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Abstract 
 

Web services are standard-based software components that can be accessed 
over the Internet by other software components. The main goal of the web services 
is system integration, where web standards are supposed to provide a universal 
interoperability between applications. The functionality of a web service can vary 
from simple remote procedure call-like operation to complex systems, where a web 
service either initiates or is a part of a workflow, which accesses and combines 
information from multiple sources. Because the system integration usually requires 
more than just the ability to invoke simple operations, there is a need for tools to 
model complex business interactions. Business Process Execution Language for Web 
Services (BPEL4WS) is an XML-based workflow process language, which defines the 
notation for specifying business processes based on web services. BPEL4WS is a 
combination of previously competing workflow languages, WSFL and XLANG. In the 
paper I will describe the features of BPEL4WS, and show how the best features of 
WSFL and XLANG are adopted to the BPEL4WS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Contents  
 
1 Introduction          2 
 
2 Related Work          2 
 
3 Background         2 
 
4 Overview to BPEL4WS         4 
4.1 Abstract and Concrete Executable Process Modeling . . . . . . . . . . .  4 
4.2 The General Structure of BPEL4WS Workflow . . . . . . . . . . . . . . . . 5  
 
5 BPEL4WS Concepts         5 
5.1 Service Linking Between Partners . . . . . . . . . . . . . . . . . . . . . . . . 5  
5.2 Data Handling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
5.2.1 Expressions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6 
5.2.2 Variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
5.2.3 Assignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7 
5.3 Correlation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
5.4 Basic activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7  
5.5 Control Structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7  
 
6 Discussion           8 
 
7 Conclusion          8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 1



1.Introduction 
 
Until recent years, web means collection of pages that people or companies 

compose for the purpose of advertisement or information sharing with the static 
text or images. Nowadays web becomes a service provider. Web services are 
ordinary software that can be accessed over the by other software. Once web 
service published, other applications and web services can discover and invoke it. 
Moreover these web services are considered as part of workflow processes. 

Web services are introduced for making the all applications operable 
independent from its platform. Therefore a web service can be either a single 
remote procedure call (RPC) or a complex system. In addition, web service is not 
only a part of and also initiates process which collects information from different 
sources and constructs and output. 

In my thesis I am working on about Business Process Execution Language for 
Web Services (BPEL4WS) that enables to specify business process based on web 
service. BPEL4WS is combination of WSFL and XLANG with the best features of 
both. The specification of BPEL4WS is an ongoing work collaboration of big 
companies, such as BEA, IBM, and Microsoft. The initial BPEL4WS version 1.0 from 
July 2002 has been updated to the current version 1.1 on March 2003. In my work, I 
will study on “what are missing in BPEL4WS and how can be adopted to it?”.  

 
2.Related Work 
  
 Web service depend on Simple Object Access Protocol (SOAP) for messaging, 
Web Service Description Language (WSDL) for interface description and Universal 
Description, Discovery and Integration (UDDI) for discovery and integration. On the 
other hand current 1.1 version specifications of BPEL4WS is depend on WSDL 1.1, 
XML schema 1.0 and XPath 1.0, all off these three dependency WSDL is the most 
important one because BPEL4WS is built on top of it. Since WSDL provides stateless 
and single run process interactions, there is a need for another layer on top of 
WSDL for modeling the complex business processes. BPEL4WS provides stateful and 
long running interactions between two more parties containing sequences of 
messaging both synchronous and asynchronous for modeling complex process. 
 BPEL4WS is not the only XML-based process modeling language. There are 
plenty of them. For example, Web Service Choreography Interface (WSCI) is one of 
them, which is the most serious competitor for BPEL4WS. WSCI has supports from 
Sun, BEA and SAP. WSCI provides flow of message exchanging to the web services 
participating choreography interface with other services. The main purpose of WSCI 
is application-application integration. Thus, it has the problem “How to APIs that 
are web enabled cooperate with each other?”. Business Process Modeling Language 
(BPML) is another language that models the abstract and executable process, which 
points to all aspect of business process such as transactions and their 
compensations, data management, concurrency and exception handling. 
 
3.Background  
  
 Integrating complex systems requires more than WSDL because model for 
business interactions assumed as sequences of both synchronous and asynchronous 
message exchanging, within stateful and long running interactions between 
participating sides. To define such a model formal message exchanging protocol is 
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required. These business protocols should be described in a platform-independent 
manner since the main goal is system integration, and different systems may have 
different running platforms. XML is the ideal language for describing platform 
independent workflows. According to pervious section there are many XML-based 
language for modeling business protocols. Two of them are essential for BPEL4WS, 
which are Web Service Flow Language (WSFL) and XML business process language 
(XLANG). 
 WSFL is IBM’s XML language for describing business protocol in a web service 
manner. It was designed to be a part of web service technology framework and 
complements the existing modeling such as SOAP, WSDL and UDDI in a dependent 
way to these models. Unlike to XLANG, WSFL is not limited to block structures, but 
allows directed graphs. These directed graphs can be nested but must be acyclic 
since the process may have parallel execution and conditional branches. However, 
WSFL cannot satisfy the transactional requirements of the process. In other words 
you cannot compensate the failure of some points in the process. Therefore, WSFL 
processes cannot be considered as atomic. In WSFL the smallest unit of work is 
defined as activity. Between these activities there are two kinds of links exists 
which are control and data link where control link points to the order of execution 
and data link points to the flow of data between activities. 
 XLANG, Microsoft’s XML business 
process language, is block structured 
language providing basic control flow 
structures such as sequences, switch 
for conditional routing, which for 
looping, all for parallel routing, pick 
for race conditions based on external 
triggers. One of the core ideas of 
XLANG is to support atomicity in the 
process unlike to WSFL.  That is, in 
XLANG defined compensation handlers 
can be called wherever a failure occurs 
in the process to rollback the process. 
For example in XLANG you can model 
the following workflow “if all of the 
activities in the workflow succeeds, 
the whole workflow succeeds but in 
case of any failure, the whole workflow 
fails and need to be rolled back to 
initial state.”. The other important 
feature of XLANG is correlation and 
instantiation. Long running business 
process usually requires a same 
instance of activity or a set of 
activities for the groups of 
transactions. In XLANG you can create 
the new instance of any activity and 
the messages as well as the data 
properties can be grouped in a 
correlation set specific to instance. 
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 BPEL4WS is the combination of WSFL and XLANG with the best features of 
these two. BPEL4WS uses the rich control structures from WSFL and atomicity from 
XLANG. It has the following control structures: sequences, parallel flows, 
conditional branches and looping. To define an atomic process BPEL4WS allow to 
define fault and compensate handlers. Figure on the left visualize the combination. 
 
4.Overview to BPEL4WS 

The first and initial version of BPEL4WS, version 1.0, was released in July 
2002. The second version, 1.1, was released in March 2003. The version 1.1 
clarifies the core concepts, adds some functionality, and enhances some of the 
features specified in the version 1.0.  The new terminology used here is "business 
protocol" specified as abstract processes, however ebXML has worked on this 
concept since fall 1999 and provide a specification on 2001. 

4.1 Abstract and Concrete Executable Process Modeling  
 

The basic concepts of BPEL4WS can be applied in one of two ways: modeling 
abstract processes and executable concrete processes.   

A BPEL4WS process can define a business protocol role, using the notion of 
abstract process. For example, in a supply-chain protocol, the buyer and the seller 
are two distinct roles, each with its own abstract process. Their relationship is 
typically modeled as a service link. Abstract processes use all the concepts of 
BPEL4WS except data handling because in an abstract process private aspects of 
the behavior is not revealed. Therefore, abstract processes handle only protocol-
relevant data. To identify protocol-relevant data, BPEL4WS provides a way as 
message properties. In addition, abstract processes use nondeterministic data 
values to hide private aspects of behavior.  

Second way of using BPEL4WS is to define an executable business process. 
The logic and state of the process determine the nature and sequence of the web 
service interactions performed at each business partner, and thus the interaction 
protocols. In the modeling of executable business process, the process in 
considered to initiate by receiving a message from some partner, executing a set of 
actions, and finally replying to the partner. For the execution of the activities the 
BPEL4WS provides a rich set of control structures, and possibility to invoke other 
web services.  

BPEL4WS defines a model and a grammar for describing the behavior of a 
business process based on interactions between the process and its partners. The 
interaction with each partner occurs through WSDL, and the structure of the 
relationship at the interface level is kept in a service link. The BPEL4WS process 
defines how multiple service interactions with these partners are coordinated to 
achieve a business goal, as well as the state and the logic necessary for this 
coordination. BPEL4WS also introduces systematic mechanisms for dealing with 
business exceptions and processing faults. Finally, BPEL4WS introduces a 
mechanism to define how individual or composite activities within a process are to 
be compensated in cases where exceptions occur or a partner requests reversal.  
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4.2 The General Structure of BPEL4WS Workflow 
 
Partner section specifies the 

external web services invoked from 
within the workflow. Partner definition 
has also reference to the WSDL 
documents of the web service. 
Variables contain the data that flows 
within the workflow. In the previous 
version 1.0 of BPEL4WS, the variables 
were called as “Containers”. 
Correlation sets are used to bind a set 
of operations to a service instance. 
Fault handlers are used in catching 
failures and the sequence comprises 
the actual workflow logic. 
Compensation handlers are used to 
implement compensating actions in the 
case of transaction rollback. Finally,  
the actual business logic is represented 
as a group of activities, which are 
executed in a structured way. Invoking 
web services does the actual work in 
the activities. The business logic may include basic control flow structures, such as 
sequence, switch (for conditional routing), while (for looping), and pick (for race 
conditions based on external triggers). In the next section these features and 
concepts are described in more detail.  
A BPEL4WS workflow instance is initiated when the initial input message is 
received. The workflow terminates in one of the following ways: 
 

• When the last activity in the workflow terminates (this is the normal way to 
terminate the workflow).  

• When a fault occurs, and it is not handled appropriately (this is considered 
as an abnormal termination).  

• When a workflow is terminated explicitly by a terminate activity.  
• If the workflow cannot proceed, for instance due to some error, and a 

compensation handler for the workflow is called and executed.  
 
5 BPEL4WS Concepts  
 
5.1 Service Linking Between Partners  

 
One of the most important features of BPEL4WS is the modeling of cross-

enterprise business interactions. While the WSDL already is able to express the 
functionality of one service, both at abstract and concrete levels, it is not able to 
model a set of services composing or taking part to a business process 

In BPEL4WS the relationship between business processes is considered peer-
to-peer, thus requiring a two-way dependency at the service level. To model such 
dependencies, a concept of service link type is specified. A service link type 
defines the roles played by each of the services and specifies the portTypes 
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provided by each role. For instance, a service link type for BuyerSellerLink could 
specify two roles, Seller- and Buyer-role, and both of these roles are mapped to 
use a specific portType. In BPEL4WS, asynchronous message passing between 
partners is the primary way of exchange information. Despite of the above 
explanations, the difference between an abstract process, a business protocol and 
a service interface is not seemed to be explain very well in the specifications. In 
any case, there seem to be no elements or series of elements supporting the 
concept of business protocol as defined in the specifications. 

  
The services with which a business process interacts are modeled as 

partners. Each partner is linked or characterized by a service link type. Each 
partner specification includes the partner name, the corresponding service link 
type, and the role played by the partner itself, the role played by the peer 
partner. For instance, a partner named FoodSeller can be linked to the 
BuyerSellerLink as described earlier, and the role for the FoodSeller itself would in 
this case be the Seller, and the peer partner role would be the Buyer. According to 
the specifications, “partner" is a seemed to be required attribute of these 
activities, which impose us that messages can only be exchanged with the other 
companies’ services. In particular a process could not be used to describe the 
message exchange between any two internal components (e.g. order entry and 
billing). 

 
5.2 Data Handling  
 
5.2.1 Expressions  
 

BPEL4WS specifies several types of expressions: boolean-valued, deadline-
valued, duration-valued, and general expressions. Boolean expressions typically are 
used in transition conditions, join conditions, while conditions, and switch cases. 
Deadline-valued expressions can be found for instance in until- and wait-structures. 
An example of a duration-valued expression is the for-loop attribute. General 
expressions are used in assignments. 
 
5.2.2 Variables  
 

Variables provide the means for holding messages that constitute the state 
of a business process. The messages held are typically those that have been 
received from partners or are to be sent to the partners. However, BPEL4WS does 
not restrict to this, but allows variables to store any “temporary” data that are 
never exchanged with partners. In BPEL4WS, there is no data flow between 
activities, but instead, the activities inside the workflow exchange information 
using global variables.  

The type of variable must be a WSDL message type. However, BPEL4WS 
allows the message type to be inlined in the variable declaration rather than being 
defined in a WSDL document. The variables can be specified as the input or output 
variables for invoke, receive, and reply activities. More detailed description of 
these activities will be given later.  
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5.2.3 Assignment  
 

The assign activity can be used for copying data from one variable to 
another, as well as to construct and insert new data using expressions. The assign 
activity is defined inside a <assign>-block, where a copy operation is performed. 
The copy operation is defined in a block with two subelements: <from> and <to>. 
The to element may refer to a part in a variable, service of a partner, or a 
property. In addition to these, the <from> element may also refer to an expression, 
or a literal.  
 
5.3 Correlation  

 
Business processes between organizations may be long-running workflows, 

which are possibly composed of multiple conversations, and which need to 
maintain state of execution. Because web service operations are by definition 
stateless operations, BPEL4WS adds the support for execution state by specifying 
correlation.  

A group of operations can be specified to belong to the same correlation set 
within a service instance. A set of correlation tokens is defined as a set of 
properties shared by all messages in the correlated group. In the beginning of the 
workflow execution, all the correlation sets are uninitiated (notice the analogy to 
the object-oriented languages, where the object instance needs to be created 
before its use).  

Correlation sets can be used in messaging activities, such as receive, reply, 
and invoke. Within these activities, a correlation set can be initiated, if needed. 
After initiated, the values of the properties for the correlation set remain valid 
within the corresponding scope of the activity until its completion.  
 
5.4 Basic activities  
 

Each activity has an optional standard attributes: a name, a join condition, 
and an indicator whether a join fault should be suppressed if it occurs. A join 
condition is used to specify requirements about concurrent paths reaching at an 
activity.  
 
5.5 Control Structures  
  
 Sequence, Switch, While, Pick and Flow are the control structures of 
BPEL4WS. A sequence activity contains one or more activities that are performed 
sequentially. The switch activity consists of an ordered list of one or more 
conditional branches defined by <case> elements, followed optionally by an 
<otherwise> branch. The <case> branches of the switch are considered in the order 
in which they appear. The while structure supports iterative activity. The iterative 
activity is performed until the given boolean while condition no longer holds true. 
The pick activity awaits the occurrence of one of a set of events and then performs 
the activity associated with the event that occurred. The form of pick is a set of 
branches of the form event/activity, and exactly one of the branches will be 
selected based on the occurrence of the event associated with it before any others. 
The most fundamental semantic effect of grouping a set of activities in a flow is to 
enable concurrency.  
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6.Discussion 
 

In my thesis, I want to find out what is missing in BPEL4WS and how missing 
part will be adopted to it. There are two versions of BPEL4WS, version 1.0 and 1.1, 
of which the latest version has just been published. Although the BPEL4WS 
combines the best features of WSFL and XLANG, there are still some open issues in 
the specification. For instance, there is no way to transform data between 
activities. Instead, common global variables are used as the way to implement data 
flow between activities. But, WSFL allows dataflow between activities.  I said 
before BPEL4WS combines best features of both but I cannot understand why this 
functionality has not been adopted to BPEL4WS. One way to do this would be to 
extend the <assign> activity to cover copying data from activity to another.  

The other serious problem is the lack of user interactions. There is no ways 
to specify any kind of user interaction to control or affect the execution of 
workflow, or help to deal with exceptions and compensations. BPEL4WS allows only 
modeling machine-to-machine interactions. I suggest that some kind of user 
interaction, at least today's B2B processes, need to be added.  

This model of BPEL4WS is used in a static way. That is, workflows are 
constructed by using the static bindings of web services. When this workflow let 
run, same web services will be called. Web service notion is being widely accepted 
web service invoking failure due to unavailability of the service occurs more 
frequent then today, so dynamic web service binding can handle this problem. If 
the BPEL4WS workflow is failed due to a crash or down of network connection of 
the web service being used, dynamic web service binding replace this service with 
the alternative one that is searched and found from registries. In notion is included 
in the semantic web technology. 

Lack of data transforms between activities, user interactions, and dynamic 
web service bindings are the current missing on BPEL4WS in my decisions. In the 
next stages part of my thesis work, I tried to adopt these features to BPEL4WS 
 
7.Conclusion  
 

The web is moving from a collection of web pages to a collection of web 
services, and further, to a collection of workflows composed of web services. In 
this thesis work I study on BPEL4WS, which defines the notation for specifying 
business processes based on web services. BPEL4WS presents the combination of 
previously competing specifications, WSFL and XLANG, and combines the best 
features from these two. The main contribution from the WSFL is the rich 
capabilities to support control flows, parallel execution, and synchronization. 
XLANG brings the concept of atomicity to the BPEL4WS in the forms of 
compensations and correlations.  

Although the contribution of the big companies IBM and Microsoft, current 
specification of the BPEL4WS has some open points. With the addition of the 
required functionalities BPEL4WS play the most important role in the web service 
composition area.  
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