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Abstract. Prediction of the Quality of Service (QoS) of Composite Web 
Services (CWS) makes it possible to tell whether the CWS meets the non-
function requirements, and to choose the CWS with better QoS from those with 
similar function. QoS prediction is based on the estimation of the execution 
process of CWS. For the reliability of CWS executions, Web service transaction 
has been proposed, which will affect the execution process. However, the 
existing approaches have not considered the effect. Thus they have limited 
accuracy when predicting the CWS with transactions. The paper proposes an 
approach for QoS prediction of CWS with transactions. A specification model 
is defined to specify execution processes of CWS according to the exception 
handling policies of transactions. Based on the model, an algorithm is proposed. 
The experiment proves that the algorithm has much lower error rate and better 
feasibility than the previous approaches when predicting CWS with 
transactions.  
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1   Introduction and Related Work 

Web Service Composition (WSC) gives a way to assemble Web services from the 
view of function requirements. To predict the Quality of Service (QoS) of Composite 
Web Services (CWS) makes it possible to tell whether the CWS meet the non-function 
requirements, and what’s more to choose the CWS with better QoS from those with 
similar function. The existing methods for QoS prediction of CWS include the 
aggregation function approach [1], the Software Architecture based approach [2], the 
simulation approach [3] and the Workflow Based Approach (WBA) [4, 5, 6, 7]. 
Among them, the WBA has the best feasibility and accuracy. 

The existing approaches are based on the estimation of the execution process of 
CWS. However, none of them has considered the effect of Web service transaction 
mechanism on the execution process of CWS. Thus they have limited accuracy when 
estimating the CWS with transaction mechanism. A fail-aware approach has been 
proposed in [8], which analyzes the effect of failure recovery on QoS of CWS, also 
without considering the transaction mechanism. And the difficulty in getting the input 
parameters leads to the poor feasibility of the method. 
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We analyze the effect of Web service transaction on the execution process of 
CWS. A specification model of CWS is defined to specify possible execution 
processes of a transaction according to the exception handling policies of the 
transaction. On the base of the specification model we propose an algorithm to predict 
the average value of QoS attributes of CWS with transactions, and the method to 
estimate the occurrence probability of exceptions as part of the algorithm. The 
experiment proves the algorithm has much lower error rate and better feasibility than 
the approach that has not considered the transaction mechanism when predicting the 
QoS of CWS with transactions. 

The rest of the paper is organized as follow: The specification model of CWS is 
defined in section 2. The algorithm is proposed in section 3. And section 4 discusses 
the experiment and section 5 concludes the paper. 

2   Specification Model of CWS 

2.1   Problem Definition  

To guarantee the consistency and reliability of the executions of atomic services in 
WSC, Web service transaction has been proposed. Web service transaction is a set of 
service invocating operations that follows the Advanced Transaction Models (ATMs) 
[9] which try to relax the rigid demands of ACID attributes because ACID is practical 
only in tightly coupled systems, and follow the SACReD attributes which are 
Semantic Atomicity, Consistency, Resiliency and Durability [10]. To ensure the 
SACReD attributes, a set of exception handling policies will be predefined to 
coordinate the operations in transactions. When exceptions happen to the transaction, 
the normal process will be paused and compensation for recovery will be performed 
according to the exception handling policies that specify what exceptions to handle 
and how to handle. That is to say, the execution process of CWS with transactions 
will be affected by the exception handling policies.  

An example of CWS with transactions is given in figure 1. The function of the CWS 
is to order a dress online, including suit and tie. The CWS is composed of four atomic 
services: OrderReceipt, SuitOrder, TieOrder and OrderResponse. The process is shown 
in figure 1. As it is nonsensical for only a tie or only a suit, these two things should be 
gotten at the same time, which means all or nothing. Therefore, SuitOrder and TieOrder 
make a transaction, and the exception handling policies are defined as that forward 
recovery through SuitOrderAlter service when SuitOrder failed and backward recovery 
through SuitOrderCancel service when TieOrder failed. What should be mentioned is 
that we make the assumption that failure will not happen to SuitOrder and TieOrder at 
the same time, and exception handling operations will not fail. 

The problem is how to predict the execution process of CWS according to the 
exception handling policies of transactions, and how to compute the QoS of the 
predicted execution process. 

2.2   Model Definition 

The aim of the model is to specify the possible execution process of a CWS with 
transactions. 
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Definition 2.1 CWS Process (CWSP). CWSP specifies the order of atomic service 
invocations of a CWS when no exception happened, and can be described as a 
workflow: Tasks of the workflow represent service invocations, and transitions 
between tasks represent the order of invocation. For example, the CWSP of dress 
order CWS is showed in figure 1. 

 

 

Fig. 1. The CWSP of dress order CWS 

Definition 2.2 Scope. Scope is a set of tasks and their transitions which make up of a 
Web service transaction. Scope can be a part of or the entire CWSP, and there may be 
more than one scope in a CWSP. Scopes can be nested and obey the rules of 
transaction nesting [12]. For example, the scope in figure 1 represented by S1 consists 
of SuitOrder and TieOrder. 

Definition 2.3 Exception Handling Policy Set (EHPS). EHPS represents the set of 
exception handling policies (ehp) pre-defined for a transaction, and the EHPS of 
Scope Sα is described as EHPSα = {ehpα1, ehpα2,…, ehpαn}.  

ehpαi represents a policy consisting of exception event and exception handling 
action, described as ehpαi= (eventαi, actionαi). eventαi specifies the activation 
exception event, and actionαi specifies the exception handling operations performed 
when eventαi is true and the order of the operations. eventαi can be a simple event 
which is the failure of a single service invocation or a complex event which is 

multiple simple events connected by “AND”. ∀ ehpαi, ehpαj
∈EHPSα, if i ≠ j, then 

eventαi
≠ eventαj. 

For example, the EHPS of Scope S1 in dress order CWS can be described as EHPS1 
= {ehp11, ehp12}, and ehp11= (Failure (SuitOrder), Alteration (SuitOrderAlter), ehp12 
= (Failure (TieOrder), Compensation (SuitOrderCancel)). 

Definition 2.4 Scope Processes (SP). Let SEPSα be the set of possible execution 
processes of the scope Sα, and SP of scope Sα described as SPα is the association of 
elements in SEPSα connected by the composition pattern [6] of “XOR-XOR”, as the 
actual execution process of the scope must be one of the elements in SEPSα.  

There are two types of elements in SEPSα. One is normal process and the other is 
exception process. The former represents the scope execution process when no 
exception happened which is same as the scope process specified in CWSP, and is 
described as sepα0. And the latter specifies the scope execution process when 
exceptions happened in the scope, and is described as sepαi (i > 0).  
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Now we want to compute all the elements in SEPSα. Normal process sepα0 can 
be specified according to the CWSP. And exception processes can be specified 
according to the exception handling policies. Let EHPSα= {ehpα1, ehpα2,…, ehpαn}, 
in which ehpαi =（eventαi, actionαi）. Different exceptions and exception handling 
actions will lead to different exception processes. And with the assumption that 
only one exception happened in an execution of scope and the exception handling 
operation will not fail, the n exception handling policies in EHPSα will lead to n 
exception processes. And the n exception processes are described as sepα1, 
sepα2,…, sepαn. sepαi (i=1,2…,n) includes two parts: Pre exception handling part 
(PRE-EH) and exception handling part (EH). PRE-EH of sepαi consists of the tasks 
and their transitions in the Sα which are in completed, failure or active state when 
eventαi happened between them, and EH of sepαi consists of the tasks and 
transitions respectively representing the operations and their order specified in 
actionαi. 

For example, the SEPS of scope S1 described as SEPS1= {sep10, sep11, sep12} is 
showed in figure 2. And the SP of scope S1 described as SP1 is showed in figure 3. 

 

 

Fig. 2. The SEPS of scope S1 

 

Fig. 3. The SP of scope S1 

3   Prediction Algorithm 

Based on the specification model, we define the QoS Prediction Algorithm (QPA) to 
predict the average value of QoS attributes of CWS with transactions which include 
performance, cost and reputation. The attributes definition has been given in [1]. 

QPA is composed of three steps, which are (1) to compute the QoS attribute of 
each scope in the CWSP, and (2) to transform the scopes to the tasks with equal 
attribute value, and (3) to compute the attribute of the result process got from the 
transformation.  
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The QoS of scope Sα is defined as the QoS of SPα, and is described as SQα. SQα can 
be computed through formula (1) according to the Workflow QoS Computation 
Method (WQCM) [5, 7] which gives the way to compute the average value of QoS 
attributes of workflow by aggregating the attributes value of tasks in the workflow. In 
formula (1), qαi and pαi (i = 0, 1, …, n) respectively represent the attribute value and 
the occurrence probability of sepαi, and 

0

1
n

i
i

pα
=

=∑ . For nested scopes, recursive 
procedure will be used. 

0

( )
n

i i
i

SQ p qα
=

= ⋅∑  (1) 

And pαi (i >0) is equal to the occurrence probability of the eventαi which can be 
calculated as following: For the eventαi of simple event, pαi is the failure probability of 
the corresponding atomic service, and for the eventαi of complex event, pαi can be 

computed with the rule of P (A·B) =PA·PB. And 0
1

1
n

ip pα α= −∑ . 

The failure probability of atomic services, described as p, can be computed through 
p = c1·p’+c2·p’’+c3·p’’’, in which c1+c2+c3=1,  and p’ represents the failure probability 
given by the service provider on the interface of Web service, and p’’ represents the 
failure probability got from the history statistic of service execution, and p’’’ 
represents the failure probability got from the history statistic of service execution in 
the CWS. Weight ci reflect the similarity between the item and failure probability. 
The higher the similarity, the larger the weight. In generally, the third item p’’’ has 
the highest similarity. When one of the items can not be gotten, the item weight can 
be set as zero. 

In order to get qαi through WQCM we must get the attribute value of tasks in SPα. 
The way to get the attribute of normal service invocation task is given in [5]. As the 
task with exception is concerned, because the state of the exception task can not be 
determined we take the normal attribute value as that of task with exception. And as 
the task of exception handling operation is concerned, because the task is to invoke 
the Web service with forward or backward recovery function, we can use the way in 
[5] to get the its attribute value.  

Scope transformation is to convert a scope to the task with equal QoS to the 
scope. And those transitions terminating on tasks inside the scope, and initiating 
from tasks outside the scope, should be transformed to terminate on the substitute 
task. And those initiating from tasks inside the scope, and terminating on tasks 
outside the scope, should be transformed to initiate from the substitute task. And the 
attribute of processes resulting from transformation can be computed through 
WQCM method.  

For example, the performance attribute of the dress order CWS can be predicted as 
following. Performance attribute is the time interval between sending the request 
message and receiving the response message [1]. 

The performance and failure probability of each task in SP1 have been gotten 
through the history statistic, and are showed in table 1. 
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Table 1. Performance and failure probability of tasks in SP1  

 Performance(s) FailureProbability(%) 
OrderReceipt 3.9 - 

SuitOrder 7.7 21.2 
TieOrder 5.4 15.1 

OrderResponse 2.8 - 
SuitOrderAlter 9.1 - 

SuitOrderCancel 9.7 - 

 
With the data on tasks, we can get qαi and pαi for the elements in SEPS1= {sep10, 

sep11, sep12}, which are showed in table 2. According to formula (1), the performance 
of the scope S1 is 11.1. 

Table 2. pαi and qαi for SEPS1  

 sep10 sep11 sep12 

pαi (s) 7.7 16.8 17.4 

qαi (%) 63.7 21.2 15.1 

 
The result process of scope transformation is showed in figure 4. With WQCM, we 

can get the prediction result for dress order CWS as 17.8. 

 

 

Fig. 4. The result of scope transformation 

4   Experiment 

To prove the feasibility and accuracy of QPA, we implement the dress order CWS 
with JOpera [13,14], which offers the visual interface for design and implementation 
of WSC. The reason to choose JOpera is that JOpera supports exception handling 
mechanism and offer the log of performance of atomic services and composite 
service, and has good stability.  

The performance log of 15 execution instances of dress order CWS as well as the 
average are shown in table 3 and table 4. We can see the error between the estimation 
and actual value of performance and failure probability of tasks. Failure (SuitOrder) 
happened in instance 4, 6, 10 and 15 with the occurrence probability of 26.7%. And 
Failure (TieOrder) happened in instance 9 and 11 with the occurrence probability of 
13.3%.  
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Table 3. The first part of performance log and average of dress order CWS 

Instance CWS OrderReceipt SuitOrder TieOrder 
1 15.195 5.538 7.324 6.166 

2 16.507 4.466 9.868 6.606 

3 16.536 2.301 9.062 3.562 

4 26.673 3.315 3.322 4.024 

5 15.917 5.478 6.424 8.165 

6 31.49 3.294 13.002 4.124 

7 12.331 2.674 7.524 5.524 

8 18.785 3.416 9.266 7.246 

9 25.242 5.478 5.264 11.062 

10 20.641 3.417 12.932 5.566 

11 25.309 3.717 7.124 10.365 

12 17.315 6.231 8.86 4.242 

13 13.263 4.598 6.335 6.531 

14 14.955 5.768 6.964 5.326 

15 28.779 4.478 11.96 5.164 

Avg 19.9 4.3 8.3 6.2 

Table 4. The second part of performance log and average of dress order CWS  

Instance OrderResponse SuitOrderAlter SuitOrderCancel 
1 2.333 - - 

2 2.173 -- - 

3 5.173 - - 

4 2.273 8.153 - 

5 2.274 - - 

6 5.221 8.283 - 

7 2.133 - - 

8 6.103 - - 

9 2.213 - 6.489 

10 3.375 9.973 - 

11 4.213 - 7.014 

12 2.224 - - 

13 2.134 - - 

14 2.223 - - 

15 2.303 10.038 - 

Avg 3.1 9.1 6.8 
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Table 5 shows the actual value of the performance of dress order CWS, the 
prediction result of QPA and WBA, and the error rateη  .The error rate can be 

computed through e a

a

V V

V
η

−
= , in which Ve and Va respectively represent the 

estimation value and actual value.  

Table 5. Comparison of Prediction results  

 Actual QPA WBA 

Performance (s) 19.9 17.8 14.4 

η (%) - 10.6 28.2 

 
The result in table 5 shows that when predicting the QoS of CWS with 

transactions, QPA has much lower error rate than WBA which has no special 
handling of the transaction mechanism. Meanwhile the experiment proves the 
feasibility and validity of QPA.  

5   Conclusion 

Prediction of the Quality of Service (QoS) of Composite Web Services (CWS) makes 
it possible to tell whether the CWS meet the non-function requirements, and what’s 
more to choose the CWS with better QoS from those with similar function. QoS 
prediction is based on the estimation of the execution process of CWS. To predict the 
QoS of CWS with transactions, we analyze the Web service transaction mechanism 
and its effect on the execution process of CWS. A specification model is defined to 
specify possible execution processes of a transaction according to the exception 
handling policies pre-defined for the transaction. On the base of the specification 
model, we proposed the QPA algorithm to predict the average value of QoS attributes 
of CWS with transactions. The experiment proves that QPA has much lower error rate 
than the approach that has not considered the transaction mechanism when predicting 
the CWS with transactions.  Meanwhile the experiment proves the feasibility and 
validity of QPA. 
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