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BeruncnuTenbHbIe CeTH M3 HACTOJIBHBIX KOMITBIOTEPOB, CBS3aHHBIX Yepe3 VHTepHeT WiH JIOKalbHbIe
ceru (Desktop grid) siBasroTcst 9bQEKTUBHBIM M HEZOPOTHM CPEACTBOM JUISl PELICHHS IIMPOKOTO Kiacca
BEIYUCIUTENBHBIX 3a/1a4. HeoOXomuMbeIM TpebOBaHIEM K 3a/1aue SBISICTCS BO3MOXHOCTD pa30ueHMs ee Ha
OOJIBIIIOE YUCIIO HECIIOKHBIX CJIA00 CBA3aHHBIX WM HE3aBUCHMBIX PACUeTHBIX 3afanuid. J{ist s dexTuBHOM
paboThl HY)KEH aJTOPUTM paclpesielieHNs] 3a/laHUil 10 BBIYHUCIUTENBHBIM y3JIaM — JHCIIETYEPH3aLHH.
B03MO0XHO MHOKECTBO KpUTEpHEB ONTHUMHU3AIMH, a cama 3amada NP-cioxna Bo MHOTHX ciydasx. Jlis
OIIpEIeICHHOCTH HMeeM B Buny rpun-cucrembl Ha 06aze BOINC. DT0 oTKkpeITOE mHpOrpaMmHOe
o0ecriedeHue 03BOIISIET Pa3BEPHYTh TPHUI-CUCTEMY C KIIMEHT-CEPBEPHOI apXUTEKTYPOii, B KOTOPOIL cepBep
CO3JIaeT 3aJaHMsI U IPUHUMAET OTBETHL, @ Y3JIbI 0OpAaIIaloTCs K HEMY 32 3aJaHUSIMHU U BO3BPAIIAIOT OTBETHL.
Ha y3max ycTaHaBmMBaeTCs KJIMEHT, UCTIOJIB3YIOLIMN PECypchl BO BpeMs UX MPOCTOsi. MOXXHO BBIACIHTh
JBa Kjacca TPHI-CHCTEM: MPOEKTHI JOOPOBONBHBIX BbruuciaeHuid (vVolunteer computing) u rpumgsl B
npeaenax opranmszaipu (Enterprise Desktop Grid). Tlpu 100pOBOJIBHBIX BBIYHCICHUSX CTOUT BOIMPOC
MPOTUBONEHCTBUS 3J0HAMCPEHHBIM NIEHCTBHSIM, aKTyalbHa 3ajada TPHUBICUCHHUS JOOPOBOIBIIEB,
TpeOyeTcs cucTeMa BO3HArPaKICHUS 32 YUaCTHE B IMPOEKTE WIIM 3a MOJIyICHHUE JKEIaeMoro pesyiabrara. B
JIpyroM ciiydae BakHa 3((EKTHBHOCTb, MOXKHO TOYHEE IMpPEACKa3aTh JOCTYITHOCTH Y3JIOB, U3BECTHBI UX
KOJIMYECTBO, ITPOM3BOJUTEIILHOCTb, O00BEM CBOOOMHOH MaMsTH, YCTaHOBJIEHHOE MpPOrpaMMHOE
obecriedeHne 1 OmnepanoHHas cucteMa. Takiue CHCTeMBI CYIIECTBEHHO MeHee M3ydeHbl. B aToif pabote
MBI JaquM KpaTKuii 0030p mpoOyieM, peaeMbIX ITOCPEICTBOM COOTBETCTBYIOIIETO pPACIpeeTeHHs
3aJaHAH, a TaKKe MMOJXOMOB K OIEHKE KadecTBAa TAKOTO paclpeaeieHus, npuMeHnTensHo Kk EDG. 3agaga
pacnipenenenus 3aganuii NP-clioxkHa, 03TOMY IMpeJIaratoTcsl pa3u4yHble SBPUCTUKH WU MPUMEHSIOTCS
TeHETHYECKHE aIrOpUTMbL. BOo3MOXHBIE KpHTepHH KauecTBa: Mmakespan (Bpemsi MexIy MOCTaHOBKOIL
3aJaHusl U oJIydeHreM otBeTa), throughput (urcio 3aganuii B eMMHHUIY BpEeMEHH), OJTHOE BpeMsl paboThl,
MaKCUMaJbHasl Harpy3Ka, OJHOPOIHAs HATpy3Ka, HAAEKHOCTh (PHCK JIO)KHOTO OTBETA), CPETHUE 3aTPATHI
Ha pacyeT, HapyIIeHUEe CPOKOB. AIITOPUTMEI TECTUPYIOT Ha CUMYIISITOPAX U SMYJISITOpax.
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BBenenune

BeruncnuTenbHple CETH M3 HACTONBHBIX KOMITBIOTEPOB, CBA3aHHBIX Yepe3 MIHTepHeT Ui JIOKaJIbHbIE
cetu (Desktop grid) sBmsiorcst 3QGEKTHBHBIM M HEIOPOTMM CPEOCTBOM Uil BBICOKO3((HEKTHBHOTO
pelieHus MUpPOKOro Kiacca 3amad. HeoOxomuMbM TpeOoBaHMEM K 3ajade SABISETCS BO3MOXHOCTD
pa30ueHust ee Ha OOJIBIIOE YHUCIO MPOCTHIX CIa00 CBS3aHHBIX MIIM HE3aBHCHUMBIX PACUCTHBIX 3aaHHU.
[lpumepamu Takux 3agad SBISIOTCA: WACHTU(QHKAIMS MapaMeTpOB MOJEIH THUAPHAHOTO (Ha30BOro
nepexojia MeToJioM ciernoro noucka [Yepros, 2013] u BupTyanbHbIid ckpuHuHT [MBamko, 2015]; MmHOTO
MPOEKTOB TOOPOBOJIBHBIX BBIYUCIICHHMIT onucaHo Ha caiite boinc.berkelev.edu. Jlns saddexruBHoit paboTs
HY)KEH JITOPUTM pacTpeieeHus 3aJaHii 110 BRIYNUCIUTENBHBIM y37IaM — AWCTIeTYepH3aiii. Bo3MoxHO
MHO)KECTBO KPUTEPUEB ONTHMU3ALINH, a cama 3a1ada NP-c10)KHa BO MHOTHX ClTydasX.

Jlns onpeneleHHOCTH MMeeM B BHay rpuja-cucteMbl Ha 0aze BOINC (boinc.berkelev.edu). Dto
OTKPBHITOE TPOrpaMMHOE OOECIiCYeHHE IO3BOJSIET Pa3BEPHYTh TPHUI-CUCTEMY C KIHEHT- CEpBEPHOM
apXHUTEKTYpOH, B KOTOPOI cepBep CO3/aeT 3a/laHusl M MPUHUMAET OTBETHI, a y3JIbl 00palaloTcs K HeMy 3a
3aJaHUIMH M BO3BpAIalOT OTBETHl. Ha y3max ycTaHaBIMBAaeTCS KIMEHT, MCHOJIB3YIOMINI pecypchl BO
BpEMsi UX TPOCTOSL.

MoOXHO BBIZEIUTH JBa Kiacca TPUI-CUCTEM: MPOEKThI J00pOBOINbHBIX BbruucieHuit (volunteer
computing) u rpumel B mpenenax opranmsaimu (Enterprise desktop grid [lvashko, 2015]). Tipu
JOOPOBOJIEHBIX BBIYHCIEHHUSAX CTOWUT BOIPOC NMPOTHUBOACHCTBUS 3JIOHAMEPEHHBIM JIEWCTBHSAM, aKTyaslbHa
3ajJ]a4a NpHBJIeYEeHH JOOPOBOJIBIEB, TpeOyeTCss CHCTeMa BO3HArpaKIACHHS 32 yJacTHe B IPOEKTE MM 3a
MOJTydeHNE JKeJIaeMOTo pesyibTaTa. B Tpun opranusanum BakHa 3(P(EeKTHBHOCT, MOXKHO TOYHEE
MpejicKa3arh JAOCTYHHOCTh Y3JI0B, M3BECTHBI HX KOJIMYECTBO, MPOU3BOAUTENBHOCTh, 00bEM CBOOOAHOM
nmaMsATH, YCTAHOBJICHHOC IIPOrpaMMHOC obecrieyeHne u OMNCpaiMOHHYIO CUCTEMY. Takue cucTeMBI
CYILIECTBEHHO MEHee M3y4EHBI.

B aT10ii paboTe MBI 1aauM KpaTKUii 0030p MpoOiieM, perraeMbIX ITOCPEACTBOM COOTBETCTBYIOIIETO
pacrpeiesieHns 3a/IaHUi, a TAK)Ke MOJXO/0B K OLICHKE KayeCTBa TAKOTO paclpe/iesieHHs, IPUMEHUTEIBHO
k EDG. Tak, He paccMaTpyuBaeM METOJIbI aHTHCA00TaXKa, KOTOPHIM MOCBSIIIEHO MHOTO PadoT.

Nmetotes creayroiie 0030pHbIe paboTh! o MeToaaM mucnerdepusanuu: [Xhafa, 2010; Choi, 2006;
Estrada, 2012]. 3amaua pacnpeneienus 3aganuii NP-moiHa, MO3TOMY MNPENIArarOTCsS Ppa3jIdYHBIE
IBPUCTHKU. BO3MOXHBIC KpUTepuu KauecTBa: Makespan (Bpems Mexay MOCTAHOBKOH 3aJaHusi U
nonydyeHueM otBera), throughput (uucno 3amanmit B eQuHHMIlYy BpEeMEHH), IIOJHOE BpeMsi pPadoThI,
MaKCcHMallbHasi HArpy3Ka, OJHOPOIHAsI HATPY3Ka, HAaJCHKHOCTh (PUCK JIOKHOTO OTBETA), CPEAHHE 3aTPAThI
Ha pacyeT, HapyIIEHHE CPOKOB. AJTOPHTMBI TECTUPYIOT HA CHMYJIITOpax W sMyssropax: [Taufer, 2007;
Beaumont, 2011; Estrada, 2009; Anderson, 2011]. Crateu [Qu, 2010] u [Wang, 2011] ontumMusupyroT
OJIHOBpEeMEHHO Makespan u HaAeKHOCTh MPH MOMOIIM I'eHETHYEeCKOro anroputma. B pabote [Estrada,
2008] opranm3oBaHa BOJIONMS HA MHOXKECTBE MPABIII PACTIPEACIICHUS 3a/JaHUl, ONTMCAHHBIX B 33JaHHON
rpaMMmatuke. EcTecTBeHHBIH 0TOOp MPUBOUT K ONTHMAILHOMY Ha0OpY IPaBHII AUCTICTYEPHU3ALNH.

ITakeTpoBanue 3aaHUM

Bo3moxHO 00BeIMHEHNE PACUCTHBIX 3aJaHUA B CIOXKHBIC 3aMaHns (TIAKETH) C Pa3HBIMH LEISIMU:
BO-TICPBBIX, €CIIM 3aTPAThHl BPEMEHH HA KOMMYHHKAIIMIO CPAaBHUMBI CO BPEMEHEM pacdeTa, IaKeTHPOBaHUE
Pe3KO yBeNIM4MBaeT MPOU3BOAUTENLHOCTD. Takas cuTyanus omnrcana B Hauiei padote [YepHos, 2013]; Bo-
BTOPBIX, OOJBIIOE YUCIIO OBICTPO pelIaeMbIX 33/IaHWH MOYKET CO31aBaTh HAarpy3Ky Ha CepBep BIUIOTH JIO
s¢pdexkra DDoS-ataku. B craree [Mazalov, 2014] omucana urpoBasi MOJEIb B3aMMOACHCTBHS Y3JI0B U
cepBepa, CHIDKAIOIIAs HAarpy3Ky 3a CUeT BBIOOpa pa3Mepa MakeTa 3amaHuil. HakoHem, B mMakeTsl 3aIaHUN
MO’KHO BHEIPATH TECTOBBIE 3aJaHuUs WM PEIUTHKH 3aganuii [Domingues, 2007].
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HajeskHOCTb M 1OCTYIIHOCTD

HanexHocTs — 3TO yCTOWYMBOCTH K COOSIM, OIIMOKaM, MOJOMKaM. PasnnuaeTcs HaJleKHOCTh B
CMBICJIE BEpPOSTHOCTH IOJYYHTh OTBET WJIM — HpaBHIBbHBIN OTBeT. [Ipumep wWcTOYHHMKA OMIMOOK —
CXOJVMOCTh aJrOpPUTMA THMA CIycKa K JIOKaJbHOMY MHHMMYyMy. MHOrma ommOKy MOXeT HCIPaBUThH
permukanus. OHa K€ TOBBIMIACT BEPOSTHOCTh MONYYEHHS XOTh KaKOro-HHOyZb OTBETa B CPOK.
KoHTpoIbHBIE TOYKH — COXpaHEHHE COCTOSHUS ajJTOpUTMa — JPYTOW MOJXO0/ MOBBIMICHUS HAIC)KHOCTH.
,ZII/ICHGTLIepI/BaLH/IH 3aﬂaHI/II‘/lI caMa MOXKET IIOBbIIIATh HAAC)KHOCTD: hi43(e10) pacnpenciiad 3aJainisd BO BpEMCHHA
TaK, YTOObI CHU3UTh MOCJIEACTBHS COOs1, 10O ONTHUMANIBLHO pa3iaBas MX pa3HbIM y3iaaMm. Texuuku heartbeat
(IpoBepKH TMyJbca) MO3BOJAIOT ONPEAENUTh, paboTaeT JM y3eld. OTH TEeXHHKH NPHTOKAAIOTCS W JUIA
mpobaeMsr moctymHOocTH. Pabora [Sathva, 2010] comepxut 0630p-KIaccubUKANN0 Pa3sIMIHbIX METOIOB
3aIIUTHI OT COOEB MPH BRIYHCIICHUSX B TPHI-CUCTEMAX, BCE METO/IBI ONMCAHBI OoJee MM MeHee OAPOOHO,
YKa3aHbl IIPEUMYIIECTBA U HEJOCTATKHA B CPABHEHUU JPYT C APYIOM.

JlocTyITHOCTE — 3TO HaJNM4YHUE y3Jia B CETH TOT/A, KOTAa OH HyXeH. B psnme paboT 3To Ha3bIBAIOT
HaJIe)KHOCTBIO, YTO CO3/1aeT IyTaHWIy. B HEKOTOpHIX padoTax pasiaMdaloT COCTOSHHS <«BKIIOYEH, HO
3aHAT» U «BBIKIIOUCH». [[pUMEHSIOTCS CTATUCTUUECKUE METOIBI ISl BRISBJICHHS IAOJIOHOB: OT IPOCTHIX,
BBIBIIIOMINX 3aBUCHMOCTH MEXIY BpPEMEHEM CYTOK M JOCTYIIHOCTBIO, 10 BECbMa H3OIIPCHHBIX.
[Ipenckasanue OOCTYHNHOCTH y37a IO CTAaTUCTUKE — IIOXOXas, HO HHas TexHosorus. llpuMenstoTcs
peIyTalMOHHbIE METOJbI — XOpOIlasl pemyTalysi 03HAa4aeT 4acTylo JOCTYHMHOCTb WM IpeAcKa3zyeMoe
MOBECHHE — U KJacTepu3auus y3JoB 1o npusHaky goctymHoctd. Crateu [Nouman, 2014; Rubab, 2014]
JatoT 0030p 110 3TOH TeMe.

3aBHUCHMBIE 3aIaHUA

Bompockl Hafie)KHOCTH M JOCTYITHOCTH OCOOEHHO BaXKHBI, €CIIH 33JaHMS 3aBUCHUMBL. 3aBHCHMOCTH
onuchIBaOTCS oprpadom 6e3 mUKIOB (mepeBoM), KOTOpbIM 3apanee m3Becten [Lee, 2010; Gao, 2007].
Bo3HuKaoT ¥ HOBBIC 337a4M: HANPUMEpP, BBISBJICHHE KPUTHYECKUX IS MPOU3BOAUTEIBHOCTH 3aJaHuUM,
KOTOpbIE BaKHO pewinTh B cpok. Crates [Cordasco, 2012] paccMatpuBaeT HOBYIO METPHKY «ILIOIIAIbY,
Ha3BaHHYIO TaK I10 aHAJIOTUH C CyMMaMHu Pumana: 310 9Hicio 3aJaHnii, KOTOpbIe MOJKHO pelaTh B KaXKbIi
MOMEHT BPEMEHH.

Cnucok aureparypbl

Choi S J., A taxonomy of DG systems focusing on scheduling // Technical Report: KU-CSE- 2006-1120-
02.— 2006 .— 17 p.

Ivashko E. Enterprise Desktop Grids // BOINC-based High Performance Computing: Fundamental
Research and Development. Proceedings of the Second International Conference BOINC:FAST. —
2015. —P. 16-21.

Xhafa, F., Ajith A. Computational Models and Heuristic Methods for Grid Scheduling Problems // Future

Generation Computer Systems. — 2010. — Ne 26(4). Pp. 608-21. Estrada T., Taufer M. Challenges in

Designing Scheduling Policies in Volunteer Computing // Desktop Grid Computing. — 2012. — P. 167-

190.

Taufer M., Kerstens A., Estrada T., Flores D.A., Teller P.J. SImBA: A Discrete Event Simulator for
Performance Prediction of Volunteer Computing Projects // Principles of Advanced and Distributed
Simulation. — 2007. — P. 189-197.

Beaumont O., Bobelin L., Casanova H. et al Towards Scalable, Accurate, and Usable Simulations of
Distributed Applications and Systems // Technical report RR-7761. — 2011. — 36 p.

Estrada T., Taufer M., Reed K., Anderson D.P. EmBOINC: An emulator for performance analysis of
BOINC projects // Parallel and Distributed Processing. — 2009. — P. 1-8.

Anderson D.P. Emulating volunteer computing scheduling policies // Parallel and Distributed Processing
Workshops and Phd Forum. — 2011. — P. 1839-1846.

158



Chernov |.A., Ivashko E.E., Nikitina N.N., Gabis I.E. Chislennaya identificatsiya modeli degidrirovaniya v
grid-sisteme yf baze BOINC [Numerical identification of dehydriding model in a BOINC-based grid]

/I Kompyuternyye issledovaniya i modelirovaniye. — 2013. — Vol. 5, Ne 1. — S. 37-45 (in Russian).

Mazalov V.V., Nikitina N.N., lvashko E.E. Hierarchical two-level game model for tasks scheduling in a
desktop grid // Ultra Modern Telecommunications and Control Systems and Workshops. — 2014, —
P. 541-545.

Ivashko E.E., Nikitina N.N., Moeller S. VVysokoproizvoditelnyi virtualnyi skrining v Enterprise Desktop
Grid na baze BOINC [High-performance virtual screening on enterprise BOINC-based desktop grid] //
Vestnik Yuzhno-Uralskogo gosudarstvennono universiteta. — 2015. — Vol. 4, Ne 1. — S. 57-63 (in
Russian).

Domingues P., Sousa B., Moura Slva L. Sabotage-tolerance and trust management in desktop grid
computing // Future Generation Computer Systems. — 2007. — Vol. 23, Ne7. — P. 904-912.

Sathva SS, Babu SK. Survey of fault tolerant techniques for grid // Computer Science Review. - 2010. -
Vol. 4. - P. 101-120.

Nouman D.M., Shamsi J.A. Volunteer computing: requirements, challenges, and solutions // Journal of
Network and Computer Applications. — 2013. — Vol. 39. — P. 369-380.

LeeY.C., Zomava A.Y., Segel H.J. Robust task scheduling for volunteer computing systems // The Journal
of Supercomputing. — 2010. — Vol. 53. — P. 163-181.

Gao L., Malewicz G. Toward maximizing the quality of results of dependent tasks computed unreliably //
Theory of Computing Systems. - 2007. - Vol. 41. - P. 731-752.

Cordasco G., De Chiara R., Rosenberg A.L. On scheduling DAGs for volatile computing platforms: Area-
maximizing schedules // Journal of Parallel and Distributed Computing. — 2012. - Vol. 72. - P. 1347-
1360.

Estrada T., Fuentes O., Taufer M. A distributed evolutionary method to design scheduling policies for
volunteer computing // ACM SIGMETRICS Performance Evaluation Review. — 2008. - Vol. 36. - P.
40-49.

QuB., Lei Y., Zhao Y. A new genetic algorithm based scheduling for volunteer computing // Computer and
Communication Technologies in Agriculture Engineering. — 2010. — P. 228231.

Wang X., Yeo C.S, Buwa R., Su J. Optimizing the makespan and reliability for workflow applications
with reputation and a look-ahead genetic algorithm // Future Generation Computer Systems. - 2011. -
Vol. 27. - P. 1124-1134.

Rubab et al. A review on resource availability prediction methods in volunteer grid computing. // IEEE
International Conference on Control System, Computing and Engineering. — 2014. — P. 478-483.

159



Scheduling in Desktop grid: review of approaches
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Computational networks build of desktop computers connected by LAN of internet (Desktop grids)
are an efficient and cheap tool for solving multiple problems that demand high-performance computing.
The main restriction is possibility to decompose the problem into many simple loosely dependent or
independent tasks. For efficient work a scheduling algorithm is necessary. A few criteria are possible for
optimization and comparing methods. The problem itself is often NP- hard. To be specific, we keep in mind
the BOINC-based desktop grids. BOINC is an open-source software for constructing client-server grids: the
server constructs tasks, sends them to computing nodes, and receives the results, while the nodes request
tasks and return the answers. A client software is installed on the nodes; it uses idle resources of the client.
Desktop grids can be divided in two classes: volunteer computing projects and enterprise desktop grids. In
volunteer computing the organizer needs to fight malefactors, attract volunteers, a reward system for
participating in the project or for obtaining the desired result is necessary. In an enterprise desktop grid
efficiency is most important; availability of nodes can be predicted more precisely, their total number is
known, as well as their performance, amount of memory, installed software and operation system. Such
grids are mush less studied. In this article we give a review of challenges of scheduling in desktop grids and
methods of that focusing on enterprise desktop grids. The scheduling problem is NP-hard, so usually
different heuristics are proposed or genetic algorithms are applied. Popular metrics are: makespan (time
between preparing a task and receiving its answer), throughput (number of tasks solved per a time unit),
total time needed to solve all tasks, maximal load, homogeneity of the load, reliability (risk of errors),
average cost, deadline violation. Algorithms are tested on simulators and emulators.

Keywords: scheduling, desktop grid, BOINC
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