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Abstract. Business Process Execution Language (BPEL) is one of the most 
popular languages for Web service composition. To predict the QoS of 
composite service processes specified in BPEL gives the way to tell whether the 
process meet the non-function requirements, and to choose the process with 
better QoS from those with similar function. A model-driven approach for QoS 
prediction of BPEL processes is proposed in this paper, which has a two-layer 
architecture: One is the prediction model specifying necessary information for 
prediction and independent of specific languages, and the other is the semantic 
model of specific languages such as BPEL. A set of transformation rules is 
defined between the two layers so that processes specified in specific languages 
can be transformed to the prediction model. A prediction algorithm is defined 
based on the prediction model, and through the algorithm the average value of 
process QoS attribute can be computed. The approach can be used not only to 
BPEL processes but also to processes in other specifications such as BPML and 
BPSS, if the mapping rules between the semantic models of these languages 
and the prediction model are defined. The feasibility and good accuracy of the 
approach has been proved by the experiment.  
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1   Introduction and Related Work 

Business Process Execution Language (BPEL) is one of the most popular languages 
for Web service composition. To predict the QoS of BPEL processes gives the way to 
tell whether the process meet the non-function requirements, and to choose the 
process with better QoS from those with similar function. The research in QoS 
prediction of Web service composition is in its infancy. Zeng introduced the 
aggregation function approach for prediction [1]. The function is rather simple and 
has limited accuracy. Grassi proposed the Software Architecture based approach [2] 
which is based on the research of component system prediction and is concerned with 
the execution environment of Web services. Therefore, it is not feasible for Web 
service composition. Chadrasekaran introduced a simulation based approach [3] 
which relies on specific simulation tool. And the Workflow Based Approach (WBA) 
[4, 5] is proposed by Cardoso and Jaeger respectively and has better feasibility and 
accuracy than others methods. However, neither of the existing methods can be used 
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for the prediction of BPEL processes, because they are not based on the semantic 
concepts of BPEL.  

In this paper, we propose a model-driven approach for BPEL process prediction, 
which introduces a two-layer architecture: One is the prediction model specifying 
necessary information on composite services for prediction and independent of 
specific languages, and the other is the semantic model of specific languages such as 
BPEL. A set of transformation rules is defined between the two layers so that 
processes specified in specific languages can be transformed to the prediction model. 
And a prediction algorithm is defined based on the prediction model, by which the 
average value of QoS attributes of processes can be computed. The approach can be 
used for not only BPEL processes QoS prediction but also processes specified in any 
other languages such as BPML, WSCI etc., if the mapping rules between the semantic 
models of these languages and the prediction model are defined. The feasibility and 
good accuracy of the approach has been proved by the experiment. 

The rest of the paper is organized as follows: Section 2 gives the formal definition 
of the prediction model. Section 3 proposes the transformation rules between 
semantic model of BPEL and the prediction model. Section 4 introduces the 
prediction algorithm and the analysis of the time complexity. The experiments and 
analysis are given in section 5. Finally, we conclude in section 6.  

2   Prediction Model 

2.1   Model-Driven Prediction  

Model-Driven Architecture (MDA) is promoted by the Object Management Group 
(OMG) for software development [7]. The main idea of MDA is to achieve 
portability, interoperability, and reusability through an architectural separation and 
transformation of concerns between the design and implementation of software. The 
work described in this paper adopts the MDA strategy to predict the QoS of 
composite service processes specified in BPEL.  

Model-driven QoS prediction is based on a two-layer architecture shown in  
figure. 1. One is the prediction model specifying necessary information on composite 
services for prediction and independent of specific languages, and the other is the 
semantic model of specific languages such as BPEL. A set of transformation rules is 
defined between the two layers so that processes specified in specific languages can 
be transformed to the prediction model. Based on the prediction model, a prediction 
 

 

Fig. 1. The architecture of model-driven prediction 
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algorithm is defined to compute the average value of QoS attributes of processes 
specified in the prediction model. Thus, the approach can be used to predict the 
process in any languages such as BPML, BPSS etc., if the mapping rules between the 
semantic model of the language and the prediction model is defined. 

2.2   Model Definition 

The prediction model is the abstraction of information elements necessary for QoS 
prediction of a composite services process. It is independent of specific languages so 
it can be used for the prediction of process in any specification including BPEL. The 
model is made up of the following concept definitions. 

Definition 1. Composite service process Γ . Γ is a 4-tuple with the format of (CP, T, 
C, Q). It is used to represent the composite service process to be predicted. Γ can be 
specified as a workflow [8]. And the tasks in workflows represent the service 
invocation operations, and the transitions between tasks represent the orders between 
invocation operations. The definition of the four elements of Γ is given below. 

Definition 2. Composition pattern set (CP). CP represents the set of composition 
patterns which constitute the composite service process. Composition pattern is the 
abstraction of basic architecture of composite services [5, 6], which is composed of a 
set of tasks and defines the execution order of the tasks and the completion symbol of 
the pattern. There are seven types of composition patterns Sequence, Loop, 
XOR_XOR, AND_AND, AND_DISC, OR_OR and OR_DISC. The definition of each 
type is given in table 1. Composition patterns can be nested and sub-patterns can be 
treated as the tasks of the parent-pattern. 

Table 1. Definition of composition pattern types  

cp Type Definition 
Sequence Containing n (n>1) tasks which are executed in sequence. 

Loop Containing 1 task which is executed repeatedly. 

XOR_XOR 
Containing n (n>1) tasks one of which is chosen and 

executed, completed when the task completes. 

AND_AND 
Containing n (n>1) tasks which are executed concurrently, 

completed when the n tasks complete. 

AND_DISC 
Containing n (n>1) tasks which are executed concurrently, 

completed when m out of n (m<n) tasks complete. 

OR_OR 
Containing n (n>1) tasks s (n>s>1) of which are executed 

concurrently, completed when the s tasks complete. 

OR_DISC 
Containing n (n>1) tasks s (n>s>1) of which are executed 

concurrently, completed when t out of s (t<s) the tasks complete. 

Definition 3. Task set (T). T represents the set of tasks composing the composite 
service process.  

Definition 4. Contain (C). C represents the relationship between composition patterns 
and the nodes it contains, and C = {(cp, node) | cp∈ CP, node∈ CP ∪ T}. And  
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(cp, node)∈C, iff cp∈CP and cp contains node。Any node is contained by one and 

only one pattern, that is to say, if ∃ (p1，node) ∈C and ∃ (p2，node) ∈C，then p1 
= p2.  

Definition 5. QoS description of tasks (Q). Q describes the QoS value of tasks, and Q 
= {(t, d, v) | t ∈ T)}, in which t∈ T, and d represents the type of QoS such as 
performance, cost, availability and reputation [1], and v represents the average value 
of QoS.  

3   Transformation 

The semantic concepts of BPEL are the abstraction of the information described by 
the BPEL process specification, which are organized as the metamodel of BPEL. And 
the transformation rules between BPEL metamodel and the prediction model define 
the mapping from the concepts in BPEL to the concepts in the general model. And 
with the transformation rules BPEL processes specification can be converted into the 
general model which is the input of the prediction algorithm. 

The metamodel of BPEL in UML [9] is shown in figure 2, which describes the main 
semantic elements of BPEL and the relationship among them. The semantic elements 
concerned with the prediction are process and activity. The detail mapping rules 
between the elements and the concepts in general model are described as follows. 

 

 

Fig. 2. BPEL metamodel 

process element described as <process> in BPEL will be transformed to a composite 
service process Γ . And activity element is split into two types, one is basic activity, 
the other is structured activity. 

3.1   Transformation of Basic Activity 

The basic activity in BPEL represents the invocation operation of element services 
and is described as <invoke>, <receive> and <reply>. Basic activities will be 
transformed to tasks in composite service process. <invoke> represents a 
synchronized or asynchronous Web service invocation and will be mapped to a task t. 
And <receive> and <reply> together represent a synchronized invocation and will be 
mapped to a task t. The tasks corresponding to all basic activities in <process> make 
up with the tasks set T. 
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3.2   Transformation of Structured Activity 

The structured activity in BPEL specifies the order of activities contained in it, and is 
described as <sequence>, <switch>, <while>, <pick>, and <flow>. The structured 
activities will be transformed to composition patterns (cp) of composite service process 
and the relationship between the structured activity and the activities it contains will be 
transformed to the elements in C of the composite service process. The structured 
activity can be nested and the nested activity can be mapped to nested cp. 

<sequence> contains one or more activities that are performed sequentially, in the 
order in which they are listed. It is mapped to a cp with sequence type. <switch> 
contains one or more condition branches, one of which will be chosen to be executed 
according to the condition. It is mapped to a cp with XOR-XOR type. <while> 
represents repeated execution of a specified iterative activity until the given Boolean 
no longer holds true. It is mapped to a cp with Loop type. <pick> contains one or 
more event branches, one of which will be chosen to be executed according to the 
event. It is mapped to a cp with XOR-XOR type. And <flow> specifies one or more 
activities to be performed concurrently. It is mapped to a cp with AND-AND type. All 
the cps corresponding to the structure activities in <process> make up the 
composition pattern set CP. 

3.3   To Get the QoS Description Q 

QoS description of tasks can not be extracted directly from the BPEL process 
specification. The QoS of tasks is the QoS of basic activities which is decided by the 
element service being invoked. There are two ways to get the QoS of services. One is 
to refer to the interface specification of services which can be located through the 
porttype and operation attributes of basic activities. A method of describing service 
QoS in WSDL specifications has been proposed in [10]. And the other is to get the 
QoS of services through test or monitoring. A method of getting service QoS through 
monitoring has been proposed in [11]. 

4   Prediction Algorithm 

Based on the prediction model in section 2 we define the prediction algorithm to 
predict the average value of the QoS of composite service processes. The QoS 
attributes supported by the algorithm include performance, cost and reputation. The 
algorithm is independent of the specific definition of attributes and can be used for 
each attribute. In the algorithm, the QoS of processes are based on the QoS of 
composition patterns calculated through the QoS aggregation formula for composition 
patterns which take the QoS of the tasks in the pattern as input, and recursive 
procedures are used for the calculation of nested patterns. And the QoS of the most 
parent pattern is the prediction result of the process. 

For each type of composition patterns and for each attribute of QoS, a QoS 
aggregation formula is defined. For example, the performance QoS aggregation 

formula for sequence composition pattern is defined as i
i

x∑ , and for XOR-XOR 
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pattern is i i
i

p x∑ , in which, ix represents the performance value of tasks in the 

pattern and ip represents the probability of the branch including the task being 

executed. The formulas for each pattern type and for the attributes of performance, 
cost and reputation are given in [6]. 

4.1   Algorithm Definition 

The algorithm inputs include the composite service process Γ and the attribute d to be 
predicted. Through the algorithm the average value of the d attribute of the 
process Γ can be computed.  

The algorithm is made up of three steps. First, the process is composed of nested 
composition patterns and we need to get the most parent composition pattern 

described as cp0 and satisfying ∀ cp∈CP, (cp, cp0)∉C. Second, in order to calculate 
the QoS of composite patterns, we need to get the attribute value of d of all nodes in 
cp0. And then let node represent a node in cp0. When node is a task, the QoS of node 
is the v in (node, d, v)∈D. And when node is a nested composition pattern, the QoS 
of node can be extracted through the recursive invocation of the algorithm. Thirdly, 
take the QoS value of nodes in cp0 into the aggregation formula for the attribute of d 
and the pattern type of cp0 to get the QoS of the composition pattern, which is the 
result of prediction. 

4.2   Time Complexity 

Theory 3.1. As the input is ( ), , ,CP T C QΓ = , the time complexity of the algorithm 

is ( ) ( )O CP O T+ . 

Let C P n= , mT = , and there is ( )1−+= nmC . To get the most parent 

composition pattern, the algorithm checks each element in C and debars those being 
contained by other patterns. The worst time complexity of the procedure 
is ( ) 11 tnm ⋅−+ , in which 

1t  represents the constant time to deal with a single 

element in C. In addition, the time of the procedure of getting the QoS of all tasks is 

2tm ⋅  and of getting the QoS of all composition patterns is
3tn ⋅ , in which 

2t  and 
3t  

respectively represent the constant time of getting the QoS of a service and of 
calculating an aggregation formula. As a result, the time performance of the algorithm 
is ( ) 3211 tntmtnm ⋅+⋅+⋅−+ , and the complexity is ( ) ( )mOnO + , that 

is ( ) ( )O CP O T+ . 

5   Experiment 

To prove the feasibility and accuracy of the approach proposed in the paper, we give 
an example of BPEL process prediction. First, the performance of a BPEL process is 
predicted by the approach, and then the BPEL process is executed by Active BPEL to 
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get the actual average process performance, and the actual value and prediction result 
are compared. 

The example BPEL process specification is shown in figure 3, and the function of 
the process is to perform stock quote or exchange rate consultant according to the user 
request. There are four element services: Receipt, StockQuote, ExchangeQuote and 
Response, and the WSDL file URLs of the element services are shown in table 2. 

And the definition of Web services performance is given in [1] as the interval 
between receiving the request and sending out the response, and the interval can be 
measured through the execution time of services. 

 

 

Fig. 3. The example BPEL process 

Table 2. The WSDL file URLs of the element services in the example BPEL process  

element service WSDL URL
Receipt http://www.telestar.bj.cn/spacejojo/wsdl/receipt.wsdl

StockQuote http://services.xmethods.net/soap/urn:xmethods-delayed-
quotes.wsdl

ExchangeQuote http://www.xmethods.net/sd/2001/CurrencyExchangeService.wsdl
Response http://www.telestar.bj.cn/spacejojo/wsdl/response.wsdl  

The performance value of the example process can be computed as follow. The 
BPEL process is transformed to a corresponding prediction model according to the 
rules in section 4 to get the input of the algorithm, and the result prediction model is 
shown in table 3. And the performance of element services represented as the QoS 
description Q in the prediction model is gotten through service test. We record the 
performance data of element services in ten executions and take the average 
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performance as the value in Q. And we suppose the branches in <switch> have the 
same probability to be executed. Through the prediction algorithm, we can get the 
prediction result of the process performance as16.05s.  

Table 3. The result prediction model transformed from the example BPEL process  

Element Value 

Γ  (CP, T, C, Q) 
T {t_receipt, t_stock, t_exchange, t_response} 

CP {cp_sequence，cp_switch} 

C 
{(cp_sequence, t_receipt), (cp_sequence, cp_switch), (cp_sequence, t_response), 

(cp_switch, t_stock), (cp_switch, t_exchange)} 

Q 
{(t_receipt, performance, 3.3), (t_stock, performance, 10.2), (t_exchange, 

performance, 9.3), (t_response, performance, 3.0)} 

Table 4. The run-time performance of the example process and the included basic activities  

<switch> 
instance 

Process 
<sequence> 

Receipt 
<invoke> StockQuote 

<invoke> 
ExchangeQuote 

<invoke> 

Response 
<invoke> 

1 16.97 3.67 - 9.32 2.54 

2 15.46 3.00 - 9.05 3.13 
3 18.67 3.77 - 9.06 3.34 
4 17.5 3.68 10.16 - 3.33 
5 18.02 3.78 10.55 - 3.42 
6 19.63 3.06 10.53 - 3.47 
7 19.09 3.64 10.00 - 3.47 
8 15.72 2.99 - 9.30 3.04 
9 16.53 3.41 - 9.78 2.99 

10 16.3 3.67 - 8.95 2.91 
11 16.84 3.08 10.05 - 2.89 
12 16.11 3.63 - 9.79 3.35 
13 18.06 3.08 10.36 - 2.96 
14 16.05 3.40 - 9.31 3.31 
15 17.73 3.35 10.44 - 3.36 
16 15.42 3.20 10.04 - 3.47 
17 16.53 3.57 - 9.68 3.11 
18 16.81 2.97 10.01 - 3.33 
19 15.39 2.93 - 9.26 2.89 
20 16.81 3.54 10.43 - 2.91 

Avg 16.98 3.36 10.24 9.35 3.18 
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And then the example process is executed by Active BPEL, which is an execution 
engine of BPEL based on Java [13]. The reason to choose Active BPEL is that it 
provides the log on the start and end time of the process as well as the basic activities 
in the process, so that the run-time performance of the process and the basic activities 
can be gotten. Active BPEL takes the process specification and the element service 
WSDL file URL as the input. According to the Active BPEL logs on 20 executions of 
the example process, the run-time performance of the process and the basic activities 
can be calculated and the result is shown in tabel 4. The actual average process 
performance can be gotten as 16.98s.  

From the data in table 3 and table 4, we can see that there are errors between the 
estimation and the actual performance of element services, and this is one of the 
reasons leading to the error of process prediction. The process prediction error rate 

can be calculated through the formula of e a

a

V V

V
η

−
=  in which Ve and Va 

respectively represent the prediction result and actual value. And the error rate of the 
performance prediction of the example process is 5.5%, which proves the approach 
has a good estimation in predicting the average QoS value of BPEL processes.  

6   Conclusion 

A model-driven approach for the QoS prediction of BPEL process is proposed in the 
paper. It has a two-layer architecture: One is the prediction model specifying 
necessary information on composite services for prediction and independent of 
specific languages, and the other is the semantic model of specific languages such as 
BPEL. A set of transformation rules is defined between the two layers so that 
processes specified in specific languages can be transformed to the prediction model. 
Based on the prediction model the prediction algorithm to predict the average value of 
the QoS attributes of composite service processes is defined. And we’ve proved the 
algorithm has a linear time complexity. Model-driven strategy makes it possible for 
the approach to be used for the prediction of processes specified in any languages, if 
the sets of mapping rules between the semantic models of the language and the 
prediction model are defined. The feasibility and good accuracy of the approach in 
BPEL process prediction has been proved by the experiment.  
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