMMOM aJIMUHUCTPUPOBAHUSL.

Untepdeiic ProblemService conepxuTt uc-
M0JIb3yeMble B IPOIECCE BBIYMCICHUN METO]IbI
JUIs OTIIPaBKH 3aKa30B, MOJYYEHHUS 3aKa3oB,
OTIPABKH U MOJIy4EHUS NAHHBIX, MOJYYEHUS U
OTIIPaBKM CBEJCHUN O CBS3AX HAECHTHU(PHUKATO-
POB, OTJIaJOYHbIE U JPYTHUe METO/IBI.

Taxxe maker org.parallel.protocol conep-
KUT HEKOTOpbIE HCIOJIb3YyeMbl€ B OMHCAHHBIX
JBYX MHTep(delicax BcrioMorareabHble KIacchl —
NEPeUNCIICHUs Ul COCTOSTHUS 3aKa3a U Harpas-
JIEHHUs MCIIOJIb30BaHUs IapaMeTpa, a TakkKe
KJIacC OMMCaHUS 3aKa3a.

bnox oopabomku 3anpocoe. bnok oOpa-
OOTKM 3ampocoB KIMEHTOB, IpPeICTABICHHBIH
knaccamu InfoServicelmpl, ProblemServicelmpl
u Problem nakera org.parallel.server, peanu3zy-
€T METOJIbl, UCIOJb3yeMble B IpOLEcCe pelle-
HUS 33/1a4 Takue, HalpuMep, Kak MeToxd [uis
HOJy4eHUsT MJeHTU(UKATOpa 3HAYEHHS 10
UACHTU(PHUKATOPY HETOTOBOIO 3HAUCHMSI, METO[
JUIs OTIIPAaBKU 3aKa3za, METOJ JUIs 3allUCH OTJIa-
JIOYHOTO COOOILEHUSI B pAaclOJIOKEHHBIH Ha
cepBepe daiin.

[TpakTuyeckn KaxJblii METOJ, UCIIOJIb3Ye-

VicnonHeHve

BbinonHsaetca

BnokuposaH =7 Heyaaua
2
5— 3aBeplLueH

Puc. 2. lnarpamma cocTosiHUl 3aKa3a
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MBI B KQUeCTBE YJAJICHHOT'O METOJIa, CBOJIUTCS
K BBITIOJIHEHHUIO COOTBETCTBYIOIICH OIEpaIiu C
0a30ii TaHHBIX — HAIIPUMEP, K YCTAHOBKE CBS3H
MEXy HICHTU(UKATOPAMH, YCTAHOBKE CTaTyca
3aKa3a WM MOJIY4CHHUIO JaHHBIX MO UIACHTU(U-
Karopy. VICKiIIOYeHHE COCTaBISIOT METOJPbI,
UCTIOJb3yeMbIC JUISI COXPAHCHUS OTJIAI0YHOM
uHpOpMaAIIUK Ha CepBepe, U METOMAbI Ul JOC-
TyIa K COJEpXKAIUMCsI Ha cepBepe daiiiam.

Iloocucmema ynpagnenus cyuyHoCcmamu.
Knaccel, peanmsytoniye (GpyHKIIHOHAIBHOCTD T10
pabote ¢ 0a30ii JaHHBIX, COOpaHbl B IaKETe
org.parallel server.database. ba3oBbIM Ki1accom
B JaHHOW  (YHKIMOHAIBHOCTH  SIBJICTCS
GenericConnector. st Kjacca
GenericConnector peanu3oBaH MOTOMOK, pabo-
TaoIUi ¢ 0a30M JAaHHBIX C JAHHBIMH OJJHOM
3agaun — ProblemConnectorlmpl. JIns Toro,
4TOOBl O0ECIEYUTh BO3MOXKHOCTb XPaHCHHS
MPOMEKYTOUHBIX pPE3yJIbTaTOB B MaMsITH 0e3
WCIOJIb30BaHUsl BHEIIHEW 0a3bl NaHHBIX, W3
JaHHOTO  KJlacca  BbIACTICH  uHTepdeiic
ProblemConnector, st KOTOPOTO CO3/IaHBI €Ille
nBe peanuzauuu — ProblemConnectorProxy u
ProblemConnectorMemorylmpl. TlepBast u3 HUX
UCTIOJB3YeT Il XpaHEHHs JaHHBIX MaMsTh, a
BTOpasi SIBISICTCS TPOCIIOWKOMN, T00aBJISIONICH
KEIIMPOBAHNE HA OCHOBE MEXaHWU3Ma MSTKUX
CCBUIOK K peaji3allii Ha OCHOBE BHEIIHEH Oa-
36l JaHHBIX. JlocTyn K 0a3e NaHHBIX peaT30BaH
npu nomomwm Oubmmoreku JDBC  (Java
Database Connectivity).

BoiBoabl. [IpencraBicHHas TEXHOJIOTHSI
HESIBHOTO  pacrapaUleJUBaHus — KJIACTEPHBIX
BBIUMCJICHUH, OCHOBAHHOTO Ha 3aKa3ax I03BO-
JSIET ISl alITOPUTMOB, PEATTM3YEMbIX C HCIOJIb-
30BaHHEM Tapaijiesn3Ma 3aJaHui, JTOCTaTOYHO
JIETKO TEPEXOJUTh OT CYIIECTBYIOUIMX MOCIe-
JIOBaTENIbHBIX pEAIM3alui K MapauieIbHbIM
peanu3alysiM, BHOCS HE3HAYUTEIBHBIC HM3MCHE-
HUS KaK B KOJ, TaK U B JIOTHKY paOOThI aJiro-
pUTMa NPUKJIATHOM 3a1a4u.

[TpemioskeHHass TEXHOJOTHUS Peai30BaHa B
BUJIC UHCTPYMECHTAPHsI HA OCHOBE CPEIICTB SI3bI-
Ka mporpamMupoBanus Java. OmmcaH peaiu-
3YIOIIUN €€ MHCTPYMCHTapUi C TOYKU 3PCHHS
CHCTEMHOTO DPa3paboOTUMKa M C TOYKH 3PCHHUS
NPUKIAJHOTO IporpamMMmucra. PaccMOTpeHsI
OCHOBHBIE BOTIPOCHI, BO3HUKAIONINE KaK MpHU
pa3paboTKe WHCTPYMEHTAapus, TaK ¥ TPU €ro
MPAKTUYECKOM UCIIOJIb30BaHHH.
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