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Abstract. Today’s trend in Web engineering is the automation of Web service 
interoperation. With this aim, web content is noted with semantic information, 
using Web Semantic languages. Web Services is becoming the leading 
technology that provides functionality of an enterprise. This functionality 
carries out the activities that form a process. Business processes are a set of 
activities that can be seen as offered business services. Therefore, this article 
presents a process to derive web services specifications and service composition 
from business models. The paper considers DAML-S as the web services 
markup language to represent the description of web services and specify their 
composition. Rational Unified Process business model is the language used as 
input. The article shows the set of derivation rules that allows the atomatic 
generation of DAML-S modules from business models. 

1   Introduction 

Nowadays, automation of web services interoperation is becoming a key goal in web 
engineering field. With this aim, web content is noted with semantic information so 
that it is unambiguously interpretable. To define semantic webs there are a set of 
languages such as DAML+OIL1 [5], which is a markup language used to describe 
ontologies. Ones of the most important web resources to be described are web 
services. Semantic web services markup languages permit intelligent agents to carry 
out tasks automatically, such as automatic web service discovery, automatic web 
service execution or automatic web service composition and interoperation [3].  

The goal of this paper is the generation of high level descriptions of services and 
specifications of their composition from business models. Business models describe 
enterprise processes that are described by means of workflows. Activities that 
compose a business process can be seen as high level services carried out by 
information systems or humans. DAML-S [1] is an ontology of semantic web services 
expressed with DAML+OIL. Taking into account the extended use of UML as OO�
notation, we have considered the Rational Unified Process2 (RUP) business model as 

                                                 
1 www.daml.org 
2 www.rational.com 
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the enterprise modeling language (EML) used to represent business models. RUP 
business model is based in a UML profile defined by Rational that extends UML.  

With this aim, the paper present a list of derivation rules between constructs of RUP 
enterprise metamodel and DAML-S metamodel. These rules are used to define a set 
of well-defined patterns that are used to deduce automatically DAML-S service 
specifications. In [2], [4] UML is used as a graphical representation to DAML 
concepts. However, we want to derive DAML-S modules from RUP business models, 
instead of using them as a graphical representation of DAML-S concepts. 

2   From RUP Business to DAML-S Concepts: Derivation Rules 

The goal of the article is to define matches between RUP business model constructs 
and DAML-S constructs. These correspondences are unidirectional, so it is only 
possible to derive DAML-S modules from business models, but not the opposite. The 
reason is that the aim is not to use business models as a notation to represent services, 
but to generate initial DAML-S descriptions of services from them. Some DAML-S 
services are described to such a low level that generation of process models from 
DAML-S descriptions by reverse engineering is useless. 

The resulting matches can be used to define patterns implemented in a translator. This 
translator will supply automatically DAML files with service descriptions from 
business diagrams. 

In order to define derivation rules, the semantic of each business and DAML-S 
concept is taken into account. In this way, a business use case implies interaction with 
external users and always produces some value to the user. Business use cases are 
defined by their interactions with clients (business actors). Therefore, a process 
defined by a business use case can be seen as a DAML-S composite service, but these 
composite services are independent services (without dependencies of execution 
order). The description of the business use case is done by means of steps that 
constitute allowed scenarios (workflows). These activities have an execution order, so 
they can follow a sequence or be executed in parallel, synchronously or 
asynchronously. An activity state can be too complex, so it is possible to attach it a 
nested activity diagram that expresses finer grained functionality. Therefore, we 
differentiate UML activity states in simple activity states and complex activity states. 
The former hasn’t nested activity diagrams, the later has. In the same way, DAML-S 
services have an execution order. Simple activity corresponds to an atomic service 
and complex activity to a composite process.  

RUP Enterprise workers can be seen as DAML-S resources (human resources) that 
are necessary to carry out a process. Business entities represent objects used or 
produced by a process, so they correspond with inputs and outputs of a service. 
Object states are states of instances of business entities. The relation of object states 
with activity states decides if it is an input or an output. 

A more detailed list of derivation rules is presented in Table 1 and 2. 
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Table 1. Derivation rules between RUP Business model constructs and constructs of the 
Service Process Model of DAML-S 

RUP Business Model Service Process Model (DAML-S 
Ontology) 

Business Entity Input or output 
   Attributes Fine grain inputs (variables) 
   Methods Atomic/Composite services 
      Parameters Fine grain inputs (variables) 
Business Use Case Composite service 
   Goal    Simple service’s effect 
Activity model  
   Object Flow State Input or output parameters 
   Object Flow Determine if the object flow state is an 

input or an output 
   Complex Activity State Composite Service 
   Simple Activity State Atomic Service 
   Synchronization bar (branch) Control Construct (Split) 
   Synchronization bar (join) Control Construct (unordered) 
   Synchronization bar (branch) and    
   Conditional Thread 

Control Construct (Choice) 

   Decision Control Construct (If-Then-Else) 
   Transition Control Construct (Sequence) 
Business Worker Resource 

Table 2. Derivation rules between RUP Business model constructs and constructs of the 
Service Profile of DAML-S 

RUP Business Model Service Profile (DAML-S Ontology) 
Business Actor Actor 
Business Use Case Name of Service 
All Inputs and Outputs previously 
defined in the Service Profile 

Inputs, Outputs  

Goal of Business Use Case Effect 
 
The next process can achieve the derivation of DAML-S process model specifications 
from RUP business models: 
 
1. Each business use case generates an independent composite service (a DAML-S 

file). 
For each Business Use Case: 

 
a. Look for activity states in the activity diagrams attached to the business 

use case. For each simple activity state add an atomic service. For each 
complex activity state add a composite service. 

b. For each activity state look the incoming and outgoing object state 
flows that define if the associated object state is an input or an output of 
the activity, and consequently of the service.  
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c. Inputs of the DAML-S service are decomposed in attributes. With that 
purpose, sequence diagrams associated with a business use case are 
explored. Business actors interchange methods with business entities. 
The parameters of these methods define finer grained inputs.  

d. Finally, other service’s inputs are added. There are inputs that are not 
provided as object states, because workers or clients supply this 
information. Looking the outgoing methods of a business worker, 
remaining inputs can be added.  

3   Conclusions 

Web services interoperation has motivated the apparition of Web Semantic markup 
languages used to describe properties and capabilities of web services so they can be 
computer-interpretable. Use of semantic web services languages will permit 
intelligent agents to carry out tasks automatically, such as automatic web service 
discovery, automatic web service execution or automatic web service composition 
and interoperation [3]. 
Web Services can be seen as activities that together describe the workflow of a 
process. Business processes are a set of activities that can be seen as offered services 
by a business. Therefore, this article has presented a process to derive web services 
specifications and composition from business models. The paper considers DAML-S 
as the web services markup language to represent the description of web services. 
Taking into account the extended use of UML as OO notation, we have considered 
the Rational Unified Process (RUP) business model as enterprise modeling language. 
With this aim, the paper present a list of derivation rules between constructs of RUP 
enterprise metamodel and DAML-S metamodel. These rules are used to define a set 
of well define patterns that are used to generate automatically the DAML-S files with 
the profile and process of the services. 
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