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Abstract With the rapid development of information technology, the IT infrastructure paradigm is shifting from
component based architecture to service-oriented one. Services computing is hence emerging as a new
computing paradigm and is widely used in many fields. As a number of demands from several aspects have
arisen for both services and services computing systems, how to configure and manage the systems to satisfy
multi-criterion Quality of Service (QoS) requirements from customers and service providers has become a hot
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topic. Because of possible complex relationships and tradeoffs among different attributes, such multi-objective
optimization faces challenges. In this paper, we make a survey on the existing research of multi-objective
optimization in services computing. The metrics in optimization are introduced, and five typical models are
summarized and compared from several aspects such as applicability and complexity, their relationships are
discussed. The corresponding methods for solving these models are introduced and analyzed. Finally, we

prospect the possible research challenges in the future.
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#: U TEMWAMES T 8. RRTERFIMER
eth, AR RS T H S R, T8
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T R R AR 2R, AR AT LUR bR
FNERAE T I @A, AT Em R E, K
R RS o BhA RIS e AR YL (1 22 it ) 8
T AL IR R REPC AU B i) RS . an ST RR [B4]HF 7T
IR 55 2H A Rl B, B SR R M HUL B B R Ui s AN
FHEE N E R, IRSSoTE Qe 2T E] . wTSEEAE N
LIRS o FAENe R R RO AR, AN
AT TIRIEMRS, W ERRS I, EEAE
TR R EEYE, im0 2R SRR T E A
7B . 1% CEHE— 0 R BRI Tk K i
AR . BRI S RAE AT I TR R ) 1)
SANEREAS n) R B N, R IX T 1) 3R
o AHEE T 752895, SRR L IR AR IS K
Pem, BRI T RO 2 B ). thah, 3
BHRRIIT VLR AT 75 20 2 AN o F, BT
GERFNE B 10 . 0T AN I R 3K AN SR A 1 i)
W, B IRITE TG E R .

e B A, A A FH SR A R 04 I . — SERIF 7T
W MR 25 20 1 T 4t G s PR TR R, R ) PR
SRR, DAUSCHR[37TIAM, AR R 20 R () e i
P45 1) R BP0 IR 45 2H & W &, I FH Constrained
Bellman-Ford(CBF) 5% K fi# . 12 CFFENL 1 XF M 1)
BrE, HAoE AR T EERS, QoSS
HIARAE . etk im i ) E sk 18, R
W TR 2R AR B A O, e R R
R %5 40 G i) R ) B AL . AR T HoAh T v, B
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B REF, RAHTIE BRI BeAE o K &=
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=E. HiERREENIEmAE, ST RLE
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D0 LR SR AR A AR TR R ) — 2R U
RAREIEA, e TR GHR TS 55 B ]
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F 40 H BB RERFIE I 505 52 B A R FUR Talk 5t
MIOGTE. H20MHZE80FAR IR, 1R 2B A & e

RANBOE SR BB KB BARSIRSE, ViR
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~HV(S)
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R E AR 1% SR IR SR FE A (0 8 AR AR AE BB A
KIEARE AR S b, 2R EIER R 2
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4.3 ETHHERNEREML S E

ZREBIMR S IR EE IREAT N ZHEE
AR 538 SR A e P, 7R AT IR 55 & 1 A4k
Iy, G EE R RS SAT AEENE.
HREER: (D BT RGN, Z)mH5)
BATH; (20 BTRENBEREAT R i, TR
GRS REERZ PR R: (3) (ECHZ
WA FIATIRA, A RN R RS HEURSS R
1298

o JRA] RAEA (Markov Model) J&PERELEAN 4
MEM T A, B A% /R KSHE (Markov
Process) Xf R MIBNAAT AT ZIE . BB
Y77 1AL B [A] B /R A K %% ( Discrete-Time
Markov Chain, DTMC). i 4:i[a] & /R o] K 4%
(Continuous-Time Markov Chain, CTMC). 2.5 /K
Af RIS FE (Semi-Markov Process, SMP) %%,

N T ITERAT RS BB b, DR AT KB
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A REEFR N — A B /R A K EHR A (Markov
Reward Model, MRM). F1Z/Ra] FRFEHML, /R
A SR B AR 7Y R R 0] DA 43 Dy 85 s i) AR5 SR I (1]
PRI [ 4ERE . IR 5] N RV SR L T B
KR By /R AT R [RlHR AR ] DL A5 25 44 F1 2
ST REFBBRAE K, LR TEESSIIEN
A ) TR, BIRAf K ER R, — 85 S f
B IQoSHR bR, [KIUk, W] LA Suxt B /R a] FAk
BUBAT o M sk A, R BIBAIRE i e S RS

7 BEIESS SRS ERE . BRI RSTRE

[l A 01 AL AT A«
F_Q:Zﬂi T (18)

XL, A (18D o 3 Bl 1] i%E L ) L R ] R
PR B e EH . i —2, & SR E MRM A
BFUCIRAS AR IT () () B A (a0 AR (5], 0 mT AUERH, BS#k
B 171) 5 R ] K (] R A% R RT3 488 ) 5 R ] Ok (e 4R
B SE Y 51,

I EHRAE R R, AR AR RS
SRR GBI Z BRIXTRE R, Bl
RAC T LRI A] SR i i AR QoStiabr . X B, &
ATV A — PP 2T S R AT K [ R A g A 5
H—— 4R Al Kk £ (Markov Decision
Process, MDP). ‘& /&% T BRI FEEE 18 (1) b
MW RGN — MR RE, RI8E %
SRR — AN EES

— AR IR AT R SRS R AL AR AN AR
HER: (D IRESERS: () 1TNERA; (3 i
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AS"; (5) b EFrmE. XH, R ERRE
LA MIER. B2 mAadriE TR E
Pro BT E R, X AR5 BRI 26 ARk
Weas, FEE— 2R B e O S ETAT A B EETS
[E] AR N 3fe LAFT 0 Rl U A SR Rl AR A . IR S50t
S, xR B AR R AR AR % i AR R )
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(19
E R LUE e N s i =R, B
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AT T8 MDP AR BRI TR FR RS 6 Aok
PR HEAT B HT 41, AT RLGRAIE S AR 8] 22 0 e 2
YAe il i A LS R 00T . B d LAY — 2K MDP il i,
A DA H 22 g AR R AR BVE AT SR G A BVA SR A5
Bl ALARe, 2R ErT DIER], EREIRES IR
i r(s,a) & Xy /R AT R [mlR AR AY o e 4 4

r,» Mi% MDP Rffx MRM #EAI S5 AL /& %%
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MRt ERTH T IRS T R G S LA,
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. .1 N
maximize LmNE[;r(sn,an)} (22)

XFFZ 2R MDP [l 8, A] DL AR B IEAR
RO R A . SCER[B2]HE— D 4aH, 454 ik
[68] 1) MDP )t 4 2 2, AT LAIE 1% SRk 19 31 45
R sARE.

H T Bl AL AR B () B A P A4 T 25 DA BE B3 12
EEA, TDAZIE RRBESATH, FE RS R E)E
PEBEAT TN . EREAUSERE b, AT DA b IR 8 1 2
R LSRR, AET T2 BArMRiL. [H
i, FSEMFEE RS, NimEn T —E
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MRS RS T 2 H ARG IR R 5 SR A 7T 13

Wy, AEAEAE B R R T A 207 SRR
{E AT eSS I (5 A

5 ZBERENSMK

(R AR DN L1 5 S S R
Stite. ST, SHCREER, R8N
PR — I AR RS, RGN BT R EM TR
SRR S RK R R, RS E RS
T, B SRR R, RSS2 8 H AARSS
HAERIEAILFEPME, 2SS TENFARE & KR
i RSO I 58 eI 20 2 S RE I 18] 42
TR . A TSI, s TERE
gk RGUARL, FEAF S M AR S8 BT R FN &
Gt 18] RARAIRZIREE, BB 18 ) S AR 1
Ly IR R RIS REET] . 42 [ oS (4T 9 e 15 52 2
TSR, ALR SO R 2 D AR SZ R
B LA ) RN 52 BR A Zh A A 1] itleel
5.1. EZREEZSMALENE

FA TR HbrshS A, Clg /MRS
AN, AEZIREIZ B bRsh AL R R B bR R4
W AA WA

® RN E] (finite horizon) B RLAS k%L

f :E{Tif(st,at)} (23)
® 55 IfE Cinfinite horizon) ZE AT 1A
BRI
f:E{intf(St,a[)} (24)
® LTI [P A B L
f_ﬂm%E{gf(%%)}- (25)

Hrh, nel0,1) ArfnRE¥, —& (one-slot) A
BREL f (s, a) AT LLSE SUHN

f(5.8) =D W1, (5, 26)
R (26) s 55 a SRR RALEH AT

AEEPIRSFERII AL, £ (s,,8) Rk H AL

I NHEAR w, e R ZECE % H R HIBUA

BEX A BRI 8] By /R AT R SRS )l (23), Wiz
FE: T SRR LSRR B 2 AR SR ms s X
F3 I [a) By /R AT RS e (24) 5 (25), WHigH
%A (value iteration) 5 5% %48 (policy iteration)
SR, G EACIUR & 7 R R AR i AL NE . Bk
FEAE SR N b AR T TN R (1) 5
VRS R I A ] A AT O SRR, R
N“YERUR ME” (curse of dimensionality) [E 15 ; (2)
B HEA TR AN R LA & oA {5 B AR,
FESEBR . AREBENLAE B (AR S5 18 SR 1) 2k
R EE AR, ARMEH AR i %) i H 5
THEFIE . EFXXEEXER, Wiz H sk 2 2] olal i fuL
FIARIRITUET VL, WM ELN & E I Hik, F
KBNS A I 8 ) dpe DR A AR g r2as]

5.2. ZREVEIFSMALIEIRR

TEZ IRIIBhA AL R R, BRI SRR e SO
AT (23) - (25), X HLEE fi 5B 2 At i [
P15 (time average) 2112 HARSIAS AL 7] 77 :

minimize: f (27)
subject to: g, <0, ie{l... 1}, (28)
h =0, jefl... 3}, (29)
a, eA(s) vt (30)

Fob, A(s) RAGATIE s I 0T 47 B0,

FAreade F . 2oseRg, fh, 53505 8-

t=

?:!E%E{if(@’a’t)}' (31

ﬁj:IimlE{ihj(at,a)t)},je{l ..... 3. 33

T~>00T o

A (31 - (33) 1, o BoRIMEBBEHLAS AR t
W EIREAS ST . B T IR a2k, B 18] -4 5 %k
f(a,®), 0,(a,0)Ah(a,o) 2HTCH (),
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g:(t) Fh,(t). T (27> - (30> W% Hizahash

A e AT VA2 N 32 FRIK By 7R AT R e s i) @ (CMIDP,
Constrained Markov Decision Problem) 74, %%
H ARSI LA I ] s 2= e 15 % (Lyapunov)
Ak £ 75 01, Wik B A A DPC,
Drift-Plus-Cost) f/MEFIERAT KR, FHINEAE
DPC Hik it LA R E IR
(1) & SUBHEAF

AN [B] S5 20 8 SO LI RE AL BA A, I
I FH A RS P 38 R UE T 2 B )P 2. % T
AEELLR (28) MIEEXLAW (29), HEEHLEAF
AT 53 5E X

X, (t+1) =max[ X, (t)+g;(t), 0], Vi (34)

Y, (t+D) =Y, (1) +h, (1), Vi (35)

NI A RS ARIN 2 R GEHTAT RE LA S B AL FRPIR S
(2) 5 (AR B AR RS

NTERERGMRE (28 B, & XK
&S PN RS

L) =%Zai IX,®F %Z AVOT @o

ok, g BB, A BIFSRIRT B X, () A1, (1) (04

B, ATSEHUNANEAFIIX 73 1E RG24 HT TR
ARG MFMET, & XFEMREHERER
(Lyapunov drift) SAyAH &I I 2 ke i of $ v 22
ISR EE
AO@) =E{L(Ot+D)-L@O®1)|O®1)}. 3D
(3) & X DPC H¥ e H 7
BEx s/ G TR R, 5 SO A T R 2
AO() +VE{ f (t)|O(t)}, (38)
Hrr, w[HZHV >0 HTHEGIFER R AG®R) 5
A BEBE( f (1) | O(t)} Z [ (tradeoff). 77V

UBUEASOR, 2R B R SR A AR GBS RS E TEAT
ARz 18], SEAE T A AR T R
BT SR ST, R (27) - (300 AT K
G A e A 1) L

minimize : Vf (t)+Z|:Xi(t)gi(t)+in Oh; ()
a, € A(s) Vvt

XfTAEEI L, A (39) & —MErS i in i,
AR IR B R, B RS LA SR AT R

i, RRIERRE e . AR5, Fa AR (34) Al

(35), HEHTHEALLBAS IR -
IR (27) - (30) fALEWATRE, HAMHE

WAL oo, % TS 1) ¢ ASZ[F] 7347, W DPC /MU S

(39)
subject to:

VR 5 TRAIE RE FABA 51 X, (1) A Y, (t) i 2 AR T 5%
fho BEAE, RGEFE RAH 2

1 = - B
lim=E fRr<f +— 40
lim = {Z ()} v (40)

Hot, B>0 HH, F RomE S H AR (27)

. X (400 R, HPEEHIZHV >0 £
5K, W DPC H/MERVERENS S R G T3 A
R AL ] o

DPC fx/ MU TR T3 R AR R4t 4T 1Y
RSB, LR A MR S etttk 2 8] () ]
PP ZEVERIR AL T SR IR UK T &
GUAE TN Z AR RS, RIAELR B L. 7 4h,
ANETAEGHE R MGER L, DPC f/IMLEIET
FIEAEET RGNS TIE R EL (value function),
M RETE— E R _EAH] IRE A ERLE”. HiXH
EAE N B ARE —E BR R (D {U&EH Tk
fif H B BR B8R 2 TR R H50 35 g I ] ~F- 257 o ) 1 2K
BF R TE M (2) ASHE AR YL TR 1) W 3R A5 ()
(action space) it K[l & .

M R H IS 2 B Anahs Ak i)
N C A — 220 7T R [6][46][76]1[77][781[79]
B, SCHER[6)EFXT SaaS 7T & N FH i >R 1 2 Fi
RIS C IR, da AR R AT, Wt T
—FRELR YIS . AR BT R g .
I AERMLIAE, 2Bl SaaS =7 & RS
PR, IR PR RGFERE . SCHR[46]) K H 4
e T R AR A B T R P IR 55 v S b IR 55 R R LU
PR, SEILT RGUNES . BRAE. WA R R ) 2
Hbrflitk. SCER[76175%¢ 1 N FIRRHELE (CER,
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