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Abstract. Service-oriented systems are constructed using Web services
as first-class programmable units and subsystems and there have been
many successful applications of such systems. However, there is a major
unresolved problem with the software development and subsequent man-
agement of these applications and systems. Web service interfaces and
implementations may be developed and changed autonomously, which
makes traditional configuration management practices inadequate for
Web services. Checking the compatibility of these programmable units
turns out to be a difficult task. In this paper, we present a technique for
checking compatibility of Web service interfaces and implementations
based on categorizing domain ontology instances of service description
documents. This technique is capable of both assessing the compati-
bility and identifying incompatibility factors of service interfaces and
implementations. The design details of a system model for Web service
compatibility checking and the key operator for evaluating compatibility
within the model are discussed. We present simulation experiments and
analyze the results to show the effectiveness and performance variations
of our technique with different data source patterns.

Keywords: Web services compatibility, ontology, Web services configu-
ration management.

1 Introduction

As service engineering takes hold in large-scale intra- and inter-enterprise service-
oriented computing (SOC) settings, how to manage service configurations (or
differences) becomes a key enabling task for correct and effective use of dynamic
services. Service components, e.g., Web services, resemble traditional indepen-
dent software systems in being autonomous. However, they have an important
advantage over traditional systems: they are network discoverable and accessi-
ble via standardized protocols. Comparing service compatibility is the basis of
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configuration management for Web services, as it is the key to successful engi-
neering of the third generation of Web services, such as (1) forming a consensus
about each other’s behavioral differences and similarities, and (2) robust service
composition by self-organizing similar services into teams [1].

Configuration management practices in traditional software engineering
[2,3,5][13,14,15] are insufficient for Web services. One major reason is that the
autonomous development and deployment of services does not constrain the ser-
vice engineering and management activities within a tightly-coupled and closely
administered environment as is typically expected for traditional local compo-
nents or controlled distributed components. For example, in a service-oriented
environment, two very different service providers may independently evolve the
same service interface. They may also develop and change service implemen-
tations according to the evolved version of the interface. Given the fact that
changes to Web services are not performed by people that are bound by the
same organizational constraints, it is important to discover and maintain a con-
sistent mechanism to track the compatibility or incompatibility of the services.
Such a mechanism will have a major impact on the reuse of services and on main-
taining a consistent understanding of the evolutions made by different parties in
a holistic way.

In this paper, we first present a conceptual system model for service objects
to facilitate compatibility checking in a service-oriented environment. We then
present a technique that conforms to this model to be used for the compatibility
checking of Web service interfaces and implementations, which are possibly de-
veloped by different teams or completely independent providers. The technique
enables consistent Web service configuration management in an enterprise or
open service-oriented environment. This technique can be used to (1) retrieve
Web service interfaces or implementations that are compatible with a given ser-
vice object, and (2) identify distinct incompatibility factors of service interfaces
and implementations. The technique is based on a domain ontology instance
categorization tool, which categorizes terms from service description documents.
The technique defines several semantic rules, which are designed to be applied
to the term categorization results for assessing compatibility and identifying in-
compatibility factors of service objects. We present the experiments and results,
and demonstrate the effectiveness of our approach on checking compatibilities
of services.

The remainder of the paper is organized as follows: Section 2 is related work.
Section 3 describes the idea of compatibility checking of Web services and a con-
ceptual system model for organizing service objects and checking compatibility
of service objects within this model. Section 4 discusses the technical details of
an ontology instance categorization tool, presents the scheme of using ontology
categorization for service compatibility checking, and further elaborates how to
use the semantic results to distinguish various incompatibility factors. Section 5
illustrates the experiments and provides an analysis of the experimental results,
while Section 6 concludes the paper.
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2 Related Work

Automatic service discovery and selection is a key aspect for composing Web
services dynamically in SOC. Current approaches to automating discovery and
selection make use of only structural and functional aspects of the Web services.
We believe that behavioral selection of Web services should be used to provide
more precise results. Service behavior is difficult to specify prior to service ex-
ecution and instead is better described based on experience with the service
execution. In earlier work, we presented an approach to service selection and
maintenance-inspired by agile software development techniques-that is based on
behavioral queries specified as test cases. Behavior is evaluated through the
analysis of execution values of functional and non-functional parameters. The
tests can also be used to assess performance and reliability. Therefore, in addi-
tion to behavioral selection, our framework allowed for real-time evaluation of
non-functional quality-of-service parameters, scalability, and dynamism [4]. Our
work reported herein focuses on the compatibility issues of service evolution with
multiple providers.

Ontology studies for semantic Web services can be categorized as ontology
matching, ontology mapping, and ontology merging. Techniques and algorithms
have been proposed to match concepts among heterogeneous ontologies in a
tree-like structure or a graph-like structure [9,10,11]. A majority of the matching
techniques proposed are schema-based and discover similarities from linguistic or
(and) structural characterizations. Platforms and frameworks that provide an in-
tegrated environment to facilitate easy use of these matching techniques are also
reported. Our compatibility checking system relies on a probabilistic ontology
categorization technique. Similar to GLUE [12], the categorization technique is
also instance based. In contrast to GLUE, the aim of our ontology categorization
technique is to provide a strong evidence for Web service compatibility instead
of producing a merged ontology.

As the adoption rate of service-oriented computing and Web services continues
to grow, topics pertinent to service engineering are attracting increasing inter-
est. The materialized form of services is software products, which are required
to go through a number of general engineering activities. The bottom line of
service engineering, therefore, is a process similar to the Software Development
Life Cycle (SDLC), which consists of design, build, test, and maintainance. One
important aspect of the process is how to record the changes so that consis-
tency and compatibility is guaranteed for interactions between service users and
providers. A few industry papers present best practices in Web service versioning
[6,7]. Frank et al. [8] also present a proxy-based Web service hosting environ-
ment with routing points to handle requests of different versions. They have
separate versioning for service interfaces and service implementations. The aim
of our work on compatibility checking is to address the most basic issue of Web
service versioning and to lay the foundation for research on Web service-specific
versioning systems.
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All the research issues studied in the above related work can be attributed
to one fact, i.e., unlike traditional software, services are published and shared
across the Web. As a result, the changes and evolution of service interfaces and
implementations are not controlled by a single authority. As more services that
serve the same purpose become available, improved versions of the services will
be an increasingly complex problem to solve. For example, two important and
open issues to be addressed for Web service versioning is how compatibility of
services can be determined in the presence of heterogeneous descriptions and
how versions of services can be constructed based on compatibility.

3 Web Service Compatibility and Versioning

In this section, we introduce our compatibility model of Web service interfaces
and implementations.

3.1 Web Service Compatibility Model

To study the compatibility of service interfaces and service implementations, we
propose a schema that models the following two categories of information, each
of which is represented as a class in the model:

– The classes of objects useful for compatibility checking
– The families that collect related objects.

Object classes include a selection of elements defined in WSDL and UDDI, i.e.,
businessService, operation, tModel, and categoryBag. The classes are de-
fined in the schema in Listing 1. Objects of these classes are referred to as service
objects. The first three classes all derive from a class of Versioned objects. We treat
compatibility of service interfaces and service implementations as two separate
but related issues. We also consider versioning of service operations. Therefore,
we use the above service objects in our model to differentiate levels of compati-
bility checking that may contribute to Web service configuration management.

Attributes of a class can be single-valued, such as release and time of the
Versioned class. Attributes can also be set-valued, such as iTypes of TModel
class. Compatible objects are linked together. The previous object and the next
object in the same link are pointed to by attributes of nextCompa and prevCompa
of a particular object. The number of trailing objects is recorded in tail.

The class of CheckingSystem represents the entire repository established for
the compatibility checking purpose, which contains all objects of all classes.
The attribute of portTypeRoots, tModelRoots, businessServiceRoots are the
roots of the linked compatible objects. It also has three Check constraints in
CheckingSystem. The first Check constraint specifies that each TModel object
must be categorized with one CategoryBag object. The second Check constraint
specifies that each TModel must have at least one PortType object defined in
it. The third Check constraint specifies that each object of BusinessService
object must implement at least one TModel object.
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Listing 1

{
Versioned: class (

release: Integer,
build: Integer,
time: TimeStamp)

NameOwner: class (
name: String,
owner: String)

Operation:
subclass of Versioned, NameOwner (
operation: XML,
nextCompa: InterfaceOperationType,//defined in WSDL20
prevCompa: InterfaceOperationType,
tail: int)

TModel:
subclass of Versioned, NameOwner (
tModel: XML,
cBags: set of CategrotyBag,
iTypes: set of InterfaceType,//defined in WSDL20
nextCompa: TModel,//defined in UDDI3
prevCompa: TModel,
tail: int)

CategoryBag:
subclass of NameOwner (
categoryBag: XML,
tModel: TModel)

BusinessService:
Subclass of Versioned, NameOwner (
bindingTModels: set of TModel,
nextCompa: BusinessService,//defined in UDDI3
prevCompa: BusinessService,
tail: int)

CheckingSystem: class (
operations: set of Operation,
tModels: set of TModel,
businessServices: set of BusinessService
categoryBags: set of CategoryBag
check

(for-all tm in tModels)
(there-exists b in categoryBags)

check
(for-all tm in tModels)
(there-exists i in iTypes)

check
(for-all bs in businessServices)
(there-exists tm in tModels))
}
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3.2 System Model

We now describe the structure of our compatibility-checking system. Listing 2
defines the system model of the compatibility checking system. checkingSystem
is an instance of class CheckingSystem. It contains version families composed of
objects of class Operation, TModel, and BusinessService. We have used the
concept of version family when designing our compatibility-checking system. Our
purpose is to categorize the object space into a number of compatible groups. A
version family is a group of objects of the same class selected based on certain
properties [18]. These compatible objects (belonging to the version) are linked
together.

The system must be capable of refining the compatibility classification by
selection of version families. We use version selection rules for this purpose.
These rules operate on version families and select one or more members from
the families. In particular, the selection rules of compatibility checking return a
set selected from the compatible objects. These objects may or may not belong
to the same family, depending on the requirement of the checking task. Several
examples are given in Listing 2.

The select operation in Listing 2 outputs the latest tModel object in a
tModel version family. selectCompatibles operation outputs all tModel ob-
jects in a version family that are compatible with a given tModel object. The
incompatiblewith operator outputs 0 if the first operand is compatible with
the second operand. Otherwise, it outputs some positive number that identifies
incompatibility causes if the first operand is incompatible with the second. The
technique to implement the incompatiblewith operator is discussed in Section
4. selectCompatibleRoot finds the tModel root that has the largest number of
objects in its tail.

Listing 2

checkingSystem: system model from CheckingSystem (
operations = {"Root1_operations", "Root2_operations, }
tModels = { "Root1_tModels", "Root2_tModels", }
businessServices = {"Root1_businessServices", "Root2_businessServices", }
categoryBags = {"Finance", })

select tModel from f: family of TModel
in checkingSystem.tModels (
(for-all mf in f)

(tModel.release>=mf.release))
selectCompatibles set of tModel from f: family of TModel given tm class of TModel

in checkingSystem.tModels (
(for-all tModel)

(incompatiblewith(tModel,tm)=0)
selectCompatibleRoot tModel from selectedRoots: family of TModel

in checkingSystem.tModels (
(for-all root in selectedRoots)

(tModel.tail >= root.tail))
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4 Compatibility Checking by Ontology Categorization

In this section, we describe how the operator of incompatiblewith used in
selectCompatibles in Listing 2 is realized by (1) using an ontology catego-
rization technique to categorize important terms in the descriptions of Web
services, and (2) assessing service compatibility according to semantic rules
and the categorization results of terms. In Section 4.1, we first review the
ontology categorization technique that has been designed in our earlier work
[17].

4.1 Basics of Ontology Categorization

Web service information resources are documents that contain descriptive in-
formation about the semantics of Web services. We focus on semi-structured
documents, including WSDL and OWL-S documents, as sources for checking
their compatibility. We are interested in the portion of service descriptions that
carries semantics related to the domain and will be useful in checking service
compatibility. In WSDL documents, we use the names of service interfaces, op-
erations, input, output, and elements of input and output, and about implemen-
tation descriptions in terms of binding protocols. In OWL-S documents, we have
used ServiceProfile and ServiceGrounding, which we consider most relevant to
domain knowledge.

Terms are first extracted from the service descriptions. Next, pre-processing
is performed on the extracted terms. After that, the terms are used to establish
a probabilistic model for ontology instance categorization. The categorization
model is adapted from existing classification techniques found in the information
retrieval area. It consists of two parts: (1) SVMV-based and (2) co-occurrence-
based. Both parts of the model perform categorization based on the similarity
ranking of terms in an independent manner. Their results are then merged using
a simple voting scheme. The model is used to decode heterogeneous descrip-
tions continuously and enhance the categorization basis by learning new service
descriptions.

We have adapted SVMV, as a model of probabilistic text categorization,
to derive the probability that a description d is categorized into a category
c, i.e., p(c|d). We adapt SVMV by introducing relationship patterns that per-
tain to service descriptions. For example, we consider the relationship between
InterfaceOperationType and input, InterfaceOperationType and output,
and InterfaceType and Operation.

In co-occurrence analysis, a description document is represented by a ma-
trix of co-occurrence frequencies. We establish asymmetric links for each pair of
terms. A cluster function defines the term similarity weights by the combined
weight of both term tj and tk in document i and the inverse document fre-
quency. To perform co-occurrence analysis, the asymmetric co-occurrence analy-
sis function [17] is adapted for service descriptions. Our adaptation mainly con-
cerns the definition of similarity weights and the calculation of the weighting
factor.
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4.2 Compatibility Checking

The incompatiblewith operator is evaluated by our system in the following way:
categorize the values of a number of selected key tags in the corresponding XML
constructs within the service descriptions and analyze the categorization results
according to semantic rules. The key tags are selected from the conceptual defin-
itions of services in a given upper service ontology, e.g., OWL-S. Table 1 lists all
the objects and their key tags. Please notice that this forms a hierarchy of rel-
evant tags for Operation, TModel, and BusinessService, which are consistent
with the hierarchy of the checking system model described in Section 3.

For Operation objects, operation names, input element names, and output
element names are the considered tags. For TModel objects, in addition to the
name itself, all operations referred to by the definition of this TModel shall
also be considered. For BusinessService objects, in addition to the name
of this BusinessService, all TModel objects that are referred to by this
BusinessService object are also included. We can see the tags are identified in
a recursive way.

Table 1. Objects and their Key Tags

ObjectClass KeyTags

Operation (Operation) name
Input element name(s) and types(s)
Output element name(s) and types(s)

TModel (TModel) name
Operations

BusinessService (BusinessService) name
TModels

We use the following two sets of recursive rules to check compatibility of two
objects of the same class using the ontology categorization tool summarized in
Section 4.1. A rule engine based on the semantic service description language
SWRL is used for implementing and executing the rules.

Rule set 1, which is used to deal with primary objects = {
Rule 1 : For a particular tag that is simple and single valued, (primary)

objects A and B that directly contain this tag are compatible bi-directionally
regarding this tag if and only if their corresponding values of that tag are cate-
gorized together.

Rule 2 : For a particular tag that is simple and multi-valued, (primary)
object B is compatible to (primary) object A regarding this tag if and only if
object B’s value set is a subset of object A’s value set, where both A and B
directly contain this tag.

Rule 3 : incompatiblewith on primary object B and primary object A is
evaluated to be 0 if and only if regarding all selected tags object B is compatible
with service A.}
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Rule set 2, which is used to deal with complex objects = {
Rule 4 : For a particular tag that is of simple type and single valued,

(complex) objects A and B that directly contain this tag are compatible bi-
directionally regarding this tag if and only if their corresponding values of that
tag are categorized together.

Rule 5 : For a particular tag that is of simple type and multi-valued,
(complex) object B is compatible to complex object A regarding this tag if and
only if object B’s value set is a subset of object A’s value set, where both A and
B directly contain this tag.

Rule 6 : incompatiblewith on complex object B and complex object A
is evaluated to be 0 if and only if (1) for each selected containing simple tag,
object B is compatible to object A regarding the tag, and (2) for each containing
complex tags that are present in both objects, incompatiblewith on object B and
object A is evaluated to be 0 and (3) for all selected containing complex tags,
the constituent object set of object B is a superset of the constituent object set
of object A.}

We refer to primary objects as objects defined in the checking system model
that do not contain other objects defined in the model. Complex objects are
objects defined in the checking system model that contain other objects defined
in the model. Referring to Table 1, objects of Operation are primary objects
and those of TModel and BusinessService are complex objects. In set 1, rule 1
is used to check the compatibility of each pair of simple single-valued attributes
that belongs to the two primary objects to be compared. Rule 2 is used to check
the compatibility of each pair of simple multivalued attributes that belong to
two primary objects to be compared. Rule 3 is used to determine if one primary
object is compatible with another primary object based on the result of rule 1
and rule 2.

In set 2, rule 4 is used to check the compatibility of each pair of simple
single-valued attributes that belongs to the two complex objects to be compared.
Rule 5 is used to check the compatibility of each pair of simple multi-valued
attributes that belongs to the two complex objects to be compared. Rule 6 is
used to determine if one complex object is compatible with another complex
object based on the result of rule 4 and rule 5. For complex object a to be
compatible with complex object b, all simple attributes of a must be compatible
with their counterparts in b and all its complex attributes must be compatible
with their counterpart in b or such complex attributes in a are not in existence in
b. The relationship compatible with is unidirectional. To give an example, let
us assume there are s1 and s2 both of BusinessService, and o1 and o2 both of
Operation in the checking system. If o1 constitutes s1 and o1 and o2 constitute
s2, s2 is compatible with s1. But s1 is not compatible with s2.

4.3 Incompatibility Factors

Our compatibility-checking system is designed to not only assess the compati-
bility of the objects, but also output the incompatibility factor(s) if needed. In
Table 2, we summarize independent factors that may affect the compatibility of
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Table 2. Independent Factors that May Affect the Compatibility of Web Services

ObjectClass ID Factor Compatibility

Operation CN Change (Operation) Name P
CEN Change Input and Output Element Name(s) P
CET Change Input and Output Element Types(s) NP
RAE Remove/Add Input and Output Element(s) NP

TModel CTN Change of (TModel) Name P
AO Add new Operation P
RO Remove Operation NP
CO Compatibility of Operation(s) referred by this object

BusinessService CBN Change of (BusinessService) Name P
CE Change of (BusinessService) Endpoint NP
CT Compatibility of TModel(s) referred by this object

Web services. These factors are referred to as individual factor. We have relaxed
the definitions of compatibility and incompatibility from traditional software
engineering, because services are no longer developed by a single development
team as proprietary software assets. P in the table represents compatible and
NP represents incompatible. If the compatibility cannot be determined, but is
dependent on the compatibility of the factor itself, the cell is left blank.

We have designed the following rule set, i.e., Rule set 3, which is used to judge
the factor that has caused incompatibility of two service objects, referred to as
incompatibility factor.

Rule set 3 = {
Rule 7 : For a particular tag that is of simple type and single valued,

objects A and B that directly contain this tag are incompatible bi-directionally
and this tag is output as a causal incompatibility factor, if and only if their
corresponding values of that tag are not categorized together.

Rule 8 : For a particular tag that is of simple type and multi-valued,
object B is incompatible to object A and this tag is output as the causal incom-
patibility factor if and only if object B’s value set is a superset of object A’s
value set, where both A and B directly contain this tag.

Rule 9 : Complex object B is incompatible to complex object A if and
only if for any containing complex tags that are present in both objects, the
constituent object of object B is incompatible to object A and the causal incom-
patibility factor of the constituent objects will be output as one casual incom-
patibility factor for objects A and B.}

In set 3, rules 7 and 8 are used to identify incompatibility factors contributed
by the simple attributes directly contained in the service objects. In particular,
if the service objects are not categorized together on a tag, this tag is one casual
incompatibility factor of the two objects. Rule 9 is used to identify incompat-
ibility factors contributed by their containing service objects. In other words,
incompatibility factors will propagate from one class of objects to another, as
far as the latter has composition or aggregation relationships to the former. Let
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us assume again there are s1 and s2 both of BusinessService, and o1 and o2
both of Operation in the checking system. o1 and o2 are constituent objects of
s1 and s2, respectively. If f1 is a causal incompatibility factor between o1 and
o2, it is also a causal incompatibility factor between s1 and s2.

5 Experiments and Analysis

We have considered in our experiments all the individual factors listed in Table 2
and the factors that are composed of possible combinations of multiple individual
factors, referred to as joint factors. In our experiments, 600 Web services have
been obtained from the following resources. We chose these resources because
they are available publicly and are representative of different service domains.
From these original Web services, we have formed a collection of 3200 Web
services. These services are all mutations of the original services.
The Web service directories and indices are listed below:

– www.xmethods.com,
– www.bindingpoint.com,
– www.webservicelist.com,
– www.servicesweb.org/rubrique.en.php3?id rubrique=14
– Web sites of four companies that publish their Web services: eBay, Amazon,

PayPal, and http://www.xignite.com/

For all experiments, Web services are selected to form sets of various sizes. For
each set, we have selected services in such a way that among all pairs within a set
(1) for 20% of the pairs, the first service is compatible with the second service,
and (2) for the remaining 80% of the pairs, the first service is incompatible with
the second service. We imagine as more and more service providers contribute
to the choices for services, which results in an increase of competition of the
service market, the ratio of compatible services to incompatible services will also
increase. Therefore, we not only test the ratio of 20%-80%, we also test 30%-
70%, and 60%-40%. Distributions of both compatible and incompatible objects
over all possible factors including individual and joint factors generally follow
a uniform distribution. The detailed distributions of service compositions over
incompatibility factors are listed in Table 3. Due to space constraints, we only
show a part of our experiments and results.

We refer to the sets of service objects for testing the performance of compati-
bility checking in our experiments as a service set. In our experiments, we always
create 10 different service sets so that the same experiment can be repeated 10
times. The result shown is the average performance over all service sets. As part
of the preparation of the experiments, we partition a service set into a base set
and comparison set, which comprise 30% and 70% of all the objects in the service
set, respectively. A compatibility checking task is defined as the following: for a
service picked from the base set, retrieve all services in the comparison set that
are compatible with it and output the incompatibility factors of incompatible
services.



418 Q. Liang and M.N. Huhns

Table 3. Distributions of Service Compositions over Incompatibility Factors

ObjectClass IndividualFactorID JointFactorID Per −cen −tile (%)

A B C D E F G

Operation CN(notCEN) 7 0 20 5 10 7 10
CEN(notCN) 7 30 20 5 10 7 10

CN − CEN 6 0 20 10 0 6 0
CET 30 23 13 40 40 20 40
RAE 30 24 13 40 40 20 40

CET − RAE 20 23 14 0 0 40 0
TModel CTN 5 0 15 3 7 5 5

AO 5 20 15 4 8 5 5
CTN − AO 5 0 15 8 0 5 5

RO 40 30 20 60 60 20 60
CO − P 5 10 20 5 5 5 5
CO − NP 40 40 15 20 20 60 20

BusinesssService CBN 10 15 30 5 15 10 10
CE 40 35 20 60 60 20 60

CT − P 10 15 30 15 5 10 10
CT − NP 40 35 20 20 20 60 20

We perform experiments to measure the performance of the compatibility
checking against different compositions of compatible and incompatible factors
in service sets of 2000 service objects. We performed 600 (i.e., 30% of 2000)
tasks per service set and there are all together 6000 tasks across all 10 service
sets. In particular, we study how our checking system performs against differ-
ent ratios of individual compatibility and joint compatibility factors. We draw
precision and recall in percentile for compatible service retrieving, where Preci-
sion is represented as number of true compatible assessments/(number of true
compatible assessments + number of false compatible assessments) and Recall
is defined as the number of true compatible assessments+/(number of true com-
patible assessments + number of false incompatible assessments). The result is
shown in figure 1. In the left part of figure 1, three lines give the performance
over the compositions for column of Percentile A, B, and C in Table 3. As the
compatibility ratio increases, the line moves right and up depicting an improved
effectiveness of the system (precision of 13% for A compared with precision of
18% for C for recall of 100%). Although this result is straightforward, we use
it to show that the system shall show more promising results with the further
adaptation of SOA and component based application building. In particular, we
observe that our technique favours data sources with a relatively large portion
of compatible service objects and that are less skewed. This makes it suitable for
service compatibility checking tasks, because service data objects are very likely
to follow such a pattern.

In the right part of figure 1, three lines represent the performance over the
compositions listed in A, D, and E of Percentile column. We are using this ex-
periment to show that as the incompatibility and compatibility factors move
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Fig. 1. Compatibility assessment performance for A, B, C, and A, D, E in table 3

from single to joint, or from simple to complex, the performance of the check-
ing system degrades. For example, for recall rate of 100%, precision for E, A,
and D are 19.6%, 13%, and 12.7%. As we can see, among E, A, and D, E
has the highest percentage of individual compatibility factors and lowest (zero)
percentage of joint compatibility factors. D has the highest percentage of joint
compatibility factors. Joint compatibility factors on one hand shall increase the
possibility that services are assessed as false negative due to the compatibility
assessment mechanism of our design, and therefore, result in loss of the recall.
On the other hand, it decreases the possibility that services are assessed as false
positive and, therefore, results in improved precision. Service users are probably
more concerned with precision. We can conclude that with higher percentage of
individual factors, our technique tends to provide results that are more likely to
satisfy service users in compatibility checking.

We also give the average correct identification rate for incompatibility factor
identification in figure 2. The average correct identification rate is defined as
(identification tasks percentage of identified factors)/number of identification
tasks. The three bars in the left part of figure 2 represent the identification
performance over the compositions listed in A, B, and C of Percentile column of
in Table 3. As the data sources become less skewed, i.e., the ratio of compatible
and incompatible objects increases, the categorization technique performs better;
therefore, the correct identification rate improves as well (from 73.3% to 80.1%).
In the right part of figure 2, the bars represent the identification performance
over the compositions listed in F, A, and G of Percentile column of in Table 3. As
the ratio of objects with joint incompatibility factors decreases, the complexity
of identification of incompatibility is reduced because fewer tags are required
to be categorized exactly. In this case, some identification results that used to
earn only partial credits due to the wrong categorization of one joint factor can
now earn full credits. Therefore, the system shows a better identification rate.
In the figure, the rate increases from 70.2% to 82.6%. This result provides a
useful implication to companies practicing service evolution: For the purpose of
better service compatibility checking, incompatible changes are recommended to
be introduced one-by-one. It is not recommended to wait a long while and then
to introduce them in a batch process.
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Fig. 2. Incompatibility factor identification performance for A, B, C and A, F, G in
Table 3

6 Conclusions

In this paper, we describe an approach to checking Web service compatibility
for Web service configuration management based on categorizing domain ontol-
ogy instances extracted from service descriptions. The design details of a system
model for Web service compatibility checking and the key operator for evaluating
compatibility within the model are discussed. The contribution of the paper is to
consider the engineering aspect of Web services that are due to autonomous and
distributed design and development of the services, i.e., to meet the challenge
within a service configuration system framework of engineering service compati-
bilities that may result from changes or parallel and independent service creation
by other parties.

We are in the process of improving the basic categorization tool. Interesting
issues include how to make it even more effective for different types of service
descriptions, how to transfer such performance improvement to the compatibility
checking system, and how service users’ preferences can be incorporated into the
categorization tool and the compatibility checking system.
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