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Abstract: The composition of Web Services has been a topic of vital interest for 
supporting the tasks of both electronic commerce and the integration of applications 
among different firms by means of the web. The aim of this paper is to present an analysis 
about how the planning techniques in Artificial Intelligence can be used to carry out the 
composition of web services. This paper describes the main solutions outlined so far under 
this approach and the current problems for carrying out a true automatic composition, 
problems which become challenges still to be solved in this line of research. 
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1. INTRODUCTION 
 
The ability to carry out the composition of Web 
services in an automatic way will change 
significantly most of the application areas for the 
technology of web services including both the 
electronic commerce and the integration systems.  
 
The semantic Web has allowed the semantic 
marking of the Web services by means of 
ontologies, which in turn has made it easier for the 
machines to better understand the way they work, 
with which through specific reasoning techniques 
could carry out the task of composition of services.  
 
An area which points in this direction is the 
planning in Artificial Intelligence (AI), which is an 
area of research mature enough oriented towards 
reasoning about the action through different 
techniques developed along its existence. This 
paper tries to show that AI planning can be applied 
to this problem supporting itself in the use of the 
semantic Web. 
 

This paper is organized in the following way: 
Section 2 describes the basic aspects of the Web 
services. Section 3 presents the problem of the 
composition of Web services as AI planning 
problem and it presents as well a brief description 
of the main related works. Section 4 illustrates the 
different problems that outline the AI planning 
techniques to face the problem of composition of 
services. Finally, section 5 presents the conclusions 
and future work. 
 
 

2. THE WEB SERVICES 
 
The Web services are autonomous self-described 
modular applications that can be published, 
localized and requested through the Web (Martin, 
2001). They constitute software modules that 
“describe a collection of operations that are 
accessible on the web through standardized 
messages in XML” (Kreger, 2001). 
 
The research related to the Web services has 
oriented several of its initiatives toward defining 
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standard forms for innovation (getting messages 
through), description and discovering services, 
allowing an easier integration of heterogeneous 
systems: The SOAP (Simple Object Access 
Protocol) (W3C Consortium, 2003), permits the 
exchange of data between application client and 
application server, by means of a common 
codification mechanism and format of messages. 
The WSDL (Web Services Description Language) 
(W3C Consortium, 2001), allows the description of 
a Web service by using metadata structured upon 
the interface that tries to use the application client 
as well as the written documentation about the Web 
service including examples of its use. The UDDI 
(Universal Description Discovery Integration) 
(UDDI Consortium, 2004), provides a public 
directory for registration and searching of Web 
services. It permits the description of the Web 
services through their physical attributes such as 
the name, address and functions that they offer. 
Additionally, the descriptions of UDDI are 
extended by an additional set of attributes that 
describe the necessary characteristics to classify the 
services into categories.  
 
One of the draw backs of the standards based on 
XML, like those examined before, is their void of 
explicit semantics so that two identical XML 
descriptions can mean things totally different, 
depending on the context they are being used. This 
diminishes the capacity of finding similar services. 
The latter is important because the user requesting 
a Web service does not know which services are 
available at a certain time and so the semantic 
knowledge could help identifying the more 
adequate services for a particular task. 
 
The endeavors for integrating semantic in the Web 
services allowed the development of the OWL-S 
ontology (initially known as DAML-S) (Darpa 
Agency, 2003; W3C Consortium, 2004, Martin, 
2006). This consists really in a set of ontologies 
(Gruber, 1993) for describing both the properties 
and capacities of the Web services. Its purpose is 
the supporting of the effective automation of 
different types of tasks including the discovering, 
composition, execution and monitoring of the Web 
services by using intelligent software agents 
(Hendler, 1999). The superior level of his ontology 
is composed by: the type Service, which is the root 
of the ontology, the type ServiceProfile, which 
describes both the capacities and parameters of the 
service, the type ServiceModel, which specifies 
how does the service work (flow of possible 
operations and paths) and the type 

ServiceGrounding, which defines the link of the 
service (protocol, type of messages, etc.), that is, 
how both the inputs and outputs of the atomic 
processes of the service would be. That is how, 
using the ServiceProfile and the ServiceGrounding 
is possible to carry out the tasks of searching 
services based on the functions they provide. 
 
In order to support the composition of services 
several languages have been developed, among 
which stand out: the BPELAWS (Business Process 
Execution Language for Web service) (Curbera et 
al., 2002), the WSCI (Web Services Choreography 
Interface) (Intalio et al., 2002) and the OWL-S (by 
means of ServiceModel). However, carrying out 
the automation of the composition of Web services, 
a language needs well define semantics along with 
its syntactic structures. The semantics help in the 
definition of the reasoners for interpreting the 
descriptions of the web services.  
 
The OWL-S with its base firmly rooted in 
description logics has got well established formal 
semantics. The ServiceProfile and the 
ProcessModel of OWL-S have been structured to 
allow intelligent agents (Hendler, 1999) 
interpreting the market and reason about the 
composition making easy its automation, in 
contraposition to BPELAWS and WSCI which do 
not exhibit any semantic form. 
 
Next is detailed how different techniques of AI 
planning can be applied to carry out the automatic 
composition of Web services by using ontologies 
like OWL-S. 
 
 
3. THE COMPOSITION OF SERVICES AND 

THE PLANNING TECHNIQUES 
 
The composition of Web services is defined as the 
process through which new personalized services 
are created from already existent ones by means of 
a process of discovering, integration and dynamic 
execution of these services in a deliberative order 
for satisfying the requirements of the users 
(Chakraborty et al., 2002).  
 
The Artificial Intelligence has, for a long time, 
centered on reasoning about actions and plans for 
facing real problems through one of its more 
important disciplines: the AI planning (Allen, 
1990; Ghallab et al., 2004; McDermott and 
Hendler, 1995; Nilsson, 1980). Planning is the 
reasoning about the action. It is a process of 
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explicit and abstract deliberation that chooses and 
organizes actions anticipating to the expected 
results. This deliberation tries to reach by the best 
possible way some pre-established objectives. The 
automatic planning is an area of Artificial 
Intelligence that studies this process of deliberation 
computationally. 
 
In general a planning problem can be described like 
a tuple (S,So,G,A,R), where S is the set of  all the 
possible states of the world, So ⊂ S enotes the 
initial state of the world, G ⊂ S denotes the 
objective state of the world in which the planning 
system will try to search, A is the set of actions that 
the planner can carry out from one state to another 
of the world, and the relation of translation R ⊆ S x 
A x S defines the precondition and effects for the 
execution of each action. In terms of the Web 
services, So and G are the initial state and the 
objective state specified in the requirement of Web 
service requesters. R denotes the state changing 
function of each service. 
 
Next are presented a set of works current in the 
literature that apply some AI planning technique for 
carrying out the composition task of Web services 
(ICAPS, 2003; ICAPS, 2004; AAAI, 2005). Due to 
the expressivity power of OWL-S based on 
description logics (Grosof et al., 2003), most of the 
related works use it as an outer language either to 
describe Web services or for describing the 
composed service (resulting plan). 
 
3.1. Situation Calculus 
 
Mcllraith et al. (McIlraith and Son, 2002;  
McIlraith et al., 2001; McIlraith and Narayanan, S., 
2002)  are based on a model of software agents that 
can reason about the Web services to carry out in 
an automatic way the discovering, execution, 
composition and inter-operation of Web services. 
In this work the authors adapt and extend the 
language Golog (Levesque et al., 1997), a language 
of logic programming built upon situation calculus, 
a classic tool for planning, which is used as a 
natural formalism by the agents for representing 
and reasoning about this problem. In this model, 
the user’s requirement and the restrictions of the 
service are represented through the language of 
first order of situation calculus.   
 
The authors defined each Web service like a 
primitive action or a complex action. The primitive 
actions are conceived as actions that alter the world 
because they change the state of the world or 

actions that collect information because they 
change the agents’ state knowledge. The complex 
actions are compositions of individual actions. The 
basic agent of knowledge provides a logic 
codification of both the preconditions and effects of 
the actions of the Web services in the situation 
calculus language. The agents use structures of a 
procedural programming language composed with 
defined concepts for the Web services and their 
restrictions using deductive mechanisms. So a 
composed service is a set of atomic services linked 
by the language structures of procedural 
programming language (if-then-else, while, and 
others). 
 
3.2. Hierarchical Task Network (HTN) Planning 
 
The HTN planning (Erol et al, 1994) is a planning 
method by decomposition of tasks. Contrary to 
other planning concepts, the central HTN’ concepts 
are not the states, but the tasks.  
 
A planning system based on HTN decomposes the 
chosen task into a set of subtasks, and so on, until 
the resulting set of tasks consists of just atomic 
tasks (primitive), which can be executed directly 
when invoking some atomic operation. During each 
round of decomposition of tasks, certain given 
conditions have to be assessed if they are violated 
(for instance, exceeding a certain amount of 
financial resources) or not. The problem of 
planning is totally solved if the chosen complex 
task is decomposed into a set of primitive tasks 
without violating any of the given conditions. 
  
An approach for using HTN planning on the Web 
services was proposed in (Wu et al., 2003), in 
which the SHOP2 planner is applied for the 
composition of Web services that are described 
through the DAML-S. SHOP2 is an HTN planner. 
The authors believe that the decomposition concept 
of tasks in the HTN planning is quite similar to the 
decomposition concept of composed processes 
outlined in the ontology of the DAML-S processes. 
The authors also maintain that the HTN planner is 
more efficient than other planning languages, as it 
is the case of Golog. In this work the process of 
translating DAML-S into SHOP2 is very well 
detailed. 
 
3.3 Rule-based Planning 
 
A technique for generating composed services from 
a declarative description at a high level is presented 
in the work of Medjahed (Medjahed, 2002). The 
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method uses composability rules for establishing 
whether two services are compatible for composing 
a service. His composition approach is based on 
four phases: First the phase of specification allows 
a high level description of the desired composition 
by using a language named Composite Service 
Specification Language (CSSL). The matchmaking 
phase uses composability rules for generating 
composition plans that conform to service 
requester's specifications. If there does exist more 
than one generated plan, in the selection phase, a 
plan based on the established quality parameters of 
the composition (OoC) is chosen.  
 
The final phase is the generation phase. A detailed 
description of the composed service is generated 
automatically and presented to the user requiring 
the service. 
 
In this work, the emphasis on the composability 
rules is important since they are the ones that 
influence more on the plan generation. The 
composability rules consider both the syntactic and 
semantic properties of the Web services. The 
syntactic rules include rules for ways of operating 
and the rules for protocols of interaction links 
among the services. The semantic rules include the 
following aspects: (1) the messages composability, 
with which is defined whether two services are 
compatible for carrying out a composition 
analyzing if the output message of a service is 
compatible with the input message of another 
service; (2) the operation semantic composability, 
defines the compatibility among the domains, 
categories and purposes of the two services; (3) the 
quality of the composition, defining the preferences 
of the users of services taking into account the 
quality operations for the composed service; (4) 
composition soundness, considering if a service 
composition is reasonable.   
 
The composability rules are the main contribution 
of this method, since they define the possible 
attributes of the Web services that can be used in 
the service composition. These rules can be used as 
a guide to other methods based on planning. 
Another tool for constructing composed services 
using the generation of a plan based on rules is 
SWORD (Shankar and Fox, 2002). SWORD does 
not employ the standards used in the description of 
services such as WSDL and DAML-S, instead it 
uses an entity-relation (ER) model for specifying 
Web services. In SWORD, a service is modeled 
through both its preconditions and posconditions. 
They are specified in a general model that consists 

of entities and relation among the entities. A Web 
service is represented in the form of a Horn rule 
that denotes the preconditions which are reached if 
the preconditions are true. In order to create a 
composed service, the user requiring the service 
only needs to specify the initial and final states to 
compose the service, then the generation of the 
plan can be reached using an expert system based 
on rules. 
 
Along with the general composition methods, an 
interesting work done by SWORD is the analysis 
done about the uncertain results that sometimes can 
generate the linking based on rules if a precondition 
can not establish just one poscondition. The authors 
argue that the uncertain results can be avoided only 
when the preconditions are functionally dependent 
with the posconditions within a service. This fact 
can happen in most of the works related in this 
paper, but not all the authors declare it as explicitly 
as this work does it. 
 
 

4. PROBLEMS OF THE PLANNING 
TECHNIQUES IN THE COMPOSITION 

OF WEB SERVICES 
 
In spite of the works done in the area of AI 
planning for carrying out the composition of Web 
services, so far does not exist a true automatic 
solution for this task. This is due to a series of 
problems that present the planning techniques for 
facing this domain, which by and large have not 
been deeply treated in the solutions outlined in the 
former section (Sirivastava, 2003).  
 
4.1. Problems related to the modeling of the world 
 
The main problem of most of the planning models 
based on states derives from the fact that the Web 
is a vast and dynamic environment of active 
resources. On the other hand, the planning domains 
are usually characterized by states of the domain 
that are totally known, where the planner is the only 
agent that can change the state of the domain. The 
research endeavors should try to capture the main 
characteristics of a state of the Web, among which 
stand out: 
Management of Incompleteness. The state of the 
Web is vast and can not be completely known. The 
Web domain is inherently incomplete and is not 
expected to model within the planner a complete 
description of all the Web, then mechanisms and 
strategies are required in order to carry out the 
knowledge acquisition and circumscribe the 
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description of the domain of the planning problems 
to be handled (Kuter, 2005).  
 
Management of events. The state of the Web 
changes independently of the planner. In the 
planning models this is usually handled through the 
concept of events, that is, the changes of state that 
are out of the planner’s control (Ghallab, 1998). In 
the domain of the Web time seems to be a crucial 
factor during the composition, since during its 
planning changes can happen dynamically. 
 
Management of inconsistencies. The state of the 
Web can contain contradictory information coming 
from different information sources. Concepts such 
as certainty and believes should be modeled and 
kept in mind during the composition process for 
dealing with this aspect (Ambite, 1998).  
 
4.2. Problems related to actions and operators 

of composition mechanism 
 
It is important to highlight that an adequate 
composition mechanism not only has to keep in 
mind the fore mentioned elements about the state of 
the Web, but also this model has additionally to 
consider other specific characteristics of the Web 
related to the modeling of its actions/operators 
(McIlraith and Fadel, 2002). 
 
The operators can change, appear and disappear. 
On the Web, new services are available and change 
as time passes, while old services disappear. It is no 
possible to assume that these characteristics would 
be under the planner and/or the executor’s control, 
but it is to be expected though that the composition 
mechanism would be capable of discovering, 
monitoring and keep updated such changes in its 
model of the domain. 
  
The time of the actions execution. Many planning 
models assume an instant execution of the actions, 
and do not take into account the required time for 
carrying out its execution. Moreover, it is frequent 
that planners delegate to the execution phase, the 
monitoring of the failures of its actions.  
 
In contrast, the actions on the Web take time 
(depending on factors like the broad of the band 
and the overcharged in the servers) and probably 
fail. That is why it is necessary looking for a model 
that includes both time restrictions and that takes 
into account the handling of failures right from the 
plan generation phase.  
 

4.3. Problems related to the plans representation 
 
“A plan is a set of actions, that if executed at the 
initial state they will be transformed into the object 
state”. This definition of a solution plan is common 
to most planning models (Fikes, 1971) and it is 
easy to see that this definition can be also applied 
to the Web’s domain. At present, most of the Web 
tasks and of the objectives oriented toward 
activities that are carried out on the Web can be 
described basically as sequence of actions, that is 
on the Web, the plans are sequences required of 
interrelated services done about Web entities. 
 
Although a plan as a total sequence or partially 
ordinates of activities are a formalism that is 
sufficient for planning on the Web at a basic level. 
However, it is meaningful researching for new 
planning models that can reflect in the structure of 
their plans, some typical element of the Web’s 
domain, like for instance the management of 
contingencies, the no-determinism, and dynamic 
aspects of this domain. In order to achieve this, it is 
necessary to work on planning models that have the 
following characteristics. 
 
Expressive and flexible models of plans. There are 
a few models that have a satisfactory handling of 
actions with duration, cycles, conditionals, etc. 
(Lin, 1995). 
 
Models that combine the knowledge of the plan 
with tasks oriented languages. The planning 
models based on hierarchical approaches (Erol, 
1994b), as well as models for workflow 
management (PLANET Network, 2003) offer 
examples of formalisms oriented to tasks that can 
be included in generative planning models, which 
look quite similar to how the sequences of activities 
on the Web are carried out. 
 
4.4. Problems related to plan monitoring, 
execution, censing and replanning 
 
In the traditional planning models, the solution plan 
is monitored during the execution phase. It is how 
the actions to be executed must be selected, the 
proper performers are shot and the sensors are 
activated in order to monitor in the real world if the 
effects expected from the actions are achieved. If 
the information coming from the sensors indicates 
that the actions fail, then frequently, a planning 
mechanism is appealed for. 
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Again the Web’s domain (where the virtual and the 
real are things that overlapped) can be 
characterized in a “specific Web” through concepts 
related to planning such as the execution and the 
censing. 
 
The execution. Since the Web is huge, the 
execution may imply complex decisions about the 
service selection to be invoked among a set of 
available and equivalent services. Moreover, the 
execution takes time as much for the processing as 
for the data transferring, then a series of criteria are 
necessary to combine both the problems of time 
execution with the band’s broad problems. 
 
The censing. In the Web’s environment, the 
censing mainly means looking actively for 
information, that is, collecting much information 
(Knoblock, 1995; Golden, 1998; Naveen and 
Knoblock, 1997) as results from the Web sources 
(for instance Web pages, searching in data bases, 
videos transference, results from services that are 
invoked). The main problems open in this area are 
related to the information from different no 
homogeneous sources and the decisions to be taken 
with what has been censed. 
 
 

5. CONCLUSIONS 
 
The problem of the composition of Web services 
was explored in this work outlining how to apply 
the AI planning techniques for carrying out this 
task. Also several existent works were related in 
which different planning techniques are applied in 
Artificial Intelligence to carry out the task of 
composing services automatically. Lastly, several 
of the main problems found when applying AI 
techniques in this domain were identified, 
discussing its characteristics.   
 
In general, the solutions for carrying out the 
automatic composition of services that are outlinted 
in this paper, use planning techniques that can be 
classified as classics. They are based on a series of 
simplifications of the real world that originate the 
problems outlined in the former section (Pollack 
and Horty, 1999). However, several of these 
problems could be tackled by different techniques 
coming from a line of AI planning research known 
as practical planning (Weld, 1999; Wilkins, 1988] 
or neoclassic planning (Ghallab et al., 2004). 
 
As a future work, the proposal is to study the 
application of practical planning techniques to look 

for, in the context of automatic composition of 
services, tackling the specific problems related to 
the managing of incomplete information about the 
state of the world during the planning of the 
composed service as well as the managing of the 
uncertain behavior of the services during their 
execution, failings presented in general by most 
solutions outlined in this paper.  
 
For this, in the context of the composition of 
services the utilization of contingent planning 
techniques (Warren, 1976; Etzioni et al., 1992; 
Blythe, 1998), reactive planning (Drummond et al., 
1993; Belker et al., 2004), and the integration of 
both planning and execution (Sapena and Onaindia, 
2004, Lemai and Ingrand, 2004) will be studied 
trying to apply and adapt the best technique or a 
hybrid solution capable of solving these problems. 
In the same way, different techniques for the 
perception of the Web surroundings and its 
integration with these planning techniques 
(McCarthy and Pollack, 2000; Drapper et al., 
1994), will be studied. 
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