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QoS-Based Service Proyision Schemes and Plan
Durability in Service Composition

Koramit Pichanaharee and Twittie Senivongse

Department of Computer Engineering. Faculty of Engineering. Chulalongkom University
Phyathiai Road. Pathumwan, Bangkok 10330 Thailand
koramit p@gmail com. fwittie-s@ichula.acth

Abstraet. Tn service compesition. quality of service is 3 major criterion for se-
lecting services to ollabofate ina process flow to satisfy a certain quality goal
This paper presents an approach for service composition which eonsiders QoS-
based service provision schemes and variability of the QoS when planning. The
QoS of a seqvice gan be stafed'in terms of cemplex setvice provision schemes.
eg its satvlce cost is offered at different rates for different classes of

processmg time, or ifs partnership with another service ives a special class of
QoS witen they opﬂnte in the same plan. We also address thatr is desirable for
service planning to result in a plan that is durable and rensable since change in
the plan. e.g by ( deviation of the actual Qo5. would mncur overheads. Our plan-
ning approach ukes into account thw:dym;mm sitnations and 15 demonstrated
by using the Em::fDm‘hmmAlgmm

Keywords: Service Composition. QoS, Estimation of Distribution Algorithm

1 Introduction

Service composition isa process that selects software units, called services, and com-
poses them into a workflow that represents a business process [1]. The workflow can
be viewed as a composite service since it provides an aggregated function and can be
used-further in composition of other services or business processes. A service compo-
sition problem can be considered a planning problem. That is. given a flow of abstract
services: (AS) for a particular business domain as a goal. composition will create a
plan that satisfies such a goal by assigming a service instance (SI) in place of each
abstract service. A flow for a travel planner, for example. may .consist of three ab-
stract services, 1e. tourist information. transportation, and accommodation services. A
service instancewill be selected for each abstraet service to make a concrete plan.
Quality of service (QoS) has been considered widely in the composition problem.
Service mstances that collectively give the optimal quality or meet the quahn- defined
by the user will be the solution to planning. Several publications [2-3] give shightly
different QoS definitions but the most common QoS attributes mclude cost. time.
availability, reliability. reputation, and secunty of services. A number of research
efforts have proposed ways to cempose services based on QoS attributes by using
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several optimisation methods and techniques. e.g. integer programming, linear pro-
grammung, genetic algorithm We are mterested in using QoS attnibutes to determine
the solution plan. but also discuss the followmg 1ssues-

1.

2

The QoS'ef service instances may wary when the mstances are used i daf-
ferent opcratianal environments. and therefore different users may have
different expmeﬂ.ces when using the"same service mnstance. To have an
accurate uew of the actnal QoS. each user will mamtam his’her own ex-
periences in using pamcuhr service mstances, 1.e. how much the actual
QoS deviates from what was published by serwice providers. Such nfor-
mation ﬂmuld be fed into future planning which ivolves those service
mmnces ;

In cerain cases, an orgamsa!mﬂ that formulates a composition plan to
represent.a busmess process wonld expect the plan to last and can be

‘reused at least for some time. A travel planning organisation. for example.

would use'the plan which consists of particular instances of tourist infor-
l:l;leicn, transportation. and accommodation services to arrange trips for

‘ts customers. If the acual QoS of these instances is quite stable com-

pared to what was published at planming time_ the orgamisation can reuse
the plan in serving its customers_Deviation of the QoS ofeach service in-
stance can affect the overall QoS of the flow and hence will call for a new
plan to be composed. Such replanning meurs overheads and 1s not desira-
ble 1f 1t happens frequently. We address this 1ssue as plan durability.

Instead of publishing service quality in terms of individual QoS attributes.
service providers can state the QoS in terms of cemplex service provision

‘schemes to realise various classes of service provision. For example. a

service instance may offer different classes of service time which vary by
the eost ci.m'ged to the user, or the availability of the service instance may

vary by the time of use. A service provider may also work in partnership
with another provider to provide a special class of service. e.g. they give a
discount in cost oroffer less service time if their instances operate togeth-
er in a plan. Partnership nevertheless can affect plan durability. When two
service instances are coupled, a QoS deviation at one instance could af-
fect its partner and lead to change at both instances: the plan becomes less
durable as a single deviation may incur change to a large extent of the
plan.

In this paper. we propose an extended QoS model and a pl‘ummg approach that
will result m composition plans that address the three situations above. QoS-based
service provision schemes will be taken nto account when service instances are se-
lected for the plans. Our QoS model captures common quality attnbutes, 1e. cost,
time. reliabilitypand availability, and enhances'with durability quality via self-rating
.and partnership-coupling metncs. Self-rating, Iefers to the ranng an mdluduai user
‘oives to a particular service mstance based on histher own t‘xpenence m 1ts QoS.
Partnership coupling refers to the degree of coupling between sefvice instances which
‘15 preseat i the plan via partnership schemes. We see that considering the durability
issue at planning time will result in a plan that lasts longer and thus help reduce the
chance of frequent replanning. We use the Estimation of Distribution Algorithm
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(EDA) [6], which 1s a techmique of the Genetic Algonthm (GA) [7]. as the planning
algorithm To search for a planning milmon, ithe EDA generates population by a
probabilistic model which is derived from the knowledge obtained from the past
generations of population. We are interested i this eharacteristic of the EDA because
such knowledge should facilitate the creation.of a new population during a solution
search process, and should additionally contribwte to replanning when a new plan is
needed. A simulation of service instances QoS and EDA-based planning will be con-
ducted.

Our appreach'can be used for both offline and runfime planning. A concrete plan is
composed with regard to.a grven abstract flow, service provision schemes. and the
durability issue. The plan should last until there 15 a requirement for a new plan, e g.
when there are new servige instances or new updates on the QoS of existing n-
stances. Ifrum::nle menitorme of the ﬂm& 18 supported. planning can also be triggered
when there are sefvice Eutages or serious deviatons of the QOS. This work assumes
that all service u:[srmaaes that are bound to a plan are compatible 11 texms of interface
signatures and semantics. Service providers will publish the QoS of service mstances
m a pubhcfemst:y e g UDDI for Web serv ices, of provide othermeans for users to
have aceess to QB‘S attributes.

The paper is orgm.tsa;! as follows. Section 2 presents related work and Section 3
discusses our approach to QoS-based service provision schemes and variability of the
QoS. We present the extended QoS mndcl in Section 4 and describe how EDA is
used mpl;mm.ﬂg i Section 3. Simulation results from running the EDA are shown in
Section 6 and the p:qier concludes with a discussion and future work in Section 7.

2 Related Work

Research works in QoS-based service planming tackle this problem by using different
optimisation techniques to find composition plans based on shightly different QoS
models. One of the major efforts in this area is the work in [2] which proposes a QoS
model that captures execution price, execution duration. reputation. successful execu-
tion rate, and availability. By using integer programmung. its QoS-aware composition
maximises the QoS of composite services wiule taking into account the constraints of
the users. Its supporting execution environment also considers runtime (:hanges 1n the
QoS of the service instances. The QoS model in [8] is used as a ﬁtness function for
composing a plan by GA. The QoS attributes nclude time_ cost. rclmb1hn and avail-
ability, and the plan will be penalised 1f 1t violates user QoS constraints. In [9]. time,
cost, and reliability are of concern in the QoS model and a distance function-based
multi-objeetive evolutionary algorithm is used.to find an optimised composition. A
QoS reference weetor 1s proposed in [10] to medel price. time. reliability. trust (1e.

5uhjechve rating), and security. The work evaluates service quality against cost of
service selection by comparing a global exhaustive search and the infeger program-
ming approach. The work in [11] introduces a model-driven methodology for build-
mg QoS-optimised composite services and uses UML profile for QoS to model QoS
requirements. The overall QoS of a plan 1s determined based on the multiple criteria
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Table 1. Example of multi-level availability.

Service Instance A

Time of Day Availability
06:01 — 18:00 Base availability
18:01 — 00:00 2%

00:01 — 06:00 +5 %

Multi-level QoS affects service instance selection for abstract services. With the
scheme in Table 1. a single service mstance A effectively “spawned®into three logical
service instances; each of'them is in service during particular time of dav and with a
particular availability rate. The planning algorithm considers them as three candidates
for the abstract service.

QoS Interdependency. Thas service provision scheme forms a relation between
different kinds of QoS attributes of a particnlar service instance. In Table 2. a service
mstance offers different classes of processing time based on service cost charged to
the user. This QoS interdependency can be modelled 1n other ways. e.g. offering
classes of discount for different levels of increased processing time. The scheme
relating to availability and seliability ean be formulated in a similar manner.

Table 2. Example of cost-processing time dependency.

Service Instance A

Cost ™ Processing Time
Base cost Base processing fime
#3% 5% :

+5% -8%

Similarly to multi-level QoS. QoS interdependency affects the number of service
mstances that is associated with an abstract service. With the scheme in Table 2. a
single service instance A is viewed as three logical instances; each of them offers
service af the designated cost and processing fime.

Partnership. Partnership refers to an agreement between service instances to offer a
special class of service to atiract users. The parinered instances may belong to the
same service proyider or different providers. A partnership scheme thus models de-
pendencies between QoS attnbutes of the partnered instances. Table 3 shows a part-
nership scheme between service providers A. B. and C. The scheme offers a 10%
discount 1n cost when the following nstances of A, B. and C altogether participate in
a particular plan: (1) any instance offered by A (2) any instance of abstract service X
offered by B and (3) instance x1 of abstract service X or instance v1 of abstract ser-
vice Y offered by C.

Partnership nevertheless can affect plan durability. When any two service in-
stances are partners, itds likely that a QoS deviation in one instance could affect its
partner. For example. when'the instance y1 fails or has a QoS deviation and is re-
placed by another instance of a service provider D. the discount in Table 3 will no
longer apply. The planning algorithm may choose to replace also the instances of A
and B in order to benefit from the pattnersiup scheme that D has with other service
providers. In this view, partnership leads to coupling between service instances and
the plan becomes less durable as a single dewsation may incur change to a larger ex-
tent of the plan.
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Table 3. Example of partnership.

10% discount in cost when these instances collaborate
Service Provider  Constraint on Instances

A Any instance

B Any anstance of absiract semvice X

C Instance x1 of abstract service X_ opanstance v1 of abstract service
it

3.2 QoS Variability

The QoS of a sewiée instapce may be affected not only by commumcation networks
but alzo by the servige instance itself. Since each service instance 1s built and tested
mdependently in certain' environment, the QoS behaviour may warywhen it is used in
different operational environment. Therefore different users may have different expe-
riences in using the'same service mstance. We address QoS variability through user
self-raung. which 1s given to service mstances, and a supporting planning architec-
ture.

Self-Rating. Instead of using users” subjective opinions to determme the confidence
in the overall quality of service provision, we aim for a self-rating approach which is
more objective and respects users” personal experiences in service usage. Self-rating
follows the idea of [14] such that service rating 15 based on deviation of the delivered
QoS from the published QoS: the rating score 1s mncreased if the QoS fluctuates in a
good way. and deereased otherwise. However, the score by [14] 15 computed at the
service side and based on users™ invocations frem different network environments.
The score is therefore brased from a patm:iﬂar user’s viewpoint. We propose a self-
rating metric (P) which reflects QoS fluctuations of a service mstance experienced by
a particular user:

Rating (P) = a

where N 1s the reward score given when the delivered QoS dewviates 13 good way.
and E is the penalty score given otherwise. Rating runs between (0. 1], and when it
reaches 1. it stops responding to any more rewards. For an initial ratmg given to any
service-mstance that 1s first known to the user. we adopt the nud-value 0.5 rather than
an external rating score (e g published rating or other users’ rating). This 1s because
we prefer the user to truly rate service behaviour from personal experniences and not
to be biased by the score determuined under different operational settings. This mitial
score, in othepWords. is a representation of an initial N (e.g. 10) divided by an initial
E (e.g.20). When a userinvokes any service instance, delivered QoS will be meas-
ured i order to update rating according fo the nser’s own rating rules. We allow for
personal rating mules since different users may be sensitive to QoS deviation in differ
ent manners and may opt for different reward-penalty schemes. Table 4 shows rating
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rules for time and availability defined by a user. The time rating rules are based on
the distance of the delivered QoS from the published QoS under an acceptable fluctu-
ation range (= f). The availabality rating rules penahise the service nstance 1f 1t 15 not
accessible at the time the invoeation 1s made and retmed. Given a scenario that a ser-
vice instance 1s known te a user for the first tume, the user sees the rating score 0.5
(1e 10/20). Suppose when the user mvokes-the service mstance. 1t does not respond
at first but a rf_-trjr sucreeds. and the delivered time of this mvocation falls under the
third rule oftime rating rules. Hence the score of the service mstance 1n this scenano
will be (10+1)/(20+1)= 11/21 = 0 524 The valuesN.=11 and E = 21 become the
new base values for this service instance for the next rating computation. While the
user experiences'the quality of the service instance through repeated invocations. the
rating scere is refined and becomes more accurate.

Table 4, Example of persofial fating rules for time and availability.

Time* Awailability
Event Action FEvent Action
s T.delivered > Tpublished+f +1fo E = Not available firsi time +1to E

» Tpublished +f< T, ~delivered < H)25to N | = Notavailable nexttime +2t0F
Fpublishedf® £
» T.delivered -~ T published — +1 to\V

This' QoS-based self-rating contributes to plan durability. If all service instances in
a plan are quite stable or do not fluctuate much in a bad way (i.e good rating). the
plan becomes durable and can be reused. On the contrary. if any service instance
behaves nmch badly (1e. low rating). the QoS of the whole plan may be affected and
replanning becomes necessary.

Planning Architecture. To support QoS-based service provision schemes and QoS
varability, we assume eachuser has a planning architecture as m Fig. 1.

Irvocation
QoS Monitor
{ QoS Data-
. Flanner qﬁ s
( .lu“um

<-S|. Cost, Pmnessng Time. Transmission Tm

User \f'fal.aumy Relabilty, Rating> _/7
QoS Ragsn?

Fig. 1. Client-side planmng aschitecture.

The' QoS registry stores QoS information of all service instances which are rele-
vant to hisfher business domain: discovery of these instances can be performed ma-
nually or‘automatically prior to'composition. Cost. fime, availability, ‘and reliability
information 15 retrieved from a public service registry or directly from service provid-
ers. and can be refreshed periodically or before planning. In contrast. rating informa-
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tron 1s mitialised to 0.5 and gets updated only by rating rules. Note that each of the
logical instances (e.g. eachiof the three logical instances of A according to Table 1)
has its QoS information stored separately but they all share the same rating score.
With the QoS information, plans are created by/the planner and executed on the busi-
ness process exegution platform During execution, delivered QoS is monitored by
the QoS monitor and fed to the QoS registry where rating is then computed for ser-
vice instances. Such knowledge of the QoS and personal experiences regarding par-
ticular service instances can help the planner to replan existing abstract flows for the
user when necessary and to-compose plans for new abstract flows that mvolve those
Service mstances.

4 Extended QoS5 Model

Our QoS model comprises five quality attributes: time (1.€. processing time + trans-
mission time), cost, availability, reliability. and rating. The definitions of the first four
can be found in [2] while rating refers to the proposed self-rating in Section 3.2.
Since @ compgsition ean be viewed as an aggregation of control flow constructs. the
overall QoS of the flow 1s based on the QoS concerning each construct. We adopt a
set of QoS metrics for common contrel flow constructs (ie. sequence. switch, fork,
and loop) of [8] and extend 1t with self-rating metrics (shown 1n boldface type) as m
Table 5.

Table 5. Metrics for control flow construct-QoS pairs.

QoS Sequence Switch Fork Loop
Tme”  (BH0O DT BT ) ETO
Cost (C) é:cm) i{pd “c(,) é}Cfr..} k*C(r)
Availability (A) lilm’] g}p. =A(r) E_l[ACr.} A"
Retiability () ];[Rtr,l gp,*kcr,} 1:‘1110',) Rl
Ramg®  [IPG) Tp.*P@) TIP0) P(ry

The metsics are recursively defined on compound nodes of the flow. For a Se-
quence comstmuct'ef tasks {f,..., tn}. the time and cost metrics are additive. while
availability. reliability: and ranng are multipleatives Each of the Cases 1,_..0m of the
Switch construct 18 annotated with the probability to be chosen (p,;): pmba[nlllies are
wifialised by the user and can be updated later considening the information obtamed
by monitoring flow execution. The functions for the Fork construct are ‘essennally the
same as those for the Sequence construct, except for the time attribute where this 1s
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ple, given a populatien with four chromosomes {Efﬂ 100, 111, 101}, the GF con-
tamns p; = 0.25_ pp=05"and p; = 0.5 Ta ge,nﬂate amnew generation of population,
each new chremosome i the new population.wetild have 0 (zero) assigned to its 17,
2" and 3™ bit with the probabilities 0 25. 0.5, and 0.5 respectively. In this manner,
GF reflects kncmledge from the past which-guides how to generate good chromo-
somes. This knowledge would be refined as the population evolves from one genera-
tion to the next.

5.2 Durable Planning

In the fitness function’ abme, 1ating :md partnership coupling components contribute
to durability of the generated plan. Since rating concems QoS flucuation while part-
nership coupling signifies a potential that a single service change may affect the plan
to a lzrgﬁ extent. putting weights on them will indicate to EDA to find an optimised
planwith good ratmg and low partnership coupling. That is. when it 1s less likely for
the plan to require change. the plan 1s durable and can be reused.

At execution fime, service instances. and hence the business process flow. may
suffer from performance degradation and cannot deliver service quality as planned.
The flow should be prepared to survive in mstable operational environment by con-
sidering performance deviation at planning time. We can simulate the situation by
injecting QoS dewiation to service mstances and letring the EDA process makes a
plan out of those instances (see Section 6.2).

6 Experimental Studies

We conducted a couple of simulations to study the behaviour of EDA-based planning
with respect to QoS-based service provision schemes and plan durability. Note that
service provision schemes took part in the experimeats by constrammg the QoS of
-:mdldate service instances. The first study focused on the use of GF from previons
plaﬂmng in building a new composition plan when published QoS of service in-
stances was updated. The second study focused on durable planmng In each study.
the population size was 200. the maximum number of generations to run EDA 1s 50,
and the‘experiment was repeated for 50 times to obtam average results. The sinmla-
fion program was written in Java with J2SDK 1.6 Experiments were run on a 1.8
GHz Intel Pentium™. 1 GB of RAM. and UbuntuLinux version 7.04.

0.1 TUse of GF

Thas study focused on the use of GF from previous plannmng 1n building a new com-
posttion plan when the published QoS of service mstances was updated by service
providers. This will demonstrate how GF benefits a_search for a new solution plan.
Suppose a niser constraint was that the fimess valne of the plan had to be below 9.600.
The QoS of service instances was updated 4 times after the instances were first pub-
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safety buffer 1s taken inte consideration at Tun time fo determine QoS violation. Our
work is aligned with this compromised QoS approach but takes the QoS safety buffer
mto consideration at planning time. By planning with degraded service instances in
mind, we obtain the solutions that are more durable at mn time Our approach thus
reduces the chance that a selution will need mntime r&phﬂumg It is also worth not-
ing that ous appmar.:ﬁ assumes the publlshed QoS information is accurate. If service
providers understatetheinservice QoS only to boost their ratings. they put their ser-
vice instancesat the risk ofnot being selected to the plans from the beginning.

On perfonuan,ce of EDA, we rely on the performance result of the GA-based algo-
rithm compared to that of the integer Iarogmmmmg approach as reported 1n [8]. GA
takes less time to find a'solution and its tmmg performance 1s almost constant when
the solution search space grows (1e. when the number of service mstances per ab-
stract service. mcreasfes'} ‘Thus 1t 15prefﬁred for the case of widely used abstract ser-
vices, such as hctel boﬂkmg and ecommerce services. which have a large number of
candidate service mnstances. By using EDA we also observe that the solutions gener-
ated in each generation can be very mm:h summlar to those 1o the previous generation
because of know ledge m GF. That 1s. GF can lead EDA to fall easily into local opti-
ma. We will find a way to detect the situation and a.djust GE. Nevertheless, we expect
that knewledge in GF would be useful far runtime feplanning. either in making a
whole new plan or replacing specific part of the plan. We will explore more about the
mfluence of GF over replanning.
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