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Abstract component) web services to construct Composite Web Ser-

Multiple component web services can be composed together?iCeS (9). Cost-effectiveness resulting from reuse andeval
to generate a complex service. Creating and deploying SUChadd|t|on are the major drivers for composite services. For

composite web services has lot of practical challenges. One? SImPle example, considerStock priceservice which re-
of them is the issue of non-functional service behaviors tUrns the stock price in a single currency. However, users in

which cross-cut child component services. They should different countries would I'ike to see the_stock pri(_:e in thei
be separated out from the core-functionality of service in- [0Cal currency. A composite service which combirgeck
stances and need to be handled based on the functionality of"iC€ Service and axchange Ratservice with the profile
the composite service and the component services. The sep®f @ USer can serve the international customer in a better way
aration makes modular design and deployment easy. How- 1YPically a web service implementation realizes many
ever, due to the distributed nature of the services, cortposi Non-functional features along with its own core function-

service instances may not be able to access the componerfi/ity- SLA adaptation, web service policy, security, trans
service states without infrastructure support. In thisgsap action and business semantics are such non-functional fea-

we propose a novel solution which supplements the web tures (10). More often than not, a non-functional behaviour

services infrastructure by a distributed aspect infrastme is conjoined wiFh qther services functionalities. For exam
(DAL). It provides a specification language to separately de PI€: an authentication procedure may be necessary for each
sign the non-functional service concerns as distributed as NdPointinterface in a service. Because these types of non-
pects. It also provides a runtime to automatically deploy functional _features cut across many places in a service im-
and execute the aspects, while the web service infrasicty PIEMentation, they are often referred tecasss-cutting con-
concerns itself with the core-functionality of the compesi ~ €€"MS

service. We have implemented a prototype of DAI runtime A COMPOSite web service imposes some non-functional
using SmartFrog and AspectWerkz. features on the component services. This non-functioaal fe

tures need to be adapted in one or more services which are
Keywords Service oriented Architecture, Web Service used to build the composite service (13). For example, the
Composition, Aspect Oriented programming. Distributed 'all-or-none’ transaction semantics may require the chnce

Aspect Model. lation service (functional feature) provided by a Toy Store
service if an offered gift coupon could not be availed from
1. Introduction a partner Book Store service due to failure of authentica-

Web services encapsulate and expose a set of functionali—tlon (non-functional feature) of a loyalty program. From

: . . . this point of view, we say that the non-functional features
ties and state information, available at a web node throughOlc composite services cross-cut the participating compbne
standard interfaces (14). This interface standardizatimh ho P pating P
. . : eb services.

object oriented nature allows the services to get accesse ; . .
) . e The requirements from composite web services can be
in platform- and implementation-independent ways by other - . . S

o . . " . anticipated and integrated in the component web service in-
applications. This also enables interoperability amorgiap

X . s : terfaces, but this solution is not scalable due to the open na
cations running on distributed and heterogeneous environ- . . ) .
ture of web services. Also the solution has high maintenance

ments. Therefore, the web service platform seems to have ; :
: : : . . . cost as non-functional features are cross-cutting and have

great potential for integrating different business aggilans . :
to be updated across all component services if any cross-

ina seamless manner (6; 7 8). cutting concern changes. Hence, it is desirable to design th

Alongwith the mushrooming growth of web services, : : .
. . ) composite web services independently and let the compo-
there has been a compelling need to combine atomic (or,



nent web services adapt themselves to the demands from theovers those services by querying the registry and binds to
composite service dynamically. the selected service dynamically. This dynamic binding ca-
Traditionally, Aspect Oriented Programming paradigm pability results in looser coupling between applicatiols.
has been used to address the problem of adaptation for crossalso helps applications to efficiently adapt to a changing en
cutting concerns in various scenarios with a plethora dstoo  vironment.
and methods supporting the paradigm (1; 3). In this paper, ,
we extend the paradigm to the distributed case and providez'1 Service
a framework to support the modular development and de- A software service can be defined as a software entity which
ployment of composite web services. The proposed solution encapsulates functionality and state that can be used by
supplements the existing web services infrastructure by aother services. It can also be described asate transition
distributed aspect infrastructure (DAI). It provides aspe Systemwhere the state represents current configuration of
ification language to separately design the non-functional the service. The transitions correspond to update opesatio
service concerns as distributed aspects. It also provides do these configurations. State information is usually egdos
runtime to automatically deploy and execute the aspects,by services so that other services can access and manipulate
while the web service infrastructure concernsitself with t ~ the exposed states.
core-functionality of the composite service. We have imple
mented a prototype of DAI runtime using SmartFrog (4) and
AspectWerkz (15). Independent simple services can be composed to achieve
In the context of web services, AOP has been a natural more complex functionality as a service. Thsnposite ser-
choice to address several problems (12; 11). AWED (5) is vicecan be specified by using languages like BPEL4AWS and
one dynamic aspect model which supports distributed na-executed by runtime engines such as BPEL4J. Typically, a
ture of services. But it doesn’t support a high-level dgscri  composite service is orchestrated ircentralizedfashion
tion of join points based on system states. As a result, spec-through a master node. This master node is responsible for
ification of cross-cutting concerns of composite servises i coordination of control flow and data exchange between in-
difficult in this model. The state based join point model sug- dividual services. Alternatively, one can haveexentralized
gested by (16) is developed for non-distributed AOP. Also implementatiorcomprising multiple runtime engines. Each
advice weaving pattern has not been explored and discusseduntime engine executes a part of composite service spec-
in the paper. Our model is different from the existing solu- ification at a remote location and communicate with other
tions in several ways: first, it introduces a new state-basedengines directly.
join point model for distributed systems; second, the model
of the cross-cutting functionality is succinctly captured
transition systems and third, the framework allows dynamic
deployment of the distributed aspects using an open sourcdn @& composite service environment, there are many non-
framework of SmartFrog. While the methodology is applica- Service behaviors which crosscut across multiple compo-
ble to a very general case of composite web services, in thishent service implementations. Example of these distribute
paper we restrict ourselves to non-hierarchical compmmsti ~ Cross-cutting concerns could be Interoperability, Seguri
for the ease of exposition. and Transaction Management, etc. In order to have a mod-
The rest of the paper is organized as follows. In Section 2, ular implementation of the atomic component services, and
we describe composite web services in the Service OrientedcOmposite services built using these components, the-cross
Architecture for web services and introduce the problem we cutting concerns need to be separated out from the compo-
want to solve. Section 3 describes the AOP paradigm and thenent service implementation. Further, we need to haverbette
need for a distributed framework to address the problem. In mechanisms to specify the concerns. As an example of com-
Section 4, we propose the solution framework and follow Posite service, we consider a travel service (See Figure 1)
it up with a case study in Section 5. We conclude with constituted by two component services: Train Reservation
summary and possible future directions in Section 6. Service (TRS) and Hotel Booking Service (HBS).
Each component service may have its own transactional
. . . behavior which is generally based on notions of compos-
2. ServiceOriented Architecture (SOA) able, atomic and nogn—atomi)é tasks. The service interfasz ha
The objective of Service Oriented Architecture is to pro- to expose various operations to support this transacthmzal
vide mechanisms to bridge heterogeneous platforms allow-havior. Based on the service interface details, for example
ing data to flow across various platforms. Using this archi- one can conclude that it supports either short lived atomic
tecture, software entities which provide a set of function- transaction or long running business activity transacfidre
alities can be made available over the internet as servicessupport for particular transaction type also includes agdi
These SOA based web services expose description of sermore restriction in the service implementation like preaefi
vices in a publicly accessible registry; a service cliest di  ing time duration of blocking resources or allow only rele-

2.2 Composite Service

2.3 Separation of Cross-cutting Concernsin
Composite Services



/Train Reservation System(TRS) ment them as a separate module. B&paration of concern
Reserve() provides better modularity in the software system. AOP in-
Ccancel() troduces a notion ofispect an entity to specify the cross-

\_ — cutting concerns. OOP or any other traditional programming
Travel Servics technique can be used to develop the core function concerns
("Hotel Booking Service(HBS) "\ as a baseline system. Implemented aspects are weaved on

ReserveRoom() the core module to produce the final executable code. A typ-
ReleaseRoom() ical aspect unit will have two parts dein pointandadvice
- 4 A join point specifies an execution point in the program and
Figure 1. Example Scenario. an advice is the set of instruction which gets executed at the
join point.

vant user to call a compensation service. In another saenari

there is a need for adaptation of services based on the QOS Base Code
requirement of the composite service. Hence these QOS re- (Object

lated behavior changes should be considered as crossecutti ™ Oriented
concerns and separated out from all the component web ser-
vices. Figure 3. Aspect Oriented Programming.

In our example, HBS may support pivot type transac-

tion, which means it doesn’t support any rollback mecha-  pynamic AOP (2) allows runtime-weaving mechanism,
nism. TRS may be a long running service and it has its own which enables one to weave aspect code snippets into the
internal state like wait listed availability, RAC (resetizm app”cation during runtime. Concurrent Aspect (17) prmd
against cancellation) availability and confirmed avaliabi ~  the possibility of weaving multiple advices in a single join
Based on the state of the TRS service, if ticket is not avail- point.
able then the compensation functionality (releaseRoam())
HBS service should be enabled for the particular user. Simi- 4. Proposed Aspect M odel for Composite
larly, if hotel booking is not available then the compensati Web Service
functionality (Cancel()) in TRS service should be enabled. - . . . )
The existing AOP paradigm provides a simple fixed code

: based join point model. But in a composite service environ-
3. Aspect Oriented Program (AOP) ment, we need a notion of distributed, dynamic aspect where
A software entity can be considered as a combined imple- advices are weaved/unweaved at join points of component
mentation of multiple concerns. Concerns are goals or ebjec \yeb services. Further, the weaving/unweaving should hap-
tives of any given piece of code or software. Some concernspen when specified sequences of events occur at component
of a given software module focus on the business logic, or service hosts participating in the composite web serviae. W
in other words, the core concern of the module. There could propose a Distributed Aspect Infrastructure (DAI) which,
be several other concerns for the same module that focuseg|ongwith the web service infrastructure (e.g. BPEL), pro-
onissues such as persistence, security, logging, perfarena  yides a flexible solution for design and development of com-
monitoring, tracing, etc. Typically, the latter-mentiahgon-  posite web services and the cross-cutting concerns (See Fig

cerns, which could also be referred to as cross-cutting con-yre 4 for a schematic of the relation between component web
cerns, are implemented across many different modules. services, DAl and composite web services).

Concerns [ Composite Service J
(System Properties|

v v [ )
. L Wi rvi
Core Concerns Cross-cutting Concerns Distributed eb Services
(Central Functional Requiremerjts) (Nonfunctional, system-level Aspect

traint . -
constrants) Model Service Hostin
Figure 2. A Software Entity. Infrastructure

Figure4. Components of DAI.

AOP (1) is an extension to (and not a replacement of)
the traditional programming techniques such as procedural
structural or Object-oriented programming (OOP). It akbow DAl is a combination of core service composition de-
the software designer to separate the non functional con-scription (CSD) in BPEL and cross-cutting concern descrip-
cerns from the core functional concerns and helps to imple- tion (CCD) in a distributed aspect model (DAM). Similar



to the web service runtime engine BPEL4J, DAI definesa e S is a finite set of states, used to capture the global
runtime engine for DAM supported by local aspects and a  behavior of various web services.

distributed deployment framework. e Tis a set of transitions i.e. triples of forfsource state,

event, target state Here, the events are the notified

4.1 Distributed Aspect Model (DAM) . .
i ) o events from MonitorSpec which capture the state of com-
As mentioned briefly above, a distributed aspect that models  ponent web services.

a cross-cutting concern must specify the following: «O:S— Pred is a mapping from the states of STS to

1. The set of events from different component service hosts  a finite set of boolean predicates (Pred). These output
that are necessary to infer the global states (or a part of  predicates are hooks for AdviceSpec to control system
it) relevant to the concern execution as shown in the subsequent section.

2. Specific sequences of the global states which determine )
the dynamic join points, and 4.1.3 AdviceSpec

3. Distributed advices to be weaved based on the dynamic”AdviceSpec is a variant of "Distributed Advice™[] and is
specified as a tripléguard, point-cut, advigewhere

join points
Accordingly, the distributed aspect model (DAM) is de-  * guard is a boolean combination of predicates from Pred,
signed as a triple AspectModel{#onitorSpec, Behaviour- e point-cutis a pair ofservicename, local-point-ciyfand

Spec, AdviceSpec The following Figure (Figure 5) shows
the three components of DAM. Note that the MonitorSpec
and BehaviourSpec together determine a distributed join 4o pa| Runtime
point and AdviceSpec defines the distributed advice. In the
following, we explore each of the components of DAM in
more detail.

e advice is a set of instructions as in a local aspect.

DAI runtime has two parts: a simple non-distributed AOP
system to monitor the local events and a distributed deploy-
ment framework which supports notification and remote de-
ployment of Aspects. The runtime parses the specified CCD
MonitorSpec | Monitoring Aspectsi file and weaves local aspects in relevant nodes. Join point
', of the local advice are the execution points where the in-
teresting events occur. The advice of the local aspect trig-

gers the notification of event on the join point match. The
|Transition Syster*m runtime engin_e then makes th_e_ transition i|_f1 the Behaviogr—
Spec depending upon the notified event. Finally, depending

BehaviourSped

| Output Predicatis upon the output of the current state of the behaviourSpec, it
I weaves the guarded advice which is again a local aspectin a
vl—— particular node.
AdviceSpec [ Guarded Advicg
5. Case Study
Figure5. Distributed Aspect Model. Let us consider the example in Figure 1 discussed in sec-

tion 2.3. Recall that the component services TRS and HBS
are composed and exposed as a single composite named as
411 Monitor Spec Travel Service, and_our goal is to separate the cr_oss-guttln

) - ) N concern of transaction from the component services in the
MonitorSpec of a distributed aspect is specified as a set ofcontext of Travel Service. In our framework, Travel Service
triples of form(eventname, predicate, servig@me. Each il be represented as a combination of a service compo-
triple is deployed at the component service host thrqugh asition description (CSD) using BPEL and a cross-cutting
dynamically weaved local aspe'ct of the hosjt. The.pomtcut concern description (CCD) using DAM. The BPEL part ex-
of these local system aspects is the execution point Wherefpresses the core service comprising both (1) TRS.Reserve()
the specified predicate changes its value. The advice part ofang (2) HBS.ReserveRoom() in the standard format. In the
this local aspect invokes the notification mechanism of DAI following, we describe the DAM part in detail.
runtime to notify the BehaviourSpec. There are four events of interest in TRS as shown in
412 BehaviourSpec Figure 6(a) and explained in the following.

BehaviourSpec is specified by a State Transition System 1. The status of reserved ticket is changed to Wait Listed
(STS) which is the core of the proposed aspect model. The (E-twl)
STS has three componentS, T, O, where 2. The status of reserved ticket is changed to RAGréE)



3. The status of reserved ticket is changed to Confirmed
(E_tc)

4. The status of reserved ticket is changedltd Available
(E-tna)

She,_| | _ Stwl

[ s-hn, |

|s-hc,s-tw| [ _ Stna]  [s-hn, s}

Enable Compensation Interface in TRS
S-hc, S-tn

Enable Compensation Interface in HBS

init
(E_trad/ (E_twl) (E_td) (E_hd
|
@ (b)

Figure6. Event model for TRS(a) and HBS(b).

Note that the event Ewvl may be followed by Ena,
implying that a wait-listed ticket may not be confirmed.
Also, there are two events in HBS as shown in Figure 6(b)
and explained below.

1. The status of the Room Booking is change@tmfirmed
(E_hc)

2. The status of the Room Booking is changedlat Avail-
able(E_hna)

The MonitorSpec of the distributed aspect CCD is the
set of triples{(TRS, Ptwl, E_twl), (TRS, Ptrac, Etrac,
(TRS, Rtc, Etc), (TRS, Ptna, Etna), (HBS, Phc, Ehc),
(HBS, Phna, Ehna}. The predicate Rwl become true
when the status of reservation is changed to Wait Listed.
Other predicates are similar.

The BehaviourSpec of CCD, which is a state transition
system is shown diagrammatically in the Figure 7 . It has
a default initial state (-, -). The states depict the histofry
transaction state as derived from the notified event. For ex-
ample, the state (S-hc, -) says that the evemickhas oc-
curred in HBS implying the hotel booking is confirmed but
there is no information about ticket reservation from TRS.
We are particularly interested in sequence of events where
one of train reservation or hotel booking was not available.
From the transition system it is clear that this sequence of
events lead to either state (S-hc, S-tna) or (S-hn, S-t@. Th
state (S-hn, S-tc) says that the eventsrEand Etc have oc-
curred, implying hotel booking was not available but ticket

Figure7. Global State Transition System.

(P_trs, pctrs, adtrs) }, where pchbs is a point-cut in HBS,
and pctrs is a point-cut in TRS. The advice 4uhs (resp.
adtrs) enables the compensation service CancelRoom()
(resp. CancelTicket()) for this particular user. This com-
pletes the specification of CCD. Our implementation of the
proposed aspect model is developed using SmartFrog tool
and Aspectwerkz. Here Smartfrog language is used to define
DAM and Aspectwerkz along with smartfrog’'s deployment
engine is used to implement the DAI runtime. The runtime
behavior of DAM is shown in Figure 8.

Aspect Mode

TRS Event Monitor
JPTriggeredfalse;

VAN

HBS Event Monitor
JPTriggeredfalse;

VAN

1
- sets the triggered valug

1 _Sys_,tea Advice:
L]

VAN

P
9H
Advice Component

redicate
older
—\
A - pointcut expression
Figure 8. Runtime Behavior of DAM.

reservation was made. In this case, we want to ensure the

transaction property "all or none” by enabling the compen-
sation interface in TRS. Similarly, the state (S-hc, S-tag)s

that the events lac and Etna have occurred, implying ho-

tel booking is confirmed but train reservation is not made. In
this case, we want to enable the compensation interface in
HBS.

Note that the output function assigns the value True to
the predicate (hbs in the stateéS-hc , S-tnaand assigns the
value True to the predicatet?s in the statéS-hn, S-t¢. Fi-
nally, the AdviceSpec is specified §§°_hbs, pchbs, adhbs,

6. Summary and Discussion

In this paper, we have proposed a solution for the separa-
tion of non-functional features (cross-cutting concerois)

composite web services. The solution extends the existing
web services infrastructure to a distributed aspect itinas

ture(DAI). We have used SmartFrog as a distributed deploy-
ment and event notification mechanism. One can use any
other mechanism which supports these functionalities. The



state-transition system of BehaviourSpec in DAl also can be tionto SOAP, WSDL, and UDDIEEE Internet Computing, 6(2),
implemented in any programming language. Mar/Apr 2002, pages 86—93.

Our approach provides a rich framework for cross-cutting [7] Berardi, D., Calvanese, D., De Giacomo, G., Lenzerini, M
concern design because of the state-based join point model. Mecella, M., A Foundational Vision for E-Servicen Proc.
Another important benefit of this approach is that the deploy ~ Workshop on Web Services, e-Business, and the Semantic Web
ment location of the advising component can be determined (WES2003) held in conjunction with The 15th Conference On
at runtime. We are now exploring several threads for further ~ Advanced Information Systems Engineering (CAISE20033:KI
optimization and extension of the model. genfurt/Velden, Austria, 2003.

In order to explore the scalability of the solution, we need [8] K. P. Birman. Like It or Not, Web Services Are Distributed
to estimate the overhead introduced by DAM and propose Objects Communications of the ACM, 47(12), December 2004,
optimizations to reduce the overhead. We need to deploy Pages 60-62.
extra queuing mechanisms when multiple advices are pre-[9] A. Charfi and M. Mezini. Hybrid Web Service Compo-
scribed by the BehaviourSpec for a node. In a large system Sition: Business Processes meets Business Rufesroc.
with many events, the bottleneck of BehaviourSpec needsto  2"d International Conference on Service Oriented Comput-
be avoided by distributing the implementation of Behaviour ~ "9(CSOC2004), New-York, USA, 2004, pages 30-38.

Spec. [10] G. Qrtiz, J. Hern_éndez, and P. J Clemeﬁlecoupling Non-

Since BehaviourSpec captures event sequences of a dis- Functional Properties in Web Services: An Aspect-Orlem!tpd_
tributed system and the events are asynchronous (no global Pr0ach In Proc. The 2nd European Workshop on Web Services
clock), there may be race conditions leading to different and Object Orientation (EOOWS 200‘.1) held n conjunctiothwi .

. . the 18th European Conference on Object-Oriented Progragimi
advices output by the BehaviourSpec for .the same set of (ECOOP'2004), Norway.
causally unrelated events. In order to avoid this, the tran-
Sltlon _'system of Beh_a\/_lour_SpeC should be d¢5|gned _SUCh tanathan, S.DPecoupling Security Concerns in Web Services
_that '_t IS not gble to d_|st|ngU|sh betwe_en event mterlegsn_n Using AspectsThird International Conference on Information
i.e. different interleavings must result in same set ofcati Technology: New Generations (ITNG'2006), Las Vegas, USA,
(weaving of aspects). _ April 2006, pages 20-27.

Anotherissue is the r.eal-tlm'e aspept ofthg framework.. In [12] Camara, J., Canal, C., Cubo, J., and Murillo, J. A Aspect-
order to deploy composite services with real-time constsai Oriented Adaptation Framework for Dynamic Component Evo-
among distributed events, we have to extend BehaviourSpec |ytion, Electron. Notes Theor. Comput. Sci., 189, July 2007,
with clocks. We are now exploring these extended features pages 21-34.
of cross-cutting functions and their modeling in Behaviour (13} ponnalagu, K., Narendra, N.C., Krishnamurthy, J. and

[11] Mostefaoui, G. K., Maamar, Z., Narendra, N. C., and Sat-

Spec. Ramkumar, R.Aspect-oriented Approach for Non-functional
Adaptation of Composite Web ServicE<EE International Con-
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