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Abstract   Emergence Computation has become a hot 
topic in the research of complex systems in recent years. 
With the substantial increase in scale and complexity of 
network-based information systems, the uncertain user re-
quirements from the Internet and personalized application 
requirement result in the frequent change for the software 
requirement. Meanwhile, the software system with non 
self-possessed resource become more and more complex. 
Furthermore, the interaction and cooperation requirement 
between software units and running environment in service 
computing increase the complexity of software systems. 
The software systems with complex system characteristics 
are developing into the “Networked Software” with char-
acteristics of change-on-demand and change-with-coop-
eration. The concepts “programming”, “compiling” and 
“running” of software in common sense are extended from 
“desktop” to “network”. The core issue of software 
engineering is moving to the requirement engineering, 
which becomes the research focus of complex system 
software engineering. 
   In this paper, we present the software network view 
based on complex system theory, and the concept of net-
worked software and networked requirement. We propose 
the challenge problem in the research of emergence com-
putation of networked software requirement. A hierarchical 
& cooperative unified requirement modeling framework 
URF (Unified Requirement Framework) and related RGPS 
(Role, Goal, Process and Service) meta-models are pro-
posed. Five scales and the evolutionary growth mechanism 
in requirement emergence computation of networked soft-
ware are given with focus on user-dominant and do-
main-oriented requirement, and the rules and predictability 
in requirement emergence computation are analyzed. A 
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case study in the application of networked e-Business with 
evolutionary growth based on State design pattern is pre-
sented in the end. 
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1  Introduction 

The development of software engineering has to face the 
“new condition” and “new crisis” since the early 21st cen-
tury. The “new condition” has the features as follows: the 
substantial increase in scale and complexity of net-
work-based information system; the uncertain user re-
quirements from the Internet and personalized application 
requirement result in the frequent change for the software 
requirement; the self-adaptive capability of a software sys-
tem with dynamic evolution; at the same time, the software 
systems based on non self-possessed resource changed fre-
quently become more and more complex; furthermore, the 
composition and link among network resources, and the 
frequent interaction and cooperation requirement between 
software systems and running environment increase the 
complexity of software systems. The software systems with 
complex system characteristics are needed to develop into 
the “Networked Software” with characteristics of change- 
on-demand and change-with-cooperation. Consequently, 
we argue that the software and software engineering should 
be reconsidered in the perspective of complex systems to 
face the “new condition”. 

The “new crisis” has the issues as follows: the tradi-
tional software engineering theory and method based on 
definite users with specified user requirement and goal 
cannot guarantee the software quality and meet the person-
alized, uncertain and frequently-changed user requirement, 
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which are the basic features of the “new condition”. Con-
sequently, most of software system development faces the 
same problem as those met during the first software crisis, 
such as extended delivery deadline, inestimable develop-
ment cost, and failure in system development. To solve the 
“new crisis” in the “new condition” is a systematic problem, 
in which the complexity of user requirement and network 
environment is the main reason for the substantial increase 
in scale and complexity of network-based information sys-
tem. We argue that the requirement engineering of software 
complex system should be investigated with high priority 
in the perspective of software techniques. 

Individual unit or system is the focus in the traditional 
software development, which has the feature of definite 
users, relative stable requirement and relative contracted 
system functionality and performance requirement no mat-
ter what kind of underlying development techniques can be 
used, e.g., Object-Oriented Design or Component-Based 
Development. The structure and functionality in the tradi-
tional software development is relatively static compared to 
the complex information system on the Internet. With the 
focus transformation of software development from indi-
vidual unit or system into multiple information resources 
on the Internet, the software development paradigm is 
changed from object-oriented to complex information re-
source oriented. The complex information resource refers 
to the structured and unstructured information resource. 
The new modality and related method and theory of re-
quirement engineering for software complex systems based 
on the dynamic interaction, composition and cooperation 
among the complex information resource should be inves-
tigated. 

Software Engineering Institute (SEI) in Carnegie Mellon 
University (CMU) submitted the research report of “Ul-
tra-Large-Scale Systems: The Software Challenge of the 
Future” in 2006 [1]. A series of challenging questions in 
requirement engineering are brought forward in this report, 
such as loose-coupled design and evolutionary optimization, 
interoperability cooperation and control, “computing” 
software engineering, complexity metrics, monitoring and 
evaluating, adjustable and predictable system quality, and 
adaptive system infrastructure. All these challenges are also 
the research focus of requirement engineering. 

The SKLSE (State Key Lab of Software Engineering, 
Wuhan University) has been engaged in the research and 
practical experiments of “networked software” based on 
complex system and complex network theory since 2004 
[2]. In Nov, 2005, Keqing He of SKLSE gave the definition 
of the concept “networked software”, and presented the 

evolutionary growth method and types of “networked soft-
ware” with future research plan in the keynote speech for 
the 20th anniversary of the SKLSE establishment. In Dec, 
2006, the research work on the theory and method of 
requirement engineering for networked software got the 
support by MOST (Ministry of Science and Technology of 
China) under the 973 (National Basic Research Program of 
China) pre-research program. 

In January, 2005, Chengwei Wang (member of the Chi-
nese Academy of Engineering) proposed the research di-
rection on “Requirement Engineering for the Complex 
Software System” in the 973 program proposal according 
to the critical requirement in the national economy devel-
opment, and he suggested that software development has to 
face the “new crisis” at present with the substantial increase 
in scale and complexity of network-based information sys-
tem. 

This research trend with focus on requirement engineer-
ing has been approved in the IEEE Requirement Engineer-
ing Conference 05, 06 [3, 4]. 

The research of “software engineering” under the “new 
condition” has to break through the traditional software 
concept, paradigm, theory and method, and core techniques. 
In this paper, the software network view is proposed. The 
description of networked software and networked require-
ment are presented, and a hierarchical and cooperative uni-
fied requirement modeling framework URF (Unified Re-
quirement Framework) and related RGPS (Role, Goal, 
Process and Service) meta-models are proposed. Five 
scales and the evolutionary growth mechanism in require-
ment emergence computation of networked software are 
given with focus on user-dominant and domain-oriented 
requirement. A case study on the evolutionary growth and 
emergence computation of requirement specification for 
networked software is presented in the end. 

 

2  Software network view 

The development and running environment of networked 
software includes all kinds of complex networks in which 
the basic network is the Internet. The feature of networked 
software is related with network topology and dynamic 
behavior. We can understand the software network view in 
this way: the software unit (e.g., object, component, pack-
age, etc.) as the node in network, and the relationship be-
tween software units as the edge between nodes in network. 
From the complex network point of view, we can investi-
gate the rules of topology and dynamic behavior of soft-
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ware complex system, and the theory and method of re-
quirement engineering for networked software by the com-
plex network characteristics, such as small-world [5], 
scale-free [6], inequality, fragility and robustness coexis-
tence, etc. 

 

3  Networked software and networked requirement 

We present a general description to the “networked soft-
ware” [2] drawn from our previous research: networked 
software is a software complex system whose topology and 
behavior can evolve dynamically. Networked software has 
the feature of complex systems:  

(1) networked structure character: composite unit is 
more independent, loose coupling, scalable, dynamically 
evoluting;  

(2) networked behavior pattern: from the desktop to  
network, the interaction and cooperative service of large- 
scale and multi-granularity non self-possessed network 
resource, the system behavior emergence, dynamic compo-
sition, continuous running, changing on demand, coopera-
tive changing in emergency;  

(3) networked production way: the software possessed 
by user is changed into software used by user with inte-
grated solutions, distributed production, system dynamic 
interaction, combinatorial production, and cooperative 
management. 

The “personalized” requirements by large numbers of 
network users should be integrated dynamically (interac-
tion and cooperation) into the network business environ-
ment, and then the networked software system can meet 
user requirement. Consequently, the requirement specifica-
tion of networked software is an open & cooperative sys-
tem solution with dynamic composition and self-adaptation 
of structure and behavior. 

 

4  Hierarchical and cooperative URF 

The fundamental concept of URF is MIM (Meet-In-Mid-
dle). We suppose that the user requirement is in the top 
layer, and the network resource is in the bottom layer. To 
investigate of mechanism of hierarchical cooperation and 
management in service-oriented computing open software 
architecture and requirement service, we propose the open 
requirement model framework (in the middle layer) as 
shown in Fig. 1. The URF is composed of the Role model, 
Goal model, Process model, Service resource model, and 
the context and semantic relationship among them. This 
framework can describe the personalized requirements of 
multi-role and view, multi-goal, multi-business process, 
and multi-service in different levels, and this framework 
is also a meta-model framework to guide the description 
of user requirement and system requirement models. The 
reflective mechanism between open hierarchical and 
cooperative meta-model (meta level) of requirement 
framework and user requirement (basic level) is in-
vestigated. 

Role model describes different types of users, such as 
the “supplier”, “manufacturer”, and “client” in the logistics 
system. 

Goal model describes the functional goal and non- func-
tional goal [7], in which goal is the specifications to the sys-
tem requirement (software service plus system environment) 
expected by users, and goal model. Normally, the goal model 
is constructed initially from high-level and abstract expecta-
tion specifications, and then the model is decomposed step 
by step into operational goals, such as the mobile warehouse 
management, mobile asset management, etc. 

Process goal describes the business requirement of 
end users, and they are represented in the business proc-
ess, such as supply chain, or the service business process 
users expect, and each business process can be associated 

 
Fig. 1  Open requirement model framework 
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with an operational goal. 
Service resource model describes the resource which 

web services can use, such as the text and multimedia ma-
terial, etc. The system can provide the nearest network con-
figuration of resource for the user by networked URF 
navigation. One business process can be implemented by 
several web services, which provide the concrete imple-
mentation of a business process. 

R, G, P, S meta-model is open, and they can evolve dy-
namically with the requirement change by the user. The 
meta-relationship between R-G-P-S meta-models can 
evolve with the requirement change by the user. These two 
kinds of cooperative changes construct the open URF 
meta-framework. 

S models, domain-oriented requirement by user groups 
and its requirement aggregation, provide the solution model 
of domain fundamental requirement specification modeling, 
and S model is the requirement model of usable resource 
based on URF. 

As shown in Fig. 1, fundamental requirement modeling 
solutions based on domain can present the requirement 
model and specification satisfied with current users by us-
ing domain aggregation resource driven by current user 
requirement. 

Real-time emergence of current user requirements can 
be integrated into system requirement model dynamically. 
The domain-oriented requirement can vary in a stable pe-
riod and domain. The adaptive emergence of system re-
quirement can be done in the process of dynamic evolution 
and integration of system requirement model. 

 

5  Requirement emergence computation 

The requirement specification in different scale and the 
regularity and predictability in the emergence patterns of 
model structure and behavior should be discussed for the 
new feature in “personalized” requirement. 

It is the basic feature of networked software to have 
user-dominant and domain-oriented requirement. The 
online acquisition of user requirement and domain knowl-
edge-based requirement analysis should be investigated in 
order to adapt to the complex network environment, realize 
the interoperability cooperative composition and optimiza-
tion of network resource, and meet the personalized re-
quirement specification emergence by users in real-time. 

An open requirement modeling framework, requirement 
clustering, stable requirement domain, and emerging re-
quirement specification by users is studied. The evolution-

ary growth modeling and timing emergence of the structure 
and behavior in the integrated system requirement models 
is investigated. The change on demand and cooperative 
changes of requirement specifications on networked soft-
ware system are implemented. The cooperative work, 
stepwise optimization, complexity metrics and the modula-
tion mechanism between requirement models and network 
resource are discussed. All this will be fundamentals in 
theory and method for scientific requirement management. 

 

6  Five scales of requirement emergence computa-
tion 

The rule of requirement emergence computation for net-
worked software is investigated in five scales based on 
RGPS domain modeling. 

Scale 1: Real-time Emergence of user satisfied require-
ment based on real-time composition of personalized ser-
vice resources. 

Real-time emergence of user satisfied requirement by 
personalized services using: domain-oriented service re-
sources aggregation and fusion, semantic interoperabil-
ity-based matching for services, and dynamic available 
resources composition. In S (Service) layer, the representa-
tion of requirement specification model with the extension 
of performance requirement using OWL-S [8] language is 
investigated, and OWL-S language based representation 
can support the machine understanding and deduction in 
order to realize the real-time emergence of user-satisfied 
requirement by personalized services. 

Scale 2: Real-time Emergence of user-satisfied require-
ment based on real-time composition of personalized busi-
ness processes. 

Domain-oriented business process model: the formalized 
representation of business process in the aspect of person-
alized business process requirement is further investigated; 
requirement component aggregation of composition service 
and their assembly in business process are studied in order 
to realize real-time emergence of user-satisfied requirement 
by personalized business processes. 

Scale 3: Real-time Emergence of user satisfied require-
ment based on real-time composition of personalized and 
multiple goals. 

Domain-oriented goal model: the semi-structured repre-
sentation of user requirement goal in the aspects of person-
alized and multiple goal requirements is investigated; the 
business requirement component aggregation in classical 
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Fig. 2  Requirement emergence computation of networked software 

 
applications (e.g., the “Supply Chain Management” in 
networked logistics) and their composition and assembly in 
user goals are studied in order to realize real-time emer-
gence of user satisfied requirement by personalized and 
multiple goals. 

Scale 4: Adaptive Emergence of user (Role Type) satis-
fied requirement based on interaction and cooperation of 
personalized user requirement. 

Domain-oriented role model: the natural language rep-
resentation of requirement (e.g., event, condition, reaction 
and anti-patterns, etc.) in the aspects of multiple user roles 
requirement is investigated in order to realize the structured 
specification of requirement description; the combination 
between the domain-oriented concept model and the con-
tent of user requirement specification is further investigated; 
the optimized composition of multiple goals requirement 
by user is studied in order to realize the adaptive emergence 
of multiple user roles satisfied requirement based on inter-
action and cooperation of personalized user requirement. 

Scale 5: Massive Emergence of user satisfied require-
ment specification based on cooperative evolutionary 
growth of personalized user requirement. 

Domain-oriented requirement modeling solution and op-
timized strategy based on domain planning: to realize the 
massive emergence of user satisfied requirement specifica-
tion based on cooperative evolutionary growth of personal-
ized user requirement in the stable phase of system re-
quirement using the knowledge of complex network envi-
ronment cognition [9], adaptive software architecture, 
analysis pattern, and design pattern, etc.; to form the stable 

requirement domain of user-dominant and domain-oriented 
user requirement. 

The “satisfactory” in all the five scales mentioned above 
can be explained in two aspects: the Quality of Service 
(QoS) quality property possessed by requirement specifica-
tion emergence in all the scales using OWL-S+ description 
can be guaranteed; the non-functional requirement (other 
QoS properties) in user requirement specification descrip-
tion can be guaranteed. 

 

7  Case study 

Requirement presumption of case study: with rapid devel-
opment of finance business functionality, the “Account 
Sheet Processes” in application of e-Business is required to 
be capable to deal with the new business processes with the 
increased requirement in the extension of business, and 
each process function should be implemented and config-
ured dynamically according to the corresponding business 
process. The business goal and business process should be 
added into the software system dynamically in order to add 
the function provided by “Account Sheet Processes Type” 
software component on the air. The “Account Sheet Proc-
esses” has 30 business goals need to be extended by user 
requirement, including “Sales Account Sheet Processes”, 
“Audit Account Sheet Processes”, etc. 

Solution of Requirement modeling: domain modeling 
based on RGPS meta-models, and constructing the basic 
solution “Sales Account Sheet Processes” with network 
resource configuration and management for the require- 
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Fig. 3  Requirement emergence computation in application of e-Business “Account Sheet Processes”. (a) Initial topology model, (b) Real-time and  
massive emergence of requirement specifications 

ment mentioned above. The basic solution “Sales Account 
Sheet Processes” can be regarded as the initial model for 
the evolutionary growth, and the business goals and busi-
ness processes can be constructed dynamically based on the 
initial model. 

(1) Initial topology model 
There are two types of growth nodes in the initial topol-

ogy model of “Sales Account Sheet Processes” according 
to the basic solution of requirement engineering as shown 
in Fig. 3(a): the (u1:Context) growth node with the type of 
“Account Sheet Processes” can adapt to Account Sheet 
with different goals; the “Account Sheet Processes” with 
different goals can be matched to the state design pattern 
[10] space, and can adapt to the growth state node. 
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(2) Networked requirement evolutionary growth and 
emergence of requirement models 
The personalized user requirement can be acquired dy-
namically, such as the goal and business process of “Audit 
Account Sheet Processes”, in order to implement the 
real-time emergence of requirement specification, such as 
the branch in red shown in Fig. 3(b). The result of system 
requirement emergence is shown as the topology in Fig. 
3(b). 

(3) Parameters set of metrics 
Figure 3(b) shows the experiment of analysis and metrics 
based on complex network characteristics in the emergence 
computation of requirement specification models, and the 
experiment result can be used for the adjustment and opti-
mization of requirement specification models [2]. 

 

8  Conclusion and future work 

In this paper, the software network view for the software 
engineering in complex systems is proposed. The descrip-
tion of networked software and networked requirement are 
presented, and a hierarchical & cooperative unified re-
quirement modeling framework URF is proposed. Five 
scales in requirement emergence computation of networked 
software are given with focus on user-dominant and do-
main-oriented requirement. This research work breaks 
through the scenario of traditional software development, 
such as definite user with definite user requirement and 
business process, and we propose the development method 
of evolutionary modeling and emergence computation for 
domain-oriented software driven by “personalized” and 
“multiple” user requirement. The research result can pro-
vide a new idea, approach and method for the requirement 
engineering of complex information systems based on 
networks. 

The future work covers several aspects: RGPS meta- 
model framework based on URF; the real-time composition 

of personalized and multiplicity requirement by user and 
real-time emergence of user satisfied requirement with the 
issues on classical applications; the combination, evolu-
tionary modeling and massive emergence of system re-
quirement models; the satisfactory verification and valida-
tion of requirement specification, etc. 
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