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1. ABSTRACT

Web services are integrable, re-usable and platform independent software components that are accessible via internet protocols. Web services are used to provide certain functionality to the user on the web and its architecture is maintained away from the presentation tier of the software architecture and ensures platform independence and reusability. The problem arises when there are many services the user requires to complete a task and there has to be certain constraints to be satisfied to complete it. This is the problem that taken care of by the process of composition of web services. Web service composition can be defined as a process of composing a number of services to provide a required functionality. These composed services are in turn executed in order to deliver the results. Viewing this whole problem of web services composition from the AI planning perspective can improve the ease of discovery, composition and execution of web services. In this term paper, I will be analyzing various problems in this area of automating web service composition using planning techniques, and will explore the solutions present to solve these problems. 

This paper is structured as follows. Section 2 provides an introduction to web services and the problems general architecture used in web services. Section 3 explains the how AI planning has been applied in web service composition. In Section 4, I conclude the planning techniques used for web service composition.
2.  INTRODUCTION
In the recent years, web services became a very popular Service Oriented Architecture (SOA) capable of providing the functionality required by the user. The basic architecture of a web service is given in Figure 1. The figure illustrates the basic working of a web service; the service providers provide the functionality of the service and these services are advertised using languages like WSDL at the service brokers which can otherwise be called as naming and locator  services(example: UDDI) . The service requestor looks for services and communicates with the service provider and the service broker via protocols like SOAP. For the World Wide Web (WWW), the services are advertised using description languages like WSDL that is an XML based language to describe the services and advertise them in the naming service. The WSDL files contain information about the service. This information might include the name of the service, the resource required, the parameters, meta-information and sometimes even the non-functional requirements of the service (like the QoS parameters). These advertisements of the services are sent to the service brokers which is nothing but a registry of services. The service brokers make use of the naming and locator services to discover services. This is the general workflow of the present web services architecture that uses WSDL and SOAP to describe and deploy services respectively. 
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Given a task to be accomplished by the user, the process of finding a set of required services, and specifying an order in which they have to be executed is called service composition. This situation is a potential planning problem where the ultimate goal is to find a set of actions to be performed in order to achieve a given goal. However, there are many problems associated while considering the service composition problem as a planning problem. I will explain each one of them in detail and examine the solutions proposed using various planners. 
Example 1:
A customer has to book for a travel from a source to a destination, he makes use of the Travel booking web service. The travel booking service can be split into a few services like the ticket booking service, the hotel booking service, and the taxi booking service. Discovering, ordering and instantiating these set of services in order to give the customer a complete travel plan is the goal.
3. Web Service Composition as Planning
In order to completely realize the capability of web services, there should be some techniques to automatically compose a set of required services. This can be considered as an effort to extend the usefulness of web services by decreasing user efforts, decreasing the time to complete a task, cost involved and also increase system integration by making use of more and more distributed processes. In the recent years, a number of planning techniques have been used in order to face this challenge of web service composition and there are many open problems to be solved in this area. 

One of the major problems of web services is the non-determinism. That is, there is no specific state we can reach to after a particular action and this implies that the planner has to also deal with failures that might occur. This whole issue of dealing with non-determinism can be made worse when it is associated with other issues like uncertain initial state which is given, but can be fuzzy or incomplete or wrong. One other issue to be handled is the closed world assumptions that are usually used by planners. Closed world assumptions
 which are generally used by planners cannot be true in the case of web service composition. Also, we have to consider what the users’ preferences are and the solutions of the requested composition and return the results according to the user preferences. 

There has been a lot of work in the planning area to overcome all of the above problems and come up with a complete planner for web service composition. Many solutions have been proposed using various planning techniques and many groups of researchers have been investigating this problem with various perspectives. Automatic web service composition can be viewed as a set of services to be executed one after the other in a specified order. The order in which these services are executed might depend on each other and some contingency should be maintained in order to ensure proper service composition. For example, consider the classic web service example, the travel reservation system. Suppose the user wants to arrange travel plans from Phoenix to San Diego and requests a web service for a travel plan. There can be a number of services that will have to be executed in order to complete the travel plan; like the flight booking service(round-trip), hotel booking service, rental car service and so on. However, the composition should be in such a way that the flight booking service is done in order to book the hotels and the rental car. Unless the flight is booked, there is no point in looking for hotel services and rental car services as they will not be used. Also, there should be conditions that should check for conditions like the date of travel, time the hotel is booked and so on. 
The semantic web community has paid a lot of attention to the web services area. The combination of semantic web and services is called the semantic web services. Semantic web services are computer understandable and help the computer comprehend and return the results. A number of semantic web service description languages have been emerging. Some of the commonly known and used are the DAML-L, OWL-S, and DAML+OIL. Semantic web service composition has the same problems as a normal web service composition problem. However, the expressive nature of the semantic web services makes way for better scope and understanding of the services and hence will definitely prove better service composition. As with web service composition, there has been a lot of work in the semantic web service composition as well. The semantic markup languages have rich semantics and provide a higher level of descriptions. This serves as an advantage and allows more sophisticated reasoning and interactions between the services. That is, the process of automation, discovery, and composition of services, none of which are completely realizable in today’s world. This has been due to various factors discussed earlier, but also due to the lack of markup languages to describe these services. DAML[20] was one of the well known semantic markup languages. OWL-S, which is service ontology, is used to describe the properties and services provided by the web services. OWL-S and DAML has been widely used to automate the process of service discovery, composition, execution and monitoring of web services. Converting service ontology to a planning domain has been an interesting problem and also, translating the parts of OWL-S which are only relevant to planning is necessary. We will also have to translate the domain description to make the planner understand the domain and act accordingly. 
Web services can be defined as a software component with both functional and non-functional requirements. The functional requirements are implemented using some logical composition and optimize the non functional requirements. Web service composition and execution can be viewed as two separate entities depending on the scenarios they are used for. Depending on when the composition and execution of a service takes place, Web service composition and execution have been classified into interleaved, monolithic, staged and template based approaches. An interleaved approach is where the composition and execution takes place in one phase, they cannot be separated. A monolithic approach is useful when the user wants to review the plan before execution. That is, the user can review the composition before execution of the services and modify the workflow if needed. This approach provides the flexibility to choose between workflows and there is usually a ranking function associated that determines the better workflow depending on various factors like the QoS (Quality of Service) parameters, and handling attacks. This approach is one of the widely used approaches used. The staged approach allows the user to choose the workflow between each stage. The staged approach has been used in SYNTHY [21], an IBM research planning system, is an example. The template based approach takes a template
 as input and instantiates a workflow based on a policy that can be defined through even-condition-action forms. Each scenarios demand for different approaches and there are various factors, depending on the scenario to choose the approach. 
AI planning has been applied to web service composition and various problems have been analyzed and sorted out. Composition of web services in a particular order is an important issue and this can be thought of as a temporal constraint with a specific start and end time constraints. Consider example 1, the ticket booking service can have specific durations and can be considered as durative actions with constraints that specify when each task should start and end constraints which would restrict the next service to start at the success of the previous service which can be defined by some effects that define the availability of the tickets. The other constraints, if any, like the cost constraints or only booking a flight if the journey takes more than 4 hours to drive can be inserted with more effort. This increases complex domain descriptions and increased search space as the non-determinism also increases. Work has been done in this area, but dealing with other conditions like non-determinism, and uncertainty were unattended. 
There are many other perturbing factors while writing a planner for a problem like web service composition. The planner developed to handle web service composition should be able to handle non-deterministic actions. There is no guarantee as to which state the action will lead to in a web service domain. Consider the example 1, the service can have a number of results: the ticket might not be available, the service might fail, or the service might return a valid ticket for the given date, time and destination, and so on. However, this problem of non-determinism should not be really hard given a set of initial states and a specified goal state. But, there are various other factors that may have to be considered. These include uncertainty of the states and also the fact that the goal is not just the specified goal state, but a set of other constraints and factors to be satisfied. These kinds of problems can be considered as problems that are called planning under uncertainty and Model Based Planners (MBP) can be employed to accomplish this. We can have a set of belief states and also take care of the partially observable environment by using such planners. Such a planning system, ASTRO [13] [14] [15] that uses a model based planner to compose and monitor web services has shown promising results. [13] has used MBP to plan the composition and monitoring of web services and laid the foundation for developing ASTRO. They have used BPEL4WS web services and a framework to support the planning of composition and monitoring of services using model checking. This project started with developing a planning system for dealing with uncertainty and extended goals
 which are represented using the CTL [16] (Computational Tree Logic) language. In order to deal with all aspects of the goal, including unexpected failures, EaGLe [12], a new language for representing the goals was used. This language allowed different type of constructs that allowed flexible goal representation and deal with failures easily. This MBP was developed and checked using a few BPEL4WS services. The system architecture was designed in order to convert the BPEL4WS and the goal specifications into a MBP understandable format and outputs a plan in BPEL4WS format by taking the problem domain as input. The monitor is used to monitor the behavior of the external services that are used and composed with the service in order to accomplish the goal. Java classes are generated for the processes to be deployed and a runtime monitor framework that sniffs on the input and output is used to monitor the services. This system has shown promising results, but the problem of scalability to handle a number of services has not been looked into.
The problem of web service composition can be viewed as a task decomposition problem and can use HTNs to solve them. Sirin et al [7] has shown a work on translating OWL-S process models to a SHOP2 domain and from OWL-S composition tasks to SHOP2 planning problems. Actions and preconditions are mapped from OWL-S to SHOP2 and the planning is carried out. This is an interleaved approach to planning and has received quite a big success. The problem of web service composition can be viewed as a task decomposition problem and the SHOP2 HTN planner has been used widely. The HTN based approach had the greatest advantage of giving the correct order while composition which required no re-ordering before execution. Though, this has proven to be a good technique, some issues like the problems involved in using a semantic web knowledge base persists. 
Carman et al [17] Has shown another way of looking at web service composition as a planning problem. In this work, the author has considered the two problems of considering web service composition as a planning problem; the incomplete domain description and incomplete operator descriptions. In this interleaved web service composition and execution approach, documents have been used to describe states and they are interpreted to find the state of the world. They do not exactly explain the state of the world; but, the use of these documents along with a previous set of interactions with the services serve in predicting the state of the world almost correctly. The input and output messages along with the returned and sent information is stored as documents and the state of the world is defined as an ordered set of documents. These documents are also used in interpreting the action’s effects and parameters of the actions from the input and output messages they possess. In this approach of solving web service composition through planning techniques, the data-type matching techniques have been used to find the generalization between concepts. 
4. Conclusion:
This paper provides an understanding of the current open problems and solutions in the web service composition area. I explained the use of web service composition as planning, the problems involved and then talked about some planners which were used to solve the problem of web service composition. I analyzed various techniques and also looked at the various perspectives of looking at this problem as a planning problem. This area has a number of open questions and the use of semantic web ontologies and services has been the most recent topic debated upon. 
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Figure � SEQ Figure \* ARABIC �1�: Working of a web service








� Closed world assumptions state that, given a state and a set of literals which are true, there are no other literals that are true in that state. 


� A template can be a permissible workflow which can be instantiated.


� Web services might have more requirements than reaching the “goal state” as the goal. Many other constraints like for example, the total value of the shopping cart returned should not be more than a certain value and so on. These are called as extended goal states.





