N

N
N

HAL

open science

Response time of BPEL4WS constructors
Serge Haddad, Lynda Mokdad, Samir Youcef

» To cite this version:

Serge Haddad, Lynda Mokdad, Samir Youcef. Response time of BPEL4AWS constructors.

IEEE Symposium on Computers and Communications (ISCC), Jun 2010, Riccione, Italy. pp.695-

700, 10.1109/ISCC.2010.5546538 . hal-04074347

HAL Id: hal-04074347
https://hal.u-pec.fr/hal-04074347
Submitted on 5 Dec 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.u-pec.fr/hal-04074347
https://hal.archives-ouvertes.fr

Response time of BPELAWS constructors

Serge Haddad Lynda Mokdad Samir Youcef
LSV, ENS de Cachan LACL, Université Paris 12 Lamsade, Université Paris Dauphine
61 Avenue du Prsident Wilson 61 Avenue du Général de Gaulle Place du Mal. de Lattre de Tassigny
94235 CACHAN, France 94010 Créteil, France 75775 cedex 16, France
serge.haddadd@lsv.ens-cachan.fr lynda.mokdad@univ-paris12.fr samir.youcef@lamsade.dauphine.fr

Abstract—Response time is an important factor for every Elementary Web services, such as described by WSDL, are
software system and it becomes more salient when it is assat@d  conceptually limited to relatively simple functionalienod-
with introducing novel technologies, such as Web servicedlost glaq through a collection of simple operations. However, fo
performance evaluation of Web services are focused toward tai f licati it i biret fs
composite Web services and their response time.One imporéa .cer. qln types o app_ ications, | ',5 necessary to comoiret a -
limitation of existing work is in the fact that only constant or individual Web services to obtain more complex Web services
service exponential time distribution are considered. Howver, called composite or aggregated Web services. This lastss po
experimental results have shown that the Web services respse  sjple using BPEL4WS (Business Process Execution Language
times is typically heavy-tailed, in particulary, if there are hetero- For Web Services) standard, which is the result of the merger

geneous. So, heavy-tailed response times should be conside . .
in the dimensioning Web services. In this study, we propose of the previous languages such WSFL (Web Services Flow

analytical formulas for mean response times for structuredBPEL ~ Language) and XLANG (XML Business Process Language).
constructors such assequenceflow and switch constructors, etc.  One important issue within Web service composition is ezlat
The difference with previous studies in the literature, is hat we to their Quality Of Service (QoS), which must be guaranteed
consider heterogenous servers, the number of invoked elemry o 9 adhesion clients. Web services quality of services is
Web services can be variable and the elementary Web services binati f | . d includ ditabi
response times are heavy-tailed. combination of several properties and may include av gbi
security, response time, and reliability of Web servicest F

Keywords: composite Web service, BPEL constructors, réis, quantitative methods are needed to understand, tpsena

sponse times, heavy-tailed. and to operate such large infrastructure.

. INTRODUCTION

Service oriented computing utilizes services to suppost lo The goal of our research is to propose an extension of a
cost, flexible software. The underlying services are lgeselrecent study [1], where we have taken into account different
coupled, thus allowing rapid change of such systems. Aghoustatistical characteristics for the services and a randaomiber

a framework for defining the functional interfaces of Welf invoked services and Web service response time are sup-
services has been established, non-functional propeetieain  Posed exponential with different parameters, contraalyhte
under-development. The Web services architecture is aefifodels presented by Manascé [2] and Sharf [3]. However,
by W3C (The World Wide Web Consortium) in order tgnost existing work only considers constant or exponential
determinate a common set of concepts and relationships th@gvice times. As will be shown in [15][5], measurements in
allow different implementations working together. The Wek® WWW and in e-commerce systems have observed heavy-
services architecture consists of three entities, theicervtailed server response time distributions. In this studg, w
provider, the service registry and the service consumee. Tiake into account the fact that the Web services response
service provider creates or simply offers the Web servichhe is typically heavy-tailed, like Pareto distributiowhich

The service provider needs to describe the Web service insa@ttributed to the burstiness of arriving requests [15pré/
standard format WSDL (Web Service Description Languagdecisely, the objective of this paper is to consider thevjrea
which is often XML, and publish it in a central service regyst tailed response times in the dimensioning of web service
UDDI (Universal Description, Discovery and Integration)Platforms.

The service registry contains additional information attbe

service provider, such as address and contact of the pnavidirne rest of the paper is structured as follows. Section I
company, and technical details about the service. The@®rvjresents the related work. Section Il details the differen
consumer retrieves the information from the registry angsusstryctured BPEL constructors. Section IV presents arealti
the service description obtained to bind and to invoke th§rmuylas for response time of these constructors. In seatio
Web service, using the SOAP (Simple Object Access Protoc@fa give the response time formula for multi-choice pattern
protocol. which is a generalization of switch constructor. Numerical
*This work is supported by French research projects Cheak@ANR- resultg are given In sectlo_n VI. F'n?'"y' section VIl condbs

06-SETI-002 and Perso ANR-07-JCJC-0155-01 and gives some perspectives to this work.



Il. RELATED WORK is to overcome theses limitations. Thus, we propose agalyti
formulas for mean response time of composite Web services
Major works in the domain of Web services performancassuming that servers are heterogenous, the number oEidvok
are concentrated towards composite Web services and gieiralementary Web services can be variable.
sponse time. Although there have been several studiestegpor
on the workload characetrization of general Web servers, lll. BPEL CONSTRUCTORS

where the response-time distribution is found to be heavy-Business Process Execution Language for Web services
tailed, which has been attributed to the heavy-tailed atfir (BPEL4WS) has been built on IBM's WSFL (Web Services
request and response file-sizes [15][6]. However, mostieBis Flow Language) and Microsoft's XLANG (Web services for
work only considers constant or service exponential timgysiness Process Design) and combines accordingly the fea-
distribution. Only few studies have been taken into accoufifres of a block structured language inherited from XLANG
this result on the computation of composite Web servicggth those for directed graphs originating from WSFL [14].

response time. Actually, the execution of a composite serviThe language BPEL is used to model the behavior of both
have been studied as a fork-join model in [2], where Wedxecutableand abstractprocesses.

services response time are supposed exponential with the
same parameters, excepted one which is slower than others.
This model states that a single Internet application ingoke
many different Web services in parallel and gathers their
responses from all these launched services in order tonretur
the results to a client. Sharf [3] studies the response time
of a centralized middleware component performing largesca
composition of web services. This last work is similar to the
first study [2], that analyzes the effects of exponentighoese
times. The work is more oriented towards studying fork-join dling specifying the behavior in cases of errors and
model in order to understand the merger of results from uario

i ) exceptions.
servers. More recently, [26] proposed how service progider h hel . lied - hich
can optimally allocated to support activities of business-p In the BPEL process each element is called an activity whic

cess with topologies that can include any combinaison B?nl be a primitive or ahstructured_one. Thesetvoke, receive,
BPEL constructors. However, authors are content to propd§@!Y: Wait, assign, throw, terminate, empjyare primitive

a general formula for a given composite Web service withofiftVities and the se{sequence, switch, while, pick, flow,
SGOP4 are structured activities,

giving the exact result when the service of elementary W , X
services are know. The exact response time of fork and jdi thiS paper, we are interested on thequenceflow and

system, under some hypothesis, can be found in [7]. Howevayitchactivities also called constructors. In the following, we
these last state that the number of servers is equal to two, §ivé analytical formulas to evaluate the response timeséh e

job arrival is Poisson process and the tasks have expoherftSidered constructor.
service time distribution. Nelson and Tantawi [8] proposed
an approximation in the case where the number of servers is
greater or equal to two and homogeneous exponential servers
Thereafter, a more general case is presented in [9] [10]ravhe In this section, we give analytical formulas for mean
arrival and service process are general. An upper and lowggponse times for structured BPEL constructors and we
bound are obtained by considering respectiv@lyG/1 and consider the case that the execution time of each elementary
D/G/1 queuing parallel systems. Klingemann and al. [11{Veb services;, of a composite Web servicg, is heavy-tailed

use a continuous Markov chain to estimate the executighd we consider also that the number of invoked elementary
response time and the cost of workflow. In [11], authoSgrvices are variable. The Pareto function distributiogiven
propose an algorithm which determines the QoS of a W&l the following equation :

service composition by aggregating the QoS dimensions of { 0

An abstract process is a not an executable process and
which is a business protocol, which use process descrip-
tions that specify the mutually visible message exchange
behavior of each parts involved in the protocol, without
revealing their internal behavior.

« An executable process specifies the execution order be-
tween a number of activities constituting the process, the
partners involved in the process, the messages exchanged
between these partners and the fault and exception han-

IV. RESPONSETIMES OF STRUCTUREDBPEL
CONSTRUCTORS

t<k

the individual services, based on a collection of workflow Ft) = 1_ (&)a £k Q)
t

patterns defined by Van der Aalst’s and al. [12], where Web
services response times are supposed constants. These Wugh has an infinite variance far < 2 and is then heavy-
include upper and lower bounds of execution time as well &aled.

throughput. In [13], we have studied end-to-end respomse ti Thus, we consider in the following the control patterns sup-
for composite Web services representing a factor of Internmorted by BPEL standard. More specifically, the control pat-
overhead in the execution model, using simulation techmiquerns considered are: sequence, parallel split (flow),usiet
Contrarily to these previous studies, where the servers a&t®ice (switch), multi-choice. This last pattern is notedity
not heterogenous, their number is always constant and th&ipported by BPEL, but we can implement it using control
response times are supposed exponential, the aim of thé& pdimks inherited from WSFL.



A. Computation for thesequenceconstructor In the following, we give an analytical expression for the

mean response time:
The sequenceconstructor correspond to a sequential exe

cution of s; to s, elementary Web services. The analytical flow
formulas of mean response tinfg75¢7"<"<¢) is given by the E(T Z/ tfi(t HF ®3)
following proposition: e
Proposition 1: When elementary Web services,i = where:
{1..n} are exponentially distributed, the mean response time THov = Maz{T;,i = T,n}

of composite Web servic8 is given by:
As we assume that the random variablgsare indepen-

E(Tseavence) — Z B(T, @) dents, the cumulative function of random variatilé!o® is
given by:
Proof: The execution tlme of composite Web service n
S composed byn elementary Web services is given by: F(T7lew)y = p(T7lew < ¢) = HFi(t)
Tsequence — S~ T, which is easier to derive from equa- i=1
tion (2). [ ]

Thus the probability density df'f!o* is:
Case of homogeneous serverdn the case wherd;,i €
{1, ...,n} are random variables with Pareto distributions with 5 = (4 P 4
parametersd, k) for eachT;, the mean response time of Jrn ;ﬁ( )g i) @
composite Web servic# is trivial and is given by:

By Thus E(T7°) can be easily derived.

«

n

a—1 Case of Pareto distributions.We give in the following the
mean response time analytical formula where the random vari
Case of heterogenous serversAs we notice before, we ablesT;, i € {1,...,n} are Pareto distributed with parameters

overcome the limitation of other studies by considering th&xi, ki),i € {1,...,n
the servers are heterogeneous. Thus, we consider that the

E(Tsequence) —

par

x B~ Ejex ajtai—ly

flow a; _
e?<ec_ut|qn tlme ofk elementary services; f_oIIov_v a Pareto E(Tjar Za k; Z . (-1 R —" H ajk;
distribution with rate ¢, k1) and the execution time of — k XeP(En\{i}) i€ j€X
services follow a Pareto distribution with rates( k2). Thus, ®)
the response time for a composite Web sendcis given by:
Where:
kia koav
B(Tegere) = — ! 11 - 2 21 (n —k) B = max(k;,i € {1..n}) and E, ={1,...,n}
1= 2=

B. Computation for thélow constructor

One the most important benefits of the component approach 74 P(En \ {i}) the sub — set of E, without {i}.
is the interoperability. This inherent interoperabilityat comes

with using vendor, platform, and language independent X Proof: ~From equation 4, the probability density of

ndom variablél'/!°" is given by:

technologies and the ubiquitous HTTP as a transport me&n tha par

any application can communicate with any other application 0 if t <max{kii=1.n} ;
using Web services. Thus, the client only requires the WSIZMTgégw (t) = s o Ky H (1- ( )a) I

definition to exchange message with the service. However, i=1 gt Ll ese.,

in the WSDL language, the elementary Web services areag we have:
conceptually limited to relatively simple operations. kucf, " o
for certains types of applications it is necessary to comlain H(l _ (E)ai) Z (_1)|X‘ H (&) j
set of elementary Web services into composite Web services. t
These services are generally invoked in parallel, using the

flow constructor. Thus, in this section, we are focused on ti&us, the average response time is:

mean response time of a composite Web sendoghich is n

composed by: elementary services invoked in parallel. In [2]E(Te") => okt ‘X‘/ = 2iex = I ayk; de
the author give an analytical formula for the response tifhe o =1 XEP(En\{d }> jex
flow constructor but he supposes thas fixed and elementary aAs we have:

Web services are exponential service time distributionr Ou

contribution is to consider that is random and Web services /°° i~ Yiex wi—ai gy —
are heterogenous. 3

XeP(E\{:}) jeEX

B_(Zjex aj+a;—1)
ZjEX Oéj —|— oy — 1




Thus we obtain that the mean response time for a compositeus, probability density function of random variatfie® "

Web serviceS is given by the following formula: is given by:
n -(Zjex a]‘+(xi71) n
BTy =3 auk _1)x8 ajk; .
Tt Sexera A L a0 =3 mor =)

i=1
B The definition of the average @ <" allow to deduce the
Case of homogeneous servern the case of all elementary result given in equation (8). u
service times are Pareto distributed with same rédgsk;) =
(o, k) (e Vi € {1,...,n}), a; = o, k; = k). In this case the
response time fof is given by:

Case of Pareto distribution. As in this paper, we consider
the case of exponential distribution time for each elenrgnta
service time, thus the formula for mean response time isngive

n—1 .
o N mk(—(m+1)a—1) ka)m . by
E(Tpfér ) = nak Z(_l) (m ¥ 1)Oé E 1 n—1 o n ks
m= BTy = L P(Y =i 9
0 ) (Tar™") ;ai_l (Y =1) ()
Where:
om o — (n—1)! Case of heterogeneous serverg\s well as in the case of
n—1 "
ml(n —1—m)! the previous presented constructor, we give in the follgwin

the response time for the case that the execution times of

Case of heterogeneous serverdn the case wherer — k .
ﬁlementary services are not the same:

elementary service times follow a Pareto distribution wit

parametersy;, k; and k& elementary service times follow a n—k ik n ook
Pareto distribution with ratesw, k. Let factor g which is  E(T35w"") = " P(Y =) LUEE Y Py= i) —2
boy __ (k1o H par ‘ a;—1 ag — 1
the slowdown factor such tha{‘t_—(12 = (H)g. With these i=1 i=n—k+1
assumptions, the response time%fs as follows: (10)
l In the next section, we are interested to multi-choice patte
E(TJ") = Ri+ Ry (7)  which is not supported directly by BPEL, but it can be

implemented using the links controls inherited from WSFL.
(71)mk;((j+1)ﬂ1+(M*j)a2*1)

R — _ k kal 7L:1 77: L i ) )
1= = Raaki 2o 2o G DE TG D V. COMPUTATION FOR THEmulti-choice PATTERN
= (Ga1+(m—j+Daz—1) The difference with the previous pattern where only one
Ry = kazky? 30 > “”Oafﬂm,jﬂ)arl) Web service is chosen, the multi-choice pattern allows the
invocation of a subset of elementary services amongrthe
This equation (7) is easily derived by the equation (5) byossible. Take for example the case of a booking flights
considering thata;, k;) = (o1, k1), Vi € {1,...,n — k} and Operated as follows: Web services invoked depend on two
(i ki) = (o, ko), Vi€ {fn —k+1,...,n}. criteria namely the city of departure and destination. Next
according to these cities, agencies providing this trip are
invoked on parallel. The number of services, and relied on is
C. Computation for theswitch constructor random. LetN the random variable for the number of invoked
In this case, we consider that we have one choice 8¢rvices and”(N = i) the probability that the number of
n elementary Web services. Lét(Y = i) the invocation invoked service is equal tg with » maximum number of the
probability of elementary Web servide with =" P(Y = invoked services. In this case, the response time of congosi
1= . . . .
i) = 1. The response time awitch constructor is then given Web serviceS' is given by the following formula:
by the following analytic formula: .
& B(rmitichoiey = PN = i)B(Ts)]  (11)
B(T*"") =  P(Y = i)E(T}) ®) ;
i=1

Where E(Ts:) is the mean response time for composite Web

with E(T;) the mean response time of service _ serviceS wheni elementary services are invoked.
Proof: First we calculate the probability density of

the random variablelswitch. The cumulative distribution Proof:  First, we give the _cumulativel _fgn_ction
function of the variablerswitch js defined asFrwicen (t) = Frmuttichoice (t) of I’andl?n}l . variable 7T ™multichoice
P(Tsvwiteh < 1), According to the total probability theorem, Frmutticroice (t) = P(T™ e < 1), From totaly
we have: probability theorem, we can obtain:

Frowen(t) = Y P(T™""h <t |Y =i)P(Y =) Fruuenoice (t) = P(|_J{P(T™Hehoiee <) AN = i})

=1 =1



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

n
Froienoiee (1) = 3 P(T™ehoiee < 4 A N = )
i=1

thus,

Frmuticnoice (t) = Y _ P(T™Heh0iee < 4| N = §) P(N = i)
1=1

So:

Frouienoice () = > P(Tsi <t)P(N =)
i=1

The cumulative function of ™uitichoice jg-

n

Prouticnoice () = Pr., () P(N =)

i=1

We can derive the probability densityf;muitichoice Of
Tmultichoice gnd we obtain:

=> frssP(N =1)
i=1

meultichoicc (t)

Case of homogenous serversAs, we consider the case
that the elementary service execution times are Pareto dis-
tributed with (o, k) parameters and the invocation probability
of elementary service; is p, thus the mean response time
for composite Web servic& can be easily derived from

equation (11) and is given as follows:

)=3> 'l
=1

ultichoice
par

— )" (4) (12)

Where:

i—1

(i) = iak® > (=

m=0

. k(f(erl)ocfl) (ka)m
(m+1a-1

m
i—1

VI. EXPERIMENTAL RESULTS AND DISCUSSIONS

In this section, we present some numerical computation and
results that we have obtained. When two class of services are
considered, let first define a heterogenous coefficient ngted
such asf# =gt ’“”’1 (the mean response time of eIementary
Web services belong respectively to class one and two). |

is clear that ifg = 1, then all of elementary Web services
belong to the same class (i.e. the elementary Web serviees ar
homogeneous). However, if > 1 means that Web services
belong to the second class are slower than services belong to
the first class. For simplicity, we assume that the probgbili

of elementary Web services invocationzidor all services.

The synchronization time, whep = 1, is the same for any
value for the number of elementary Web services belong to
the second class denot@t. In figure 1, we give the response
times by varying the slowdown factgrand where we consider
different values of the number of elementary services for
second class which takes these valués = 20, N? = 60,

N2 = 80 and N? = 100. In figure 2, we give the response
times by varying the the number of elementary services for
second class and we consider the casgjof 2, g = 3,

g = 4 and g = 5. From figure 1, we can conclude two
things. First, for any value a¥?2, the synchronization response
time increases linearly with the heterogeneous coefficient
Second, whery = 1 the response time of the composite
Web service is the same for any value of the elementary
Web services belong to the second class. From figure 2, we
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Case of heterogeneous server$Ve give also the analytical
formula for composite Web service response time where we
consider two classes of elementary services. The executjon
time in each class is the sam¥.!' (resp.N?2) is the random
variable which defined the number of elementary services ¢an notice that the waiting time increase logarithmicalghwi
class 1 (resp. class 2). The mean response time formulaois afs/ocation probabilityp. It is clear that the response time
derived from equation (11) and is given by: increases logarithmicaly with the number of invoked Web
services (see figure 3). So, we can conclude that the choice

Response times for composite Web service versusdslow factor

E(T;Z;‘”wh"“e) = of elementary Web services must be made on their physical
characteristics and not on their number.
n k In the figure 4, we shown the evolution (%— where
ZP(Nl _ z’)ZE(Tm“l“c’“’ise(z’,j))P(NQ =j|N' =4 Texp and T, is the response time of a composﬂe Web
Py = services when respectively the response time of elementary

(13) Web services is exponential and heavy-tailed. The results
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of the different control patterns supported by BPEL stadsar

In this paper, we have studied the Pareto distribution. It is
justified by the fact that experimental studies shown thab We
services response time is typically heavy-tailed. Howeter
methodology can be applied to other service response time
distributions.
We plan to consider the dynamic composition of Web services

and we will give the analytical formulas for BPEL construsto
as a perspective study.

Response time of the composite Web service (S)
®
T
%
o
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