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1 0000

00,00000000000000000000,00000000000000
00.000,WEBOOODO,00000,0000000000000000000
0000000,CPUODDOOOOOOONONONONDNOOOONONO0ONONO000O. 00
0,00000000000000CPUDOOOOOOD,000000000000
000000000,0000000000000000000000000. 000
00000,000000000000000000000000000000000
00000,000000000000000000000000000000000
0000000 [10][1).
0000000000000,0000000000CPUODOOOOOOOOODN
00,0000000000000000,0000000000000000000
00.00000000,000000000000000000000000,00
0000000000000,000000000000000000000. 000
00000000000000000,000000000000000000000
0000000000000 [8)[14)[19. 00000000,00000000000
0000000000,0000000000000000000000000000
00000,00000000000000000. 000,00000000000
00000000000000000000000000000000,000000
0000000000000000000000000000,0000000000
00000000000000000,00000000000000000000
0.000,000000000000000000,00000000000000
0000000000000000000.
000000000,000000000000000000000000000
000000000000000. 000000,000000000000000
000000000000000,0000000000000000000000
000000000000000000000000000.
0000000,20000000,3000000000000000000000
00004000000000000,50000000,000600000000
oooo.
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Irooooobooob,oboobobobobooooboboboboobob.on
g, 0bogbogboobboweEBOOobooooo,0bobbooboobod
ggbbooo.boodg,gbbbuoobbbooobbboobbbooboboon
gb.0ooggbooob,bobuogbbodobbooboobbuoobbo,onon
ggboobuoooobboooooobooooboog.

gobbuooobboooo,gbboogbbbooobboog,buoodgbn
gogobboboooood. bbobo,0bbobbooooobobobb,gobon
gbbodobogbobuoobbooboobbodobooo,buoobboobogn
gbobogobboooboooboooobuoobboob,boobobuoobooon
gbboobogobuoob,bogbboobobuoobbooboobbuoobbod
gobbooooobogbob.ogobbuooobooobbuooobboa,oooon
ggbbobuooobboouoooobbboooobboboooobbobuoooobon
gogbobobuogo.ggobobobooogooboooobo,obbbuoooobo
gbobodobog,gobbodbobbooobuoobbuoobbooboobnbagob
gd. ooo,0bbobboooooobbooboog,bbbouogoooboboon
gbogdgbobogbooobooobo,ggobboboboobooboobbogn
ggbooogoon.



3 Uuobbuobobooboobood

000000000000000000,0000000000000000000
0000000000000000000000000000.0000,00000
0000000,00000000000000000000000.
0000000000000000000000000000000. 00000
00000000000000000000000000000000000000
0000,0000000000000000000000000000000000
0000000000000000000. 000000000000000000
00000000000,00000000000000000000000000
00000000.00000000000 AppLeS[2] 0 Condor[3][4] 00 0
000000000,0000000000000000000,0000000
0000000000000000000000000000000 Work Queued O
0.00 Work Quene 0000000000000 0000,BOINC[5]0 JNGI [6],P3]7]
ooooo.

00,0000000000000000000000 AppLeS000000000
0000000 Work Quene 00000000 WQROOOOODODO,0000000
00000000000

3.1 ApplLeSO0O0O00O00O0ODOOOOODOO

AppLeS(Application Level Scheduling) 00 0 0000000000000 O00O0OO
O, 00000 oonooooooooooooooooooooon
O000000000000000000000. 00 [8)00,AppLeSO Condor 00O
godoooobooobooooooooooooooonD. onoooooooooao
gooodoooooooooooooooo,0boooooboooooooooon
gooodooooooo.oooooooooobooooooooooooonod
godoobooooooo. oo, g0 oooooooboooog. o
gooooo,0ooooboooouooooooboooo,booooooooon
godoobooooooooooooooooobooooooooooobooon
0. 0o, 0ooooooooooooobooooooon.



o LIUUOODDOOOODLDDOOO
gbbodgbogobooboboogobuoobboobooobuoobon,od
gogoboobbodoogoogobbob. booooobobobbodooooon
ggbbobuooobbbooooobobboodobbobooooboboboood
gogobboobododgodg. gob,gggobobbooog,bbbuooadn
gobbooobooogoob.gob,bboobbuooobbooobooo
gbbodgbogobogbobobdobooboobbooboo.bbobod
gbbogbogobdooboboooboobbooboobboobobob,od
gogbboboooobbboooooobboooobbobooon.

o IUJUODODOOOOODLDOOOUODLDLDDOO

0000000 NWS(Network Weather Service)[9) D000 O0000000O00O
goboo,0bobodgoobobbooogooob.bbboooobobobooog
goboboooboboboog,bbooobobooobobbooobbooon,d
gboboobogbbooboobboo,boooboobooboboobobo
gobdbooboobooboobdoo,gboobooogoboobogod. d
gbobooboobdobdoboooobogbobobobooooobooboobobd
voboobobdboboooboobobdoboooooobooban.

3.2 Work Queue

Work Queued SETI@home[10] O distributed.net[11] 0 0000000000000
ggodooooboobbbobbbbbbbbbbbbbbbbbobboboon.
Work Queve 00, 000000000 O0OOODOO0O0OOOO0ODODOOODODOO.
ggggoobboodoooooobboodooooooooboo,oonbbbn
gooooobbobbooo.obb,ggoooobbbbbuooooooooon
gobbobuogooobbuoooooobboooooobob. booooon
ggoogubboboobodoooouobobobbobodoo,gooouonoooboo
gggogubboboobodoooouobob.bbbboooooooouonoboboo
gogdogubbooobbodoooou,gubobbobbbodoogouobooboon
goooob.ggg,bbbboooooooouooon.



o LIUUOODDOOOODLDDOOO
Work Quene 00, 00000000000 O0ODOOODOOODOOODOODOOO
gobobuoooobo,obbbooodgbobobooooboboobo,bboogod
ggbbobuooobbbooooobobboodobbobooooboboboood
go,ggbobobodoggobobbooodgoboobbooobobbooog,god
gogbbobuoogobbbouoogoboobood

o LIJUOODODODOOOOO

Work Quene 000000000000 ODOOODOOOOOD, 00000000
goboooobobodgd.bboo,gobbooobooobbbooobboo
200000000000 ooboboobobboooog 20b0b0b0b0b0000d
gboboobogbbooboobbo,gboogobuodbooobooboo
g, dddgooooobobbboobbbbbobodddooooooooono
O,Work Quene 00 000000000000 DOOODOO,200000000O
gbobo,oobobdoobboobboobobuoobboobooboboobobo
gboboboboooooo,boboboboboboobobobobob
gboob,obobboobooooooobobobobobobobobooon
go,0obboboobooboobooboob

3.3 WQR
Work Quene 0 000000000000 DODODOOOOODDOOOOOODOO,
WQR (Work Queue with Replication)[12] 00000000 OWQR O Work Queue O
gbodotootootootootoouootooooooooooooooooooooo
000000000000 00oooooooooD Work Quenie0 0000000
Oo0ooo. 000 Work Quene0 000000000 OOOOODOOOOOOOO
Jdddd0dooooooboobOobdddddood0o0ooooDbOO0o0ooOoOoWwWQR
gddodoboootuoododouoobooouoooonouoo,oouooouooa
gddoodouoootdoooouoooobooouoooouoo,ouoouooad
gdoodooodouo, oot ouoooouooooouo. oua
gbboooooboooooooooooooouoouoooo,oouoouoon
gbdodooodouoooououooooo. oo, ouobooouoouoooa



gogoboobo,ggobobuodgooobbobuooooboboboboooooboobo.
gogbbobuogoobobooooobbbooobboboooobobbuoooobon
gb.0ogbobdodgbbooobuoobbooboobboobuoobbooboon
gbbodobogobuo,gobuogbboobuoobbuoobooobuoobbod
g.gbo,0bbugooboboooobobobooga.

o LIUUUODLODLODOUOOODLDDOOO
WQRO ,Work Quene D000 O0000DO0OOO0ODODOOODODOOODOOOODOO
goboooobboggbobo,boodbbooobbuooobooboo,ood
gogboobobuoooobooboooobobooooboboboooo.ooo,od
O0D000DO00DO00Db00n0,Work Quene0 00000 OOOODODOODOO
goo.

e JOOODOOODOO
wQrROODOODDOOOOODOOOOODOOoODOOoDOoO,0b0oo0boboooo
gbogbuoobooboobooboo,boobooboobooboob.
gbo,g0bobgobooboboboobobuoboobobobobobon
g.boobo,gobooboboobooboboobobbobooboon
gogobgobogoobbob.

3.4 0OUOooobooOoO
ggbbbuooobbboooobbobuooobbboooobbboooobon
gbb,ogbbodbboobbuoobbobbuoobboobuoobbooboob
gobbuooobobdooobb.oob,bboodobbboobboobbooan
gdododododooooooooooo,bbobobobbbbbbbbbobbbob
gbouobuogbobodgbbodobo,gogboobbuoobboobbooboon
ggbobbobouoooobob. oob,gogbbbobuoooobobobooooobon, o
ggbbobuogobbooooboboboooobbbouoooobn.



4 0000

ggobbbbbuouogoooobobbbbbobobbbob,o00boobob
ggouobbbobbibdooooouoobbb, bboooooaoobob,bo
ggbbbuooogbobuoooobbbuooo.goobobo,obbbuaooobo
ggbbbuooobbbouoooobboooobbobuoooobbbuoooobon
gd.booogob,bbuoogbbuooobboobbuooobbuoogbbogb
gbbodobogbobuoob,bogbboobobuoobbooboobbuoobbod
gogoooo.

4.1 0O0OO0OO0OO0O0OO0OOOOO0

ggbooboa,bogoobbobuoogbobbbooo,ooobbobouooaobn
gbooooooooooooaoa. boobooob,oooooooooobooobobbb
ggbobobooboooooog,bboguuuauooooooooooobbion
googooobooboooboo,boobuooboobooobbooboob. 4100
g, gggbobobodoogbobobooogooobo,bbuooobobbuooobn
goo.

gobbogoobobo,ggubbooil1obooooboooobbooob.bo,
ooboooboobooboobboobooboboobOo.oobogobo osSooo
gogobbbobooogogobbobbbouoooobobbooooooob. bbb
gobogoboggb,bbggbodgboag,buooobo,bobboooboon
oo, ggobobbobbboogggobboobuoooooooboobo. boag,b
gogboobuooooboooooooboo.

ggboobobuogoob oobboboboobobbuoobbuoobuoobb,oooon
ocpUDODOOODOOCPUODODOOODODOOODOOO.ODDDOOODOO
Oo,00o0ooboobbooobobo0oooooooooboboooboboooboo,crPU
gobboooo.bbooobbboooobbbooo,gobbbooobboo
gobooobbogoooobo.gb,0booobbooobboooboboo
gogbbobooooboboboooobobbuoo,bgooboboboooobo.

ggobobd gobbbuoooobbboodbbboooobbbuooooobo
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ggbbbooodgbb ooboobobobooboboboboobobd
gobooogogbood.

00000
00000000,000000000,Cancel00000000000. 000
,00000
00000000000,0000000000000000000000000

000,00




4.2 0O0O0O0O0O0OO0OOOO

ggbbobuoooobboooobobuooobobboooonoobobooaobon
goboboobobooogbbuooobbodgob.oogboo,booobobooon
gbobodgbuoobuodgbbodgboooboo,obuoobboobbooboon
gbob.ogoboooobbodgbobuoooo,gobbooobbobbodgbboon
gug.

STEP1 O000O0OOOOO0OODOODOODOOOOODOODOOODOOObOODOn,
gobbobuoooobbbooooobbooobbboooobobobooon
gobooodo.bbooobooobbboo,gobooobbuooobooboo
gbboobogbboobo,gobudgbooobuogboboooboobobo
gobobooobo.boboobobooboboo IpobobobobobOoO
go.gbo,bbuogobooobooobooobboobobobooboboon,
gooooobIipOo0bO0o0b0oooObOo0obOoobobooboboob. oob,o
goboboboooobbboooobobboooboboboooobbobooon
O00,0000000000000DO00O00DO0O0DO CancelDOOO
OO0oDOo00O STEP200000. ODOoOO0OODOOOOODOOOOOoDOobObOO
STEP2000000O

STEP 2 0O0OU0O0O0OO0OO00O0OOO0OODOO,00000000O000D0O00DO0ODOO
ggbbobooodgbboobod.
gooooooooo,STEPODOO0OOODOOOODOOODOOODODOOOO
gogbbbuoogbbboooobbboooobobob.bbo,bbuooad
gbbodbbooboooboo.obboobobobbooboobodoboo
0000000000000 Acceptd Reject OO OOOODOOO.O0D0O0OO
gogbbobuoooobbboodan.

e Reject UODOOOODODOAcceptDOODODO,0000000000O0O00OOO
gobbbuooobobbbooodgbobbbooodobboboooobbobog
goboboogon

o AcceptU0D0ODOOOOOOSTEP3OOOODO

e JOUDODOD Reject DD ODDOO,0DO0DODO
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STEP 3 STEP20 Accept OO OOOOOOODO, Accept0O0O00OOOOODOO
gogobboobodooooogobboobobuooooooboboobbboogo. oo
gobbobuoooobbbouoogobobod
e JODOOUODOUODOUDODODLDOOSTEPADODOOO
e JODOOUODOODOODO CancelDODODOODODODODO,0bOODbDODO

OO00O0O0oOgSTEP200000O

STEP 4 0O0OU00O0OO0OD0OO00ODOO0OODOOODOOO,STEP20 AcceptDO0DOODODOO
00000 Cancel OODODOODOODOOSTEP2000000. DODODOODOO
O0000000DCancelDODOOODOODOODOO,00000000D00DO0O0
goooo.

gogbbobuoooobboooobooboooobbooooobobuoooobo
goboobboooboobb,oobboobuoobboobooobuoobbon
ggo.gobo,gbbbuoooobbboooobbbooooobobboooooboon
gb.0ooooo,0boboobobobobobobobobobobobobg,
gbogbgobobbobooboobgn.

4.3 0O0OOOOO0OOOO
gogbboa,buogobbboooobbboooobboboood.

bbb todgobbobdoodobobbboodbbboooobbbuoooobo
gagob

ooogd cpudboooOoOoOoOOOOd

ggbbobd oobbobdoodobobbog,buooobbboooobbbdao

ggob tbogodgbbobooodoobbo

00004200000000000000000000000000000000
0000000.0200000000000000.
00,000000000000 (1),2),3),4)0000000.

(1) D00O0O0oO0oDOoOOooooOooooo
o LU OOODOODLODLODLOODLODLODLOUODODLODLDOODLODLOD
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e NOIU0O0OULDDOUL,0DOULODOUODLDOOOD CancellO DO

goooog

(2) DO00OOOODOOOOOOOOoOOoOooOoOOO

e STEP20 Accept U0 OO0, 000000000 DOODOODOODODOO

(3) D00DDOOODOODODODOOoOOoOoOOoOooOooDOOO

o LUUOODODUOUOOODLDOOOODLDO
e STEP1I0D00IDOU0OODO0ODOODODODODODO CancelDODODOODO

oo

(4) DO00O0OO0OOODOOOOOOODOOOODOO
o LUOODODOOOOLODLDOOOUODLDLDOUOOODLDODDO

gbobodboogoboobbooboobobo,gbbooobuoobbooboon

ggboboobooooon.
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FALSE

IRBE = ANIBIK BE
FALSE
BRI 29 RO <\ KERIER

TRUE
FALSE

EST < ENT

TRUE

Accept&EiRIET D RejectZ=iRIET B

U3 0b0uguoboboooon

4.4 0O0OO0OOO0OO0OOODO

4200000000000000O00DO0DOODOODOOODODODLOLOODO
O0O0D0DO Acceptd Reject DO O OOOODOOO. OODOOO,00000000
ggooobobbbo,oobbbbbbbbbotbduoooooooobobbbobob
gobbuoobobbdoooboobobboob.bo,booobbooobboodb
ggbbobuooobobbooad.

ggbo,0bobuoogob,gbbbuoooobbbuooobbbuooobobn
ggbobuogoobbooad.

gdodooooooooouuo spgoo. bbsuguouuuoooo,oooooaao
OO00DO0O000O00b0CO00,0000000b0bC00DbOO0Ob0OO AceeptO
u.

g1l goobood
g2 dodbobbboduoobobobbuooaobo
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00 3 EST(Estimated Speculative execution Time) 0 ENT(Estimated Normal exe-
cution Time) 00 00O, ESTO ENTOOOOOO

ggd2ud,0bboboddgooooboboobbuoooooooobooobog,
ggbobobogogboboooobobood.

00,00300000000. ENT(Estimated Normal execution Time) 00, 00O
gbobodgbogobuogbbooobuoobbooboobbuoobooooboo.o
gbooboooboobooobooobobobbobobooboob ENTOODOO.
EST(Estimated Speculative execution Time) 00, 00 0000000000000
gogogoobbboboobobotodoodo, oo oobobooon
gogbboogd.bbuogobboobbooobbooobob,boobbooon
0000000000000 ESTOODOO. 00 EST<ENTOOO, 00000000
ggoboboogobboboooobobboooobobooan.

gboobo,0boboboobo0obooboboobobo,cbobnooboob
gbobooboboboo.oob,oobobobooboboobobobod
oo0,00obooooooo cepvbobooooooboboOoobDboOoOo.oboboooo
oo, gobgbboobboobooboobuooboobooboon.
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5 0O

s, ggbobobbouogobbbuoog,uoooobobbbuoogoabbn
gogogobobbbobobobbobobouooooobobbbooobbo,obnbbbbbb
ggbobobuooogbbboogan.

goboboobboobboobbooobbog. o, bboobobboaobn
ggbbobugoobbouooobobboooobbboooobbbuoooobon
ggobobboogodb. oo, ggogbobobbuoooobobooooob,bo
000000000000000 8|0 WQR[1210000.000,00000000
ggbbobuooobbooogbobuoooobboaon.

5.1 Oooggboooogon
5.1.1 0O0O0dgoooo
gbobogbooboboubooboobg,gbboooooboboobooobon.
0000000000000 0000000, 0000000000000 Paranhos[12]
O0OobOoDogoog. Paranhos OO ODOODOODO, 0000000000 0O0DODO
ggbbobl1ogoob,gbbobdugdaob 1,248,160 000000000000
ggboobooogoon.
O000,00000000000000O000000oooOO,00 WBjooooo
gbobodgbbobuodgbboobooobo.gbbuoobbuoobbooboon
ggooboooobood.

Tp = Tp_1 + U (0 <z, <100) (1)
Yn = Ty +w (0 <y, <100) (2)

yy U oo 1woobbobooog, oo ndbbbbuodmuogoobbbog
00000%0000000.0000v0 w0, 00000000000000O0
ggobobobbodoog,ggogobobb.bbbodudgdgogobbo, bbb vy, O
gbbodobbdd. »,d0bdimbbogbbodgbbogbooobogn
b, 0000000000000O0DOODDODOOOO0O0O0O0O0ODODOODODO
ggbob.0bbbtbdtdlwdgod o, bbb w, 00000obbog. bo,n
ggbobbuogogbbobuoooobbbuoooobobooooobooo.



15

5.1.2 0J00O0OO0ODOOOOO0

00000, 000000000000 00bO0DO000O0OooooObooOooooDOg
000 (embarrassingly parallel) 000 0000000000000,1000000
00000b0o00oDo0ob00obO0ooD0o0o00b0obo0obOobODOooDoobobOOooDon
00000O0o0b0o0b00ob0o0obOo0o0obOo0obO0oo0b0obDbOOoDoOooDoooOOoon
00,0000000000000,0000b00bO0obOOo0obOOo0DbOoboooog
0000000b0o0bO0oDoOobOooboooooooboooon

0000000 bO00O00bOo0o0obO0o0obO0o0ob0o0obOOobDbOOoDoOoobooooag
000000000000 oo0O00000O000ooOOoDOOo0oOoOoOoOoooO
0,0000000000O00,00b000bO00DO,0b000bOO0o0obOobobOooDog,
00 CAD,0000D0O0,000000000bOO0o0bOOoOooDOooOoon

5.1.3 U00oooooogd
gobgbbodbboobboobi1obbo0o1ogobooob,0oboboon
oo oo,bbbbbbbbbbbbbbbbbbbbbb
g.0g,0o000bobobobo,oboboboboboboboobobobo
g.ogbobgooboboboboobobo,oboboobobooboboobo
gbogbgoboobgoooo,obogboobgooboobbobbobob.od
gbogboobobobboob,10bg0booboobbo,o0boobod
gogobobodaod.
ggbobbbboooooobbbbuoodoooobbbboooo. ogobobo
ibogbobobobobbooboobo11oboo,obboobboboboobon
gooo,boobobooboboobol1oobooboboobo.bobod
g, gbbol1gbbuoobboogbbuoobbobobooobboobb11obon
oooobo,0b00ob0boobooobobooboooooboobo.wQrROO,000
ggbobobbodoodgbobbbuoooobbooooobbboood1goobobon
ggoooo.
gbbuodgbbodobbo,gbbuoobodbboobuooboobboobon
gobboobobobogbobb.oobbooobooobobo,boobooann
gbbodobogbobuoo,pbudgbboobuoobbooboobbuoobbod
gbbodboo.gobobuog,gobboooobbooboobobuoobbodob,o
ggbobbbuooogbobi1bbbouoooobbbouoooobbooboa.oo,bo
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U4: 0000ggbbobooooboboooon

gbobobobobobgoboboooobobob,obobobobobobo
goo.

5.1.4 UO00O0OODOOOO

gboobobbobooboobobbobo40b000b000b0bboOobo
ggobobbbuoooooobbb. buoooooobbbbbooooobboobo
ggbbobuoodobbb,bbboooobbboooobn.

gbogbg,goboobgbobgobbgbsotboobooboobonobo
OoO0.00o0o000obooDobo0oooDobo0ooooDbo0oOooLANDOOOOOoDOD
O0o0oO0ooOoOoO00ooOo0oOoooOOOLANDOO, 00 LANOOO LANODOOODO
gobbuooobbdooob. g, ggbboodobboobboboobbboon
gddd,gogooobbbobbuotbuoooooooobbbobbbboogad
ggbooboboooobn.
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gogbood

0

gboogod

100, 200, 300, 400, 500, 600, 700, 800,
900, 1000, 1100, 1200, 1300, 1400, 1500,
1600

gogbobouooogooo

100, 200, 400, 800, 1600[MFLOPS]

ggboobouoodgooo

10[s]

gobood v,

w2, w22, w2 /3, w2 /4, 72/5, 72 /6

ol wpy

1

00000000 (00 LAN) 1[Gbps]
00000000 (00 LAN) 100[Mbps]
0000000000000000 | 10[ms]

ggbobugolgoboboooon

10000]tasks]

ggbl1gbobbobodoooobbon
g

10°,10'° 10" [0 O /task]

0000000000 100[KBytes]
00000000000 50[event /s]
00000000000000000 | 16/Bytes|
00000D000000000000 | 100

Ul:00000o0bobooogn

5.2 0000

0000000000000000000001000.00000000000,
00000000000 1000000000000000000000000,00
00000000 [814)[19) 00000,100000000000000000000
00000,00000000000000000000000000000000
00000000000000000. 00000,00000000000000
00000000000000000000. Intel Core2Duo 2.66Ghz 000 000
1600MFLOPS 0000000 [15,0000000000000000 1600MFLOPS
00000.000000000005.1.1000000 Parahons00000000,

ggbbobuoooobobboooooboo.

gddoodoooooooooooooboobb,bbbbbbbbbbbbb
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