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wpphwljuinipniup: Gwnwupyl] o gqupuqpudnid oqgunugnpsqus uhuynjukpp
owwynidubpp:

$3.2-md nhnwpyyt) £ gphgh phunipuitbph Swupwpbknudwi pughpp: U
uungph  nddwt hwdwp  wnwewplyl) tu twpnpy  quowd  Wuwpugpdus
wnwewnpuptph hwonppupwp dpwljudwi, nbunipuibph wowyt) Swpwpkning
b phunipuibph hwjwuwpwswh Swhpwpknting Juppugstpp: Zwdbdwwndb) b
bwj wpwownpuipltph hwenppupwup dpwluwb b phumipuubph  wowydl
Swupwpbknung, wyw wpwewnpuwipiiiph hwenpnwpwnp dowldw b nhunipukph
hwjuwuwpwsw — Swhpwpbntng — wignphpdiutph  Juppugdtpp  Guhu]ws
wnwewnpuputph hnuphg:

Unwownpwiputpnh hwonppupwup dowldwh b npbumpuubph wnwbp
Swlpwptnunng wgnphpdutph hwdbdwndwb  wpyniupmd  dbwlbpuyydl; b
wywgnigyl] E wugnud, npnud woduws Eu wy twpiwwyuwydwtubpp, npnbg
pujupupldut nphypnid tyuwwnwlwhwpdwp b hippp vyguuwplt] nkunipubpp
wnwk) swipupkning Juppugdny: Luwywydwitbkpp hknljwb ku

* 0<K;<K,<1
" l-K; <K tK,<1

m - K,)
N 1
. > p(l) >3
i=m K1
Npuntn K ! u K, -1 nkuniputibph wpwyk] Swpwpknunn Juppwqgsh
nhjuwdupdui gnpswlhgubpt th, m - p wnwybjugny nhunipukp niibignng
hwdwlwpgh pbunipubbph pwbwly &, pul p(i)- @ i dhwinp hwrynnuljui
nkunipu yuwhwignn wpwewnpuph hwjuwbwlwinipmnibi k:
Unwownpuiputph  hwenpnpupwup  dowldwtn b pkumipuubph
hwjwuwpuwswih  Swhpwpknunng  wignphpdutph  hwdbdwndwi  wpyniupnd
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At kpuyyty b wmywgnigyt) k pinpbd, npnud phpynud Bu wyb itwppuwwydwubpp,
npnilg  pwjuwpupdut ghwypnid  tywwnwlwhwpdwp E hEppp wwywuwplly
ntuniputthph hwjwuwpuwswih Swipwpknung Juppugdny:

NMuwpugpudpnid npgby L puinphwbpujut Egpuljugnipmit wygnphpdutph
Yhpwndwt ninpunkph dwuhb:

* phunipuibph wowyl] Swupwpknunn wignphpup hwpdwp £ Yhpunt) wyi
hwdwlwupgbpnud, npunbn wwpwybu hwpnth o wewewnpuipubph
uyuwuwpiuwit  hwdwp  wwhwieynn  nhunipuitkph  wwwnwhdw
hwjwiwlwinpniuubpp:  Uthpwdbionn  E Juuwpl]  hwyquplukp
wgnphpuh nEjuupdwb gnpswljhgutipp uinwbiwnt hwdwn:

* phumpuibph hwjwuwpwswih Swbpwpbnung wignphpdp hwpdwp b
oquugnpst wytt hwdwlupgbpnid, npunbkny hwjnth bt wowewnpupukph
uguuuwpuuwt hwdwp  wwhwbeynn  phumputtph wWuwuwhdwb
huwjuwbwluinipniup, vwjuyt wyju wignphpup hiphwntjwdupynn kb
twhiwyku gnpdwlhgutp npnpbynt Yuphp su:

* hwonppupwup dowldwb wgnphpup hwpdup bt oquuwugnpst] wyl
hwdwlupgbpnid, npnbn wpwownpuuputph uwywuwpdut hwdwp
wwhwieynn nphunipuibph wwwnwhdwt hwuiujwinipmbip  Jud
hwjnuh sk, Jud sh puwdupupnid nkunipuitiph wpwyt] Swhpwpknung b
nkuniputibph hwjwuwpuwswih dwipuplinting wgnphpdutph
twpwyuydwtiubppt:

$§3.3-m/ npuwpyyty £ gqppn  dpgwjuyph  Ynnuhg  uywuwpljus
wnwewnpupubph wybjugdwt funhpp: Uy hungph  msdwt hwdwp
wnwewnlty ki twunpry qunid Gjwpugplus wpwewnpuibipikph hwgnpnupwp
dowldwl, wnwownpuiupubph wpwdk] uwwywuwplnn b nhunipubpp
hwquwuwpwswth  Swhpwpkning  Juppugstpp: Zwdbdwwndl; i Gwju
wnwewnpuipubph hwenppupup dowldwh b  wnwownpuuptbpnh wpwyt)
uyuwuwplnn, wyuw wnwewnpuiptph hwenppuwpwp dywljdwb b nkunipuitph
hwjuwuwpuwswih  Swhpwplntnng — wignphpdubph  Juppwgsdtpp ujudus
wnwownpuipbtph hnuphg:

Unwownpwuputph hwonppupup dpwldwt b  wnwownpuupltph
wnwybk] nywuwplnn wignphpdutph hwdbdwndwi wpyniupnid dbwlkpuyt) b
wwugnigyl] bk phopbd, npnud phpynud o wytt twpowwwypdwbbpp, npnbg
pujuwpupdwt  pghypnid  bywunwlwhwupdwp o hbppp uwyuuwplby
wnwownpuipubiph wrwyk) uvywuwplny Juppwgdny:
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Unwownpuiputph  hwenpnpupwup  dowldwn b nkumpuubkph
hwjuwuwpuwswih  Swhpwpknunng  wignphpdutph  hwdbdwndwb  wpyniupnd
Ay puyyby b wywgnigyt) k pinpbd, npnud phpynd B wyb twjupwwywydwitbpp,
npnig pujwpupuiut phypnid  bwwunwlwhwpdwp b hbkppp  swwuwplly
nkuniputibph hwjwuwpwswth Swipwpkning Juppwugdny:

NMuwpugpudnd  wpdlp b pughwipuljut Eqpujwugnipmnia
wgnphpdutph Yhpwndwt npnpunikph dwupbe

= wnwownpuipbph wowdl] vyuwuwpynn wignphpdp hwpdwp L Yhpunkp
wjt hwdwlwpgbpnud, npnbn twpwwbu hwjnih i wnwewnpuuptbtph
uyuwuwpuutt  hwdwp  wwhwieynn  nhunipubibph  wwwmwhdwl
hujuwtwljuwinmpnitubpp: Uuhpwdbion £ juwwpl]  hwoduplukp
wgnphpuh nhjujupdwut gnpswjhgutpp uvnwbwnt hwdwnp:

* phumpuibph hwjwuwpwswh Swbpwpknung wignphpdp hwpdwp L
oquuuugnpsdt] wytt hwdwlwpgbpnwd, npntn hwynth i wnwewnpupubph
uguuwpuutt  hwdwp  wwhwbeynn  nhunipuikph wwwmwhdwb
huwjwuwluwunipniup, vwuyt wyju wignphpdp huptwntjudupyny £ b
twpwytu gnpdwljhgukp npnotijnt Yunphp su:

* hwonppupup Upwlny wygnphpup hwpdwp L oquuugnpst]  wygh
hwdwlupgbpnud, npnbn wpwownpwptbph wwwuwpluwi  hwdwp
wwhwieynn phunipuubph wwwnwhdwt hwuiujwinipmip  Jud
hwynuh sk, ud sh puduwpupnid wnwewnpupbph wpwyk] uyuwuwplng
b nphumpuubph  hwjwuwpwswth  Swupwpkning — wignphpdutph
twhruwuydwbubpht:

$3.4-nuf Upwljyl) U hpwlwbwgdt) & uhunyjughnt (hnpdwpupuljub)
Spugpuyhtt thwpkp, npp pungpltny gphy dhgwuypht, wnwinud £ pinniiws
wnwewnpupubph hnupp i1 hwoyuplynid putg wuwwnwhdwi
hwjwbhwljwimpmnitubpp:  Zuwoyupldlp b twb wybt  wuwypdwbibkpp, npnig
pujupupbkint phypnd junwupynud B Jquppugstnh pinpnipni:

Uhunijuughnti  (hnpdwpwpwipuly) qnpdpph wmugus wpyniiphkpp:
Uunnpl wunlibipjws tu qpudhlutp, npnup gnyg L wwihu hpwlwbwugdus

thnpdwpupujub gnpshphg unwugws  wpnnibpbitpp: Opwybu gphy dhgwjuyp
punpynud £ 6 Yyuwuwbkpubphg Yuququs dhowduyp, npnughg snpup niuku 48
wpngkunp, hul EpYyniup 128 ywpnghunp hwoynnuljut nkunipu:
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NMuwunltp I-nd  ubkpjuyuguws bt pun  Juppugstph  Ubkpdqus
wnwownpuiptph wwhwiows gnidwpuyhtt wpngbhunpitiph pwtwlh jujunidp
wnwownpuiptph hwdwp vwhdwijws wowybjugnyt vyuwudwt dudwiwlh
wuwwnwhdwl mhpnyphg:

Zudwljupg punnibws wnwewnpupbiph punipwugpbpt

%,k =12,..16 1 17
p(k) = ; t; < [0,45], B, 6[1,9oo],K1=E,K2=2_0
—— ,k =17,18,...,128
1120
= 6000 B yuenprupun Upwljdul
5 E 5000 Juppughd
5 52 4000
923 2 3000
3= 2E
=355 2000 Fruntpuitkph wow
2 Eg = 1000 dwbpupkning
S 3 ™5 Juppughd
253 0
35 & 150 300 600 900 B (Fhunipuikph
R hujwuwpusuh

Uyuuiiw dudwiiuly (n.)

Munlkp 1. dutlipuiphinting

Juppughd

NMuwnltp 2nud tkpuyugdus b pun Jquppugstph dbpdjws wnwewnpupubph
pwiwlh Ywpnuwlp wpwownpuiptbph wywuwpldwi hwdwp wwhwheyny
ntuniputtbph wwwnwhdwb whpnyphg:

Zudwlwupg punnibiws wnwewnpuiputph pimpwugpbpt Eu:

3 87
w; € [0,150],1;i € [0,150], 'Bi € [1,900], K= 5, K,= m
S 8000 B Jmynpruipwp
E Upwjiwh quppughsd
= 6000
22
< 54000 Unwgwnpuiplikph
= E wnwyl] uyuuwplynn
- 52000 Juppwuighd
E 0 B (Yhuniputikpp
3
4 6 8 16 hwuwuwpwswih
wwhwiigynn nkumpuibkp (hwwn) dwbipupkpling
Nunnljhp 2. Yuppwughd
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2.

3.

Upuuhuny wofuunumuiph hpdtwlul wpym bphkpp hknlbyuyh ko

Ugulyty b hpwlubwgdty ki gphy dhgwuyph htpph njujupdwi
hwdwlwpg, npp  pwuuwpupnd £ uguudwb  dudwbwlh
uvwhdwbtuwhwlywip b Epuppwdnpnid  pupgmibws wnwewnpuiph

uywuwplnidp:
Unwowpldt; b hpwjwbwgdt)] L htpph phjudupdwi hwdwlwpgh
wupwuknphqugyus Juppwghs Jupudus nkuniputibph

Swhpwpknidwt  wunmhdwith b uygwuwupiuwés wnwewnpupbph
pwtwljh tnuppkp wwhwbeutnhg:

Unwowplyt; b hpwlwiwgdt) L htpph phjudupdwt hwdwlupgh
nhtundhl  Juppugstp  uyguwuwplluws  wpwewnpubphph  pubwlh
wykjugdw hwdwp, hwoyh wntkinyg htppe pugnibws wnwgwnpuuputnh
hwjwbwljubuwghtt pumipwugpbpp:

Quunuplly kb dpwljwés  wignpppdubph  Spugpuhtt uupkph
hpwluiwugnid, jupquynpnid b ukpnpnid gphn dhowquypnud:

Uwntkbwjunum pjut phdwnhljuyn] hppywpwljyws
wouwinnipyniutikph gniguly
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ITerpocsn Cepreii 'pantoBny

JUHAMUYECKOE VIIPABJIEHUE OUEPEJISIMU B CPEJIE I'PU{

PE3IOME

B pa3nuuHbIX 001acTsAX HAYKH M TEXHUKH 4aCTO BO3HHUKAIOT 33/1a4H, ISl PELICHUS
KOTOPBIX TpeOyeTcsi BBHIMOJHCHAE MHOTOYUCICHHBIX BBIYHCIIHTEIBHBIX ONEpaldil H
MOIIHbIE BBIYUCIUTENBHBIE CHCTEMbI,  cynepkommbioTepel. C koHma 20-oro Beka
Pa3BHUBAIOTCSI MHOTOIIPOLIECCOPHBIC CUCTEMBI KIIACTEPHOT'O THUIIA, KOTOPHIE MIPEXOCTABISIOT
n3 cebs oObequHEHHE OOJBIIOr0 KOJWYECTBO KOMIIBIOTEPOB. BrumcinTensHbIe
KJIaCTEPHBIC CUCTEMBI, WITH TIPOCTO KIACTEPbl, MOXKHO CKOH(GHUTYPUPOBATh ISl KOHKPETHBIX
TUTIOB BBIYUCIICHHH, YTO TMPHBOAUT K IOBBIIICHUIO IMPOU3BOJUTEILHOCTH 3THUX THIIOB
BBIYMCIICHUH. B ocHOBax KiacTepoB JeXUT dGPEKTHBHAS U COTJIACOBAHHAs OpraHH3aIHs
MapajuIeIbHBIX MPOIECOB.

IMockomnbKy, KiacTepbl KOHPUIYPHPYIOTCS IO pPa3sHOMY U OTJIMYAIOTCS IO
crieriHKe pelaeMbIX 3a/1a4, M0JIb30BaTeb JOIDKEH HIMETh BO3MO)KHOCTD BBITIOJHATH CBOU
3aaud Ha Pa3NMUHBIX KiacTepax. [1osTomy, KiacTtepbl OOBCAMHSIOTCS B CAMHYIO TPHI
CHCTEMY, U MOJIb30BATEIH MOTYT BBIMOJIHATH CBOH 33/1a4H B €AUHON HHPPACTPYKTYpE.

DddepkTrBHOE yIIpaBICHUE peCypcaMH U IUIAHUPOBAHUC BBITIONHCHHS 33124 B
KJIaCTEPHBIX, IPUI M 00JIAYHBIX Cpeax SIBISIFOTCS TPYJHOpELIaeMbIMH 3agauamu. HecMoTpst
Ha 3HAYHUTEIbHBIC PE3yJIbTATHI, MOJNyYCHHbIC PaHEe, OCTAIOTCS MPOOJIEMBbl ONTHMAILHOTO
YIIpaBJICHUS! BBIYUCIHUTEIBHBIME pecypcaMu. Takol mpoOieMoii SBIISIETCSI CBOEBPEMEHHOE
BBINIOJIHEHHE 33/1a4H, MOCTYyIMalolel B rpuy cucremy. CBOEBpEMEHHOE BBIMIOIHEHHE 331341
SBIISICTCSl AKTYaJIbHOM 3ajadeld uisi MHOTOX TPHIOXKCHHH B OKOHOMHKE M CHCTEMax
ynpasieHusi. Hanuune orpaHHYeHHs Ha BpeMs OXHAAHHS NMPUBOJUT K HEOOXOIUMOCTH
rapaHTHPOBAHHs BHIOJHEHMS 33Ja4l B MOMEHT €€ HOCTYIUICHUSI B CHCTEMY MIJIM OTKa3 OT
00CITy)KIBaHUSL.

Ocnosénaa uenv ucciedoeanusa COCTOMT B HCCIENOBaHHM, pa3paboTke u
BHEJIPCHUH OC3MPHOPUTETHON CUCTEMBI OPTaHU3aAIMN OYCPEIH ISl BBIYHCIATEIBHBIX TPHI
UHQPACTPYKTYp, KOTOpas yOOBJIETBOPSICT OTPAaHUYCHHSM BPEMEHH OXHAAHUS U
TapaHTUPYET BBIICICHUE COOTBETCTBYIOIIMX PECYPCOB JUIS BBITOJIHEHUS 3a/1ad, a TAaKXKE B
oneHke 3P PEeKTUBHOCTH, IPEUIOKEHHBIX IS PealM3allii CHCTEMBI anroputMoB. Cucrema
JOJDKHA TaK)Ke UMETh BO3MOXKHOCTh JajbHEUIIEro paclInpeHHsI.

Hayunas noeusna pabomeut
IIpoBeneHo uccrienoBaHWE W CPAaBHEHHE CHCTEM OpraHM3alUM O4Yepesiei s

MHOI'OMAIIMHHBIX BBIYHUCIHUTECIIBHBIX KOMIIJICKCOB. Hpe[moxceHo HCIIOJIb30BAHHUE CHUCTCMbI
YIpaBJICHUS O4YEPEAAMU C YUETOM OI‘paHI/I‘IeHI/Iﬁ Ha BpeMs OKUIAHUA.
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[IpennoxeHsl HOBBIE MOAXOABI U1 OPTaHU3ALUKM OYEPENU C T'apaHTHPOBAHHBIM
obciryxuBaHueM 3aaad. s Takux odepeieil pa3paboTaHbl alrOPUTMBI IOCIIEI0BATEIBHOTO
BBINIOJIHEHUsI 3371a4, HAHOOJBILCH 3arpy3KH pecypcoB, PaBHOMEPHOH 3arpy3Kd pecypcoB,
BBITNOJIHEHUST HAMOOJIBIIIEr0 KOJIMYECTBA 3aaHHUH.

OcnogHnbule pe3yribmamal padomel ciedyromue:

1. Pa3paboTaHa u BHeApeHa CHCTEMa YIPABICHUS OYEPEAbIO JUIl BBIYUCIMTEIHHON
rpu HHOPACTPYKTYPHI, YAOBIETBOPSIONIAs OTPAHUYEHNUSIM BPEMEHU OXKUAAHUSA U
TapaHTHPOBAHHOTO BHITOJIHEHHUS 3a1ad.

2. TlIpemoxeHsl M pealn30BaHbl IAPAMETPUUECKHE CLIEHAPUH OPraHU3aLlU OYepenn
C pa3sIMYHBIMM TPeOOBAaHUSAMU Ha 3arpy3Ky pECypcoB U  KOJIHYECTBA
BBINIOJTHEHHBIX 3a/ad.

3. TlpemnoxeHsl ¥ peanr30BaHbl IMHAMUYECKHE CLIEHAPHU OPraHM3alUu ouepeneil
JUIL  yBEJIMUCHUSI KOJMYECTBA OOCITY)KMBAaHMH C yYETOM BEpPOSTHOCTHBIX
XapaKTePUCTUK  TIOCTYMAIOIIEro MOTOKa 3ajad. Paspaboran  anroputm
JUHAMHYECKOTO BHIYUCIICHHS YIIPABIIIOMINX ITapaMeTPOB.

4. OcymecTBieHa IIpOrpaMMHas pealu3alys H BHEAPEHHE pPa3padOTaHHBIX
aJITOPUTMOB B TPUJI CPEJIE.
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Petrosyan Sergey Hrant

WORKFLOW MANAGEMENT IN COMPUTING GRID ENVIRONMENTS

ABSTRACT

In various scientific areas there are many tasks that require a large number of
computational operations and high power computing systems like supercomputers. Since the
end of 20-rd century till now there were developed cluster type of multiprocessor systems.
The cluster system or just clusters may be configured for custom computing types, this will
increase the productivity for that type of computing. The core component of clusters is
coordinated parallel programming.

As clusters differ in their settings and designed for a specific class of tasks, users
should have the opportunity to work on different clusters, to be able to run their tasks in
different clusters. This is a reason of collecting all clusters into one computational grid
infrastructure, and permit users to run their task in that computational grid infrastructure.

Efficiently resource management and job scheduling in cluster, grid and cloud
environments are challenging problems. Although significant results were achieved in the
past, there are some problems that still exist. Such problem is the job execution on schedule.
Job execution on schedule is urgent for many commercial systems. The existence of waiting
time restriction either results to guaranty the job execution or to decline it on incoming time.

The main aims of the research are to research, develop and implement a
workflow management system for computational grid environment that meet waiting time
restriction and guaranty availability of appropriated resource for task execution. This
systems must have availability to extend. The aim is also to get an evaluation for developed
systems.

Scientific novelty of the work are:

Investigated and compared the workflow management systems for
multiprocessor computational complexes. Suggested the usage of workflow management

system with waiting time restriction.

Suggested new ways for workflow management with guaranteed job execution.
Developed tasks sequentially execution, resource utilization, more tasks execution and
equal resource utilization algorithms.
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The main results of the works are following:

Developed and implemented four workflow management systems for
computational grid environment that meet of waiting time restriction and warranty
availability of appropriated resource for task execution.

Suggested and implemented parameterized scenarios of workflow management
with varies demands on resource load and executed job quantity.

Suggested and implemented dynamic scenarios of workflow management system
to increase the quantity of executed jobs considering probabilistic characteristics
of job flow. Developed algorithm for dynamic calculating of management
parameters.

Developed a solution for grid environment more task execution problem,
depending on incoming tasks frequency and required resource occurring
probability.

Developed programing realization and implementation of algorithms for grid
environment.
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