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Abstract: In this paper, we propose a method to derive execution sequences of a given application-level
service that is executed by cooperative servers on overlay networks. We also design and develop a service
execution platform. The proposed method assumes that a service consists of service components, and it
can derive optimal allocation of components that does not overload network links and servers. Using the
platform, services can be installed and executed easily on real networks. We have conducted experiments on
PlanetLab to validate our method. The experimental results have shown that the proposed method could
derive efficient execution sequences and they could achieve higher throughput than the other methods.
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Fig. 1 Service example (transportation analysis services).
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Fig. 2 Transportation analysis services of Fig.1 formally written in Colored Petri net.
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i, y—E2OHETT TV — A poye \CHAIRER S 72 0 I2H T
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¥, KTV varteTODANV—T v b th(t) X
DT 275 L8 DS 5.

th(t) < min(X UY U Z) 2)

min(A) 13, 4 ADSRATHHILEEIMY M TS
D, X, Y, ZE%TROLHIEKTS.

X = {THmsg(pvtvi:j) | msg(p,t,i,j)

=1ApeetA(i,j)eL} (3)
Y = {TH,peo(t,i) | ale(t,i) = 1Ai€ N} (4)
Z ={TH,s4(t,p,1,7) | msg(t,p,i,7)

=1Apeten(i,j) €L} (5)

K (3)~(5) 1, ZNZNFIE (1), FME (1), FNE (IIL) 12 B
J5, AV=7"y FORKEZFETHHTHL. K (2) 12
BWTC, FME (D)~ M) OFTRANE R BEPFAN—T
Mth(t) ET5ZEE2ET. 612, HIYBEKIIRAIE
Behsbzo, X(©2)~6) TR0 L) wiHElcRkyc
LTSS,

VteT,Vie NIZoWwT,

th(t) — THegee(t,i) — C - (1 — ale(t,i)) <0 (6)
YVt e T,Vp € P,V(i,j) € LIZ2W\T,
th(t) — THypsg(pst,,5) — C - (1 = msg(p, t,i,5)) <0

(7)
th(t) - THmsg(tapyivj) -C- (1 - mSg(tvpyiyj)) <0

(8)

CETHREBEHRETSH. L2 oT, ale(t,i) =05
5\ E msg(u,v,i,5) = 0 D¥d, ZhsoflfHRizoi
CEEZ L, X (6) 13, X @) L, X (7) &KX (8)
iz, #nenk ) LR G) BT 5. R (6) &,
Ty art =N IZEH)LTENLED R
th(t) — THegec(t,1) < 0 DRI Z 72T LENHH 2 L%
7. XM BLOKX Q@) ITBVWTHAMKETH .

=}, TL=RIZOoWwTEHT AL, 57T L —ZApl
BUA =2 oA NE IO/ B LEE, UTOD
&9 %Y Lo,

Vp € P\{pinapout} [ZOWT,

> th(t) = Y th(t') >0 (9)
tcep t'Epe
[URISMNIANDSRBREEDHLED FF2D a2 IlET3
#l%9=X]

VR M) 2RI T L—2AFEFE RCPLL, VKT
Vre RNOBBELL L) N Ty va v E85% T (r)
EFLHE, IRELVINLD NI YT a VIERI LY =N
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NEID B TED, F)RD P riZonT, TD X9
ZRHFI AL B

Vr e R,Vie NVt € T'(r) IZ2WT,

ale(t,i) —ale(r,i) =0 (10)
S5, ANV—=Ty MZEL, LTD X9 #2980
SNOWLEDD B

Vr € R,Yi € N IZDOWT,

> th(t) = THa(r,i) — C - (1 — ale(r,i)) < 0

teT’(r)
(11)
X (6) LRI, CUETHRELRERETS.
[ —/\BDOBEICET 2 H1%9X]
EHmsg(u,v,i,7) 1%, WTFORTERST ZLHNTE L.
(u,v) € (P x T)U(T x P), (i, §) € L IV,

msg(u,v,1,7§) = alc(u, i) - ale(v, §) (12)

X (12) 1, u, v 254, jIEREFREY L THRATVS
EEIZRY msg(u,v,i,5) 51 &b EEKLTWAD,
ale(u,i) BE Fale(v,i) 1F, §XTO1EKTH L7290, X
(12) 1&, Fffize TRLOMEATER S 22 L3 TE 5.

Y(u,v) € (P x T)U (T x P),¥(i,j) € L 122\,

ale(u, 1) — msg(u,v,4,j) >0 (13)
ale(u, i) + ale(v, j) — msg(u,v,4,j) <1 (15)
[(ECE (RIS ¥ % Hl#9=C 1]

BTV —2AF3 b TV v a i, FwEro
B = NANFE S NRITIUE R S vz, LT X9 2
LB W/ A BVASN

Yoe PeTIIDWT,

Z ale(v,i) =1 (16)
1EN

Db & 9512, ¥ — ¥ 2D # LR E & T A~
JRBESHE, alec B RODH I LI T, WELDWETH
$akos Z LHBTES. 0-1 BHENHBEIZ NP W
BT AMETHDH, KL TOY—VY AL, 7=riEnrt
BEOTL—2AR 5Ty a yTHEREN, Fv b —
ZICBLTHHTHERELZEE L TB Y BFEN KM TR
J5. 72, S5 —VYAREy T — 2 DFEE KE
(LA ITBWTY, BHEGHEMEIZ S B oEUEESs
RESNTBY, WEREGL ILEEERIKRD S5 2 EHT
D720, REFHRIIEAMICHATREEZ NS,
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BIRR - AR ETTELERETY BB 5.
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DET2—VThb. F—ERAEITHEIL, ERETHSR
72—V A%, b—EAFEFTDOODOHE B X OVFEAT
LT BEEY 22—V THAH. PUTF, —ERAETEDE
HZOWTHRR B,

5.1 H—EXETI

F— Y RAETETIE, — Y AEBEETEL L —
C2WHEDE, -V ALFETTELEBOEMEZIT) .
Y= AFATRL, =8, Gl =8, FE7F =N
POERINTVS (M 5). & —"0FEIIRD LB
DWThrbH., T —Eld, y—CRZHHTL2—Fp
5D 7 LA MZR, T—HANY 7T b OWMIEKER %
WHT BB A, BT — N, - 2ALho T —
F7u—H, BLOFEGTS—NPREET A - AT Y
R=AV VDOEFTIA IV 7RG H%E 2D, FEiT
P =N, HIEF = NSRRI, -2 R—%
Y MDOFATRAT ) HE EFEO.

M5 Tld, y— 105 % 3HFHL LTW5ED, 2o
AN L OT, LT L NS0T — NEYREKIC
B A& DY = NI T AL BT R, RIATIE, &Y —2130
AN DWW TEERMI 23R 5
5.1.1 =ff#—N

)7 T A NZANTIE, =50 7T A bEED
2, = RAFATICLERIERE TS . i — N1,
I—HFPS5DY) 7 T AN FZIIF 25, HEY— 3120
AT BHEEBIT, Y—EREFILE LT —F 2 FE 7Y —
NIZEET A, /2, U= AETHRT LI,
M =N 5 — B RAFATI T @A 2 2, FEAT—h
SHANT—=2BUEL, =2 7 T A b OMIEFERE D
AT .
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S —NE, ENENOFET —NT L OEE =
2L —FTEODOY TV I L —F EFOEFTF—N
WEITITREF AR LA TP Y Ay ME
FVE, FNENEFF - NORETRET S, b=
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B —CRI VRV NEFETSEL72DOHH A v
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Ayt =Vl oTIvR=—F Y NEEFTH., T R—
Y NDFETE TR, FEAT— D5 OEE THMmE 2
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VAT LAY ba—FF, -2 ELT) &
BT, FATH — N OB AR LA A 8 T —
A% HT—=RM) 3y FYIab—F |20 LIRS 5.
= E ARG T, KT7T v M7+ — L5 EF) LT
MoV — A% HEIICIER LETITREL 2 5 £ TOFEAT
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ERT SED L TOETHIE TV —7 > R) 2479.
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Y= e EFEATH — NI B IEROTHEE S, ZOTFE
WAEFIH L CETY =N L THEREITY. 208X,
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N7z, A=Aty NI =2 OWELRITH. ZOF —
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IZBWT, N2 UPBEHTLYT I 2L = I
FTHFEITHF—NHDOTCP 247 ¥ a3 YLV EN 5.
WIS, HI—_EU Ay M3 L=y OEEERIEL
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