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Abstract. The theme of service-oriented computing is largely centered on reus-
ing already existing services. Service providers model common features among
potential applications, realize them as reusable services, and publish in service
registries. Service consumers discover appropriate services and subscribe them.
In developing application with reusable services, there exists a key technical
problem, called mismatch problem which is a gap between the required feature
and the feature of a candidate service. The adaptability of available services is a
key factor in determining the reusability of the published services by resolving
mismatches. Hence, we claim that the design of adapters should be an essential
activity for developing service-oriented applications. In this paper, we identify
recurring mismatch types in discovering services. And, we present four adapter
patterns handling the mismatch problems. By using the adapter patterns, service
providers could develop highly reusable services, and service consumers will be
able to reuse more services available.

Keywords: service mismatch problem, adapter pattern.

1 Introduction

As an effective reuse paradigm, the theme of service-oriented computing is largely
centered on reusing already existing services. Service providers model common fea-
tures among potential applications in a domain, realize them as reusable services, and
publish in service registries. Service consumers discover appropriate services and
subscribe them in their systems. Hence, being able to reuse published services is the
most fundamental underlying notion of service-oriented computing.

However, there exists a key technical problem in reusing the services; mismatch
problem. Let FEA;, FEA, ..., FEA, be the features needed in developing a target sys-
tem. And, let SVC,;,SVC, ..., SVC,, be the services available in services registries.
Service consumers would try to locate the right service SVC; for a feature FEA, for the
target system, and then the discovery will result in one of the following categories;
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e Category 1) Finding SVC; which fully fulfills FEA;. This is the happy case that
the located service can be included and reused in the target system, yielding a high
reusability.

e Category 2) Finding no SVC; which fully fulfills FEA;. Since there is no fully match-
ing service, the required feature FEA; should be newly implemented.

e Category 3) Finding SVC; which partially fulfills FEA;. Due to the partial matching,
the located service SVC; may or may not be reusable in the target system depending
on its adaptability. This is the motivation for our research.

Hence, mismatch is defined as the gap between the required feature FEA; and the fea-
ture of a candidate service SVC;. Adaptation is an activity of adapting such service
SVC; to make it fulfill the required feature FEA;. Hence, the adaptability of available
services is a key factor in determining the applicability and reusability of the pub-
lished services. Without adaptation capability, services of partial fulfillment (in the
category 3) could not be utilized in developing target systems. Hence, we claim that
the design of adapters should be an essential activity for developing service-oriented
applications.

Like the motivation for object-oriented design patterns [1], we observe recurring
problems of mismatch in discovering services, i.e. typical patterns of service mis-
matches. Accordingly, we believe that developing patterns for designing adapters
which can effectively resolve the recurring mismatch problems would be feasible.

In this paper, we first identify recurring mismatch types in discovering services,
and define the roles of service providers and consumers to support adaptability. Then,
we specify each adapter pattern. For the paper organization, we give a survey of re-
lated works in section 2. And, we present taxonomy of service mismatches, and roles
of service providers and consumers in section 3. Each pattern is specified in details in
section 4, and assessment work is presented in section 5. By using the adapter pat-
terns, service providers could develop highly reusable services, and service consum-
ers will be able to reuse more services available.

2 Related Works

Kongdentha and his propose the aspect-oriented approaches to adapt mismatches in
interfaces and protocols [2]. First, they define interface and protocol mismatch pat-
terns including adaptation logic that resolves the mismatch. Then, they present apply-
ing aspect-oriented approach to modify the services. At runtime, adaptation logic is
generated and woven into the adapted service. To do this, they define three mismatch
patterns including Signature Mismatch Pattern, Missing Message Pattern, and One-
to-Many Pattern. Although their approaches are presented in much detailed level to
show the applicability and practicability, this work only focuses on the interface and
workflow mismatches.

Benetallah’s work proposes methods for developing adapters which can resolve
mismatches in service interfaces and business processes [3]. A mismatch pattern
specifies situation, information for adapter instantiation, and pseudo-code. Each pat-
tern is provided for resolving mismatches of service interface and business process
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level. This work proposes the mismatches confined to service component and busi-
ness process and the steps to resolve mismatches without giving details for develop-
ing the adapters.

Sam’s work proposes methods for identifying service mismatches and dynamically
adapting the services [4]. The method for identifying mismatches utilizes service
configuration which is a specification of syntactic aspect, semantic aspect and con-
straints of service interfaces. The method for adapting services utilizes context asso-
ciation rules to transform interfaces of published services to the service interfaces
expected by consumers. This work mainly deals with interface mismatches and inter-
face transformation.

Erl presents various kinds of patterns for realizing service-oriented architecture [5].
Most of the patterns are related to designing services, but they also address how to
resolve differences in data formats, data models, and communication protocols by
using three patterns; Data Format Transformation, Data Model Transformation, and
Protocol Bridging. The mismatches are only for interface-level information, and the
proposed patterns need to be enhanced in a practical manner.

3 Fundamentals of Service Mismatches

3.1 Types of Service Mismatches

Services are published in registries with their Service Specification, which becomes
vital information for service discovery. Service consumers look up the specification
and may find mismatches. Hence, we can derive typical mismatches from the key
elements of the service specification. A service is commonly specified with its inter-
face, functionality, and provided Quality of Service (QoS)[6].

Service Interface element of a service has Provide Interface and Required Inter-
face. Provide Interface specifies the functionality delivered by the service, and Re-
quired Interface specifies external services or objects which should be plugged into
the current service to make the service fully functional [7].

Service Functionality consists of External Behavior and Internal Behavior of op-
erations in the service. The external behavior is typically specified with a functional
overview, pre-condition, post-condition, invariant, and constraints. The internal be-
havior of a service operation specifies the logic, algorithm, rules, and any other inter-
nal details of the operation, and hence it is typically invisible to outside.

QoS consists of one or more quality attributes and their expected values at runtime,
which is typically specified in Service Level Agreement. Hence, services are specified
with certain levels of quality attributes.

Types of mismatches can be derived for each element in Service Specification by
considering its plausible abnormality, i.e. Interface Mismatch, Functionality Mis-
match, and QoS Mismatch. Furthermore, each mismatch type can be specified into
more specialized mismatch types. For example, Interface Mismatch is specialized into
Signature Mismatch and Semantic Mismatch. Fig. 1 represents all the mismatch types
which are derived from the each element of the service specification.
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Fig. 1. Hierarchy of Partial Mismatches

The rest of the mismatch types are further specified within adaptation patterns in
section 4.

3.2 Roles of Service Providers and Consumers for Adaptability

When developing applications with services, service consumers can face the mis-
match problems so that they take responsibility for adapting the services. Therefore,
service consumers develop static adapters by realizing the most appropriate adapter
pattern. To do so, they identify the type of mismatches, design how to resolve the
mismatches, and utilize the service after adapting it.

But, it is not always possible to resolve the mismatches since the service consum-
ers should access enough information to develop the suitable adapters. That is, if ser-
vice providers do not provide methods for static adaptation, service consumers have a
limitation on adapting the services. Therefore, service providers enable the consumer
to resolve the mismatches by providing sufficient service information. To enable the
service adaptation, it is feasible for the service provider to define required interface
which can assert consumer-specific variants [8].

4 Specification of Adapter Patterns

The mismatches identified in section 3.1 occur repeatedly when the services are in-
voked by various service consumers. To deal with these repeated mismatches, we
propose several adapter patterns in terms of overview, applicable situation, structure,
collaboration, consequence, and instruction.

Note that we do not cover the adapter patterns for resolving Not Supported QoS
Mismatch and Not Satisfied QoS Mismatch since QoS cannot be managed at the struc-
tural and dynamic designs but the architecture design. Hence, we suggest utilizing
architecture design approaches such as [9].

4.1 Signature Matching Pattern

Overview: This pattern is to adapt the interface of a candidate service so that the in-
terface expected by a consumer and the interface of a provided service match.
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Applicable Situation: When there is a candidate service but its interface do not fully
match to the interface expected, this pattern can be used to resolve the mismatch.

In SOA, service interfaces are pre-defined by providers, and they cannot be re-
defined by service consumers. There can be a situation where the interface of a candi-
date service does not fully match to the interface expected by a consumer application.
We call this situation as Signature Mismatch.

Structure: The Adapter pattern such as [1] can be used. As shown in Fig. 2, Caller
which is a class in an application defines a required interface, opI( ). Callee provides
a candidate service having an interface, op2( ). Then, an Adapter (i.e. adaptedClass)
resolves the mismatch by transforming signatures as shown in the note in the figure.

«caller» «callee»
Class in App Service
opl(paramListl) op2(paramList2)
4 £, public void op1(paramList1) {
T i Service svc;
«adapter» // map opl to op2
adaptedClass =5 // map paramlList1 to paramlList2
opl(paramlListl)— 7 result = svc.op2(paramList2);
// map return type of op2 to opl
}

Fig. 2. Object Model for Signature Matching Pattern

Collaboration: At runtime, the participants in this pattern work together to resolve
the signature mismatch as shown in Fig. 3. If there is more than one operation to
transform the expected operation to provided one, there may be several self invoca-
tions in the instance of adaptedClass.

cl: Class in App al: adaptedClass srv: Service

End user

1. op1(paramListl)
|:| 2. op1(paramListl)
// execute mapping function for parameters

(paramListl > paramlList2)
3. result:= opZ(paramistZ)

// execute mapping function for return types
|:| 5. return result |:| 4. return result D (return type of op2 - return type of op1)

Fig. 3. Dynamic Model of Signature Matching Pattern

When the user invokes the method opI(paramListl) in the Class in App, its over-
ridden method in adaptedClass is invoked by the principle of dynamic binding. As
shown in the algorithm for the method in the figure, it adapts the interface mismatch
by using mapping function for input parameter. Then, the method opl(paramListl)
invokes the method in the Service, op2(paramList2).
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Consequence: Candidate services which have mismatches with services expected not
becomes reusable, increasing the reusability of candidate services. There can be a
minor performance penalty for having to invoke services through the adapters.

Instruction: To apply this pattern, first, we identify the mismatch between expected
and provided interfaces which is mismatch on the names of operations, mismatch on
the datatypes of parameters and return value, mismatch on the orders of parameters,
and mismatch on value ranges of parameters. Second, we define a mapping rule for
each mismatch. Mapping rules may vary from simple type casting to complex calcula-
tion. The next step is to add a code segment invoking the adapter in the application.

4.2 Semantic Matching Pattern

Overview: This pattern is to adapt a candidate service to make its semantic fit to the
semantic of an expected service.

Applicable Situation: When developing the service-oriented applications, behavioral
semantics of the service interface may not be satisfied with the consumer’s expecta-
tion although the signature is compatible. Being different in semantics implies that
there are minor gaps in pre/post conditions and invariant.

<Difference in Pre-Conditions>
E;l;als/ Im;’)l’i’e‘s’r Ty
Pre (Srvgequired) @
;“Not impliefﬂ_____»__«_, .

<Difference in Post-Conditions> _

/ 7 Equals / Implies = -
POSt(SMVaequired) POSH(SMVproviged)

Not implies ——

Fig. 4. Detailed View of Semantic Mismatches

Fig. 4 explains the applicable situations of this pattern in detail. Let Pre(Srvgeguires)
be the pre-condition of service Srvgeguirea and POSH(SFVRequirea) be the post-condition of
service SrVreguired.

When Pre(Srvgeguireq) i €qual to or implies Pre(Srvp,oviqeq), the target service can be
applied. Otherwise, the service is not usable. Consider an example where
Pre(Srvreguirea) says A should be larger than 0, and Pre(S7vp,ovideq) Says A is equal to or
larger than 0. A problematic case is when A is 0, which requires an adaption.

Differences in the post-condition are opposite to ones in the pre-condition. Con-
sider an example where Post(S1Vgequireq) Says x should be equal to or larger than y, and
Post(Srvp.ovidea) Says x is larger than y. In this case, a problem occurs when x is equal
to y, which requires an adaption.

As the third element describing the semantic, an invariant is a condition which
must always hold while a service is being executed. Since services are provided as a
black box, it would generally be not feasible to adapt invariants. This situation is
called Semantic Mismatch as depicted in Fig. 1.
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Structure: Adapting semantics of blackbox form of services is not trivial due to the
limited accessibility and visibility. To mitigate gaps in the pre-conditions, adaptation
will apply to both consumer and provider sides. For consumer side, the underlying
mechanism of Signature Matching Pattern can be well applied. For provider side, we
apply a plug-in mechanism [8]. This method can only be applicable when required
interface is pre-defined. Through the required interface, service consumer can plug an
external object which carries the consumer-specific logic, i.e. variant.

Unlike the pre conditions, the differences in the post conditions are only resolved
on the provider side by using plug-in mechanism.

Fig. 5 depicts how plug-in mechanism is applied to this pattern. Service has a static
attribute, vp, of PlugType type which is set through plugln operation Class in App
sends a message with the its own plug-in object, myObj.

'
Class in App 1/ chrovideinterface» Service
X K ] op1(..);
Static Service svc; : op2(..); static PlugType vp;
adaptService( ) { ! ' // Method to Adapt
I/ «Requiredinterface» | plugin (PlugType obj) {vp=obj;}

svc = locateService (...); |+

MyPlugin myObj = new. plugln(PlugType obi);

// Logic for my semantic here...

}

On Service Customers’ Side

On Service Providers’ Side

1
0. 1 // Businesss Methods
svc.plugin (myObj);
} i b 0p1 (..) {vp.op7(...;}
| [op2(.);
/ H
svc.opl (...); 1
1
| : «Providelnterface»
PlugType
1 J—
MyPlugln impl 's PlugType t
: op7(...);
1
1
op7(){ :
]
]
]
]
1

Fig. 5. Design of Semantic Matching Adapter with Plug-in Object

The Plug in object, MyPlugln, embodies the adaptation functionality. To resolve
this mismatch, the plug-in may perform additional functionality that reads the results
provided by the service in reverse order. Note that in this plug-in mechanism, most of
the functionality is fulfilled by the services provided and the small amount of the
functionality is satisfied with the plug-in object.

Collaboration: When Class in App invokes the Service, the Class in App first creates
its own plug-in object, an instance of MyPlugln and then passes the object (i.e.
myObj) as an argument by using the required interface, plugin(PlugType obj).

Then, on the service side, the argument myObj is copied to a static attribute, vp, for
a variation point. Since then, whenever opl()gets invocation, the Service internally
invokes op7() defined in MyPlugIn implementing consumer-specific functionality.

Consequences: Utilizing this pattern increases the reusability of candidate services,
but there can be a minor performance penalty for invoking services after creating the
plug-in objects. And, there may be some limitations to develop plug-in object since
this pattern is only applicable when a service providers offers additional mechanism
such as Required Interface which enables the object to be plugged in.
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Instruction: To apply this pattern, we suggest the following process. First, we iden-
tify the mismatch the mismatch between expected and provided semantic. Second, we
define a mapping relationship by applying semantic adaptation methods available
such as [10] and [11]. When several semantic mismatches are adapted, some compli-
cations among the adapted items may occur.

The next step is to add a code segment invoking the adapter in the application. The
place of the code segment for the adaption is different whether the semantic mis-
matches are about precondition or postcondition. In the former case, the code seg-
ments put before the actual service operation invocation. And in the latter case, the
code is placed behind the service invocation.

4.3 Functionality Enhancing Pattern

Overview: This pattern is to supplement the functionality which is required by the
service consumer but not offered as a service.

Applicable Situation: When service consumers look up the services based on their
functional requirements, it is inevitable to find the service whose functionality does
not fully match consumer’s expectation. In this case, most of the functionalities are
provided by the services but a little amount of functionality is not provided. This
situation is called Functionality Lacking Mismatch as shown in Fig. 1.

Structure: To resolve Functionality Lacking Mismatch, we suggest using Decorator
pattern[1] to append the needed functionality as shown in Fig. 6.

Service
opl();

4 service
I 1

. «decorator, abstract»
ServiceComponent DecoratedService

opl(); opl() {service.opl(); };

A

ConcreteDecoratedService

op1(){
service.opl();
) addedOp( );

a;:idedOp( ); // Additional Logic
Fig. 6. Object Model of Functionality Enhancing Pattern

In the figure, the Service defines the interface for the ServiceComponent that pro-
vides its functionality but may have lack functionalities of the required ones. Hence,
we define a service with an additional functionality, called DecoratedService. Deco-
ratedService aggregates a reference to its superclass in recursive manner. At runtime,
an instance of ConcreteDecoratedService substitutes its superclass object, and the
opl( ) in the class embeds an additional functionality in the method addedOp( ).
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Collaboration: When the consumer invokes op () of ServiceComponent, Decorated-
Servies gets the invocation. In opl() defined in DecoratedService, it first invokes the
ServiceComponent and then execute additional functionalities.

Consequence: The functionality-inappropriate service becomes useable so that the
reusability of the service will be increased.

Instructions: To apply this pattern, we suggest the following process. First, we iden-
tify the lacking functionality by comparing consumer’s functional requirements with
service functionality. Second, we design the functionality. The next step is to add a
code segment invoking the adapter in the application. The code segments for the ad-
aptation are put after the actual service operation invocation.

4.4 Functionality Disabling Pattern

Overview: This pattern is to disable the unnecessary functionality of the service so
that the expected functionality and the one of a provided service match.

Applicable Situation: This pattern is applied when the functionality of the service
provides additional one required by the service consumer. Only if the accidental invo-
cations of functionality create potential problems such as integrity violations and
undesirable side-effects, this is problematic. This situation is called Functionality Ex-
ceeding Mismatch as shown in Fig. 1.

Structure: The Proxy pattern such as [1] can be used. As shown in Fig. 7, there are
two subclasses of Servicelnterface implementing op2(). Functionalities of op2 are
almost similar, but ServiceComponent provides additional functionality. Hence,
ProxiedComponent redefines the op2(), which op2() of ServiceComponent is first
invoked and disables additional functionality by throwing exceptions.

scallens Servicelnterface

Class in App interface|
opl (..){
= op2/(...)
interface.op2();
} public void op2(...) {
4 ServiceComponent svc;

L 1 result = svc.op2(...);

: «proxy» . I

ServiceComponent ProxiedComponent | | if (result ! expectefﬁResult M
v // throw exception for the
1

~ mismatched side effects
svC -7

op2(...) op2(.)---~~

Fig. 7. Object Model of Functionality Disabling Pattern

Collaboration: When the user invokes the method op2() in the opI() of Class in App,
its overridden method in ProxiedComponent is invoked. As shown in the algorithm in
the figure, it internally invokes op2() in ServiceComponent and disables the additional
functionality. Hence, additional functionality is no longer effective.

Consequence: The functionality-inappropriate service becomes useable so that the
reusability of the service will be increased.
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Instructions: To apply this pattern, we suggest the following process. First, we iden-
tify the exceeding functionality which is not required by the service consumer by
comparing the functionality requirement and service functionality. Second, we check
whether the exceeding functionality can be disabled or not. If not, such as side effects
on the database, do not consider applying this pattern. Third, we design the way to
disable the exceeding functionality such as treating as an exception. Then, we develop
a proxy-like adapter which provides the same interface in the ProxiedComponent. The
next step is to add a code segment invoking the adapter in the application.

5 Assessment and Conclusion

The adapter patterns proposed in this paper result in high reusability and profitability
for the service providers and high ROI for the service consumers. We also should
consider the performance penalty and additional efforts to develop adapters when
adopting the adapter patterns. Hence, if a consumer’s application imposes strict QoS
requirements, it may be better not to use the service after adaptation. And, the con-
sumers should analyze business cases by comparing the cost to develop application
without services and with services and adapters.

In this paper, we identify six types of recurring mismatch in discovering services
and define the roles of service providers and consumers to support adaptability. Each
adapter pattern is specified in terms of its overview, applicable situation, structure,
collaboration, consequence and instruction. By using the adapter patterns, service
providers could develop highly reusable services, and service consumers will be able
to reuse more services available.
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