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Abstract. Service-oriented software system is facing a challenge to regulate itself promptly because 
of the evolving Internet environment and user requirements. In order to effectively control software 
of SOA dynamic evolution, by the formal tool Workflow-net, software of SOA model which is 
composed of four basic structure is put forward, on the basis of which, two types of software of 
SOA evolution is proposed. 

Introduction 
Under the influence of the globalized economy, the requirements and environment of computing 

system has been undergoing tremendous changes. Because the elements of the system change 
frequently, the software is facing a challenge to regulate itself promptly for the changing demands, 
SOA and web service has come into being under the circumstances. According to the first and 
second paper, SOA (service-oriented architecture) is now capturing more and more attention in the 
software industry and academia. SOA is used to completely solve the problem of information 
isolation, for application and resources will be transformed into standard services which can be 
shared in the Internet environment [1][2]. 

Nowadays, software systems change continuously with the changes in techniques and 
requirements [3]. We used to analyze evolution of traditional software system based on modeling 
software architecture. Because there are many different between traditional software and software 
based on SOA, the model of service-oriented architecture (SOA) is indispensable. In this paper, In 
order to effectively control software of SOA dynamic evolution, by the formal tool Workflow-net，
software of SOA model which is composed of four basic structure is put forward, on the basis of 
which, two types of software of SOA evolution is proposed. 

Related Work 
A. SOA 

So far there is no agreement on a universally accepted definition for service-oriented architecture 
(SOA), and this paper identifies with the definition of SOA by W3C. 

Definition1: (SOA) In W3C, SOA is an application architecture in which all services with 
Well-defined callable interface defined as independent functional, and these services are called in a 
particular order to form a business process [4]. 

There are four important features of service-oriented software architecture following: 
a) Multi-level architecture [5]. With the increasingly large-scale software systems, software 

systems become increasingly complex, and SOA, as a form of distributed systems architecture, is 
also increasingly complex. Therefore, systems architecture is usually stratified to reduce the 
complexity of it. 

b) Loosely coupled [4]. SOA is loosely coupled system architecture, which makes quarantine 
service users and service providers from the service implementations and how to use services by 
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customers. 
c) Different granularity service in scale. Granularity of service is the scope of a service public 

function, and services are divided into fine granularity services which can provide a small usability 
service in business processes and coarse granularity services which can provide usability service in 
high-level business logic [4]. Because of different granularity service in scale, SOA should be 
hierarchical with the same size granularity service in one layer, and it is easier to analyze the service 
evolution in each layer. 

d) Interaction and cooperation [6]. All services in SOA interact and cooperate with each other to 
accomplish the mission of users, so each part of the software system is complementary to a whole, 
and not isolated. 

There are other characteristics in SOA, the above features which this paper argues is most 
important for modeling SOA. 
B. Petri Nets 

Petri Nets are graphical formalisms which have gained popularity as tools for the representation 
of complex logical interactions (like synchronization, sequentially, concurrency and conflict) [3] 
among services in software based on SOA. In this paper，Workflow-net，a kind of  Petri Nets is 
used as formal tool for formalizing software architecture based on SOA. 

Definition2 [3][10]: A triple N = (P, T, F) is called a net iff 
(1) P, T are disjoint sets. 
(2)  F ⊆ (P × T) ∪ (T × P) is a binary relations. 
Definition3 [3][10]: A triple N = (P, T, F) is called a net 
(1) For x ∈ N 
∙ x = {𝑦𝑦|𝑦𝑦 𝐹𝐹 𝑥𝑥} is called the preset of x; 
∙ x = {𝑦𝑦|𝑥𝑥 𝐹𝐹 𝑦𝑦} is called the postset of x. 
(2) For x ⊆ N 
∙ x = ⋃𝑥𝑥∈𝑋𝑋 ∙ x and   
x ∙= ⋃𝑥𝑥∈𝑋𝑋x ∙. 
(3) A pair (c, a ∈ P × T) is called a self-loop iff 𝑐𝑐 𝐹𝐹 𝑎𝑎 ∧ 𝑎𝑎 𝐹𝐹 𝑐𝑐. N is called pure iff F does not 

contain any self-loop. 
(4) x ∈ N is called isolated iff ∙ x ∪ x ∙= ϕ. 
(5) N is called simple iff ∀ x, y ∈ N: (∙ x =∙ y ∧ x ∙= y ∙) ⇒ x = y. 
Definition4 (Workflow-net) [8][9]: A Petri net WFN = (P, T, F) is called workflow-net iff: 
There is an initial place i ∈ P, ∙ i = ϕ; 
There is an end place o ∈ P, o ∙= ϕ; 
Each node x ∈P∪T are located in the a path from i to o. 
In Workflow-net, atomic-service or sub-composite service is formalized as transition; the 

condition which can trigger transition is formalized as place; flow relationship regulates the logical 
structure of interaction relations among atomic-services or sub-composite services. The state of 
Workflow-net is defined as token distribution in all places, and | P |-dimensional vector M indicates 
the real-time state of a running instance in the Workflow-net, every element in M is the number of 
tokens in the corresponding place, for instance, M𝑃𝑃 indicates the number of tokens in place p. 

An Approach to Modeling Multi-level Software Architecture Based on SOA 

According to the above characteristics in SOA， SOA is  Multi-level architecture, by 
Workflow-net, a formal, multi-level software architecture model based on SOA is proposed, which 
is formalized，the hierarchical structure can be divided into three layers from the bottom to the up: 
Atomic services layer, sub-composite service layer and composite service layer.  

Atomic service is the smallest granularity service, and it can’t be split. In order to supply more 
function, many atomic services can constitute a sub-composite service. A lot of sub-composite 
services or atomic services can further constitute layer by layer until the modeler satisfaction, in this 
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way, composite service is obtained, and a formal, multi-level service is formed. 
Definition5: (Formal Definition of Multi-level Service)  
An atomic service is mapped to a transition,  
A Sub-composite service is mapped to a sub workflow-net,  
A composite service is mapped to a workflow-net. 
There is four basic structure in the multi-level service model. 
(Sequential structure) t and t’ are two atomic services or sub-composite services, transition t 

and t’ execute in sequence, which is shown in Figure1. 
 

v t t’   

 
Fig.1. Sequential composition 

(Concurrent structure) t1, t2, 𝑡𝑡, 𝑡𝑡′ are atomic services or sub-composite services, transition 𝑡𝑡 
and 𝑡𝑡′ can trigger at the same time. When transition 𝑡𝑡 and 𝑡𝑡′ can be triggered, which is shown in 
Figure2. 
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Fig.2. Concurrent composition 

(Choice structure) 𝑡𝑡 and 𝑡𝑡′ are two atomic services or sub-composite services, transition 𝑡𝑡 
and 𝑡𝑡′ are chosen to execute, which is shown in Figure3. 
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Fig.3. choice composition 

(Iteration structure) t1, t2, 𝑡𝑡 and 𝑡𝑡′ are atomic services or sub-composite services, transition 
𝑡𝑡 and 𝑡𝑡′ can be triggered repeatedly. After the occurrence of 𝑡𝑡, 𝑡𝑡′ or t2 can trigger. If t2 is 
chosen to execute, iteration is terminated, which is shown in Figure3. 
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Fig.4. iteration composition 
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The seventh paper points out that sequential composition, concurrent composition, choice 
composition, and iteration composition do not introduce non-deterministic. 

The Research on the Evolution of Software Based on Multi-level Architecture Model of SOA 
Based on the only one import and export in service, there are two types Evolution of Software 

Based on Multi-level Architecture Model of SOA, service  evolution and structure evolution. 
Definition6（service  evolution）: is the alteration of atomic services which constitute the 

service, the modality of it includes delete operation, add operation and replace operation. 
Delete operation  
In the service, if there is unnecessary atomic service，delete operation is utilized, which is shown 

in figure5. 
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Fig.5. delete operation 

Add operation 
If there is an atomic service to be added to the service，add operation is utilized, which is shown 

in figure6. 
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Fig.6. add operation 
Replace operation 
If there is an atomic service to be substituted for another atomic service in the service, replace 

operation is utilized, which is shown in figure7. 
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Fig.7. replace operation 

Definition5 （structure evolution）: Structure evolution is the alteration of organization 
structure of atomic services which constitute the service, however, atomic services in the service is 
not changed. 

There is an example of structure evolution in figure8. 

926



 

 t’ 

… t2 

 

… t1 
 

g 

 

t u 

t’ 

… t2 

 

… t1 
 g 

 

t u 

 
Fig.8. an example of structure evolution  

Frequently, for the part which is need to be evoluted in the software there is a mixture of service 
evolution and structure evolution. 

The Process of Software Evolution Based on SOA as follows: 
Input: the original of software model based on SOA 
Output: the model of software based on SOA which is evoluted 
BEGIN 
   While(!M)    // M is the set of parts which are need to be evoluted in the software based on 

SOA          
BEGIN 
      For m∊ M 
If there is an atomic service to be deleted in m 
          Call delete operation; 
         If there is an atomic service to be added in m 
           Call add operation; 
         If there an atomic service to be substituted for  
         another atomic service in m 
Call replace operation; 
         IF there is n to be modified  // n is local structure in m 
           Call the process Modeling n; 
        END WHILE 
     END 

Conclusion 
In this paper, In order to effectively control software of SOA dynamic evolution, by the formal 

tool Workflow-net, software of SOA model which is composed of four basic structure is put 
forward, on the basis of which, two types of software of SOA evolution is proposed. 
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