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Abstract: QoS allows for the selection and execution of Grid workflow to better fulfill customer’s expections.
Introducing of QoS can provide means for schedule of component services and make the execution of workflow
satisfy the requirements of users better. The estimate algorithms of QoS and QoS-awared workflow schedule are
two basic problems of workflow QoS management. In this paper, the QoS parameters of grid workflow are
discussed, the corresponding QoS estimate algorithms are presented based on a Grid workflow model, and the
problem of QoS-awared gird workflow schedule is proposed. Some QoS-awared schedule algorithms are discussed
and a solution based on genetic algorithms is proposed.
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1 GPEL (grid process execution language)

BPEL4WS(business process execution language for Web service)! ,

, BPEL4WS ,
WSRF, . Web
BPEL4WS, GPELD®, :
D WSRF. WSRF 3
WSRF
2 : :
,  BPEL4WS . minvoke
3 - :
] , WSRF ,
(49 BPEL4WS , , BPEL4WS
[ GPEL ,
parallel,
,e-Science , (
), :
GPEL 9 (empty,invoke,receive,reply,assign,wait,throw,terminate,minvoke) 6

(sequence,switch,pick,parallel ,while,scope). ,
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GPEL 9 , invoke minvoke ,
(receive ) (reply ) (empty,assign,
wait,throw terminate), , . 6
:switch ;pick
, (switch ) (pick )s
;scope (
) , . ,  GPEL
scope 5
2
2.1
Web
[8,9]
,  Web )
5 ( )
(1) : [8],
2
(3
(4) : ,
(5) : ,
N
, Ry= Z Rank; /N .
i=1
1 , GPEL
invoke , invoke
Ti nvoke:Ts;
Cinvoke=Cs
Rel invoke™ Rel s
Ainvoke=As;
: Repinvoke=REPs.
yTi nvokes Ci nvokes Rel i nvokeyAi nvokes Repi nv0k61T51 Cs: Rel SIA51 Reps I nVOke
minvoke ,
, N. minvoke
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N
Tml nvoke — Mlﬁx{-ﬂ} ’ Ti i

N
lenvoke = ZC| ’ Ci i

i=1

N
Rel e = | | R Rel i
i=1

Anlnvoke = lj! A ’ Ai i

ReD i nvoke = ZN: Rep; /N, Rep [
i=1
scope
.scope
Tecope=T(a), T(a) a

Csope=C(a), C(a) a

Relscope=Rel (a), Rel(a) a

AscopezA(a)n Ad) a
Repscope—Rep(a), Rep(a) a
(sequence)
) N.

T =2 T@)T@ 2
Conmre = >C@LC) 2
Rel s = H R(a) Rel(a) &
Ao =[[Aa)AR)

N
REPqquence = 2, REP(a,), Rep(ay) a
i=1

(switch,pick)

N
N, a Pi, 2 p=1

Tselection - Z pi *T(a1)v T(a|) q

i=1

Cseiection = Z P C(a| ), C(a) g

N
Relsslection = Z pi * Rel (a1)1 Re'(ai) aq

i=1

Agiection = Z P A(a|)1 Aa) g

N
RePqsccion = 2, P * Rep(a,), Rep(a) a

i=1

(while)
P ’ a 1—p
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Twnile=T(2)/(1-p), T(a) a ;
Cwnile=C(a)/(1-p), C(a) a ;
Relyhile=(1-p)* Rel (a)/(1-p* Rel (a)), Rel(a) a
Aunile=(1-p)xA(a)/ (1-pxA(a)), A(@) a
Repwnie=Rep(a), Rep(a) a
(parallel)

Thas =MAX(T@)},T@)  a ;
Craa = >C@LOR) &
Relpaa < [RER). Rell@) ;
Aparaiia = lﬂ! Aa), Ala) a ;

N
Rep e = 2 Rep(a )/ N, Rep(ay) a
i=1

GPEL

getResponseTime(activity a) //

{
responseTime=0; //

invoke
responseTime=getTimeOfSerivce(s); //invoke
minvoke
responseTime=Max{ getTimeOfSerivce(s,),...,getTimeOfSerivee(sy)};  //

scope
a,
responseTime=getResponseTime(a); //

ay,ap,...,aN;
responseTime= Y { getResponseTime(a,),..., getResponseTime(ay )} ;  //
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ap,ay,...,aN plrpZ!"'!pN;
responseTime= Z{ p, x getResponseTime(a,),..., Py % getResponseTime(ay)}; //

a p;
responseTime=getResponseTime(a’)/(1-p); // a

ay,ap,...,aN;
responseTime=Max{ getResponseTime(a,),...,getResponseTime(ay)}; //

a responseTime; // , a 0
Yo
o).
3
3.1
, (
)
n , t
a rep
t=t(t,,t,,t,)
c=¢(C},Cp1ensCp)
rel =rel(rel,,rel,,...re,)
a=a(a,a,,..a,)
rep=rep(rep;,rep,,..., rep,)
t;,Gi,rel;,a rep; i

@

;tcrel,arep
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Max
1<T,c<C,rel>REL,a>A,rep>REP(
)s
¢ @)
t=t(t, b t,) <T
c=c(c,cC,,...,C,)<C
rel =rel(rel;,rel,,...,rel,) > REL 2
a=a(a,a,,...a,) > A
rep=rep(rep,,rep,,...,rep,) > REP
,T,C,REL,A,REP
, i m,
: o)
: 2
3.2
: @ : i m : m
i=1
n
. (MIN(My,...m,.om))" <[ m < (MAX(my,...m,...m))",
i=1
e-Science , ,
NP , ,
(1)
) n , n
;o OXXXXXXXXX XXX 3 ,
, 1101j00111j101 1 13 2 7
3 5
2
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: (ITm) ,
i=1
10~160
3
2 . @
1-t(t,,t,,.t,) /T >0
1-c(c,c,.,....C,)/C>0
rel(rel,,rel,,...,rel,)/REL-1>0 3
a=a(a,a,,...,a,)/ A-1>0
rep(rep,,rep,,...rep,)/ REP-1>0
3 -
maxobj =rel(rel,,rel,,...,rel )/ REL+a(a,,a,,....a,) A+rep(rep,,rep,,...rep,)/ REP - @
t(t,t,,...,t,)/T —c(c,,C,,...,C,)/C
i J ’ relilahrepiltiici ’
i j 3
( @) : :
(t(tl,tz, e ,tn)/Tzl,C(Cl,Cg, e ,Cn)/Czl), .
‘ :{2+obj, 2+ 0bj .>0 5
0, otherwise
4
) , , (2 :
®)
(6)
, 0.5.
O
{0,1}
, , 10 0—1. ,
1) ;
2)
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, 0.001.
4
1 , 7
invoke 3 1 1 1
GPEL ,
Fig.1 A workflow example
1
4,16,8,4,4,16,8 , , 4x16x8x4x4x16x8=
1048576. 2.2 (6) (
t<600,c<500,rel>0.8,a>0.7,rep>80,
04 0.6, 0.8):
t,+0.4xt, +0.4xt, +0.6xt, +0.6x MAX(t;,ts) + 5xt, < 600
¢ +04xc,+0.4xc,+0.6xc, +0.6xc5+0.6xc5 +5xt, <500
rel, x (0.4xrel, xrel; + 0.6xrel, xrel; xrelg) x0.8xrel, /(1-0.2xrel;) > 0.8 (6)
a x(04xa,xa,+0.6xa,xa;xa,)x0.8xa,/(1-02x4a,)>0.7
(rep, + (0.4x (rep, +rep;)/ 2+ 0.6 x (rep, + (rep; +reps)/2)/) + rep,) /3> 80
3.2 : (
Matlab , 32 )

min f=l+lo+la=1 415,
11=(t;+0.4xt,+0.4xt5+0.6xt,4+0.6x M A X (ts,t5) +5xt7)/600,
1,=(C1+0.4xCy+0.4xC3+0.6xC4+0.6x C5+0.6x Cs) +5x C7)/500,
13=(rep,+(0.4x(rep,+reps)/2+0.6x (reps+(reps+reps)/2)/)+rep;)/3/80,
I ,=rel1x(0.4xrelxrel 3+0.6xrel jxrel sxrelg)x0.8xrel ,/(1-0.2xrel7)/0.8,
Is5=a;x(0.4xa,xaz+0.6xayxasxag)x0.8xaz/(1-0.2xa;)/0.7.
Qi =(ri 8 ,45,Ci ) , '

0, -0.27
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Best, worst, and mean scores
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1 Best: ~0.27332  Mean: —0.27332 16p
14
08!
: 12
06+ . |
: .
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> |
g 0.6
c 02f"'
£ § 0.4
of 0.2}
3 0 -
0.2
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Fig.2 The convergence of fitness function

rel=0.85>0.8,a=0.82>0.7,rep=89>80,

[10]

t=526<600,c=440<500,

3.2

CrossFlow

2
3,9,5,4,4,10,3,
, , (2
2n
[10].
CrossFlow!t12 [10] CrossFlow
: ,CrossFlow
(
( )

CrossFlow
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[10] ,
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