Response time analysis for composite Web services
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Abstract— Service Oriented Computing (SOC) strives for ap- Web services is constant. The objective of this work is to
plications with services as the fundamental items of design, and gvercome these two limitations. So our study takes into
Web Serv'ciiﬂf‘g'“g das thed egab“”% teChnglogy' .Webhser"'cesaccount different statistical characteristics for thevises and
use open -based standards and are becoming the most . . .
important technology for communication between heterogenous _a randqm ”‘%mber of invoked services. The former extension
business applications over Internet. In this paper, we focus on IS required in order to handle heterogeneous servers w.r.t.
mean response times. Thus we propose analytical formulas for the performance criterion. The latter one captures the fact
mean response times for structured BPEL constructors such as that the number of invocations depends on the parameters of
sequenceflow and switch We propose also a response time for- e request which are used as a filter for invocation. More
mula for multi-choice pattern which is a generalization of switch o . . . .

specifically, in this paper, we give analytical formulas for

constructor. Contrarily to previous studies in the literature, we . s
consider that the servers can be heterogenous and the numberthe mean response time of structured BPEL constructors (lik

of invoked elementary Web services can be variable. sequence, flow, switch) and of multi-choice pattern.
Keywords: composite Web service, BPEL constructors, ré&his work is organized as follows. Section Il presents ezlat
sponse times, analytical formulas. work. Section 11l details the different structured BPEL eon

structors. Section IV presents analytical formulas fopoese
. INTRODUCTION time of these constructors. in section V, we give the respons

Service Oriented Computing (SOC) introduced the concefitne formula for multi-choice pattern which is a generaliza
of software as services, which can be integrated and reusiesh of switch constructor. Numerical results are given in
by other applications. Service providers publish theivisess section VI. Finally, section VIl concludes and gives some
in Universal Description Discovery and Integration (UDDI)perspectives to this work.
These services are searched by potential clients, therefor
reducing time-to-market of a product. Service Oriented Ar- Il. RELATED WORK
chitecture (SOA) [14] provides a paradigm to use capabil- Most of the work in the domain of performance of Web
ities that may be under the control of different ownershigpervices is concentrated towards composite web serviags an
domains. Interoperability among service providers is egtsu their response time. The execution of a composite servige ha
by open protocols and standards like Web Service Descniptibeen studied as a fork-join model in [1]. This model states
Language (WSDL) [15] and Simple Object Access Protoctthat a single Internet application invokes many differergbWV
(SOAP) [16]. services in parallel and gathers their responses from edleth

Elementary Web services offer only limited capabilitiedaunched services in order to return the results to a client.
Thus a composite Web service composes elementary Wedrver times for composite database Web services has been
services in order to achieve a complex request. This costudied in [2], which follows a fork-join model of execution
posite service controls the coordination between elemgntd he author proposes that while performing a join operation,
services. This process is called Web service orchestratieervers with slow response times can be eliminated to max-
and is transparent for Web service clients. Composite aervimize the performance. The work is more oriented towards
activities may be defined by control flow graphs and datiudying fork-join model in order to understand the merger
graphs. For a service provider, it is important to (uppeQrub of results from various servers. The exact analysis of fok a
the mean response time of a request given some reqyest system, under some hypothesis, can be found in [3].&hes
load and some architectural environment. Furthermores, thiypothesis state that the number of servers is equal to heo, t
computation should be performed before the deployment job arrival is Poisson process and the tasks have expohentia
the service. Moreover in case of a composite service, ttgsrvice time distribution. Nelson and Tantawi [4] proposed
performance evaluation also depends on hypotheses aloutath approximation in the case where the number of servers
invoked elementary services. In a recent paper, Mén§kc is greater or equal to two and homogeneous exponential
studied the response time of Web services with the sarmervers. Thereafter, a more general case is presented[ifi,[6]
statistical characteristics and where the number of indokevhere arrival and service process are general. An upper



and lower bound are obtained by considering respectivdly this paper, we are interested on thequenceflow and
G/G/1 and D/G/1 queuing parallels systems. XML andswitchactivities also called constructors. In the following, we
SOAP protocols have been tested for their execution time agige analytical formulas for response times to each consitle
throughput [8],[9],[10] by executing and measuring resg@n constructor.

time of SOAP-based Web services. Latency of SOAP imple-
mentations currently available has been presented in [8] an
are compared with existing protocols such as RMI, RMI/IIOP
or CORBA/IIOP. XML-based protocols for Web services have In this section, we give analytical formulas for mean
been critically studied in [9] and binary encoded protocas h response times for structured BPEL constructors and we
been proposed instead of text-based XML ones. Klingemag@nsider the case that the execution time of each elementary
and al. [11] use a continuous Markov chain to estimate tiy¥eb services; of a composite Web servicg, is exponentially
execution response time and the cost of workflow. In [11], trilistributed and we consider also that the number of invoked
authors propose an algorithm witch determines the QoS oflgmentary services are random.

Web service composition by aggregating the QoS dimensiohBus, we consider in the following the basic control patsern
of the individual services, based on a collection of workflogupported by BPEL standard. More specifically, the control
patterns defined by Van der Aalst’s and al. [13]. These Qd®tterns considered are: sequence, parallel split (flaejue
include upper and lower bounds of execution time as welive choice (switch).

as throughput. In order to improve the availability of. WelA Computation for thesequenceconstructor

services, Cotroneo and al. [11] propose a new architecture )

of middleware which is suitable for increasing the service the constructorsequencecorrespond to a sequential exe-
availability for a group of premium users. In [12], we havé&ution of 5; to s, elementary Web services. The analytical
studied end-to-end response time for composite Web servié@mulas of mean response tingg(77*“?“<"<¢) is given by:

IV. RESPONSETIMES OF STRUCTUREDBPEL
CONSTRUCTORS

representing a factor of Internet overhead in the execution n

model. Contrarily to these previous studies, where theeserv B(Teeamenee) = ZE(Ti) 1)
are not supposed heterogenous and their number is always i=1

constant, the objective in this paper is justly to overcoheart Proof: The execution time of composite Web service

limitations. Thus, we propose analytical formulas for meag composed byn elementary web services is given by:
response time of composite Web services assuming thatrsergesequence — S~ T, which is easier to derive from equa-
are heterogenous and the number of invoked elementary Wejn (1). [

services can be variable. Case of homogeneous servers the case of},i € {1,...,n}

I1l. BPEL CONSTRUCTORS are random variables with exponential distributions wétte

Business Process Execution Language for Web servi(fgg eaghﬂ, the mean response time of composite Web service
(BPELAWS) has been built on IBM's WSFL (Web Services 'S trivial and is given by:
Flow Language) and Microsoft's XLANG (Web services for A "1 n
Business Process Design) and combines accordingly the fea- B(Tea ) =Y SURBY
tures of a block structured language inherited from XLANG i=1
with those for directed graphs originating from WSFL [5]Case of heterogenous serverss we said before, we over-

The language BPEL is used to model the behavior of bogame the limitation of other studies by considering that the
executableand abstractprocesses. servers are heterogeneous. Thus, we consider that the-execu
» An abstract process is a not an executable process aioth time of k elementary services; follow an exponential
which is a business protocol, which use process descrifistribution with rate;, and the execution time of — &
tions that specify the mutually visible message exchangervices follow an exponential distribution with rate Thus,
behavior of each of parts involved in the protocol, withouhe response time for a composite Web sendcis given by:
revealing their internal behavior. n—k k
« An executable process specifies the execution order be- B(TE ) = \ + —
tween a number of activities constituting the process, the K
partners involved in the process, the messages exchanBedcomputation for thdélow constructor
between these partners and the fault and exception hanone of the most important benefits of the component
dling specifying the behavior in cases of errors anglpproach is the reuse. In the WSDL language, the elementary
exceptions. Web services are conceptually limited to relatively simple
In the BPEL process each element is called an activity whiébatures that can be modelled by collection of operations.
can be a primitive or a structured one. The{setvoke, receive, However, for some kind of applications, it is necessary to
reply, wait, assign, throw, terminate, emp}yare primitive combine a set of Web services into composite web services.
activities and the sefsequence, switch, while, pick, flow,Thus, in this section, we are interested to the mean response
scopg are structured activities. time of a composite Web servicg which is composed by




elementary services invoked in parallel. In [1], the authioe [ ]
an analytical formula for the response time of flow constuct Case of homogeneous serverfn the case of all elementary
but he suppose that is fixed. Our contribution is to considerservice times are exponentially distributed with the saate r
thatn is random. In addition, we generalize the results givek, (i.eVi € {1,...,n}), A; = \), the response time fd§ given
in [1] where the author consider that only one execution time [1] is:
of an elementary service is different. Our contribution [Eoa O (—1)k

. . . . E(Tflow) _ Z ) (5)
to consider that we can haveelementary service times with éap n 2

. : . AM1+k)

rate n andk — n others with rate with & not fixed. k=0

In the following, we give an analytical expression for th&ase of heterogeneous serverfOur generalization is to

mean response time: consider that elementary service times follow an exponential

flow LEES n distribution with ratex andn — k elementary service times
E(T7) = Z /0 tfit) HF 5 (t)dt @) follow an exponential distribution with rat® and with & not
=1 7 fixed and we consider a factgrwhich is the slowdown factor
where: o such thaty = g\. With these assumptions, the response time
T/ = Maz{T;,i = 1,n} of S is as follows:
As we assume that the random variabEsare indepen- E(Téfj;w) =R, + Ry (6)
dents, the cumulative function of random variatlié!*® is ‘
iven by: B e i . op, it
d y Ry =kp 3320 om0V poggricane

n

n—1j ;omy xeiTm
F(T!w) = p(rllov < 1) = [ Fi(t) Ry =(n— kA3 20 Yo (1 g —ani
i=1 et
So the probability density of flov is: This equation (6) is easily derived by the equation (4) by
n n considering that\; = u, Vi € {1,....,n — k} and \; = X,
frsiow(t) :Zfi(t)HFj(t) @) Vie{n—k+1,..,n}
i=1 i
Thus E(T/**) can be derived easily. C. Computation for thewitch constructor

e o . In this case, we consider that we have one choice of
Case of exponential distributions.We give in the following elementary Web services. Lgt(Y — i) the invocation
the mean response time analytical formula where the ra”d%bability of elementary Web, with S P(Y = i) = 1.
variablesT;, i € {1,...,n} are exponentially distributed with | this case, the response time ssfitch constructor is given
ratesA;. by the following analytic formula:

ow - (_1)‘X| -
BUL=2 N > m—amp @ B(T=) = 37 P(Y = ) B(T)) ™

i=1  XeP(E\{i}) i=1

: i h ili i f . .
ran dErrr? c\)/fari aE{grn}lo?vqil;agi(\)/gnsﬁyt[ e probability density 0W|th E(T;) the mean response time of service Proof:

erp First we compute the probability density of the random

n e TA s variable Tswitch The cumulative distribution function of the
Fpsge(®) =3 Xie ™ [ —e™0) variableT***" is defined asFy.uien (t) = P(T***" < 1).
=1 el According to the total probability theorem, we can write:

The average response time is: n
Frowien(t) = > P(T™"" <\ 'Y = i)P(Y = i)

n foe) n
BTy =>" )\i/ te M [ —e ) dt =
i=1 0 i '
. 7 Thus, probability density function of random variafif&®tch
As we have: is given by:
vn>2,[[(1-e N = (—1)Xle=(Syex A1) " .
Jl;[ XEP%J:\{H) Frowsen(t) = Y fr,()P(Y =)
i=1

Thus we obtain that the mean response time for a composite . ,
Web servicesS is given by the following formula: The definition of the average @*“<" allow to deduce the

" x| result given in equation (7). [ ]
E(THe)y =>"N Y (=1 . Case of exponential distribution. As in this paper, we
i=1  XeP(E\{i}) (jex A + M) consider the case of exponential distribution time for each




elementary service time, thus the formula for mean resporiBee cumulative function of uitichoice jg:
time is given by:

, " P(Y =i
i1 i We can derive the probability densityrmuitichoice Of
Tmultichoice gnd we obtain:

n
Frousienoice(t) = Y Fr., () P(N = i)
i=1

Case of heterogeneous server#is well as in the case of

n
the previous presented constructor, we give in the follgwin Frmuttichoice (t) = ZfTSiP(N =)
the response time for the case that the execution times of i1

elementary services are not the same: n

4 = 1 & Case of exponential distribution. As, we consider the case
B(T3wteh) = m Z P(Y =1)+ Y Z P(Y =1) (9) that the elementary service execution times are exporfigntia
i=1 i=n—k+1 distributed with rateA and the invocation probability of

In the next section, we are interested to multi-choice patteSl€mentary services; is p, thus the mean response time
which is not supported directly by BPEL, but it can bdOf composite Web services can be easily derived from
implemented using the links controls inherited from WSFL.&duation (10) and is given as follows:

n 1—1 _1\k
V. COMPUTATION FOR THEmulti-choice PATTERN E(Tmuitichoicey % Z Cip'(1—p)"~t Z ((1) (11)
i=1

“rp 14+ k)2
The multi-choice pattern allows the invocation of a subget o k=0 )

elementary services among thepossible. Take for example Case of heterogeneous server§Ve give also the analytical
the case of a booking flights operated as follows: Web sesvidermula for composite Web service response time where we
invoked depend on two criteria namely the city of departuonsider two classes of elementary services. The execution
and destination. Next, according to these cities, agenclé#se in each class is the sam¥.! (resp.N?) is the random
providing this trip are invoked on parallel. The number ofariable which defined the number of elementary services in
services, and relied on is random. LEtthe random variable class 1 (resp. class 2). The mean response time formulaois als
for the number of invoked services anbd(N = i) the derived from equation (10) and is given by:

probability that the number of invoked service is equalito E(Tmultichoice) _

with n maximum number of the invoked services. In this case, erp

the response time of composite web sendtes given by the k
foIIowin% formula: i ’ ’ Z P(N' =1i) ZE(Tmu“whmse(i’j))P(Nz =j/N' =)
i=1 =0
multichoice S - (12)
2 _ il sy CexChh
Where E(Ts:) is the mean response time for composite Web P(N®=j/N" =) = ci
serviceS wheni elementary services are invoked. VI. EXPERIMENTAL RESULTS AND DISCUSSIONS
Proof:  First, we give the cumulative functionn this section, we present some numerical computation and
Frmuicnoice(t)  of  random  variable 7Tmultichoice  ragyits that we obtained, when two classes of elementary Web
Frmutsicnoice (t) = P(T™ultichoice <) From totaly services are considered. Indeed, some elementary weltservi
probability theorem, we can obtain: execution times are exponentially distributed with ratand

n others with rate\. As in [1], let first define a heterogenous
Frmutticnoice () = P(U{P(Tm“’”c’wice <t)AN=14})  coefficient notedy, such asu = gA. It's clear that ifg = 1,

i=1 then all of elementary Web services belong to the same class
(i.e. the elementary Web services are homogeneous). Howeve
if ¢ > 1, it means that Web services belong to the second
class are slower then services belong to the first class. For
simplicity, we assume that the probability of elementarybWe
services invocation ip for all services. So, the response time
thus, of multi-choicepattern is given by the following equation:

The events ¥ =, i € {1,...,n}) are incompatible, so:

n
Fromuttichoice (t) = Z P(Tmultichoice <tAN =1
i=1

Frouicnoice (t) = Yy P(T™Hhoiee <g\ N = i) P(N = i)  E(Tewp) = »  P(N' =i) Y E(Tix)P(N? = k/N' = i)
i=1 =1 k=0

(13)
so: n P(]V1 =1) = ct i(l )"72’
=i)=Clp'(1—p )
Frmuttichoice (t) = E P(Tq: <t)P(N =1 ko riek
e ®) =1 (Ts: < P i) { P(N2 =k/N =1i) = G xCns XCC,L-'”_S.



It's clear that wheng = 1, the synchronization time is thefor mean response times for structured BPEL constructais su
same for any value for the number of elementary Web servicassequencgeflow and switch We have also given a response
belong to the second class denoféd. In figure 1, we give the time formula for a generalized case such rasilti-choice
response times by varying the slowdown facioand where pattern. We have proposed an extension of literature sesult
we consider different values of the number of elementahirst, the generalization for the case where the number of
services for second class. We denotestipis number which invoked elementary Web services is random. Second, we have
takes these valuess (= 5, s = 10, s = 15, s = 20). In considered that the server times follow exponential distion
figure 2, we give the response times by varying the the numhweith different rates. In perspective, we plan to consider th
of elementary services for second class and we consider tase of no exponential distribution times for elementary we
case ofg = 10, ¢ = 15 and g = 20. From figure 1, services but we will consider heavy tailed distribution avel

we can conclude two things. One for any valueéf, the will give the analytical formulas for BPEL constructors.sél
synchronization response time increases exponentiallytive  we will consider more complex composite web services.
heterogeneous coefficient Second, wherg = 1 the response
time of the composite Web service is the same for any value
of the elementary Web services belong to the second cldéis.ﬁ]-tA-r r':/lftfnasn? ”Ft{ﬁsponlseétin’:le a;lalysiSQ%f ggmzilgg»jlte Webices”, IEEE
From figure 2, we can notice that the waiting time increass, M. Shart. "o the ‘;gs'po‘nsg'tir;]gpbf the. large-scale compovie
services”, Proceedings of the 19th International Teléitr&fongress (ITC
19), Beijing, 2005

) [3] S. Hahn and L. Fatto, "Two parallel queues created byalsiwith two
o | P demands”, Applied Mathematics, Vo. 44, pp. 1041-1053, Octdl@84
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