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Abstract:
Web service compositions have become an important element for the service-oriented enterprise. Because of the increasing number of available web services and the dynamic nature of the composition process, it is already beyond human ability to generate the composition plans manually. An alternate method of performing the composition process is therefore required. Various AI planning techniques are available for planning and processing composition. Not all of these planners are equally suited to web service composition. Analysis on planners has been done, but not many between planning techniques. This paper undertakes an analysis of the feasibility of Planning as Model Checking and HTN planning in web service composition. The result of the analysis shows that HTN planning has various advantages over Planning based on Model Checking.

1 INTRODUCTION

“Web services are self-contained, modular applications that can be described, published, located and invoked over a network, generally, the World Wide Web” - [13]. 
The main goal of the web services is to have a collection of network-resident web services which can be accessed via standardised protocols. The functionality of these services can automatically be discovered and composed to form more complex services. This discovery and composition process is known as web service composition. Several standards have emerged to compose web service. One of the most prominent standards for composition is Business Process Execution Language (BPEL, a.k.a WS-BPEL) [1]. The main drawback of this approach is its lack of modularity and dynamisms. This is because WS-BPEL only allows for off-line, or precompiled, composition. Consequently new composite services cannot be created on-the-fly. This restriction and WS-BPEL’s lack of flexibility are the cause of various run-time failures and exceptions. 
Using AI planning techniques to generate composition process is a way to reduce errors and exceptions occur during run-time. AI planning is a way to reason about actions in composition. At each step of the composition, the current state participating services can be examined to ensure consistency. Peer [18] surveys the current AI planning techniques and their application to web service composition. In this paper we will evaluate two planning techniques from the category of planning with control knowledge, namely, Hierarchical Task Network Planning and Planning as Model Checking. The reason for such choice is because, planning with control knowledge provides planning agents with domain-dependent control knowledge which will achieve good performances in real world domains, such as web service composition. 

1.1 Purpose
The purpose of this paper is to evaluate and compare Hierarchical Task Network Planning and Planning as Model Checking in the web service composition domain. Even though comparisons of planners have been performed [23] [2] [17], they do not address the web service composition issues between different planning techniques. Examining planning techniques will in future help the developer to choose a better planner for composition purpose. 

1.2 Structure of paper

This paper consists of 6 sections. Section 1 is the introduction, in Section 2 an overview of AI planning techniques will be examine is provided. In Section 3 we describe a scenario that will be used for analysis purposes together with its possible fault behaviours. In Section 4 we investigate and analyse how each of the planning techniques work and how they can be applied to the scenario. Section 5 undertakes an evaluation of the planning techniques described in Section 2 and concludes with the results of the evaluation. Finally, in Section 6 we will have the conclusion and future work. 

2 AI planning techniques
2.1 Terminology

This subsection provides an explanation of terms that are relevant to planning problems. These terms will be used through out this paper when dealing with planning techniques.

· Plan – A possible solution to a specified problem. A plan can be represented as a workflow.

· Planning – A process of generating and modifying plans.
· Planner – A system that performs planning.
· Initial state description – Tells the planner the way is “right now”, that is, the current state of the domain. 
· Goal state description – Tells the planner the way we want the work to look when the plan has been executed, that is, the desired state of the domain on completion of the plan. 
· Action – A special kind of events.
2.2 AI Planning 

Planning focuses on selecting suitable actions and ordering them in an appropriate sequence so as to achieve some goal. It allows businesses and organizations to cut costs considerably while at the same time increasing their ability to handle the dynamic nature and complexity of today’s business environment [4].

In general, a classical AI planning problem has the following components:

i. An initial state description.

ii. A desired goal state description.

iii. A set of possible actions. 

The objective of AI planning is to generate a plan, that is, a sequence of actions when executed from the initial state will result a goal state. A state is a snapshot of the state of the world at a particular point in time. States are represented by a set of ground literals in first-order language. The actions are expressions, which are described using some formal language. The expression consists of a name, parameter list, precondition list and effect list. 
Often when formalising the initial state, we are confronted with the various problems ranging from incomplete information to fuzzy information. Incomplete information does not specify all knowledge relevant to the planning task. Fuzzy information implies that there exists a certain probability of being incorrect for each known fluent value. The problems do not only occur during formalisation of initial state, but also during formalisation of goal state. For example, when planning for a round-trip from South Africa to Paris and then back to South Africa, we cannot distinguish between the initial state and the goal state. This implies that the initial state is equal to the goal state. Therefore, we need to add certain structures to split the planning into several distinct, consecutive phases. 
In Section 2.3 and Section 2.4 we give an overview of Planning as Model Checking and HTN planning respectively. Their formalisation of domain, initial state and goal state will also be presented. 
2.3 Planning as Model Checking

In [6] a full discussion of model checking is given by Clarke and Schlingloff. The fundamental concepts of model checking are described in [12]. In the following paragraphs model checking and its basic concepts will be discussed briefly, followed by planning as model checking. 
Model Checking is a formal verification technique used to determine whether or not a property holds in a finite state model.  Model checkers and planners are normally used to perform verification. The model checker searches for a counter-example to falsify a given specification, and the planner searches for a sequence of actions to satisfy a goal. Labelled Transition System Analyzer (LTSA) [15] is an example system that uses model checking to verified final state of transition. 
The main idea behind Planning as Model Checking paradigm is that planning problems should be solved model-theoretically [12]. A planning domain is formalised as semantic models, which defines the states of the domain, the available actions and the state transitions caused by the execution of actions. The properties of planning domains are formalised as temporal formulas. The planning problem description includes planning domain, initial and goal states. Planning is done by verifying whether temporal formulas are true in a semantic model. At each step, the truth values of some suitable formulas in the model are check to ensure the correctness of plan at that time. 
The main advantage of Planning as Model Checking is its ability to give clear and intuitive formalisation of planning problems. Its capability of dealing with nondeterministic, partial observability and extended goals allows it to solve generic problems. Moreover, Planning as Model Checking can also devise efficient algorithms that generate plans automatically and can deal with large size problems. 
2.4 Hierarchical Task Network planning 

Hierarchical Task Network (HTN) planning is a type of AI planning that allows for incorporating and exploiting domain-independent control knowledge. By incorporating domain-dependent control knowledge in a planner good performance in real world domains can be achieved [21].  Planner such as TLPlan [2], TALplanner [7] and SHOP2 [16] are some examples of HTN planners that developed in the past decade. SHOP2 in particular was specifically designed for web service composition.

Basically HTN planning is a type of problem reduction that decomposes tasks into subtasks, handle constraints, resolve interactions and in case of error, it will backtrack and try other decompositions. The main objective of HTN planners is to produce a sequence of actions that perform some activity or task by using task decomposition. The planning domain description includes a set of operators and a set of methods. While the operators describe the effect of each primitive task, the methods tell how to recursively decompose the non-primitive tasks into smaller subtasks, until the planner reaches primitive tasks that can be performed directly using the planning operators. 
According to [8] there are three types of tasks in HTN planning: 

1. Goal tasks denote the desired properties of the final state; 

2. Primitive tasks, which are tasks that can be execute directly by invoking atomic operations; 

3. Compound tasks denote desired changes that involve several goal tasks and primitive tasks.
Followed from the formalisation of domain description is the problem description. The problem description includes domain description, initial state and initial task network. 
The main advantage of HTN planning lies in its ability to deal with very large problem domains by decomposing goal into smaller manageable subtasks, which can be solved directly. Hence, the computational cost of finding correct sequence of actions is reduced significantly. However, this technique requires experts to provide the planner with a task it needs to accomplish. Despite the disadvantage, HTN planning is still a good way to provide level abstraction. This means we do not need to poses complete knowledge about the service into order to do the selection. 
3 scenario and its fault behaviour
In this section, a scenario will be presented as well as its possible fault behaviours.
3.1 Scenario

The scenario presented here will be used for analysis of planning techniques throughout the paper. The web service application scenario of an online purchase and delivery (OPD) service will be described in detail below.
3.1.1 Description

OPD offers a service that allows clients to directly purchase a given model of computer/laptop and have it delivered to a given location. To minimise the processes involved, we assume that payment will be done upon delivery. 

In order to form the OPD service we need to combine two existing separate, independent services, namely a computer supplier and a delivery service. These services are provided by their own service providers, which are providing web services that allow for queries about the products and services they offer.

Figure 1 depicts the interaction between the user and the OPD service. The user sends a request by filling in a web form, which is the front-end of the OPD service. The purpose of this form is to capture the computer model and the delivery service that the user requires. The user’s request is then send to the supplier process. The supplier will check the database for the availability of the model specified. If the specified model is not available, a notification will be send to the client and the rest of the process will terminate. The delivery service will only be activated only if it receives a confirmation from the supplier process stating the specified model is available. 

When the processes are done, the OPD service will return the result of the search. The result can be successful or unsuccessful, depending on the availability of the service. When the result is successful, then the service will display information about pricing of the goods and the cost of the service to the user. The client will then confirm whether or not they accept the offer. The supplier and delivery service will update their database accordingly. However, if the result is unsuccessful, the whole process will terminate and an appropriate error message will be displayed. The process can also terminate if the acknowledgement delivery was not successful.
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Figure 1: Interaction between the User and the OPD Service
3.2 Fault Behaviour
Assume that discovery and binding of services will be done in run-time. In this section we discuss some of the fault behaviour posed by the scenario described in section 3.1.1. In later sections we will see how planning techniques can be applied to overcome these problems. 
· Selection of services: This is crucial to final composition, since wrong selection service can result in unexpected results. The selection can be based on the business rules, semantics and syntactic interface of the service. Which ever way the selection is based on depends on the nature the end result the composite service is trying to achieve. For example, as described in scenario, we might end up with thousands and thousands of suppliers that meet the requirement, but not all of them are equally suited to fulfilling them. The problem then breaks down to selecting the provider offering the most appropriate services. 
· Availability of services: The other issue related to selection of service is availability. The service can become unavailable due to various factors. This can range from slow network traffic to server problems. The composition process needs to find out what exactly the cause of the problem is.
· Consistency: The selected services may change during the composition. This can lead to unexpected behaviour. The ability to detect such changes and perform recovery is one of the goals of dynamic web service compositions. 

· Dependency: An example of dependency is delivery service depending on supplier service. The delivery service relies on the supplier to provide date when the computer will be available for delivery. If delivery service fails, one of the reasons might be due to failure on behalf of the supplier. Therefore, checking the dependencies between services is important. 
· Dealing with non-deterministic: In the real world, there are various ways to perform the same action. Actions also have numerous possible outcomes. In web service composition, as in real world, our knowledge of the environment and services we are operating on is not complete. Due to this fact the result of composition process is difficult to determine. The service generated by the composition process may therefore be different from the service we specified as our goal state. 
· Correctness: The correctness of the composite service is our main concern. An incorrect composite service may caused by any of the above mentioned factors. 
4 FORMALISATION OF SCENARIO
4.1 Planning as Model Checking
In this section we first provide WS-BPEL code of scenario described in section 3.1. To illustrate the relationship between WS-BPEL and Planning as Model Checking, the WS-BPEL code will then be translated into FSP. The software that used to translate WS-BPEL to FSP is a plug-in for Eclipse developed by Howard Foster [9]. 
4.1.1 Formalising the Planning Domain
In Planning as Model Checking, a planning domain is described by a semantic model. The model defines the state of the domain, the available actions, and the state transitions caused by the execution of actions. In this scenario, our planning domain consists of three ground-level domains, namely the client, the supplier and shipping service while the main planning domain would be the OPD. A simplified version of WS-BPEL code of domain is provided in Figure 2:
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Figure 2: BPEL code for OPD process
Planning as Model Checking relies heavily on finite-state program verification.  Thus, verification of WS-BPEL process is done by transforming WS-BPEL processes into transition states, and then verifies each state. An equivalent FSP of our OPD process is shown in Figure 3.
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Figure 3: FSP for OPD process
However, LTSA-BPEL4WS plug-in does not address the issues relating to dynamic selection and matching between services. For this reason, it can only be used to check the validation of the composition workflow itself. In order to incorporate the selection and matching mechanism, Carman, et al [5] proposed a way of type matching and verification of services. Their approaches is illustrate in Figure 4. 
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Figure 4: Composition of OPD in WS-BPEL with Planning as Model Checking

4.2 Hierarchical Task Network Planning
Since our OPD is a non-primitive task, we first need to decompose it until a primitive task network is obtained. To perform this decomposition, appropriate methods must be selected and applied. The consistency and completeness of the primitive task network is guaranteed through the use of correct methods. Consider method m = (t, d) where t represents the task and d represents the task network. The method will only be considered correct if and only if d is the correct implementation of t. In the simplest case, d is a complete and consistent plan which produces the effects of t. Moreover, we can add a precondition to ensure everything is correctly executed up to the point before the start of the current method. Such precondition of tasks in d is established through the preconditions of t or within d itself. If the desired complex task (i.e. OPD) is decomposed into a set of primitive tasks without violating any of the given conditions (i.e. preconditions and post-conditions) then the planning problem is considered to be successful. Figure 5 illustrates how we decompose the problem into smaller, primitive subtasks.
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Figure 5: Decomposition of OPD
5 EVALUATION OF PLANNING TECHNIQUES
The evaluation of Planning as Model Checking and HTN planning is presented in Section 5.1 and 5.2 respectively. Such evaluation is based on a set of criteria, summarised in  
Table 1. These evaluation criteria are based on the issues addressed in section 3.2.
	Criteria
	Reason

	Domain-independent
	Allows solution of broad range of problems.

	Nonlinear
	Avoids search of all possible plan orderings

	Non-deterministic actions
	Thing changes in dynamic environment, the ability to handle non-deterministic actions are important to avoid unexpected results.

	Complexity
	Measures the level of difficulty in solving composition problems as measured in terms of time and computation steps.

	Performance
	Measures how well will the composition performs.

	Scalability
	Provide ability to solve large real world problems. 

	Accuracy
	Guarantee the correctness of the composite service. 

	Area of usage
	Standards to which it can apply to.

	Level of automation
	Avoid human intervention to prevent human errors.


 
Table 1: Evaluation criteria
5.1 Planning as Model Checking
As was mentioned in section 3.2, selection of services is the most important step in the whole composition process. Planning as Model Checking selects services using type matching algorithm. To ensure that the selected services are able to composite in a coherent manner, the composition capabilities between services are also checked. Availability of services and dependency between services are closely linked with selection of services. They are checked and verified using type matching algorithm and composition capability. 
In terms of consistency of services, in the dynamic world, the properties of services change due to various reasons. To detect and compensate for these changes, Planning as Model Checking uses state-transition to check each state at a particular time during composition to ensure the properties of the services is consistent with respect to the requirement. The overall consistency of the composition is checked for safety, violation and deadlocks to ensure that the composition is in a working manner. 
The correctness in selection of services, checking for availability, dependency and consistency contribute to ensure the correctness of the overall composition. However, just examining each state itself will not solve the problems introduced by non-deterministic actions. The approach Planning as Model Checking takes to deal with such problems is the use of weak, strong and strong-cyclic plan graphs. The weak and strong plans are set of state-action pairs which may (is guaranteed to) achieve the goal. The weak plan will have at least one execution path that reaches a goal, while every single execution path in strong plan will reaches a goal. A strong-cyclic plan is a plan whose executions always have a possibility of terminating and, when they do, they are guaranteed to achieve the goal [12].
The issue of dealing with non-deterministic actions have been tackled by the Planning as Model Checking. However, planning with extended goals and partial observability is a very important issue and has not been addressed until recent research done by [3].  The algorithm they developed was built on the techniques developed in the Planning as Model Checking framework for the restricted problems of extended goals and of partial observability.
Up to this stage we see Planning as Model Checking possesses a high level of accuracy as it verifies all actions and the overall composition as a whole. However, all these verification steps are very time consuming to perform on a large set, because in worst case it have O(n!) complexity. For example, if we have verified a composition with 8 states as in the scenario, that means there is ≈8! verification steps that we need to take to ensure correctness. This is completely impractical and poses serious performance issues in real world domain. To illustrate the performance issues posed by this planning technique, we test run a traditional block domain using PropPlan [10] and the results in presented in Table 2.
	Number of blocks
	CPU time

	4
	0.029

	5
	0.094

	10
	3.4044

	13
	46.730


Table 2: Block domain performance of PropPlan
Despite the performance issue, Planning as Model Checking have been already adopted in web service composition. The standard that makes use of it is WS-BPEL done by [5].
5.2 Hierarchical Task Network Planning
HTN planning may be domain-specific or domain configurable [11]. Domain-configurable means that it is domain-independent with the ability to allow configuration to suite ones need. Such ability is very convenient for web service composition to adapt from different composition to composition.
Different levels of abstraction provided by HTN planning avoid tyranny of detail that would result from planning at the most primitive level. Such abstraction level is necessary in real world domains, because it significantly reduces the search space by forming abstract plans and then expanding these into more detailed plans. For example, in our scenario, during the selection of shipping service, we only need to know we want a service that can provide delivery and there is no need to consider how they perform the actual shipping until later stage. In this way together with it support for parallel interaction between tasks, the time that needs to spend on discovery and selection of services reduced significantly. Henceforth, the key benefit of HTN planning is the computation cost of finding the correct way to arrange activities for the current problem is small. In the worst case if have O((n/k)!∙k). Since the actual complexity is hard to analyse in practice, here we will present the block world using JSHOP2 planner [14]. The results are presented in Table 3.
	Number of block
	CPU time

	4
	0.02

	5
	0.03

	10
	0.035

	13
	0.04


Table 3: Block domain performance of JSHOP2
The planning process in HTN is fully automated, but human intervention is allowed when required. Human can intervene while the plan is being set up and/or when the process cannot decompose tasks anymore, providing that not all the primitive tasks have been reached.  In terms of accuracy, the planner considers the entire execution path and it has the opportunity to minimise various types of failures or unexpected occurrences. This is done by incorporating backtracking mechanism and integrating complex precondition reasoning, post-condition checks and performing evaluation of arbitrary code at plan time. The backtracking mechanism is used on checking discovered services to ensure suitability, as well as during execution. During execution, the methods pre- and post condition are checked to ensure consistency. If failures or unexpected events have occurred, it will backtrack to where the problem is and try to correct the method or select alternatives. The way HTN planning deals with non-deterministic actions is by defining and implementing methods which can handle non-deterministic actions. For example:
In the best case, hierarchical methods can result in linear-time instead of exponential-time planning algorithms.

Almost all planners for large-scale applications are HTN planners, because HTN planning allows the human expert to provide the crucial knowledge about how to perform complex tasks so that large plans can be constructed with little computational effort. Planners such as SHOP2 [16] an HTN planner used in web service composition, are based on HTN planning.
5.3 Analysis Summary

The previous sections (section 5.1 and 5.2) presented the analysis of Planning as Model Checking and HTN planning. The results of such analysis are presented in Table 4. 
	Criteria for evaluation
	Planning as Model Checking
	HTN planning

	Domain-independent
	Domain-specific
	Domain-specific or domain-configurable

	Nonlinear
	Not supported
	Having the ability to generate partial-order plans

	Non-deterministic actions
	Though weak or strong (acyclic) graphs
	Developers can design and write methods to deal with non-deterministic actions

	Complexity
	O(n!)
	O((n/k)!∙k)

	Performance
	Plan cost in relation to methods
	Plan cost in relation to methods

	Scalability
	Not feasible due to time consuming verification steps
	Scale well into large-scale problems

	Accuracy
	All actions in the composition are verified
	Backtracking mechanism, precondition reasoning, post-condition checks

	Area of usage
	WS-BPEL
	OWL-S

	Level of automation
	Fully automated
	Fully automated, but also allow human intervention


Table 4: Analysis summary of Planning as Model Checking and HTN planning
Domain-configurable planners can be used in broader range of problems by modify it according to needs. This is much better in comparison to domain-specific planner, because it does not have to be rewritten it every time to cope with a new domain. 
In a real world domain, non-deterministic actions are not rare, having the ability to deal with non-deterministic actions helps to avoid unexpected events. Both Planning as Model Checking and HTN planning support non-deterministic actions. However, Planning as Model Checking lacks support for nonlinear actions. This poses a significant impact on the complexity and performance. The ability to generate partial-order plan reduces the time takes to execute the plan in sequential order as well as complexity and performance. While partial-order plan is good in reducing time complexity, it poses interaction problems if it is not handle properly. 
Accuracy is an important issue in almost all applications/software, but is almost the most difficult aspect to achieve. Planning as Model Checking ensure accuracy of plan generate by examining each and every single step in the composition. This approach is good only if not taking complexity and performance into account. HTN planning on the other hand just checks the pre- and post-condition of the methods. The backtracking mechanism is used to track down the problem when it occurs. Furthermore, HTN planning allows step-through of the composition process to ensure correctness. Obviously, using HTN planning may not always lead to optimal plan, but it does guarantee there is a solution to the problem. 
To illustrate the performance between a HTN planner and Planning as Model Checking based planner, we combine the results of our performance tests in section 5.1 and 5.2 in Figure ?. We see that JSHOP2 is much faster even when the problem scales up.
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Figure 6: Performance comparison between JSHOP2 and PropPlan
In conclusion, on the long term HTN planning is more feasible than planning as model checking, as it is more flexible and scales much better into large complex systems.
6 CONCLUSION AND FUTURE WORK
It is evident that for web service composition to reach its full potential, it should have the ability to automatically compose web services. To this end a planning technique can be used to automated web service composition. In [18, 20] a list of current planning techniques used in web services is presented. Planning as Model Checking and HTN Planning presented in this paper are just two of the approaches that incorporate control knowledge. 
These approaches were considered and analysed according to a set of criteria described at the beginning of section 5. The result of the analysis shows that HTN planning has various advantages over Planning as Model Checking. However, the analysis conducted on planning as model checking and HTN planning presented in section 5.1 and 5.2 respectively, is not complete. It can serve as a starting point for future research in analysing such planning techniques. 
Even with planning techniques, we still need a framework to map the planning techniques onto the relevant standards, where composition can take place. Such mapping between Planning as Model Checking and WS-BPEL have been done by Bertoli, et al. in [3], and the mapping between HTN planning and OWL-S using SHOP2 [22]. However, the mapping between HTN planning and BPEL is still an open issue [19].
Furthermore, even with the planning technique in place, there is no way of ensuring that the planning process will execute as expected without proper control mechanisms in place. Therefore, in order to ensure proper execution of the planning process, a control mechanism is required. Planning without control is meaningless and any good planning system should ensure that it has a control mechanism in place.
Future works include more depth analysis of Planning as Model Checking and HTN planning in relation to the fault behaviours of web service composition. Having all the information on hand, we then need to examine how control mechanism is applied according to ensure proper execution of composition.
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