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Co-allocation scheduling using distributed constraint optimization technique
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FVy RaAVEa—F 4 Y TEROERICK D, L
2y bI—0 ElichBav e a—2ERER O RERE
MEEMEtEARERE L Ao Tz, TOESRIEE - K
RSy FHERBIC BV TR OB UIEE - BER
FERRECHETZE (a7ar—yaYy) (1) HRE
TH5. 0FE, COXIBRBCBISIEHAT V2 —
FIEBDHAT Va—V Y TOMEMMTONTNS.
BEAY Y 2—) V73— EOFKIFE - Bul{tiaEe
LTH/S TN TES. 22T, AMETIE, FEEHADR
BEIC B 3 HaARERR DT TV TH 5 D EHK s
{LR9%E (Distributed Constraint Optimization,DCOP)
D, AT O~ 3 YOFRHDORRAT IV a—I VI
OWAZRIERT 5. T TR, BROO—HIV AT a—
IR ZITS ETIVEET 5. DCOP ZHET
WAYXLE UT, SR 9 5 BEEEAR (Pseudo
tree) KK BERIEFMT EHWBENMERE T
3. AR T, D& S HBRLKE BV 8GR
WKEILK T NIV XL 2] OBRAZKET 5. TOFHk
el ERE REREBONLMETHS. Avt—
VEHRIE TH 0 BEEEA DIV, S — R TR
ENB Ay b=V DY A XHARDEICH U TIEEEIRH
WHEMNY 5. 2T T, BUNGEAROEZHRTSC &%
ZRUIREOBNFEERET 5.

2 aryag—rarigra—l)r I BEED

DHENRBELCEBEE LTOETIVE

2.1 SHHENBELEE (DCOP)

S RE(LRIE (DCOP) i3, HI s B LRIEE 5
BRRMEICEA LD TH Y, RO SEHIK TR
R Tl T eI Z RS> £ DTHB. /—F (T—
ViVM DEEE ALTE. B/ —Fic AlZER
OFEE D; DIl d; L%, C ZHFIDES F ZHIENC
T HIMGRIBMOES L T 5.0, 21/ — R OER x; &
2IEKIR ¢; ; € CICKDBHRT 5. HilY ¢; ; ICHIST HFE
B £, ; € Fic k0, EBEDOEE {(zi,ds), (z5,d4)}
DWW T DFIGHEHE & N 5. ARl EIE TR T
DFIFIITN T BFIBOFMOBTITH b, K31
EZRANICT SEBEORLSNEERTHS.
2.2 A700—>3r AT a—V /&

araly—yvag VA Ya—Y VIBETIR, Y V—
AEE R :={Ry,...R,},VaTdEE e .= {E,..,E*},
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(a) BAV TR L7z isoH

(b) Pseudo tree
1. o 7HE

RS 7 = {1,....T}, OBEEAEAENE. VaT
EFICid, YVaTdTonBEELT 3 V—R A¥(C R), RERE#E
Lk, ¥ a T OMHE VE, O3 DOBHRY, BEFT BN T
W3, araly—v g TR LU ERZ RIRICHER
L3569, Va7 OB 5234 (VY —
) HY a TIESTohahEE S0, — AT,
CUSAZ (VV—R) ZRIUEMICES T 23Tk
W.ZDESERNZEBLUIEAT V2 —U VY THRE
Ehd, arulrr—vasArYa—Y rIEETA,
HEEFRL, D, RS r DR TR Va—ivEh
fe¥ a TOMEOHIDBEKICKZBERT T LHENT
5.

2.3 HIFBDOER \
FMROERICIE, ANV AT Va—Y VIS

ZHRINRELHEL LTERXILT 5 EAV(Events as
Variable)[3] ZF\\ /. EAV T, Va7 T LicER%
fED, ¥ a 7 ORRRRZERORE L T 5. HlkLE,
BRIV YV —RABRBELT S/ — FRI/ERENS.
F7z, /— FREICIEFMEBEENRT 6 h, KiEHIE2 &
RKICTIERDBLTEEAD. M1(a) i, flELT,
Va7 ={E' E?, E® E* E5} "%, &R DRE) V—
A={AB, AF,BCD, BDF,CE} D&, EAV THI¥
WEER LIz DERTHIOFAELT 5.
2.4 Pseudo tree

Pseudo tree i, HlfIMIcEEN S /— FOYJERFHE
BEEZBETHS. &/ —F (BRI AROEXIC
Ko TIEFRATT & h, G0, KO L E 5K (tree
edge) L ZNLNDIATH B%BU (back edge) &7
HEND. Pseudo tree i&, V7V U —RICHIFLLN 7%
W, BRFEOVRILICRII DO EHENT VS,

LABIRTREEL, &/ — FE—DOEBOBERE, /— F=%
BeHET
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B 1(a) DHIFHEICH T 5 Pseudo tree Z X 1(b) IZART.
/J—VFz; LHIKHOTHEET S/ — FERDEGLICKD
~Y.
o P(z;): KT x; LEAET S z;, DH/—K
e PP(z;): z; 2L 357 VVU—& Hl¥0 (K
i - #%iBil) TRE T 5 z, DL/ — RDES
o C(x;) : KAT z; LBAHET B z; DF/— RDES
o PC(z;) : HI¥4 (KR « %iIBA) Tz, LHT B
TR/ — ROES

2.5 DPOP 7J)LOdVUXA

DPOP 7)Y XL [2] i& Pseudo tree 2%, 53
BHREE 7 VIV XL THB. DPOP 7)dYU X
Lid,2 BEREONEN 55 5. ZEETIIZNZFN UTIL
Awt—Y « VALUE X v —YDERIC & 20EA T
bhs.

(1) RIANC B 7 SR B D EH L
UTIL Ay t—Y DIERIC K208 TR, £9, 8 /— K
WV Utily, p(ey) DR EDFHEINS.

Utily, P(s:) (p(a)) =

maxa,ep; fi,P(e:)(di> dpa))
maxd;ep; {fi,P(mi) (d27 dp(zi))
+ kaecm) Utily, +.(d:)}

FEEDANY MV UITL Ay e—Y e LT, 8/ —
RHSR/— RIZAGARBIHR ST, R LT v Sk
EXNh3. 2O&SEHBREBNFERICEDIL EON
% % HV,Pseudo tree IC I3 KIBUNEET 5720, &/ —
Rz, icDWT, /— Rz, BIRETBEHARE, 5Hi/—R
P(z;) DA TR AL, HBUTEHET 3L2TOLL /—
FOZEROEREHOMIC T 2 FMBEOFHEN LB i
3. C@fcéb, /—F T Tﬁﬁéh%%ﬁﬁ{ﬁ Utilmi,P(a:,-)
BNANN—Fa =Tk, /— Rz, BREET B YT Y
D — L HFBOTRET 3 o, DL/ — FOROEMmC
£ UTIL A v b— I 4 XHEEEIBMCEmT 5.
Flr, ~BRKEVWUTIL Xt —YDE/— REER
DG & LS.

(2) BBRDORFE
VALUE Ayt —Y DEEHRD X308 T, £2THD/—
F o ICN U TRESE8E 4 DR K DREES NS,

d;

Clz:) = ¢

otherwise

argmazdiED;.fi,P(zi)(di; d;(:r,)) C(iL‘,;) = (}5
argmazy,ep,{ fi,p(z:)(di, dhzyy)  Otherwise
+ sz €C(z;) Utilxk,xi (dl)}

BMsZEE VALUE Avte—Y e LT B/ —F
NOE /) — RALKDEHKS T, by TEYVIEEE
n3.

3 WREFE

DPOP Tld, ROEMNEINT % & UTIL Av&—YD
YA IHISHBAINCIEZ . %2 C, KR TIE, HE
DMK D, KOBZHIFYT 5 FELIRRT 5. 2%F
E2LTIORY.
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3.1 HBRDDHIRR

araly—raryTi, ALY Y—AZFEDOTa7TH
FRFC, BIUER (XA LAay ) ZESC &R
ZDFHKIEFIFAL T, ROKBLDHIREITS.

=Rz, &/ =Rz, DFHR/— FES PC(x;) TH
PNTGEADHIRREZEZS. TD2D0D /) — ROZE
B do, . dpc(e,) DMBRENEES ¢ LB EIICE
HEBOB L T21T5. EREEOEY TR, /—F
z; I 7= {1,.., Lk}, T8/ — F&EE PC(z;) I T
{LF +1,..,T} LEBOBEBOHBETS. FH/—F
BHICEREZBLZZ itk y, ROFREGE I E
2B, ThCED, VaTdhpBELLTWVWBRELY V—
ADFICRRIC AT Y a— U FEnB Lidixnlkb,
FERI ATV a— U VI Tbh3. iz, %BID
HIRRZ R B {173 7120, ROBGH—BRKEN/—FR
DL/ — RETFHR/— REIHM L T 5 %B0%EIRS
5. TOEIEICE > T Pseudo tree DEBEADKRDIER 1
BWHI LW TES. HBid 4. OEBRTI, TORERE
BEHTS i Lo TIEBEREMETT, K21, BB
SDOBIGOT VY XL WD %Rd. 5 2 el J—
Rz, Da; OB/ — FEEGHEE/ — R THBT LR
5 ZHVT g = z; ICEDRT.

Algorithm 1: WD - Width delete
1:maz,,,ea{Util;, p(z.)+

szEC(azn) Utils, 2. (dn)};
2:if(z; =z, && z, = z; € PC(x;))
3:then:{PC(z;) = PC(z;) — zj;
4: PP(z;) = PP(z;) — z;;
5: dz, N dPC(x,-) = ¢}

X 2: BIBADHIRRT VTV XL WD

ZROMEEEE L1/ — R TRESROEFAHSHE X
NB T LICK O BBEROTEDHIBENS. — /T, #
OBEMETT 28805 5. ARROTEDOEEOH
RICB2EIETIX, B/ — RDOYaT3T//— RE
BOYaT XD ROKAEEICED Y TENhS. Ch
W BREEZADCLICKDERTES. £/, H5EL
BRZHNEL T EY 3 TRSVIGE, BIRROEFROH]
FRIIERE ICITRbN B,

3.2 MBEDOHE

MEEZSEIL, MEERINT 5 L TARDIERNE L
TERERRETS. AU TIIYHORE & UTHIE
DHEITIE, ¥V a TEBENTRB XS el stz R
a5,

MELLT,VY—RAEA R = {Ry,...,R,}, Va7
88 e :={E', .., EF}, BMEE 7 = {1,..., T}, DIEH
MEZONEETE. COVaThB ek, Va kG
e1:= {E',.. B3} £V a T8 ¢ 1= {EFH, .. EF}
D2 DO HEIETAS (BL, UV—ZEER L,
AR 7 XLV, ETHDIC, Va TER e, D
ROBRZITED. RIS, FBDYV a7 EYc ) LR
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X 3: BIBADHIFRIC K B ANV ML RROKE
EOBHF

DIVaT EI(€ ) WIEOEE R, #XELTB L
(At N AT # @), BROEHDOFIB %1745 HREBRASH 5.
ZEOBEHOHBE TR, Va T B DRzt Ld5E, V3
7 EV OEBOWEE 7 = {1, ...,t—1,t+ L' +1, ..., L¥}
L, VaTEE e iINUTRIEREITS. TOFHIC
KD, HEEZDBILTEELY V—AWRE U IcAY
Va—0rIENB L3 EED, FEEL AV a—
VT MTIEbNhS.

ZOFETR, BRINEMOEALORHBHHIRRE
N3, BEBUDAIR LR, HEvOBEDIBEIC &
DREBHIET ZIBEHNELS. 22D BI LIV
THEEDD Y, RICBOGRE TRV a TEARR, %
THROBEREITR 1Y a TESIERTREVWERRIfHEEL
KIa7hENToNS. HEEOBERDBBICK>
T, Va JTEAOREEROIS THIERT S, Fi-, E
FrTReRBENR L YV a THRI CEE 2 5> BHRE N

BICHEETHBADRENSfTabhb.

4 YIalb—arICLBEHE

BRFE TN, HIHSIDOHIRR, FEDO Bl DERME
BRI B, VI al—Ya vERRITRo .. ER
Tk, EBOO—H VA Y a—S M GRLEZ{TES
ETFNVEREL.

4.1 REBAE

ik [6)[7)[8] B EIC, U FOBE TEBREITEo 17,
TR & LT, BEDY A i3y 3 785 20,30,40,50
B L. V=R (IFAZ) DI 15 e Lz &
VaNCRRELTBY YV — AL 2, A LAY k
BlE 1~3 LR BIBERBEL. KEER, B8
RS H 51 B EIRHBAMER TN &SI ER LT, &
fo, KRBT A RE L,/ — ROFOEBGERIZ
ri={1,..,20} & Uiz. BRFELUERFEOROEE
L UTIL X w—IDY A X%, MEOY A XRBx
WHE LTz, BEBIOHIR T, ADIE 5GEE A vt —
T A A 1.2MB) 1075 3 E THREBADYIROREIERE
BEESRDER L. 75 7058T3, Va7 OfmE
DB ESCHBILT. TMEOREL LT, BOREE
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7/ L3
g 085 7/ e
7 ¥
s 204
s a
08 —— - =
. 10 &
- -
075 o Q
20 2 40 50
ARV OWR)

X 4: EDDENC KB ANV ML ROKERE
DR

ZERL. T, Va TRAERHEDED/NE W (I
FNED) BRI Ay Va— IV Lt EDEA LA
0y FOBKETEL, BROBER ENF I EERIE
WhHVERT TS TRl REFHEOMR] L L. T T
TRBELE, VaTdArYa—vaEnkzL LAy
FOBRAEDNBRE/NSVRTHS.

e, FS5T7DRBITIEA v —UY A 2 IVER L FHE
ONRL LUz, 7S5 T758IcBIFB A ybe—I9 AL 20
BE 20U 757 ORI OWT DR L o /z.

4.2 R

BEADHIRETT- IR EDORIEDY 1 X L IROKEE,
Bl U 7B 08, B U TeARDIE & OBAFREK 3 I,
MO EIRITE -2 EEK 4 I1RT. iz, Bl L1
BB, FIFRODOE L ROKEE & DOBEFRER 5 IZRY .

3, K4 &0, BEIOHIRR, MEDLEILEICY 3
TEOEIN LI5S T RORBE DK T /N X W
EEZbNA. M5 &b, HEAOHIRE, MEDSHIH
i<, IR U 72 18R5, RIRSAD A 21t > TROBE D
BALTWS. i, IR 350, FiEEomn
BhnUlztz8, RGP L OEE I, BRI NS
TRBOBBHIRDO LI THBLEZIONS.

MEOR R AWEED X v b — % A 2 )VBDZ
L2ZX 6 lcmd. MEODEITEREGE &b, nEwEi &
BB TD Ry =TV A 7 VEBICKERTIEHR O N
WZ Eehbhd, Avb—I94 7 )NVEOHKRED, 17
RFEE LT TRBEROBNKR, ZERUCTHS
T ehbhs.

UTIL A wt—Y DY A XE%BADHIREITE T
BEEELIC, MEODEET - 1-BARE ITRY.
£1 &9, BEBUOHIRTE, KOEDBLEEICEEET
BRUDHIBRZ TRV, RFERORER1T - 124 UTIL
A= DA XHHBENTVWS T IR TES.
£2 &0, HEOHEITH, MEENBILIzC Lick R

2V 27 LEERE A v E—IVY A ZIVTRBEL TV S, B vt—
YA 7T, B/ — R/ — oD Ay t—I%E, /— K
RO BT/ — FADRA Y —VDEERITS.
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5: FROKEEE L HIRR U 7B, HiFBLDORER

DFEEROHFADHIBRE N UTIL X vt —Y DT A H
HIRE B L VHERRTE 5. BRREFMAREL, A
= DY A ADEIBEITE - Ih, ROKEKEIZHRBI
DHIBRTIX 0.95~1 2%, EDHEITIX 0.93~1 BED
ROYEELND 5.

Ta JB (1) 20 30 40 50
KEWT (MB) | 4.4x 107 4.6 x 107 3.0 x 107 4.7 x 107
K&EE (MB) [ 1.2x 10T 1.2x 107 1.2x 107 1.2x 107
% 1. %BAOHIRIC &3 UTIL Xvt—Y DY A XDHIE
TaJE (18) 20 30 40 50
& (MB) 44x10° 1.8x10° 1.7x 10° 1.0 x 10™®
HEH (MB) [ 0.3x 1073 3.7x107% 81x 10° 1.4 x 10!

£ 2. BEDOHENC X B UTIL X v tE—I DY A ZOHIR

5 BbYIC

AR T BHERELRIEE 7)) v REFERED
aray—vayOibDRRAT Y a—) Y FIHER
Ute. RERIZBIMNETERICRE DL 7)L3) XL DPOP
ZRV, Ave—IY A XOEInEIHT BB 2D
DOEEOEMFERR LUz, BBIDHIRRIC LB HET
i,Pseudo tree DEBAZHIFRT 5 Z LI X D AKRDIER
ST, BEROBEEEE L. £z, MEOSEICK 3
FETIE, BEZEDICHBITE T LI K OBEDOY A
XZNEL L, BOHEEEOHERZPRELE. chbD
FHICXD, MEZENT ST LT UTIL AytE—YD
YA XD IR VI al—ya v ERCEIRO
FHBIC BN TR, BBEFEICE D, Avbe—I9 1 7V,
Awl—I DY A X, BHIRKE N, —F T, BROBEDE
TREBHR/NI N EHRENT.

SHROFEL UT, BBADOHIR, MEDHBICET 3
L a—YRAT 4 7 ADBRFHETFT SIS, BELOHIRR
TREZOHL T, HEDOREITRDERFEEZAS T
ERES>THERAMENE L, IEDO I VERVPRFT
5. ¥z, EENRREAOBH, oAy Y a—Y v
THEL DG SHOBETH 3.
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