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AHHoOTanus. Bo MHOrMX mpuKmagHbIX 001acTAX HEOOXOAWMO BBIMONHATH CHMBOJBHO-
YHCIICHHBIC PACUETHI C JaHHBIMU 00JIbIIOro o0beMa. IIpumepaMu Takux 00JIACTeH ABISIOTCS
pOOOTOTEXHMKA, pPACIIO3HABAHHE pEYM, pAaclo3HaBaHWe Trpaduueckod wuHOOpMAIMH,
aBTOMATU3anus MPOU3BOACTBA U Apyrue. CHCTEMbl CHMBOJIBHBIX BBIUHCICHHH, X TaK XkKe
Ha3bIBAIOT CHUCTEMaMH KOMIIBIOTEPHOH anreOphl, aKTHBHO pa3BHBAIOTCS C KOHIA
BOCBMHUJIECSTHIX TOMOB. XOpOIIO M3BECTHBIMHU cHUCTeMaMu sBisitoTcss Mathematica, Maple,
Reduce n muorme npyrue. IToutn Bce 3TH CHCTEMBI He OBUTH OPHEHTHPOBAHBI H3HAYAIBHO HH
Ha MaclITa0HbIE MaTEMAaTH4YECKUE OOBEKTBI, HU HA MHOTOIPOLIECCOPHBIE KiIacTepbl. CucremMa
Form siBnsteTcst € IMHCTBEHHBIM UCKIIIOUCHHEM. DTa CUCTeMa Oblla M3HAYaJIbHO 3ayMaHa s
OTNepUPOBaHUS OOBEKTAMH, MPEBHIMIAIOIIUMU IO pa3Mepy OIEpaTHBHYIO NaMsATh. Takue
00OBEKTHI pa3MENAIOTCS Ha JKECTKOM JIHUCKe. B cTaThe maeTcs onucaHue alropuTMOB I TEX
HWHCTPYMEHTOB CHCTEMBI KOMIBIOTepHOW anreOpsl MathPartner, koTopble mpenHa3HaYeHBI
JUISL B3aMMOJEHCTBHSA C BBIYMCIHTENBHBIM KiIacTepoM. [IpHBOAWMTCA ONMCaHWE aJrOpHTMa
pabOTBI COKETHOTO CepBepa, SBILSIONIErocs CBA3YIOIUM 3BeHOM Mexay MathPartner u
HeKoTopoi cynep OBM, koTophIit oOecriednBaeT NCHONHEHNE apaUIeNbHBIX IPOTpaMM Ha
kinacrepe. [1ogpoOHO 0OBACHSAETCS MEXaHU3M, KOTOPBIH IO3BOJIieT abCTparupoBaThCs OT
KOHKpeTHOH cynep OBM u yctanoBnenHoit Ha Hee PBS, pabGotas mckmodnTensHO ¢ BeO-
nnTepdeiicom MathPartner. Kpome 3amycka roTOBBIX MPOTpamMM, OIUCHIBAEMBIN COKETHBIH
cepBep JaeT BO3MOXKHOCTh 3aIlyCKaTh I10Jb30BAaTENBCKHE MPOTPAMMBI, OTIPABIseMble Ha
BEIYHCIIUTENBHBIA KIIAacTep B BHJE zip-apxuBa uepe3 BeO-mHTepdelic. B crartee marorcs
TIpUMepHI UCIONB30BaHMS YK€ PeaTH30BaHHBIX MTAPAJLIIEIFHEIX aITOPUTMOB, KOTOPHIE BXOISAT
B coctaB BeO cepBuca MathPartner. Hexotoprle u3 mapamienbHeIX Tporpamm MathPartner
peanm3oBaHbl ¢ momomiplo mapamurmel «DDP» (dynamic decentralized parallelization) —
I0/J1X0/1a, TTIO3BOJISIOIIET0 HAUcaTh 3G GEKTUBHYIO MapaIeNIbHYI0 IPOrpaMmy Ajist paboThl ¢
HEOJAHOPOJHBIMU JAaHHBIMM, TAaKHMMH KakK pa3peKeHHble MaTpHlibl. B cTaThe moka3aHbl
npuMeps! ucnons3oBanuss DDP-niporpamm, nHTErprpoBanHbIX B MathPartner.

KnrodeBble cioBa: mapauielbHBIH anroputM; obnadHas Maremartuka; MathPartner; Be6-
uHTepdelic; COKETHBIH cepBep.
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1. BeedeHue

[Ipu pa3paboTke crcTeMbl KOMIBIOTEpHOI anredopsl MathPartner craBuiacek 3agaua
obecrieyeHns  BBIUYMCICHUH € MacIITa0HBIMH  CHUMBOJIHO-YHCIJICHHBIMH
MaTeMaTHYeCKUMHU 00bEKTaMH M MPOBEJCHUS BEIYMCICHUH Ha MHOTOIIPOLIECCOPHOM
BBIYHMCIINTEIBHOM Kiactepe. CeromHsi 3TOT OOJNA4HBIH MaTeMaTHYECKHH CepBHC
CcBOOO/THO JOCTYIICH Ha MIaThopMe MPoeKTa «Y HUBEPCUTETCKHIA KIacTep» Ha caiTe
http://mathpar.cloud.unihub.ru.

Cepeuc MathPartner cogepxut 6ubIMOTEKY CHMBOJIBHO-YUCICHHBIX aITOPUTMOB,
HallMCaHHYI0 Ha Java, a TakKe MakeThl NapaJIeNbHBIX MPOTpaMM, KOTOpHIE
BBIMOJIHSAIOTCSI HA BBIUKCIUTENBbHOM Kiactepe [5]-[7]. Kpome Toro, MathPartner
IPENOCTaBIseT  BO3MOXKHOCTH  3arpykaTb M HCIIOJHSATH HAa  KJacTepe
TMIOJTb30BATENIECKIE TPOTPaMMBI, KOTOpPBIE OBUIM INPEABAPUTENBHO 3arpyKeHbl Ha
HETO ¢ TIOMOIIbI0 Web-uHTepdeiica.

B nmanHOM COOOIIEHMM ONMMCHIBAIOTCS AJITOPUTMBI B3aHMMOJEHCTBHS web-cepBuca
MathPartner 1 BEIMHCTUTEIBHOTO KIIACTEPa, KOTOPHIH yIpaBisieTcst cucteMoii PBS.

2. Bzaumodelicmeue MathPartner c PBS

Portable Batch System (PBS) — cucrema ympaBiieHus pacipeaeieHHbIMU
BeruucieHAMH. OcHoBHass ¢yHkuust PBS - 3amyck  3amad B BBIYMCIHMTENBHOM
cpeme. OJTta cuUcTeMa WMeEET KOHCOJBHBIM uHTepdeiic. Kakx mpaBwio, mis
B3aUMOJICHCTBUSI C HEH JOCTATOYHO [BYX KOMAaH] - yCTaHOBKa IPOrpaMMBbl B
odepens U TIOCIENYIOIIEro BBIIIOJHEHHS M TPOBEpPKAa €€ COCTOSHHSA, YTOOBI
BBIICHHTB, KOTJa IporpaMma 3akoHumia pabory. Komanma gsub wucnoss3yercs
JUIS YCTaHOBKH NIPOTPaMMbl B O4epellb Ha BBINIOJIHEHHUE, re config — 3T0 MMs
¢aitma ¢ HacTpoiikamMu 3amycka. K HacTpamBaeMbIM IapaMeTpaM OTHOCHTCS
KOJIMYECTBO TPeOYEMBIX IMPOIIECCOPOB, YHCIO TPeOyeMBIX Y3JI0B, IMyTh K (haitmam
1A COXpaHCHHUA TIOTOKa BBIBOJA MW IIOTOKA omInOOK M oyTh K 3anyCKaeM0171
nporpamme.

Hus B3ammopeiicteus ¢ PBS B MathPartner Obu1 paspaboran KOMITJIEKC
NPOTPaMMHBIX CPE/ICTB. YIPaBISIONINI y3el kiacrepa ¢ nakerom PBS u cepsep, Ha
KOTOpOM ycTaHoBiieH BeO-cepuc MathPartner, — sto pasmeie yctpoiictea. Onn
cBs3bIBatoTCsl Mo cetu VHtepHer. IIporpamma, koTopas obOecrieunBacT MX CBS3b,
yCTaHABIMBACTCS HA YNpaBisioluid y3en kiactepa. C BeO-cepsucom MathPartner
OHa B3aUMOJICHCTBYET Yepe3 COKETHOE COCANHEHUE.
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s B3ammopeticteust ¢ PBS  Java-mporpamma ucmonb3yer kiacc Runtime, B
YACTHOCTH ero MeToJ] exec (String[] command). OTo nmporpaMMHBII aHAIOT
OOBIYHOM OTIIPaBKM KOMaHAsl B TepMmuHal. I[Iporpamma «PBSbridge» BeimosnHser
crenyromme QyHKINH:

3amyck yKe TOTOBBIX IIPOTpamMM, KOTOpBIE BXOISAT B OHOIHOTEKY
MathPartner. [ 3Toro HeoOXoamMo, YTOOBI Ha YIPABIIONIEM Y3IIe
KJlacTepa pacmojaranachk komus Java-kmaccoB MathPartner, Haxogsmuxcs
Ha BeO-cepBepe.

ObecrieueHne BO3MOKHOCTH 3aIlycKa MOJIB30BATEIBCKUX IMapajlICIIbHBIX
IporpaMM, HamucaHHbIX Ha Java, ¢ ucnosb3oBanueM MPIL. Ilpu stom
JIOJIKHO OCYHIECTBIIATHCS KONIMPOBAHNE CKOMIIMJIMPOBAHHBIX Java-KjlacCoB
Ha yNpaBJIOLIMM y3ell KlacTepa U HOoCIeNyomui ux 3amyck. s 3Toro
CO3J]aH cCreuuainbHbli uHTep(deiic, KOTOPBI IMO3BOJIAET NPOU3BOJUTH
konupoBanue  (¢aiiyoB, 3amycka NpOrpaMMbl  Ha  BBINOJHEHHE,
OTCIIC)KMBAHUE COCTOSIHUSI 3alyIIEeHHOW IpOrpaMMbl W OTOOpakeHHe
pE3yIbTATOB BHIMOIHEHUS.

Pasrpannuenue mnonp3oBaTeneil Apyr OT Apyra M 3ampeT JIocTymna K
(daitoBoii  cucTeMe  KiacTepa. BbImoMHEHHME 3aady  OT  pas3HbBIX
TIOJIH30BAaTENEH OCYIIECTBISIETCS B PA3HBIX IMMOTOKAX.

MathPartner users:

Andrey | dfi2317317 !
Oleg | fawfgg3lga
Eugeny | f32fff3fg | |
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Puc. 1. Obwasa cxema e3aumooeiicmeuss web-cepsuca MathPartner u knacmepa Unihub.

Fig. 1. The general scheme of interaction of MathPartner and Unihub.
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ITockoapKy HEOOXOOMMO pasTpaHHYUTh BCEX IIONB30BaTeNell, HE0O0XOIUMO
obecrmeunTh MX peructpamuio B cucreme. [ms storo B MathPartner mobaiena
mporenypa ayTeHTH(GUKAIu mos3oBareis. s XpaHeHUs JaHHBIX HCIIOIB3YeTCs
BHemHsAs CYB/I. IMocie Toro, Kak MONB30BaTENh BOIIET B CHCTEMY, OH MOXXET
ucronbp3oBaTh KoMaHnasl MathPartner mns pabdorst ¢ PBSbridge. Bes cucrema
paboraer 1Mo mNpHHIMITY 3ampoc-oTBeT. I[lomb3oBaTenb BBOAMT B HMHTEpdeEic
MathPartner komaHzy, I0CiI€ Yero COOTBETCTBYIOIIUH €l 3arpoc OTHPaBISETCS 110
COKETHOMY coenuHeHut0 mporpamme PBSbridge. BrimonHstorcss aeicTBus,
COOTBETCTBYIOIIME JTOMY 3alpocy, M pe3yjbTaT BO3BpAllaeTCs IO TOMY XK
COCIMHEHUIO 00paTHO.

Onwumem o0myr0 cxemy pabotsl mporpammbr PBSbridge. Knace, comepxamiuii
main-MeTox AJs 3amycka, uMeeT ums Server. Ha puc.2 npeacTaBieH aaroputM
METOoAa main, C KOTOPOT'O HAYUHACTCA BBIMIOJHCHHUE ITPOTPAMMBI.

B Hawane wMeroma main 3akphIBalOTCA [IOTOKM  BBOJA-BBIBOJA, UTOOBI
MpeayNpeauTb BO3MOKHOCTh CYIIECTBOBAHHUS UY>KUX OTKPBITBIX NMOTOKOB. Ilocne
9TOTO CO3JAIOTCSl HEOOXOAUMBIE TUPEKTOpUH U (aiin s 3anucu jor-daitna. [pu
5TOM BCe HAcTpoHWKH OepyTcsd M3 KOHCTAHT, KOTOpPbIE OIpEZeNeHBl B KIacce
AlgorithmsConfig. Metog writelog CIyKUT i 3alKCH Jior-(aiima ¢
otrdyetroM. [locie 3Toro 3amyckaeTcss OECKOHEYHBIH LHKJ, B KOTOPOM HPOHUCXOIUT
MpOCAyIIMBaHUE IOPTa, YKA3aHHOTO B HacTpoilkax cokera. Eciau npoucxoaut
COCIHEHHE, TO A 0O0pabOTKH 3allpoCOB, MPUXOASAIINX IO 3TOMY COCIHHECHUIO,
CO3/1aeTCs HOBBII TOTOK BBIMOJITHEHHUS.

//3axpbITHE TOTOKOB BBOJA- BEIBOJIA

System.in.close();

System.out.close();

//coznarme dailna, B KOTOpBIH GyIET 3aNHCBIBATHCS OTIET PAGOTHI IPOrPAMMEL

logFile=new FileWriter(AlgorithmsConfig.CNF_DATA_PATH"/log.txt" , false);

//co3nanme cepBepHOrO COKETA

ServerSocket server = new ServerSocket(AlgorithmsConfig.CNF_SERV_PORT);

//co3nanue CTpYKTYPBI IS XPAHEHUs COCTOAHM 337181

taskStates=new TreeMap< Integer, TreeMap<Integer,Integer= =();

writeLog("Server successfully started");

while true do

| new Server(server.accept());
end

Puc. 2. Anecopumm main-memoda knacca Server.

Fig. 2. Main-method algorithm of class Server.
daiinel  mosb30BaTeNiell XpaHATCS Ha cepeepe. I KaXOOTo IOIb30BATENs
CO3/aeTCsI CBOS TallKa, B Ka4eCTBE MMCHH Oepercs MICHTH(UKATODP MOJIb30BATEIIS
(1d) u3 6a3pr gansbix. [Iporpamma PBSbridge He umeer noctymna x 6ase, mo3Tomy
uaeHTUUKAaTOp moJp30BaTeas id MPUXOAUT BMECTE CO BCEMH 3alpocaMd Ha
cepsep.
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ObecnieunBaeTCsl BO3MOXKHOCTh OCYIIECTBIICHUS OJHOTO U3 JBYX PEKUMOB. MOXKHO
100 3aIycKaTh CBOM COOCTBEHHBIE 33Jaud, NPEOBAPUTENBHO 3arpy>KEHHBIE Ha
cepBep, MO0 3aIyCcKaTh 3a/1au, sBIstonecs yactbio MathPartner.
Jns xaxmoil 3amadm co3faeTrcs CBOSI MalKa, KOTOpash HaXOAWTCS BHYTPH TANKH
JaHHOTO ToJb30BaTensd. Hampumep, OHM MOTYT pacrojarateCsi BOT Tak:
. . /userX/taskyY. [lepes 3amyckoM 3a/1a4u B Manke OyAyT HAXOAUThCA 2 daiina:
¢aiin ¢ HacTpoilKamM 3alycka HapajuleNIbHOM TporpaMMbl U (ailn ¢ BXOJHBIMU
JAHHBIMH JJIS1 3aIIyCKaeMOH IPOTPaMMBL.
Conepxxumoe (aiiia ¢ HacTpoWKaMH 3aIlycka OMNKCBIBAaeTCsl CIelnUdUKaueH,
KoTopas ucrnonbdyercsa PBS cuctemoii. B ¢aite ¢ BXOTHBIMU TaHHBIMH XpaHHUTCS
MacCHB BXOIHBIX JJaHHBIX B BHJE CEpHAIM30BaHHBIX 00BekToB. Ilocie Toro kak
IporpamMMa 3aBepUIMT paboTy, B ITOM Mamke mosBsATcsa emie 3 (aiima, KoTopsle
ABJISIIOTCSL  PE3yJIbTaTaMM BBIYMCICHHH. OTO OyNeT MacCHB CepHATM30BaHHBIX
O0BEKTOB, COIEpXKAIIMX  PE3ydbTaThl  BBIUMCICHMH, (ailn, coneprkamui
CTaHIApTHHI TOTOK BBIBOAA, W (pailn, comepkamuii cooOmieHHs 00 ommoOKax.
CozepkuMoe KaXI0ro U3 3TuX (ailioB MOXKET OBITh MOJIYYCHO C IOMOIIBIO
COOTBETCTBYIONIMX KOMaH/ uutepdeiica MathPartner.
[NockonmbKy [UId KaXKAOW 3aladdl CO3JaeTcsl HECKOJBbKO (hailyioB, HEOOXOIHMO
KakuM-TO 00pa3oM 103a00TUTECS 00 HX YyHaleHHH. OTO MOXKHO CJIeJaTh
CIIeIyIOUIMM 00pa3oM: Jyisi KaKIoW 3a1aun OyJeM 3alloOMHHATh BpEMsl OCIIEIHETO
obpaienus k ee daiyiam. Eciiu pazHuna Mexy TEKylIIMM BpeMEHeM Ha cepBepe U
MOMETKOW KaKOH-TH00 3a71a4u 00JIbIle, YeM, HAPHUMEp, IBOE CYTOK, TO 3TH (haiiibl
MOXHO CUUTATh YCTApEBUIMMU, U OHU IMOJJICKAT YAAJICHUIO.
OTOT MeXaHM3M pealii30BaH B BUJE €lIe OJHOTO MOTOKA, KOTOPBIH pa3 B CYTKH
nepeGHpaeT BCe IMAaIKW, MPOBEpsis AaThl MOCIEAHEero obOpaiieHus Kk HuM. Takxke
HEOOX0MMO YAAJATh I0JIb30BATENbCKHE 3arpyKeHHbIe (aibl. J[Is HUX MOXHO
HCIIOJIBb30BATh MCXaHU3M, OIMMCAHHBIN BBIIIC, HO Tpe6yeTcsI YBEIIUYUTH
MPOJIOJDKHUTEIBEHOCTE XPaHEHUS dTHX (aityioB, HarpuMep, 10 30 THEe.
Bsaumopeiicteie ¢ mnporpammoii PBSbridge ocymectBisiercs ¢ mOMOIIBEO
3arpocoB, KOTOPEIE MOTYT UATH JHOO ¢ BeO-9acTH, JIMOO OT TOTO y3Ja KiacTepa, ¢
KOTOpOT'0 HAa4yaJioch BBIIIOJIHEHHE HA KJIacTepe TEKyLIeH 3a/1aun.
Heo6xonmuMo WMeTh MeXaHWU3M TOJTY4YeHHs] BXOJHBIX JNAaHHBIX Ha BEAYIIEM Y3JIe
KJ1acTepa, KOTOpBIE MEePEAlOTCsl ¢ YIPABIIONIETO y3J1a, U MEXaHU3M ISl OTIIPaBKH
pesyibTata BBIYMCICHWH Ha yHpaBisiomuid y3en. Jlust 3TOro  ciyxar
COOTBETCTBYIOLIME 3ampockl K mporpamme PBSbridge. ®opmar 3ampocos
CJICTYIOLIMI: CHAaYasa UET 1eJI0e YHCIIO0, SBIIONIeecs] HASHTH(UKATOPOM 3ampoca,
a moroM nanHble. IIporpamma PBSbridge cuuthiBaeT 3T0 4mcno, sBISIOIICECS
UIeHTU(HUKATOPOM, U, B 3aBUCHMOCTH OT €ro 3Ha4eHUs, NPUHMMAET peIleHHEe O
MOyYCHUH IOHONHUTENbHBIX AAHHBIX. KONMYECTBO 3THX MAaHHBIX U KaXKIOTO
3ampoca MOXeT OBITh PA3JINIHO.
O0OpaboTka Bcex 3ampocoB MPOHUCXOJUT B LHUKIE, paboTa KOTOPOTO 3aBEpLINTCS
TOJBKO TOTJa, KOTJa COKETHOE coeauHEeHne OyneT pazopsano. Ha puc. 3 mpusenen
QITOPUTM TakOro I[WKJIA, TAE T[OKa3aHa peanusanus o0paboTKM 3ampoca
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QS_ADD TASK, KOTOpPbI{ ClyXHT I 3amycka nporpamm. OH yHHBepcaseH,
MNOTOMY YTO HCIONB3yeTCs IS 3amycka kKak rotoBeix MathPartner-anmroputmos, Tak
U I0JIb30BATEIIbCKUX 3arpyKEHHbIX NporpaMM. HacTpoliku 3amycka nepenarorcs B
BUJIC CEpUAIM30BAaHHOrO O0bekTa kiacca TaskConfig. B ciyuae ycmemrHoro
3aIlyCKa I0JIb30BaTE0 BO3BPALIACTCS HOMEDP, IIPUCBOCHHBIN TEKYILEH 3a1ade [Ipu
3aIycKe, OH OYZET HCIIOJIb30BaThCs JUIS OTCIIEKMBAHUS COCTOSIHUS 3aayd M IS
IIOJIyYEHUS €€ PE3yJIbTATOB.

Henocpencreennoe cosmanue Qaia ¢ HacTpoiikamu 3amycka ainst PBS
ocymiecTBisieTcsi KiaccoM Launcher. OH co3gaeT OOBIYHBIA TEKCTOBBIN (haii,
yUIHTBIBas BCe HACTPOWKH, KOTOpble OBUIM yKa3aHBl B 3ampoce OT Web-wacrm,
yCTaHABIMBAaeT TMpaBa Ha WCIOMHEHHE i1 J3Toro ¢aitma W oTmpaBiser
COOTBETCTBYIOILIYI0 KOMaHIy I 3amycka. Ha puc. 4 npuBeneH aaropuTM TaKoro
METOo/a.

ITapannensHas mporpaMMma MO>KET UMETh 4 COCTOSIHHMSA: OHA MOXKET HaXOIOUTHCSA B
ouepelrd Ha BBHIIOJIHEHHE, B IIPOLIECCE BBINOIHECHHS, BBIYHMCICHHUSA IIPOrPaMMBI
MOJKET OBITh YCIIEITHO 3aBEpIICHBI, paboTa MpOrpaMMbl MOKET OBITh 3aBEpIICHA C
omuOKaMu.

Janee paccCMOTpUM MEXaHM3M OTCIEKUBAHHs COCTOSIHMA 3a1adu. [locime Toro kak
3aBEpIIMTCS  BbINONHEHUWEe  Meroga  CreateAndRunPBSfile, 3agaue
NPUCBAaUBACTCS COCTOSIHME «B ouepeaw». [lnsd 3amycka 3aJadd Ha CUET JOJDKHBI
ObITh TONY4YeHHl BXOIHBIE JaHHBIE C YIPABIAIOUNIErO y3la Kiacrepa. JTO
NpOUCXOIUT 10 3anpocy QS GET DATA FOR CALC. 3ajave NPHCBAMBAETCS
COCTOSIHUE «B IIPOLIECCE BBIIIOJIHEHUSY.
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//MHUIMANIN3aINs TOTOKOB BBOJA-BBIBOJA:
InputStream is = socket.getInputStream();
ObjectInputStream inp=new ObjectInputStream(is);
OutputStream os = socket.getOutputStream();
ObjectOutputStream oos=new ObjectOutputStream(os);
//co3nanue kmacca, ¢ TOMOMIBIO KOTOPOTO MBI 6y/eM 3ammyCcKaTh 3a1a4n:
Launcher launcher =new Launcher();
while {rue do
//mosyuenne naeHTH(HKATOPA BXOMSIIIETO 3aMPOca:
Integer qType=(Integer)inp.readObject();
Integer userID;
//BBIIIONHEHIE JeHCTBHI 7IsI COOTBETCTBYIONIETO 3a1Ipoca
switch ¢Type do
case AlgorithmsConfig.QS ADD TASK
/ /nomygenne id mosb3oBaTess
user]D=(Integer)inp.readObject();
/ /mosy 9eHne JAHHBIX W HACTPOEK JJIs aJIrOPHTMA
Object [Jdata=(Object[])inp.readObject();
Task Config taskConf=(TaskConfig)inp.readObject();
/ /HOMEp 3a7a9n, KOTODHI NPUCBAUBAGTCS JAHHO 3a1a4e:
Integer taskNumb=add TaskInMap(userID);
//3amyck 3ajadu
Integer launchResult=launcher.launch(userID, taskNumb, data, taskConf);
//€CIH O KAKMM-TO TPUYHHAM 33744y He YAAT0Ch 3AMyCTHTh, YAAIAEM 3aMiCH O Heil:
if launchResult!=AlgorithmsConfig. RES SUCCESS then
| removeTaskFromMap(userID, taskNumb);
end
/ /BO3BpaIeHNe pe3y/IbTaTa 3allyCKa 3aJa4i H IIPHCBOCHHOTO eif HoMepa:
oos.writeObject(launchResult);
oos.writeObject(taskNumb);

end
case AlgorithmsConfig.QS GET DATA FOR CALC
/ /manee geicTBus st 06pabOTKE 9TOTO 3AIIPOca

end
//masee uper 06paboOTKA MPOUNX 3aMPOCOB

endsw

end

Puc. 3. Aneopumm obpabomru nocmynarouux 3anpocos.
Fig. 3. Algorithm for processing incoming requests.

Bo3moxkHel 2 BapuaHTta: JMOO 3ajada YCIEIIHO 3aBeplIaeTCs W Pe3yJbTaThl
HIepeChlIaloTCs B PBSbridge c MIOMOIIBIO 3ampoca
QS_RECV_RESULT FOR _TASK CLUSTER, im0 33jaya aBapuifHO 3aBepiIaeT
CBOIO paboTy M B 3TOM ClIydae OHa HEe BO3BpaIlaeT pe3yJibTart.
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//daiin, B KOTOPLI MLl 3amuINeM HACTPOHKH f1s1 PBS:

FileWriter runFile;

String run_file path = folderPath+"/run";

File dir = new File(run_file path);

runFile = new FileWriter(dir);

//3anuch cTpOKH HACTPOeK B (aiia 3amycKa:
runFile.append("3mecs cTpoka 3amycka, YIATHIBAKINASL BCe HEOOXOTUMEIE HACTDPOHKH'");
//KOMaH/a AJIsi M3MEeHEHHe MpaB JA0CTyTa K 3amyckaomemy haiimy:
String [J[chMod="chmod", "777", run_file path;

Process chmod = Runtime.getRuntime().exec(chMod);

//KOMaHJa 3aImycKa KOMaHAbL gsub:

String [Jcommand="/opt/pbs/bin/qsub", run_file path;

Process gsub = Runtime.getRuntime().exec(command);

Puc. 4. Aneopumm cozdanus paiina c Hacmpouikamu ons PBS u eco nociedyrowezo
UCHOHEHUsl CUCIMEMOTL 3aNYCKA.

Fig. 4. File creation algorithm with settings for PBS and its execution of the launch system.

Ecnu 3anaya aBapumiiHO 3aBepinT paboTy, TO PE3yJIbTAT BBIYHMCICHHH He Oyner
OTCHUIATBCS Ha CEpBEpP, M € COCTOsHHME OyJeT MO-MPEeXHEMY «B MPOIEecce
BhINOJTHEHHs». Ho B (haiin, copepxaiinii mOTOK OMUOO0K, OyIeT 3amucal mpoTOKOI
MOSIBJICHHS UCKITIOUNTEIbHOU cutyaruu (Exception), kotopast nmpuBea K OCTAHOBKE
BBINIOJIHEHHST TIporpaMMbl. Eciiu 3aja4ya 3aBepinnia paboty ycmeriHo, To ¢aitn ¢
coobmieHrneM 00 omuOKax OyIeT MyCTHIM.

[osTOMy MpH KaXKJOM 3ampoce C BeO-4acTh O COCTOSIHUM 3aj1a4d TPOU3BOJUTCS
npoBepka 3toro (aiina, W B Ciy4ae, €CIM OH HE MYCT, TO [OJb30BATEIIO
BO3BpAI[AETCSI COOTBETCTBYIOIIEE COOOINCHHE, a 3aja4ye MPUCBAMBACTCS CTATyC
«aBapuitHOE 3aBEpILCHUEY.

3. MapannenbHbie anzopummsbi 6 MathPartner

MathPartner ~ comepxutT  mapajuieJbHBIE — NPOTPAMMBI,  KOTOPBIE  JOJIKHBI

BBIIIOJIHATBECS Ha KJIacTepe C HCIOJIbL30BaHHEM web-unTepdeiica. Yacts
aJIrOpUTMOB peann3oBaHa C HCTIOJIb30BAaHUEM TapaaurMbl DDP -
JCLEHTPAIM30BaHHOI'O JUHAMHUYECKOI'0 YHIpaBJICHHS napanieibHbIM

BbIYUCIUTCIIbHBIM MPOLCCCOM. 9Ta CXeMa YIIpaBJICHUSA MO3BOJIACT 3(1)(1)€KTI/IBHO
HCIIOJIb30BAaTh Y3JIbl KJIACTEPA, JdKE KOr'Jla BXOAHBIC JaHHBIC JId aJITOpUTMA UMCIOT
HEO/IHOPOJIHYIO CTPYKTYpY (pa3pexeHHble Marpuisl). B Tabm. 1 mpeacraBieH
MEepeUCHb MMCIOMIUXCSA Ha )IaHHI)IfI MOMCHT HNapa/uICJbHBIX MPOrpaMmM B COCTaBE
MathPartner.

I[J'If[ J'IIO6LIX napaJieJIbHbIX aJITOPUTMOB MOKHO IPOU3BOJAUTH HacrpoﬁKy 3aIryCckKa
Ha KJIacTepe. OHI/IC&HI/IG 9TUX HACTPOCK IMPUBCACHO B Ta6n1/1ue 2 BCG TMEPEMCHHBIC
34€CHh MOT'YT IIPMHUMATH TOJIBKO HEJIBIC IMMOJIOKUTCIIbHBIC 3HAUYCHUA.

Ha puc. 6 nokazan npumep BbINoJHEHHs onepaTopa \matMul tParlx8, KOTopbIit
BEITIOJHAET TapajulebHOEe OJIOYHO-PEKYPCUBHOE YMHOXKEHHE JBYX MATpPHIL.
CHaqana BBITIOJIHAKOTCS HaCTpOﬁKH BCEX HeO6XO,Z[I/IMI)IX NEPEMCHHBIX IJI 3aIlyCKa,
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3aTeM WHUIUATH3UPYIOTCS MaTpullbl-coMHOXuTesn A u B, mocnme srtoro
3aIrycKaeTcs 3aada YMHOKeHUS MaTpul Ha knactepe. Coobmenne «Task ID is
1» 03HaAyaer, 4To 3a/a4a yCIEIIHO NIOMEIIEHAa B 0YEPEAb BBINIOJIHEHUS Ha KJIacTepe
U ee HIACHTU(HUKATOP paBHAEeTCA eamHuUIe. MHPOPMANUIO O COCTOSHHH 3aqadd
MOJKHO TMOJIyYUTh C MMOMOIIBIO onepaTopa \getStatus, nepenaB eMy B KauecTBe
aprymenTra monydeHHeli Task ID. Coobmenne «Task 1is finished»
03HAYaeT, 4TO 3aJlavya YCICIIHO 3aBEepIluia CBOIWO padoTy. Pe3ynbTaT BBIIOTHEHUS
NIpOrpamMMBbl MOXHO MOJy4YUTH c TMOMOILBIO KOMaH/Ibl
\getCalcResult (taskID).

B toM cimywae, xorga BXOgHBIE JaHHBIE MMEIOT Oonbmioil o0peM, B MathPartner
MPeayCMOTpEH (aiIoBBI WMIIOPT H OJKCIOPT MAaTEeMAaTHYeCKHX OOBEKTOB
(MaTpumpl, BEKTOPHI, (YHKIUH, TMONWHOMEI). Ha pmc. 7 moka3an mnpumep
MATPUYHOTO yMHOXXEHHS, KOTJa BXOIHBIC JaHHbIC BBOIATCS u3 (hailioB
MOJIb30BATEJIsA, C TOCJICAYIONIMM COXpaHCHHEM pe3ynbtaTa B (aiine. Daiiibl
matrixA.txt W matrixB.txt copepxar TekcT «[[1,2]1,[3,4]11» u
«[[4,51,[6,7]11» cooTBeTcTBeHHO, (aitn matrixC.txt  COHEPKUT
pe3yabpTaT «[ [16,19], [36,43] 1». Ilepen Tem, Kak BBINOJHATh ONEPALUIMU C

(aiinmamMu UX HEOOXOIMMO CHadasIa 3arpy3uTh Ha BeO-cepBep, KakK MOKa3aHO Ha PHC.
5.

Taon. 1. Ilapannenvuvie npoepammel 8 cocmase MathPartner.

HasBanue anropurma Ormeparop mathpar Peanu3oBano ¢ moMoIib0
DDP
Martpuiisl ¥ IOJHMHOMBI
Marpuunoe ymuoxenue [13] \matMultParlx8 (A,6B) na
Brruncienve \adjointPar (A) HeT
MIPUCOESTMHEHHONW MaTpHILIb
YMHOKEHNE TOTUHOMOB \polMultPar (A,B) na
Tpomnuueckye BEIYMCICHHS
Pemenne ognopoaHoro \BellmanEquationPar (A) na
ypaBHeHust bernnmana
Ax=x [16]
Pemenne ognopoaHOrO \BellmanEquationPar (A,b) na
ypaBHeHHUs bennmana
Ax+b=x [16]
Pemenne ognopoaHOrO \BellmanInequalityPar (A) na
HepaBeHcTBa bennmana
Ax <x [16]
Pemenne ognopoaHOrO \BellmanInequalityPar (A,b) na
HepaBeHCTBa benimana
Ax+b<x [16]
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: MATH i Workbook

=TT 1535/ 1808MB > B +

Space R64[xy.z ] ~

~ Graphics and tables v+

®Import text

& Save text

21 X 297 & Save PDF

®Upload file ]

o Tiles

fromFile  toFile

g
Puc. 5. 3aepyska noavsosamenvcrozo paiina na cavim.
Fig. 5. Downloading the user file to the site.

Tabn. 2. Onucanue nepemennbix 05 HACMPOEK 3aNYCKA NAPALETbHbIX NPOSPAMM.

Mwms nepemennon Hasnauenue

\TOTALNODES KomnuecTBo y3710B Ki1acTepa, Ha KOTOPBIX OyaeT
3amylieHa IporpaMmMa

\PROCPERNODES KommgectBo mporpamm, KoTopsie OyayT
3aIyIIeHbI Ha OJJHOM y3Jie KiacTepa (KOJIHYeCTBO
MPI-niporieccoB s 0HOTO y311a)

\CLUSTERTIME MaxkcuMmanbHoe BpeMst paboThl IPOrpaMMBl,
IPEBLICHB KOTOPOE OHA OyzIeT aBapHItHO
3aBepluIeHa
\MAXCLUSTERMEMORY KonuuecTBo namsTi, T0CTyIHOe 11 JVM [uist

ojxHoro MPI-nponecca
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MATH Workbook

1509 / 1762MB > X+
e || TOT ALNODES = 2;
'

o il PROCPERNODE — 1;
CLUSTERTIME = 10;
MAXCLUSTERMEMORY = 100;
(1 2)

— A= -
y
B= (; Z)

- matMultParlz8(A, B);
[ Swdent. |l
Test titl
‘ Task ID is 1

Save text as new Test
> =+

Test ID
getStatus(1);

Load test by ID out :

Plan Grade book
Task is finished

Check Give up
> xR+

C = getCalcResult(1);
out :

7 10
15 22

Puc. 6. IIpumep 3anycka napannensno2o MampuyHo20 YMHOICEHUs C HACMPOUKaMU
napamempog 3anycka.

Fig. 6. Example of running a parallel matrix multiplication with setting startup options.
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<2 MATH

Workbook

L E T 1502 / 1762MB

Space R64[x,y,z,t] v '

SymbT)ls v
 Graphics and tables v

®Import text
L Save text
21 x 297 X Save PDF
®Upload file
#  Filename
1 matrixC.txt X
2 matrixB.txt £ x
3 matrixA.txt =

fromFile toFile

Cluster v

Loginv

Test title
Save text as new Test
Test ID

Load test by ID

> R+

TOTALNODES = 2;
PROCPERNODE = 1;
CLUSTERTIME = 10;
MAXCLUSTERMEMORY = 100;
A = fromFile(matriz A. tzt);

B = fromFile(matrizB. tzt);
matMultParlz8(A, B);

out :

Task ID is 2
> B +

getStatus(2);
out :

Task is finished
> == +

C = getCalcResult(2);
toFile(C, matrizC. tat);
out :

16 19
36 43

Puc. 7. Ilpumep 3anycka hapannenbHo2o MampuiHo20 YMHOMCEHUS C NOTYYEHUEM UCXOOHBIX

OaHHbIX U3 Paiinos.

Fig. 7. Example of running a parallel matrix multiplication where data is taken from the files.

[EEN
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4. 3anyck napannenbHbiXx Npo2pamMm, pa3pabomaHHbIx
nosib3oeamersiem 8 npoekme MathPartner

MathPartner npemocrapnser ynoOHbIH HHTEpdENc I 3amycka Ha K1acTepe HOBBIX
HapaJuIeNIbHBIX IPOTPAMM, Pa3pabOoTaHHBIX IOJIb30BaTeneM B mpoekte MathPartner
Ha s3blke Java. Ilpouecc 3amycka TakoW MHapajyieNbHOM MPOrpaMMbl COCTOUT U3
CIEIYIOIIHX IIaroB:
e HeoOxoxumo co3maTh zip-apXuB MTaKeTa CKOMIMINPOBAHHBIX java-
KJIACCOB.

e  Brmomnauts Bxox B MathPartner.
e 3arpy3uth apxuB Ha caiit MathPartner (puc. 5).

e  3arpy3uTh apXuB C IPOTPaMMOI Ha KJIaCTep C ITOMOIIBI0 KOMaH bl
\uploadToCluster (fileName.zip).

e [locraBuTh MpOrpamMMy B O4epes Ha UCTIOTHEHUE C TIOMOIIHI0 KOMaH IBI
\runUploadedClass (fileName.zip,
PackageWithClass.ClassWithMainMethod, paraml,
param2, ...).

[Tocie BBHINONHEHMS ONMUCAHHBIX INArOB  IOJIL30BaTeNI0 OyJdeT cooOlleH
UICHTU(PHUKATOP 3aJaud, C MOMOIIBI0  KOTOPOTOo OYAET OCYIIECTBISATHCS
nmanpHedmas pabora. Komanma \getStatus (taskID) 103BOJSIET Y3HATh
COCTOSIHME 3a7aud (B oOdYepend, B TMpoIlecce 3alycKa, 3aBepllicHa, 3aBepllIeHa
aBapuitHo). [[mst OTOOpa)KeHUs COJEPIKUMOTO IIOTOKOB BBIBOJIAa W OHIMOOK
HCTIOJNB3YIOTCS KoMaHIbl \getOut (programId) u \getErr (programlId).

5. 3aknro4yeHue

Brumn  W3MOXKEHBI ANTOPUTMBI  B3amMoJeHcTBHs BeO-cepBuca MathPartner ¢
BEIYUCITUTEIHHBIM KIIACTEPOM, Ha KOTOPOM yCTaHOBIIeHa cucteMa PBS.

OTH anropuTMbel OOECTEUYHMBAIOT pelleHHe AByX 3amad. OmHa W3 HHX — 3TO
BBIMOJTHEHHE NAPAJUICIFHBIX IPOrpaMM, BXOSIUX B coctaB MathPartner. [Ipyras —
9TO 3arpy3ka U BBIIIOJIHEHUE Ha KiacTepe MapajijlefIbHbIX MPOrpamMM I0JIb30BaTENs,
KOTOpEIE pa3paboTaHbl UM B mpoekte MathPartner.

JanpHelimee pa3BUTHE MaKeTa MapabIeNbHBIX MporpamMM B mpoekte MathPartner
MOJKET B BCEIIEIIO ONMUPATHCS HA IPUBEICHHBIC B TAHHOH pab0Te alrOPUTMBIL.
IIpuBeaeH COHMCOK MapaIeNbHBIX MPOTaMM, BXOJSIIMX B TEKYIIYI0 BEPCHIO
cucreMsl MathPartner.

OnucaHHbIe aNTOPUTMBI MOKHO NPHUMEHHUTh W JJIS IPYTHX BeO-CEPBHCOB, KOT/Ia
TpebyeTcsi 00ecneunTh B3aUMOJICHCTBUE C KIACTEpOM, Ha KOTOPOM YCTaHOBIIEHA
cucrema BPS.
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Tools of mathematical service MathPartner for parallel
computations on a cluster

E.A. lichenko <ilchenkoea@gmail.com>
Tambov State University, Internatsionalnaya, 33, RU-392000, Tambov,
Russia

Abstract. In many application areas it is necessary to perform symbolic-numerical
calculations with a large volume of data. Examples of such areas are robotics, speech
recognition, recognition of graphical information, automation and others. Symbolic
computation systems, they also called computer algebra system, actively developed since the
late eighties. Well-known systems are Mathematica, Maple, Reduce, and many others.
Almost all of these systems were not originally focused any large-scale mathematical objects
or on multiprocessor clusters. System FORM is a unique exception. It was conceived as a
system which can operate with objects exceeding RAM. Such objects are placed on the hard
drive. We give a description of such algorithms of MathPartner web services, which are
designed to interact with a computing cluster. We give an algorithm to work a socket server,
which is the link between MathPartner and super computers, and which provides the
execution of parallel programs on a cluster. We explain in detail the mechanism which
abstracts the specific features of super computers and the installed PBS package. The user
can run on the cluster or program of MathPartner package, or their own programs. To run its
own programs, they are able to send the compiled classes to the computing cluster in a zip-
archive through the MathPartner web interface. We show examples of using parallel
algorithms included in MathPartner package. Some of MathPartner parallel programs
implemented with the paradigm of DDP (dynamic decentralized parallelization). DDP is
designed as a framework that allows to write efficient parallel program for working with
nonhomogeneous data such as sparse matrix. We demonstrate examples of using DDP-
programs that are integrated into MathPartner.

Keywords: Parallel algorithm; Cloud mathematics; MathPartner; Web interface; the socket
server.
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