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Today, changeable requirements to modern web-edeservices demand their fast development and aunse-
engineering. This is realized via dynamic compositdbf services, allowing to estimate changes oh lohctional and non-
functional service parameters. The last ones amsidered using Web Services Agreement techniqueeniteeless, state-of-
the-art SLA-aware methods are not able to consilarlasses of non-functional parameters. They dtswt provide service
run-time support and dynamic reconfiguration. Tloeei approach to dynamic Web Services Compositoending SLA
with QoS ontology, is described in the paper. kludes service selection agents that use the Qa&ogy and WS-
Agreements, allowing agents to choose the mosiogpiate service based on quality preferences exbbgeservice consum-
er. The proposed approach allows performing dynak'f&ccomposition based on SLA, providing requiretiea of QoS pa-
rameters, improving general QoS and decreasingcgetievelopment and re-engineering time.

Introduction Fast changes of requirements demand dynamic
Nowad the wa fovar lications ar dcomposition and reconfiguration of services, coasid
owadays the y software applications are (i:“ng required values of functional[7] and non-

signed, architected, delivered and consumed hm’a‘-sigf - . -

; . . . : unctional [7] parameters (which represent Quabfy
icantly c_:hanged. _Serwce-Onented C_:omputlng [1ihis Service (QoS) characteristics, i.e. reliability agabil-
computing paradigm that uses services considerbé to;; response time, cost, performance, etc.)
fundamental elements to S“F’F’Of_t. the de_vel_opment 0&lé’Hence WSC u,nites ’stages of Proz:ess enactment an
rapid, low-cost and easy composition of distribudgd Diagnosis, of BPM life cycle

plications. Services are introduced as autonomdats p To consider QoS parameters both on Process enact

form-independent computational elements that can Pr?ent and Diagnosis stages is one of WSC tasks fieibe
described, published, discovered, orchestratedpand formed. The most convenient way to contain and taoni

their values is using Service Level Agreement (S|8})
In addition, another WSC issue regarding QoS pa-
rameters is that despite the existence of variguarmi-
ic composition approaches, there is no approach- com
bining evaluation of different classes of QoS partars
during performing composition and none of them is
(?Sble to meet all QoS requirements, described furthe
This paper presents a novel SLA-aware approach for
WSC, allowing taking into consideration requiredSQ0
R rameters.

tributed interoperable applications. Service oeent
computing can be considered the framework for servi
publishing, discovery, binding and compositionrdt
lies on the Service-Oriented Architecture (SOA) [2]
which is a way of reorganizing software applicasion
and infrastructure into a set of interacting sessic

Web services [3] are a case in which XML standar
are utilized and there is a technology that goa® fimes-
saging up to coordination of loosely coupled eletsien

One of the most popular approaches for design a The paper is structured as follows: Section 2 piesia
implementation of web-oriented applications is Bess background on different stages of BiDM life cyclel s
Process Management (BPM), which “supports businelfﬁ

. thods. techni d softwale t pact on WSC. Section 3 contains state-of-thevaaty-
Processes using methods, techniques and so € 10sis of Wsc approaches. Section 4 presents the gabpo
sign, enact, control and analyze operational peeses-

volving humans, organizations, applications, do o for SLA-aware WSC approach. Section 5 summarizes th
’ . ' , doausie |y and provides perspectives for future research.
and other sources of information” [4]. BPM life &yc P Persp

consists of four stages: Process design, Systefiggen Background
ration, Process enactment and Diagnosis.

One of the most considerable advantages of web ser-
vices (WS) technology utilization is the possiilitf con- Graphical standards formalize computational inde-
necting them together in order to implement higkelle pendent workflows, their possible flows and traoss
business-process [5]. Web Service Composition (WSC) in a diagrammatic way. Computational independent
is a method that allows performing such connections workflows are designed using graphical notationshsu

as BPMN 2.0[9], UML ADJ[10], USDL[11].

Workflow design and enactment
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The workflow enactment stage consists of severtibn requirements. QoS parameters can be usedrfking
steps. First step provides an orchestration [12Web the composite service or for further prune of tssul
services when execution standard such as WS-BPEL Storing QoS parameters can be done directly in
[13] is applied. It is used to define the sequeoicen- BPEL-file. This method provides very low ability to
vocations of existing web services and the kindhef implement reconfiguration of any QoS parameter of a
process interaction with external participants. composed service. Furthermore, it is not triviatrtoni-

WS-BPEL specification singles out two differentor QoS parameters during service execution.
types of language abstract and executable. WS-BPEL In agent-based solutions, agencies gather QoS dat:
Abstract Processes are introduced to hide the -infdrom agents, store, aggregate, and present igiate{lL5].
mation project owner wishes to conceal. WS-BPEL Ex- The approach which solves these problems is intro-
ecutable Processes are introduced to be fully destr duced in [16]. Distinctive feature of this approashuti-

Next step is WSC itself. lization of SLA via WS-Agreement [17] during both

Web Services Composition workflow enactment and workflow analysis stages.

WSC is a method to connect different web services WS-Agreement

used for creating high level business architectoye To succeed WS providers have to guarantee declaret
compiling of atomic web services in order to pravidcapabilities related to services they develop. Argntee
functionalities that are not available during dasig highly depends on resource usage which meansheat t
Consequently, there is a possibility to developes n service consumer must request situational guasire®
functionality by simply reusing of components tha¢ the service provider. Moreover, in order to avossks as-
already available, but unable to complete a task swsociated with guarantees violation service consumer

cessfully on their own. should be notified during run-time. Associated guées
Various authors classify WSC approaches. In [6@re specified in an agreement between a servicgiowr
WSC approaches are grouped as follows: and a service. This agreement can be formally fspecCi
— Static and Dynamic Composition; using the WS-Agreement Specification [18].
- Model Driven Service Composition; WS-Agreement is an XML-based document contain-
— Declarative Service Composition; ing descriptions of functional and non-functiona- p
— Automated and Manual Composition; rameters of a service oriented application. It eiasf

andWo components that are the agreement Context anc

Context-based Service Discovery n
Terms and Conditions of the agreement [17].

Composition.
A composite service is a set of individual servieés Workflow analysis
fectively combined and reused to achieve a desifedt.
Automatic WSC consists of four phases: Planning- Di
covery, Selection, and Execution [14]. The firsagd in- - i
volves creating a plan, i.e., sequence of senucdssired workilow, can be_specmed [19]_' _ _
composition. The second phase embodies servicevdisc . Design  time analysis  (simulation  and
ery due to the plan. After discovery of suitablevises, Verification); o o
the selection phase starts. It embodies a seleofithe — Runtime analysis (i.e., process mining based on
optimal composition from available combinationsrafi- ~ €X€cution logs). _ _
vidual web services considering non-functional paters ~ Q0S parameters are transforming relatively fredyent

like QoS properties. The final phase involves sewiex- €ither because of intemal changes in web seracee-
ecution due to the plan. If some service is noflama, CaUSe of changes in their environment (i.e., systad
they substitute one another. has changed). During composite service executmmes
First of all, WSC tools must ensure that functigpal COMPonent services may change values of their @@ p
rameters have adequate values, this means thatrgerss ©rties on-the-fly; some of them may become unebiaila
input information lead to consumers required outan- While others may emerge. As a result, approachesewh
currently, the workflow management system must ens)fVeb services are statically composed are inaprapri
that predicates and requisites match in each dtepeo Runtime changes should be taken into account. _
workflow lifecycle. Although, the functional Webrsize Dynamic composition, taking into account runtime
composition has been widely studied in literattine, as- Q0S transformations, should be applied. In the pro-
sessment criteria related to non-functional attébuin POS€d approach runtime changes of QoS parameter

particular, significantly increases the number aposi- SUCh as execution time, reliability etc. are takea ac-
count (presented in next sections).

Considering workflow analysis methods and tools,
two types of analysis, both considering computaion
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QoS-Based SLA-Aware An approach includes service selection agents that
Comparison of WSC Approaches use the QoS ontology and WS-Agreemenf[s allowing
_ _ agents to choose the most appropriate service lased
An overview of several approaches for modeling, ity preferences exposed by the service consumer
web service quality composition, presented in tketai When consumer application, built with WSAF, re-
[20] has shown that state-of-thejart QoS WsC mOd%ﬁeSts to use a service, the agent is called fomomi-
and solutions are far from required one. None @& th.qiinn with service. An agent is created for eamhise
presented approaches can meet all QoS chara®risly expose the service interface, enlarged with tiane
The most crucial characteristic is the ablllty tport ality, to capture the consumer's QoS preferencabs an
all types of QoS parameters. Markov chains [21] anflnctional requirements and provide agencies oeroth
Quality Vector solutions [22, 23] are not appli@lmh  ,qents query for a suitable match. The servicetagen
this regard while Ontology-and agent-based sol8tiORetermine values of objective QoS-attributes (kilia
[15] meet some QoS characteristics although the#e &y ayailability and execution time, for instancahd
still some types of QoS parameters i.e. non-mebiirage the yser feedback for subjective attributesiqiis
parameters [24] that should be taken into ac_count. an indicator of appropriateness for requested Q@S p
Table 1 shows SLA enables a convenient way {@meters compared with values of these parameters
performing WSC and monitoring of composed servicgpacified by consumer on the stage of workflow de-
Applying SLA to methods considered in [20]. sign). Afterwards, values of these QoS are trareder
Table 1. QoS-based SLA-aware comparison of WSQappes to the appropriate agencies.
A typical consumer-to-agent interaction and control

Require- | Mar- Ql\J/ZISi-C A,Egcreona':f: he?)ntolo- flow is described below:
h 1) upon initialization, WSAF sets up all configured
ments k0\_/ ty oriented ay- agencies:
— Chains| Vector based 2) providers register service implementations with
Objective * * * * WSAF by configuring each service in terms of WSDL
Q.OS. URIs, service domains, and the service’s advertised
Subjective | - - - + QoS requirements. Each configured service interface
QoS has an agent;
Run-time + + + + 3) the consumer application creates a local proxy
support object for the service agent; the consumer invdkes
QoS as- + + + + proxy with its WS-Agreement;
signment 4) the agent uses business process file and WS-
Require- _ _ Agreement to load and run its script. The scripidsil-
ments Low | Aver- | High High ly consults the QoS and service ontologies to cetepl
considering age its configuration;
level 5) the agent selects the service implementation

Table 1 shows that Ontology-based WSC approaBRsed on agency data, and then dynamically creates
combined with SLA-awareness should be able to parfo Proxy object for each selected service;

the most reliable WSC of all approaches presentfgd].  6) the consumer invokes the agent's service opera-
tions. Each invocation is forwarded to the service

An approach to dynamic web-service composition  proxy, while being monitored by the agent; when the
General description service responds, the agent inserts appropriate tdat
) the relevant agencies.

The workflow on the enactment stage lacks imple- The service agent finds services matching the given
mentation. WSC is intended to solve this problem Riterface, using UDDI. Then, it applies WS-Agreeisen
finding appropriate services, based on workflowcdps 5 the available quality data, providing servicepliea
tion and composing them into single applicationome mentations ranking.

posite web service. The workflow on the enactmeges Compared to general WSAF, appliance of SLA pro-
is described by a model presented in the sectimwbe  jiges:
SLA-aware WSC approach partially implements _  gypsitution of consumer and provider's policies

a_gent-based architecture and is realized in the_S@b by WS-Agreements, providing the composition with a
vices Agent Framework (WSAF) [15]. Its descriptien g of functions that makes the policies usageraiu.
provided below.
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— adding the monitoring stage: to evaluate QoS Q is a set of seven paramet{Q,,_,,} and consists

parameters during composed WS execution and its g§-quality components specified for resulting apali
configuration in case of QoS parameters violation. fon:  Q is erformance,  Q, is reliabilit
SLA usage in the proposed approach provides gen- 1 P ' 2 Y

eralized way of storing QoS parameters for serprce~ Q; is robustnessQ), is accessibility,Q; is availability,
viders. It helps performing WSC on the stage ofkwor Q, is cost, Q, is additional QoS parame-
flow enactment as well as on the stage of workflow
analysis. Another advantage compared to existing of
tology-based approach is enabling of run-time nawnit
ing of the composite service.

rs (scalability, capacity, accuracy).
Considering of quality parameters allows to:
- control quality of an application — workflow re-

alization;
Workflow and WSC models -  substitute tasks executors onto more appropriate

Workflow and WSC models, providing proposed®hes during the application execution;
approach realization are presented in this section. - increase the application quality.

The workflow model on design stage is presented In order to create the workflow implementation, ap-
in [19]. plication for web services dynamic composition es r

A workflow model on enactment stage is developeguired. It can be characterised by:
and can be characterized by: - name;

- name; - set of informational input objects;

- executor; - set of informational output objects;

- relative and interactive activities — workflow - indicator for appropriateness of composite web
components; service to the requested functionality;

- workflow parallel tasks, united into a single - integral indicator of web service quality com-
stage of execution; pliance.

- set of informational input objects; Mathematically, the process of WSC can be repre-

- set of informational output objects; sented as:

— executor/executors; C=(,0,F,Nf) (3)

~  execution time; where | is a set of informational input objects;

-  execution resources. O is a set of informational output objects;

Mathematically, a description of the workflow on £ s an indicator for appropriateness of composite
the enactment stage can be represented as: web service to the requested functionalfy.has a Bool-

EP=(E4.1.Q) (1) ean type, it either has a state of appropriateioeti®e re-

b- guested functionality or a state of inappropriatsne
Nf is an integral indicator of web service quality
compliance. It can be represented mathematically as
Nf = (P,RI,Rb, Ac, Av,C, A) (4)
where P is performance. It represents how fast a
of: E =N, — workflow name E, =0 — aset of tasks; geryice request can be completed. It can be mehgure
E, =PI— a set of partner links with tasks executorserms of throughput, response time, latency, exatcut

E, =Ex— workflow executor/executors. time, and transaction time. It is assumed thatqgperf
dnance is measured in terms of execution time.

Rl is reliability. It represents the ability of a web
service to perform its required functions undetesta

where E, is a set of workflow’s identification o

jects, | is a set of informational input object§ is a
set of quality parameters specified on the dediages
E,q is a set of four paramete(g, ., } and consists

Workflow executor is software. Human interactio
is minimized on this stage. The executor model lwan

represented as: o > TEQUITES
Ex =(Ng,0) ) conditions for a specified time interval.
o _ Rb is robustness. It represents the web service abil-
where EX; is a performer | of the task i; ity to function correctly even in the presencerofalid,
— - : incomplete or conflicting inputs. Web services dtdou
Nep ={Nep;} . Nep; is aname of performgr of the task still wcl?rk even if incomp?etepparameters are preddo
i;0={0,}, O, isataski, executed by a performgr. the service request invocation.

Informational objects have the same representation AC is accessibility. It represents whether the web
as on the stage of the workflow design [19]. service is capable of serving the client's requests
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~

Av is availability. It is the probability that thessy | Scalability
tem is up.

C is cost of a web service.

A represents additional QoS parameters. They ha
less influence on the composite web service tharipr
ously mentioned ones, however they should be taken| Accuracy
to account if possible, and include:

— scalability, representing the capability of increas
ing the computing capacity of service providerspater
system and system ability to process more usepsests,
operations or transactions in a given time interval Practical implementation

. capacity s the Iir_nit of s_,imultaneous requests num- The concept of web-service composition module was
ber_vvhlch should b_e provided W'tr][ guarantetid dpimf;’ resented in [20]. This section describes maintfans
accuracy IS an error rate generated by the w lf’the software environment for SLA-aware WSC, blase

service. : : : : .
. its architecture (Fig.1.), presented in previvosk.
SLA-aware approach for WSC takes into account eﬂln (Fig.1.), p P

previously mentioned parameters, both functional an

i List of potential
non-functional. > J .| Service o Nservices
Unlike other approaches, the latter covers a wider locator

range of QoS parameters. In order to compose tee be Y Abstract BPEL
web service, satisfying required parameters, titer fom
every web service, being evaluated for compostimm- o WS-Agreement
pliance, must be integrated into a single paranmestibed DAO P
integral indicator of web service quality complianc

The idea of composite WS development is based on Decision
ranking the influence of QoS parameters on WS tyuaaiid maker
integration of each WS QoS parameters of the sgoee t [ Service

Table 2 presents how various QoS Parameter are in- " combiner
tegrated into a single one, depending on which WS List of selected
composition pattern is applied, and ranking (R}hef SRAVCS
influence of QoS parameters on WS quality.

Table 2. QoS-based SLA-aware comparison of WSQoaphes

max(sc; ) " s Zi”:lpjs(;l S¢

iz

~

V%apacity max(Ca, ) Lc;a_ Z.nll p,Ca Ca

@)

m m m k
L Acr [, Acr, |_|i=lijcri Acr,

P

Executable BPEL

Fig. 1 Architecture of software environment for SLA

QoS R WS Composition Patterns aware WSC
Parameter

Sequencd Paralldl  Switch Loo Software environment for SLA-aware WSC consists
Perfor- 2 m max(P ) mop | P of Service locator, SLA extractor, Decision maken-
mance Zi=l i zi=1 PiF ! tology module and Service Combiner.

Service locator is a module that extracts the infor
mation on functional parameters from abstract BPEL-
Reliability | 1 T REMLR, |'|,”21 p,R; | R | file. It also searches the appropriate servicasDiDI or
a a a service brokers (considering functional parametek§)

L ter that all found services are listed in potergelices.
Robustness b MR [TaRe | [ riRo | RO SLA extractor is a module, extracting SLA infor-
mation from every service meeting functional parame
e m m m « | ters through WS-Agreement. It provides Decision mak
ﬁ\; cessibi-| 4| M, Ac [ Ac [T-PiAc| ACT | er module with extracted information.

Decision maker uses data received from SLA extracto
Availabil- | 31 A" A [ Av | [T piAv | Ay | and calculates rankings for services in accordaritre

ity | rules, located in Ontology module. Then this modide
Cost * m m m cides which service better suits the compositacerv
Zizlci Zizlci Zizlpjci Gk Services chosen for composition are listed in QoS-

aware services (if they meet QoS requirements)- Oth
erwise they are excluded from the list.
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Service Combiner performs WSC by importing cho- Service locator extracts the information about func
sen services into workflow file thereby enriching- a tional parameters from BPEL-file which was either u
stract BPEL-file with concrete services and makiihg loaded or generated from BPMN, and searches the ap
executable. propriate services in UDDI or service brokers.

On the workflow analysis stage the software envi- Now provider has a list with sets of web servicgsae
ronment for SLA-aware WSC performs the followingle to reach the provider's goal (in the given eplendif-
functions: ferent combinations of services, providing flighttel,

- compares current QoS parameters with requirdaxi and cultural events booking, are presentedgyTare
values and values of QoS parameters in the liQa$- sorted by the integral indicator of web service liga
aware services; compliance by default. The sorting is done trarespéy

—  monitors the indicator value for the appropriby Decision Maker module. The provider can define
ateness of composite web service to the requested f Whether this stage needs human interaction (icasthg a
tionality; web service) or it should be done automaticallye Tst

— in case of QoS violation, identifies a defectivéase means that the best service regarding tigrahte-

web service and changes it with the best-chosen waigator of web service quality compliance would e
service from the list of Qos_aware Services; plled as default. Then chosen services are purdhm

~ in case of functional parameter violation, relhe provider has a functioning composite web servic

composes the web service;

— in case of determining that a WS from the list is
better in terms of QoS parameters than one in pusvi
WSC, puts “better” WS in the waiting list and rexal

| Flightservice [

lates the composition at the end of WS billing perilf | Hotel service [

the recalculated WS composition is “better” thae th - X
previous one, the previous WS is replaced by “Dette O < d T/ O
one, thus WS re-composition is done. M Taxi service

+

Real world scenario

The concept of web-service composition module X | Cultural events )
was presented in [20]. HENce
This section provides an example of a possibleaso@n
for using the presented approach and clarificabén
software tool based on this example. The suggested WSC Tool contains built-in monitor-

Let us assume a person who uses the tool for dgnaritig and dynamic reconfiguration module, providing
WSC (provider) aims to develop and provide semniibigh  faster and more reliable service reconfiguratioe ¢
helps its consumers to book a fully customizableatian already composed a list of possible services.
having a hotel, flight, taxi and cultural evente-pooked. QoS parameters of composite web service are undel
He is not able to program such service or then® imuch constant observation by WSC System. Let us assume
time for the development. Thus, using existing setvices that one of these parameters, for instance resgonse
which can partially provide necessary functionalitya is not appropriate for some period of time. QoSapae-
convenient option for fast application development. ters of all services within the composite are re-

The provider has various constraints regarding hévaluated. The inappropriate one is identifiedeAthat
tool, e.g. response time, cost etc. After successflis- the provider receives a notification with optiomsre-
tration in WSC System, the provider can eitherterea configure struggling web service i.e. to choose &b w
new Project or edit an existing one. After choosamy service which satisfies non-functional parametetseln
appropriate option, the provider can upload BPMN dhan the previous one. Reconfiguration is performed
BPEL file into the system for analysis. At thisggaQoS flight automatically if the provider has chosen the
constraints should be specified. Otherwise Sevama- tion of automatic reconfiguration in system setsintn
tor will search for any services, satisfying funotl pa- case of violating functional parameters, composi®
rameters, extracted from uploaded BPEL (BPMN) fileservice is recomposed from scratch — violating func
WS-Agreement for the composite service is generifitedional parameters cannot be allowed, this means tha
QoS restrictions have been specified by the provide  application is not running properly.

On fig. 2 BPMN diagram for Vacation Service is pre- In the case when web service for booking a hotsl ha
sented. Concrete workflows are omitted for simpfici less availability than specified by the providée bver-
all composite service does not satisfy QoS comtgai

Fig. 2 Simplified BPMN diagram of provider's applion
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WSC System checks availability parameters of alr fo
individual web services and identifies that howlvice
is struggling. WSC System still contains a listpoten-
tial services for provider’s task. These servicaa be
compared to a failed web service in terms of Qa&ma
eters. Manually or automatically unsatisfying hotelb
service is replaced by the most appropriate ona tie

list. Then WSC System re-assembles composite web ¢

vice. The provider again has a service which igyful
functional and satisfies all requirements.
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