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Abstract 

 

The new advances in the internet-based technologies, social and business networks, 

open systems and globalization, have changed fundamentally the way enterprises and 

governments are being managed and the context in which research and development of 

new products and services is performed. Centralized and vertically organized companies 

are being transformed into networked collections of businesses known as value networks, 

collaborating and sharing services with partners worldwide in order to produce goods and 

services faster, cheaper, and better. 

In the first part of this thesis we design the pharmaceutical industry value network 

introducing the participants, relationships, offerings and exchanges among them. We 

analyze values for this value network and compute the value created by the various 

partners. Additionally, the traditional management of clinical trials using basic and 

 



simple information technology support and paper-based documentation is inefficient. 

Thus, the research and development cost of bringing a new drug to market are very high. 

In order to reduce cost and increase value, we propose a transformation of the traditional 

value network to a new one in which a virtual community of people and web services is 

introduced. 

In the second part of this thesis we implement a value networks tool that provides a 

range of value networks drawing functionality that enables one to visualize, interact with 

and analyze value networks. As an example, we model and analyze the pharmaceutical 

industry value network using this tool. 

The benefits of understanding value networks are to determine which members are 

effective or not, how value networks will evolve in the future, how value networks may 

be replaced by other value networks that are perceived as more competitive, how to 

change the network to stay competitive, how do organizations in a value network decide 

whether or not to accept a newcomer, how an organization decides which network to join 

and more. 
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Περίληψη 

 

Η πρόοδος στις τεχνολογίες βασισμένες στο διαδίκτυο, τα κοινωνικά και 

επιχειρηματικά δίκτυα, τα ανοιχτά συστήματα και η παγκοσμιοποίηση έχουν αλλάξει 

σημαντικά το τρόπο που γίνεται η διαχείριση των επιχειρήσεων και των κρατών καθώς 

και το περιβάλλον μέσα στο οποίο διεξάγεται η έρευνα και η ανάπτυξη νέων προϊόντων 

και υπηρεσιών. Ο συγκεντρωτικοί και καθετοποιημένοι οργανισμοί πλέον 

μετασχηματίζονται σε σύνολα διασυνδεδεμένων οργανισμών γνωστών ως αξιακά δίκτυα, 

συνεργάζονται και μοιράζονται υπηρεσίες με συνεταίρους σε παγκόσμιο επίπεδο και 

στόχος είναι η παραγωγή προϊόντων και υπηρεσιών γρηγορότερα, φθηνότερα και με 

καλύτερη ποιότητα. 

 



Στο πρώτο τμήμα της εργασίας γίνεται σχεδίαση αξιακού δικτύου στη φαρμακευτική 

βιομηχανία εισάγοντας τους συμμετέχοντες, καθώς και τις σχέσεις, τις προσφορές και τις 

ανταλλαγές μεταξύ τους. Στη συνέχεια γίνεται ανάλυση της παραγόμενης αξίας του 

συγκεκριμένου αξιακού δικτύου και υπολογισμός της αξίας που παράγεται από τον κάθε 

συνεργάτη. Επιπρόσθετα, ο παραδοσιακός τρόπος διαχείρισης των κλινικών δοκιμών με 

χρήση απλής τεχνολογικής υποστήριξης και χάρτινων εγγράφων είναι 

αναποτελεσματικός. Έτσι, το κόστος της έρευνας και ανάπτυξης ώστε να προωθηθεί 

προς την αγορά νέο φάρμακο είναι πολύ υψηλό. Με στόχο να μειωθεί το κόστος και να 

αυξηθεί η αξία, προτείνεται ένας μετασχηματισμός του παραδοσιακού αξιακού δικτύου 

ώστε να δημιουργηθεί ένα νέο όπου θα γίνει εισαγωγή εικονικής κοινότητας ανθρώπών 

και web services. 

Στο δεύτερο τμήμα της εργασίας γίνεται ανάπτυξη ενός εργαλείου για αξιακά δίκτυα 

το οποίο παρέχει λειτουργικότητα για σχεδίαση αξιακών δικτύων και δίνει τη 

δυνατότητα οπτικής αναπαράστασης, αλληλεπίδρασης και ανάλυσης των αξιακών 

δικτύων. Ως παράδειγμα, με τη χρήση του εργαλείου μοντελοποιείται και αναλύεται το 

αξιακό δίκτυο της φαρμακευτικής βιομηχανίας. 

Το όφελος από τη κατανόηση των αξιακών δικτύων είναι ο προσδιορισμός των 

μελών που είναι ή δεν είναι αποτελεσματικά, πως τα αξιακά δίκτυα αναπτύσσονται στο 

μέλλον, πως τα αξιακά δίκτυα είναι δυνατό να αντικατασταθούν από άλλα που είναι 

περισσότερο ανταγωνιστικά, πως θα μπορούσε να αλλάξει το δίκτυο ώστε να συνεχίσει 

να είναι ανταγωνιστικό, πως οι οργανισμοί σε ένα αξιακό δίκτυο θα αποφασίσουν αν θα 

δεχτούν ή όχι ένα νέο μέλος, πως ένας οργανισμός αποφασίζει σε ποιο δίκτυο θα λάβει 

μέρος. 
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Chapter 1 
 
 
 

Introduction 
 

1.1 Motivation 

 
The rate of radical changes to products, processes or services in today's world is 

steadily increasing. Everything that exists is getting old and possibly be replaced. The 

internet-based technologies change rapidly the essential nature of doing business and 

competition. The ability to access, send or receive vast information resources within a 

matter of minutes and to communicate across the world at ever lower costs is 

transforming the way people and organizations interact. Today the globalization of the 

world economy is more rapid and pervasive, geographic proximity is no longer essential 

for people for working together and the firms spread their planning, design, 

manufacturing and distribution processes around the globe. Technologies, social and 

business networks, processes, and business models become more complex because new 

characteristics are added frequently, but subtracted infrequently. The way organizations 

are being managed have changed fundamentally and they are being transformed into 

networked collections of businesses known as value networks, cooperating and sharing 

services with partners worldwide in order to plan, design, manufacture and distribute 

products and services easier, faster, cheaper, and better. 

The pharmaceutical industry is an "innovate or die" industry, and more so today than 

ever before. Drug development is considered a costly and intensive process. Of all 

compounds investigated for use in humans only a small fraction is eventually approved, 
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and only after heavy investment in pre-clinical development, clinical trials, and safety 

monitoring to determine the safety and efficacy of a compound. In a pharmaceutical 

industry value network, consider the collaboration among participants like research and 

development (R&D), legal and administrative, information technology (IT), production 

and sales departments of pharmaceutical company, clinical research organization (CRO), 

university, hospital, data analyst and drug distributor. Very important questions for the 

partners of the pharmaceutical industry value network are:  

• Which is the value for every participant 

• Which is the cost of the participation 

• How to improve the collaboration and communication between all these 

economic entities  

Information technology can enable the transformation of the pharmaceutical industry 

and can help the pharmaceutical companies to reduce its drug development costs. As well 

as, information technology can enable pharmaceutical companies to move away from the 

traditional value network model towards more effective and more profitable community 

based value network model. 

Tools for value networks modeling and analysis and the implementation of complex 

value network analysis algorithms and techniques like comparison, clustering, 

composition, decomposition, simulation are very much needed. The purpose of a value 

networks tool is to provide value networks representation functionality, enables you to 

visualize and interact with value networks, estimate the value generation and 

modification for every partner or the total value of the network. The advantages of 

understanding value networks and using the tool are to answer questions like: 

• Which members are productive or not 

• How values change 

• How value networks grow up in the future 

• How value networks may be replaced by other value networks that are 

perceived as more competitive  

• How to quickly react to market changes 

• How to change the network to stay competitive 

[2] 
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• How do companies in a value network decide whether or not accept a new 

partner 

• How a company or an individual reason which network to join 

These advantages are very important questions that strategists, managers, planners and 

information technology professionals have to answer on a continuous basis today.    

 

1.2 Related Work 

 

1.2.1 Pharmaceutical Company Customer Knowledge Case Study 

 
Verna Alle [20] introduces an example from a pharmaceutical company where the 

sales and marketing department would like to improve their ability to obtain input from 

patients in developing new drugs. Inside the company, the participants that play 

important roles in the activities of the sales and marketing group are research, product 

development, manufacturing and sales and marketing department. External participants 

are patients, healthcare providers such as doctors, payers such as insurance companies, 

and regulators.  

Inside the pharmaceutical Company, there were inefficiencies in gaining feedback 

from patients and providers, and in feeding this information back to research department. 

The company information technology infrastructure stored patient contact information 

and held information about purchasing histories but there was no process to collect 

comments and opinions about how patients were using pharmaceutical company drugs or 

if there were features they would like to see improved. 

Verna Alle [20,18] introduces the exchange analysis to assess the overall patterns of 

value exchange, to define if the value system is healthy, sustainable, expanding and to 

support value networks brainstorming and surface issues or problems that may not be 

apparent through other methods. In pharmaceutical company customer knowledge case 

study, the sales and marketing department receives feedback about requirements from 

patients, this feedback never passed on to research or development department. In fact, 

there is no significant knowledge exchange between the pharmaceutical company sales 

[3] 



Chapter 1 

department and their research or development department. As well as, the sales and 

marketing department distributes information about certain diseases, but they do not have 

a two-way communication about disease with their patients, providers, or payers.  

Furthermore, Verna Alle [20,19] introduces the impact analysis that focuses on the 

sales and marketing department and the tangible and intangible inputs that they receive 

and the value creation analysis that focuses at all the value outputs. 

 

1.2.2 GenIsisTM Value Networks Composer 

 
GenIsisTM Value Networks Composer [25] is commercial software which is 

programmed in Visual Basic. The composer can generate a value network in Microsoft 

Visio from an Excel-based workbook; create an Microsoft Access table of value network 

data; edit a value network in Visio and its properties in Access; conduct a basic analysis 

of a value network based on the methodology of Verna Allee [19,18]; perform a value 

network visualization in two and three dimensions; create an input file for Ucinet [26] 

social network analysis visualizations; simulate the challenge of managing living systems 

dynamics using Conway´s Game of Life [27,28] and more. 

 

1.3 Master’s Thesis Organization 

 
The remainder of the thesis is organized as follows. In Chapter 2 we provide a 

background on service science and the growth of service economy. As well as we 

introduce value networks and two frameworks for analysis of value networks built from 

firms, individuals and other autonomous economic agents. In Chapter 3 we model and 

analyze in detail the pharmaceutical industry research and development value network. 

We introduce the participants of the value network and compute the value of the research 

and development department. In Chapter 4 we present the implementation of a value 

networks tool, in Chapter 5 we describe the future work and finally in appendix A we 

provide background information about graph theory. 

[4] 



 
 
 
 
 
 

Chapter 2 
 
 
 

Background 
 

2.1 Service Science 

Service can be defined [1] as the application of competences for the benefit of 

another, meaning that service is a kind of action, performance, or promise that’s 

exchanged for value between provider and client. Service is performed in close contact 

with a client.  The more knowledge-intensive and customized the service, the more the 

service process depends critically on client participation and input.  

The growth of information and communication technologies (ICT) that improve 

automation and connect us to global markets has resulted in a shift of people into 

knowledge-intensive service industries that support manufacturing and innovation [2]. 

One example of a service innovation is the online package tracking system. By utilizing 

an online package tracking system, a courier company can respond to customers’ needs 

very rapidly and transparently, without any human intervention on its part. The 

customers, who enter in all of the necessary information, do not mind, because they get 

the latest and accurate information. The courier company reduces cost and time on having 

to update and notify customers when packages will arrive, while customers are much 

more satisfied. Transparency of processes is a common theme in service innovation [2,8]. 

A service system [1, 3, 4] comprises people and technologies that adaptively compute 

and adjust to a system’s changing value of knowledge. Service systems comprise service 

providers and service clients working together to co-produce value in complex value 

chains or networks. Providers and clients might be individuals, firms, government 



Chapter 2 

agencies, or any organization of people and technologies. The key is that providers and 

clients work together to create value. The client owns or controls some state that the 

provider is responsible for transforming according to some agreement between provider 

and client. More precisely, a service system is a value co-production configuration of 

people, technology, other internal and external service systems, and shared information 

(such as language, processes, metrics, prices, policies, and laws). This recursive service 

system definition highlights the fact that service systems have internal structure and 

external structure in which participants co-produce value directly or indirectly with other 

service systems. For example, information technologies (IT) outsourcing is a complex 

business-to-business service system [1]. An IT outsourcing service provider offers to take 

over operation and maintenance of clients’ IT investments and to utilize it better and 

cheaper than the clients can utilize it themselves. Thus, the provider aims to improve the 

efficiency of client IT operations, reducing cost over time by applying unique skills, 

experience, and capabilities more effectively than the client can.  

A science of service system could provide theory and practice around service 

innovation. A theory of service systems should explain what service systems are and 

aren’t, how they arise and evolve, the relation between internal and external service 

systems, and the role of people, technology, value propositions, and shared information in 

the system. A science of service can provide a foundation for creating lasting 

improvements to service systems. Service science aims to understand and catalog service 

systems and to apply that understanding to advancing our ability to design, improve, and 

scale service systems for practical business and societal purposes. The study of service 

systems is an integrative, multidisciplinary undertaking, and many disciplines have 

knowledge and methods to contribute [1,4]. 

 

2.2 The Growth of Service Economy 

In order to provide a context for considering services, it is instructive to review the 

main stages in a nation's economic evolution [3]. The mechanical stage focuses on 

agriculture and mining, for example by living off of land, air and sea. It tries to discover 

and enhance farming productivity, employs mechanical tools that have product life cycles 

[6] 
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on the order of decades, depends mostly on muscle power, embraces a living standard 

concerned with subsistence, and is limited in its scope of economic influence, primarily 

impacting the family or immediate locale. The electrical stage focuses on manufacturing 

and construction, for example by creating and producing products and structures. It trys 

to discover and enhance factory productivity, employs electromechanical machines that 

have product life cycles on the order of years, depends on both muscle and brain power, 

embraces a living standard concerned with the quality of goods, and is broader in its 

scope of economic influence impacting the region or nation. The information stage 

focuses on services, for example by creating and delivering added value that are 

essentially intangible. It tries to discover and enhance information productivity, for 

example by processing data from a decision making perspective, employs information 

and communications technologies that have service life cycles on the order of months, 

depends mostly on brain power, embraces a living standard concerned with the quality of 

life, and is global in its scope of economic influence. More recently, the words 

“experience economy”, for example tourism and space station visits, have been employed 

to highlight the quality of life focuses on the third stage in a nation’s economic evolution.  

In general, every nation has gone or will go through these three stages of economic 

evolution. Today, the underdeveloped nations are still at the mechanical stage, the 

developed nations are at the electrical stage and the economically advanced nations are at 

the service stage. 

 The service economy [1,8] refers to the service sector, one of three main economic 

categories, in addition to service activities performed in the extractive and manufacturing 

sectors. The rise of the service sector has resulted in part from the specialization and 

outsourcing of service activities performed inside manufacturing firms like design, 

maintenance, human resources, customer contact specialists. The service sector employs 

a large and growing share of the science and engineering workforce, and is the primary 

user of Information Technologies. The service sector accounts for most of the world’s 

economic activity, but it’s the least studied part of the economy. The economies of the 

world are shifting labor from agriculture and manufacturing into services, as measured by 

percentage of labor (jobs) in each sector [4].  

 

[7] 
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Figure 1: Labor is shifting from agriculture to services in all nations. Source: 

www.nationmaster.com 
 

Services play a key role in developed economies [8,3,6,9]. Industries that offer support, 

maintenance, experience, information, or other intellectual content have expanded rapidly 

in recent decades and now account for more than 70% of total value added [13] in the 

Organization for Economic Cooperation and Development (OECD) countries. Market 

based services that are all the services, excluding those usually offered by the public 

sector such as education, health care, and government, account for 50% of the total. As 

well as market bases services have become the main motivator of productivity and 

economic growth in OECD countries, especially as utilize of IT services has grown. (See 

next figure) Furthermore, services have merged as the most important source of job 

creation in OECD countries, often compensating for job losses in manufacturing. The 

special focus on services is not only because of its size and importance but also because 

of the unique opportunities that we can exploit in the design, joint production and 

delivery of services. 

 

[8] 
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Figure 2: Share of market services in total value added, 1980 and 2001. Source: 

OECD, STI Scoreboard 2003. 

 

Finally, the growing importance of services in the economy implies that efforts to 

improve standards of living, grow productivity, and create jobs must focus increasingly 

on this sector. In fact, knowledge intensive services, whose value added is intangible 

rather than incorporated in physical products, play a rapidly dynamic and critical role in 

today’s knowledge based economy. The services sector has grown to dominate economic 

activity in most advanced economies, yet scientific understanding of knowledge intensive 

services is elementary. 

 

2.3 Value Networks 

The notion of value networks is similar to the notion of service systems. Value 

networks [14] are complex sets of technical and social resources, a web of relationships 

that generates economic value [10,11,12] and other benefits through complex dynamic 

exchanges between two or more individuals, groups or organizations. This value takes the 

form of knowledge, a product or services [18]. Included in a company’s value networks 

are research, development, design, production, marketing, sales and distribution. 

Companies have both internal and external value networks. External facing networks 
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include customers or recipients, intermediaries, stakeholders and suppliers. Internal value 

networks focus on key activities, processes and relationships that cut across internal 

boundaries, such as order fulfillment, lead processing, or customer support. Any 

organization or group of organizations engaged in both tangible and intangible exchanges 

can be viewed as a value network, whether private industry, government or public sector. 

The notion of value networks is similar to the notion of services systems. 

All exchanges [22,19] of goods, services or revenue, including all transactions 

involving contracts, invoices, return receipt of orders, request for proposals, 

confirmations and payment are considered to be tangible value. Products or services that 

generate revenue or are expected as part of a service are also included in the tangible 

value flow of goods, services, and revenue. In civil society organizations these would be 

formal commitments to provide resources or services. Intangible value exchanges include 

two primary subcategories, knowledge and benefits. Knowledge exchanges contain 

strategic information, planning knowledge, process knowledge, technical know-how, 

collaborative design and policy development; which support the product and service 

tangible value network. Benefits are also considered favors that can be offered from one 

person to another. Examples include offering political or emotional support to someone. 

Another example of intangible value is when a research organization asks someone to 

volunteer their time and expertise to a project in exchange for the intangible benefit of 

prestige by affiliation. 

The goal of a value network is to generate economic success or other value (benefits) 

for its participants. People participate in a value network by converting their expertise 

and knowledge into tangible and intangible deliverables that have value for other 

members of the network. In a successful value network every actor or participant 

contributes and receives value in ways that sustain both their own success and the success 

of the value network as a whole. Where this is not true participants withdraw or are 

expelled, or the whole system becomes unstable and may collapse or reconfigure. 

 

2.4 Value Networks versus Value Chains 

The value networks model challenges the traditional notion of a value chain. Value 

creation is moving beyond the simple and old model of the value chain to the more 
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complex dynamics of value networks [24]. The value chain [15] is a concept from 

business management that was described by Michael Porter in 1985. The value chain 

categorizes the generic value-adding activities of an organization. The primary activities 

include inbound logistics, operations (production), outbound logistics, marketing and 

sales, and services (maintenance). The support activities include administrative 

infrastructure management, human resource management, R&D, and procurement. The 

costs and value drivers are identified for each value activity. The value chain framework 

quickly made its way to the forefront of management thought as a powerful analysis tool 

for strategic planning. Its ultimate goal is to maximize value creation while minimizing 

costs. 

Critique on the value chain model and its applicability to services organizations has 

since been voiced by both academics and practitioners. Collaboration, competition and 

differentiation in addition to low cost are common drivers of the value chain model but 

may not well correspond to the complexity of most industries today. Furthermore, Porter 

is focused on the tangible outcomes of cost, revenue, margin and basic configuration of 

business activities. The value network may be the mental model that embraces the linear 

value chain model and that adds an extra dimension corresponding to the complexity of 

most industries today. Historically we have been in an industrial age, focused on a linear 

value model, and have recently begun to switch to a new business style in which there are 

a network of different resources that work together to create value. Often value networks 

are considered to consist of groups of companies working together to offer a product or a 

service to the customer. The purpose of value networks is to create the most benefit for 

the people involved in the network. The intangible value of knowledge within these 

networks is just as important as a tangible value. In order to succeed knowledge must be 

shared to create the best situations or opportunities. Value networks are how ideas flow 

into the market and to the people that need to hear them. 
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2.5 General Value Network Analysis Methodology by Verna Allee 

Value network analysis from a business management perspective by Verna Allee, 

[17,22,18] is a business modeling methodology for understanding internal and external 

value networks. The method includes visualizing business activities and sets of 

relationships from a dynamic whole systems perspective and several analysis approaches 

for understanding value conversion of financial and non-financial assets. Strong value-

creating relationships support business efficiency at the operational and strategic levels. 

Methods used in the past to analyze business value creation, such as value chain and 

value added, are linear and mechanistic approaches based on a process notion. These 

approaches are inefficient to address this new level of business complexity where value 

creating activities occur in interdependent and dynamic relationships between multiple 

sets of actors. 

Value network analysis is a fundamental ability for a successful enterprise dependent 

on knowledge exchanges and collaborative relationships, which are now critical in almost 

every industry. This analysis helps individuals and work groups better manage their 

interactions and solve operational issues, such as balancing workflows or improving 

communication. The approach also scales up to the business level to help forge stronger 

value-creating linkages with strategic partners and improve stakeholder relationships. 

Value network analysis addresses both financial and non-financial value. Every 

business relationship includes contractual or mandated activities between participants and 

also informal exchanges of knowledge, favors, and benefits. The analysis begins with a 

visual diagram that shows the essential contractual, tangible revenue and exchanges that 

occur between each node of the network. Although nodes typically represent roles, they 

can also be individuals and business units. Along with the more traditional business 

transactions the critical intangible exchanges are also mapped. Intangible exchanges are 

those mostly informal exchanges that build relationships and keep things running 

smoothly. These informal exchanges play important role to creating trust and opening 

pathways for innovation and new ideas but traditional business practices ignore these 

important intangible exchanges. As well as, knowledge and other intangible assets such 

as human competence, the ability to form strong relationships, and a capacity for 

mutually beneficial collaboration are the foundations for success. Strong value creating 
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relationships support breakthrough innovation at the operational, tactical, and strategic 

levels. Consequently, today we are shifting to a world of dynamic, rapidly adapting value 

networks. Processes are not the active agents of innovation in organizations, people are 

and new business models have to demonstrate how knowledge and relationships create 

value because you cannot compete in a network economy with industrial age 

management tools and methodologies.  

Finally, when the analysis is complete people gain insights into what is actually 

happening now, where more value can be realized, and what is required to achieve 

maximum value benefit across the entire business activity that is the focus of the analysis. 

. 

 

2.6 General Value Networks Analysis Methodology by Caswell et al 

Value networks analysis methodology, from information technology perspective, by 

Caswell et al [30] combine graph theory and network flows with economic tools, is based 

on publicly observable information, in order to analyze value networks in terms of what 

value they deliver, how they deliver it, and how to discover and increase their value. 

Economic structure has steadily increased in complexity in the ownership and 

management of the resources used and the context in which the goods and services are 

consumed. This increase in complexity is both a challenge and an opportunity, in a 

service-oriented economy. Network interdependencies and partnerships are critical to 

marketplace success. The approach is to build an entity flow model with economic 

entities as nodes, the basic unit of value creation, and offerings as the entity that flows 

through arcs between economic entities. A second entity, funds, flows through distinct 

arcs. Value networks are statically described by the node and arc graph. Additionally, 

analysis depends on correlations among the input and output offerings of an economic 

entity. 

The flow graph comprises two domains, nodes { }ib=B and offerings { }ko=O . The 

primary characteristic of  is that they consume a set of offerings and produce a 

set . 

ib ⊆in
iO O

⊆out
iO O
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The cost of the goods or services is not visible in the transaction but two relevant 

properties are quantities of offerings  (units/time), flowing in the direction of the 

connection and revenues  

k
ijn

( )k
ijR t  (units/time) flowing in the counter direction. The total 

revenues of  from another partner ib jb  are ( )ijR t  and in the simple case, the revenues 

will be related to the quantity by the unit price of k
ijp . 

Each partner  produces the goods and services indicated in its output setib out
iO , in 

quantities k
ijn , of offering  flowing to all partners ko jb  of the output set. Therefore, at the 

end of time interval , partner 1[ ,N NT T− ]

.
T

k k

T

ib  has revenue: 

 

( )
1 1 1

( ) ( )  ( )
N N N

out out out
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∫
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As well as, each partner ib  has to purchase the goods and services that he uses in order 

to produce his own goods and services. Therefore, at the end of time interval , 

the amount spent on purchases is: 

1[ ,−N NT T

 ( )
1 1

( ) ( )
N N

in in
ji i ji iN N

T T
k k

i N ij ji ji
t k O t k OT T

P T P t d p n dτ τ τ
− −∈ ∈ ∈ ∈

= =∑ ∑ ∑ ∑∫ ∫
T T

 

 

Additional value is accrued by the relationship levels that the various partners develop 

when they sell goods and services to other partners. A quantified estimate of this value 

may be the amount of revenue that a partner  expects to generate by selling goods and 

services to partner

ib

jb . One way to estimate this expectation is to look at revenues 

generated so far, by selling to partner jb , but focuses on the recent past more than the 

remote one. Let ( )ij NR T  be the expected revenues partner  receives from partner ib jb  in 

.  This expectation can thus be written as:    1[ , +N NT T ]
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1

1( ) ( ) (
−

)−= +∫
N

N

T

ij N i ij i ij N
T

R T R t d R Tα τ β  

Where 0 ,  and . 1≤ ≤i ia b 1+ =i ia b

Let ( ),ijSat τ  be the satisfaction of partner jb  being a partner of ib  at timeτ . The ratio 

below provides an estimate of the percentage increase or decrease of expected revenues 

of partner  from partner ib jb  during the time 1−NT  to time . NT

 
( )1

1

( ) ( )
( )

( )
−

−

−
= ij N ij N

ij N
ij N

Sat T Sat T
Sat T

Sat T
δ   

It is thus better to instead measure longer term trends that can be estimated by computing 

the weighted averages of the satisfaction index. 

 

1( ) ( ) ( )−= +ij N i ij N i ij NSat T Sat T Sat Tγ δ  

Where 0 , 1≤ ≤i iγ δ  and 1+ =i iγ δ . 

An estimate of the expected value of the relationship between partners  and ib jb  in 

is below.1[ , +N NT T ]

 1

1 1

( ) ( ) ( )
( ) ( ) ( ) ( )
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ij N ij N ij N
ij N ij N ij N ij N
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The expected value of all the relationships that a partner has with all those partners who 

are the receivers of its offerings, is given by: 

( ) ( )
∈

= ∑
ij

i N ij N
t

v T v T
T

. 

Finally, the value that partner  receives from participating in the value net, at the end 

of time interval  is: 

ib

1[ ,−N NT T

 
-1

1

( ) profits from interacting with partners in [ , ]
            expected value with buying partners  in [ , ]
          ( ) ( ) ( )

i N N N

N N

i N i N i N
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R T P T v T
+

=
+
= − +
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The next table is about the terminology of the value networks analysis proposed by 

Caswell et al [30]. 

 

 
Figure 3: Terminology table of the value networks analysis proposed by Caswell et 

al. 
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Chapter 3 
 
 
 

Pharmaceutical Industry R&D Case Study 
 

3.1 Introduction to Pharmaceutical Industry R&D Case Study 

The theoretical framework proposed by Caswell et al [30] has developed in order to 

describe and analyze value networks combining graph theory and network flows with 

economic tools. Based on this approach an entity flow model with three types of entities 

has defined. Economic entities are nodes of the model and the basic units of value 

creation, offerings are goods, services or information and comprise the units of transfer 

between nodes, and exchanges are offerings with directly associated funding. Each node 

captures value in participating in the value network which is given by the sum of profits 

from interacting with nodes in a time interval and the expected value in the next time 

interval. 

In this section we design the value network introducing the participants, relationships, 

offerings and exchanges among them and apply the framework in pharmaceutical 

industry focusing on the research and development of a new drug. The R&D department 

of a pharmaceutical company collaborates with research organizations, universities, 

hospitals and data analysts to develop new compounds. Once the compound is tested and 

approved, the production and sales department undertake the task to produce and promote 

the drug. We analyze and compute values for this value network using the theoretical 

framework proposed Caswell et al. 
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 Since new drug development is a risky process, with many compounds failing for 

every one that succeeds, it is not certain that development of an investigational compound 

will proceed to a given phase. Additionally, the traditional management of preclinical and 

clinical trials using basic and simple information technology support and paper based 

documentation like spreadsheets, e-mails and faxes, is inefficient. Thus, the research and 

development costs of bringing a new drug to market are very high. In order to reduce 

costs and increase value, we propose a transformation in which a virtual community of 

people and web services is introduced.  

A virtual community or online community is a group of people that primarily or 

initially communicates or interacts via the Internet rather than face to face. Virtual 

communities based on service oriented architecture are dynamic, membership-based 

groups of subjects who can consume or provide a set of services according to their 

interests and requirements. Communities are also composed by services requiring human 

operations.  

We introduce four communities to transform the pharmaceutical industry research 

and development value network. The preclinical project community which refers to trials 

for activity and toxicity in vitro and in animals, the patients clinical trial community for 

testing the drug’s effectiveness to humans, the data analyst community for executing 

statistical models of reactions to drugs and therapies and the partners community for 

searching, contacting and comparing organizations and experts offering clinical and 

preclinical services. This infrastructure makes internal and external communication and 

coordination between partners easier, improves the organization of activities, supports a 

gradual automation of the complete process reducing the risk of human error, and unifies 

the way to access information.  

Within this context, we show that the need for time and travel to collaborate, evaluate 

and report is decreased, as well as the management costs are reduced leading to an 

increase in total value. 
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3.2 The high cost of the new drug development process 

An innovative new drug that contains a previously untried active ingredient can take 

years to develop and test. Since new drug development is a risky process, with many 

compounds failing for every one that succeeds, it is not certain that development of an 

investigational compound will proceed to a given phase. For every successful new drug, a 

firm will have had many failed drug projects that did not survive clinical trials or that 

never won approval from the Food and Drug Administration [34]. The total cost of 

developing a new drug may be twice as high as those direct costs, however, because the 

indirect, financial costs of tying up investment capital for years in research projects, 

which will not pay off until a marketable drug is developed, can be as large as a firm’s 

actual R&D spending. Those financial costs, often called opportunity costs [44], reflect 

the returns that a firm could have earned from alternative investments if its capital had 

not been tied up in drug development. Opportunity costs exist in all industries and for all 

innovative products, but they are particularly large in the pharmaceutical industry 

because drugs have longer development times than many other types of products. 

DiMasi et al [31], in 2003, have estimated the average costs of bringing a new drug to 

market to be US$ 403 million in 2000 dollars. Accounting for the time between 

investment and marketing raises the cost to US$ 802 million. The authors surveyed 10 

large pharmaceutical firms, asked them to report the expenditure in human clinical trials 

for 68 drugs chosen at random from Tufts Center for the Study of Drug Development 

(CSDD) and then used the information on average success rates and successful durations 

from the CSDD data to calculate the cost of bringing a new drug to market. For the 

human clinical trials, the average expenditure is US$31 million, US$40 million and 

US$119 million for phases I, II and III, respectively. To estimate the opportunity cost of 

the money, DiMasi et al [31] determined how long the average drug is in each of the 

phases of development and how long it will take to get to market. These durations were 

estimated using the CSDD data. Putting all of this together, the authors estimated that it 

will cost on average US$802 million for a drug to get to market. The average successfully 

developed drug in the study’s sample required 4.3 years for discovery and preclinical 

development and another 7.5 years for clinical trials and Food and Drug Administration 
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(FDA) approval. (Approval itself took an average of 1.5 years.) Thus, developing a drug 

and bringing it to market required 11.8 years, on average (see next figure). 

 

 
Figure 4: Dimasi and Others’ estimate of average research costs. 

 

Light and Warburton [36] noted that because cost data used was proprietary and 

confidential, readers cannot know how each company collected its data, or what was 

counted as research costs, and no independent verification of the accuracy of the 

information is possible. 

In Adams’s and Brantner’s research papers [32,33], they attempt to verify the 

US$802 million estimate using publicly available data. They combine the expenditure 

estimates from the survey conducted by DiMasi et al [31] with publicly available data to 

estimate success rates and average successful durations. The authors find that the average 

cost of drug development is US$868 million. This somewhat higher estimate is due to 

differences in the estimated success rates and successful durations. In particular, they 

estimate a lower success rate, which leads to higher estimated costs.  

Various surveys conducted between 1976 and 2000 suggest that during that period, 

the average amount that surveyed firms reported spending on research and development 

of new molecular entities increased nearly six fold in real terms (See next figure. The 
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year shown for each estimate is the year in which the cost survey was performed, not the 

year in which the results were published. The Source is the Congressional Budget Office 

based on R.W. Hansen, “The Pharmaceutical Development Process: Estimates of Current 

Development Costs and Times and the Effects of Regulatory Changes,” in R.I. Chien, 

ed., Issues in Pharmaceutical Economics (Lexington, Mass.: Lexington Books, 1979), pp. 

151-187; Joseph A. DiMasi and others, “Cost of Innovation in the Pharmaceutical 

Industry,” Journal of Health Economics, vol. 10, no. 2 (July 1991), pp. 107-142; U.S. 

Congress, Office of Technology Assessment, Pharmaceutical R&D: Costs, Risks, and 

Rewards, OTA-H-522 (February 1993); and Joseph A. DiMasi, Ronald W. Hansen, and 

Henry G. Grabowski, “The Price of Innovation: New Estimates of Drug Development 

Costs,” Journal of Health Economics, vol. 22, no. 2 (March 2003), pp. 151-185.) 

 

 
Figure 5: Estimates of the average R&D cost of a successfully developed drug 

between 1976 and 2000. 
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Observers attribute the continuing growth in R&D costs [35,33,34] for innovative new 

drugs to several other factors.  There is an increase in the percentage of drug projects that 

fail in clinical trials, a trend toward bigger and lengthier clinical trials and a possible rise 

in the number of trials that firms are conducting including trials for marketing purposes, 

such as to differentiate a product from its competitors. As well as, a shift in the types of 

drugs that companies work on, toward those intended to treat chronic and degenerative 

diseases, the increased commercialization of basic research, as firms more often pay for 

access to basic research findings that in earlier years might have been freely available and 

a lengthening of the average time that drugs spend in preclinical research. In the other 

direction, various developments like faster FDA reviews, regulatory changes, technology 

automations and speedier methods of identifying potential R&D failures may have kept 

research and development costs from growing as quickly as they would have otherwise. 

Drug companies argue that the high cost of drug development justifies the high prices 

paid by governments, insurers and customers. 

 

3.3. The “Traditional” Pharmaceutical Industry R&D Value Network  

3.3.1 The new drug development process 

Discovery research is undertaken to develop concepts for new compounds. Once a 

possible new compound or a new application for an existing drug has been synthesized, 

the R&D department of the pharmaceutical company searches for the best party to 

execute the study. Possible outsourcer can be clinical research organization (CRO), 

university and hospital. The search is either done using existing contractors or via web 

and there is possibility to contact an expert and ask for the people working in specific 

areas. 

The R&D department contacts both legal and administrative department in order to 

sign the contract and verify legal aspects. Once signed a non disclosure agreement and 

exchanged preliminary information about the experiments to be done, the actual trial can 

start. The drug distributor can also be contacted in case an existing drugs need to be sent 

to the clinical organization which will do the research. There might be cases in which a 

new compound is prepared by a university and the experiment is done by a clinical 
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research organization. The coordination of those activities is done by the R&D 

department, specifically the person in charge of the project.  

The trial can start. At anytime, the R&D department can contact the company doing 

the research to ask about progresses as eventually decide upon some experiments 

modification. The pharmaceutical company does not usually have access to the data 

sources of the outsourced company, not even the data referring to the experiments its own 

and vice-versa. All communication is done using phone and emails. At the end of the 

project, the CRO prepares a final report according to the R&D department and sent it, 

with all the data generated during the trial to the pharmaceutical company. 

The pre-clinical trial is done without patients and the compound will be screened for 

pharmacologic activity and toxicity in vitro and then in animals. The clinical trial is the 

phase which follows the pre-clinical and is done with patients. The clinical trial is done in 

three phases plus one done after the drug is launched to the market with a different 

number of patients. 

Clinical Trials Phase I involve about 20 to 80 healthy volunteers. The tests study a 

drug's safety profile, including the safe dosage range and determine how a drug is 

absorbed, distributed, metabolized and excreted, and the duration of its action. Clinical 

Trials Phase II, controlled studies of approximately 100 to 300 volunteer patients (people 

with the disease) assess the drug's effectiveness. Clinical Trials Phase III involves 1,000 

to 3,000 patients in clinics and hospitals. Physicians monitor patients closely to determine 

efficacy and identify adverse reactions. 

 Each phase is characterized by the following steps and the difference between the 

steps is the scale. Each stakeholder participate in the trial needs to sign a contract. The 

clinical protocol need to be approved by all the “Ethics Committee” of each hospital and 

a specific agreement need to be signed by each doctor. Once approved and during the 

trials the drug need to be send. In case of clinical trials experimenting new usages for 

existing products, the drug need to be repackaged and sent to the hospitals. Feedbacks 

concerning the treatment need to be gathered both from patients and physicians using 

face to face meetings with the physicians or using paper forms. Web solution are also 

appearing although the problem is to be sure that the doctors and the patients remember 

to fill the form and the data added correspond to the reality of the facts. Both during the 
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trials and for the experiments, complex analysis need to be done to study the results. 

Several programs need to be run by the researchers as well as several data sources both 

internal and external need to be accessed. 

 

3.3.2 The participants of the value network 

In a pharmaceutical industry value network, consider the collaboration among 

economic entities like clinical research organization (CRO), university, hospital, data 

analyst, drug distributor and departments of pharmaceutical company like research and 

development (R&D), legal and administrative, information technology (IT), production 

and sales. The economic entities or participants of the value network are the basic units of 

value creation and represented by circles and their name is written inside the circle. 

The participants of a “traditional” pharmaceutical industry value network are shown 

in the figure below. 

 

 
Figure 6: Participants in a “Traditional” Pharmaceutical Industry Value Network.  
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 Key questions for the participants are which is the value of this network, which is the 

value for every partner, which is the cost of the participation, how to improve the 

collaboration and communication between all these economic entities. In the following 

sections, we describe and analyze the business objectives, pains and metrics that are part 

of the problem. 

 

3.3.3 The offerings and the exchanges among participants 

Offerings are the entities that flow through arcs with one edge between economic 

entities. Exchanges are offerings which have directly associated funds or revenues and 

flow through arcs with two edges. Business interactions can be represented as a set of 

offerings or exchanges. Value networks are statically described by the node and arc 

graph. A traditional pharmaceutical industry value network is illustrated in the figure 

below. 
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Figure 7: Traditional Pharmaceutical Industry Value Network.  

 

The pharmaceutical company participates in this value network with the departments: 

Research and Development (R&D), Legal and Administrative, Information Technologies 

(IT), Production and Sales. The other nodes of the value network are external partners of 

the pharmaceutical company. 

Pharmaceutical Company R&D department receives offerings from CRO, university 

and hospital, data analyst, legal and administrative department and IT department and 

provides funding to them. As well as, the R&D department receives information about 

new partners from acquaintance and finally offers the drug instructions to production and 

sales department and receives funding. 
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Pharmaceutical company legal and administrative department offers law services like 

sign contact and verify legal aspects to the pharmaceutical company R&D department 

and exchanges it with funding.  

Acquaintances search for selected and trusted companies and organizations and 

suggest them to the pharmaceutical company R&D department as possibly new partners 

of the value network. 

Clinical Research Organization executes trials, offers research results to the 

pharmaceutical company R&D department and receives funding from the R&D 

department. Also, Clinical Research Organization receives research results from 

university and hospital and exchanges them with funding. 

University executes trials, offers research results to the pharmaceutical company 

R&D department and CRO and receives funding from the R&D department and CRO. 

Hospital executes trials, offers research results to the pharmaceutical company R&D 

department, CRO and university and receives funding from the R&D department, CRO 

and university. 

Pharmaceutical company IT department offers, administrates and maintains the 

database infrastructure, provides IT support to the pharmaceutical company R&D 

department and receives funding from the R&D department. 

Supplier of raw materials offers all the materials that are necessary for the production 

of the drug and receives funding for the Pharmaceutical company production and sales 

department. 

Pharmaceutical Company production and sales department receives raw materials 

from supplier of raw materials and provides funding, receives drug instructions from 

Pharmaceutical company R&D department and provides funding and finally sells drugs 

to drug distributor and receives funding. 

Drug Distributor receives drugs from the Pharmaceutical Company production and 

sales department and provides funding. Also Drug Distributor offers the drugs to the 

patient healthcare system and receives funding. 

Patient Healthcare System receives the drugs from drug distributor and provides 

funding. 
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Data Analyst offers super computer infrastructure that can execute complex statistical 

models and receives funding from the Pharmaceutical Company R&D department. 

 

3.4 Pharmaceutical Industry Value Network Analysis 

3.4.1 Value for the R&D Department  

The R&D department executes part of the research and development, coordinates the 

partners, exchanges data, drug and reports, monitors the research and the trials, gathers 

feedbacks and receives funding from the production and sales department for offering the 

drug instructions. 

The R&D department purchases the following offerings:  trials and research results 

from the CRO, the university and the hospital, law services from legal and administrative 

department, administration and maintenance from IT department and analysis of 

statistical models from the data analyst. 

. We will focus on the R&D department and compute the value it captures from its 

participation in the network. There is an average management labor cost for internal 

issues per month RD iml − , an average management labor cost per month for issues between 

R&D and: CRO RD mCROl − , university RD mUl − , hospital RD mHl − , data analyst RD mDAl − , IT 

department RD mITl − , legal and administrative department RD mLAl − . 

There is an average internal research labor cost per month RD rll − , an average payment 

for research labor per month for each outsourcer: CRO RD rCROl − , university RD rUl − , 

hospital RD rHl − , data analyst RD rDAl − and an average payment for support labor per month 

for departments: IT RD sITl − , legal and administrative RD sLAl − . 

Every management or research or support labor needs time to finish and the duration 

(months) respectively per year is: 

 

, , , , , , , ,
, , , ,

RD im RD mCRO RD mU RD mH RD mDA RD mIT RD mLA RD rl RD rCRO

RD rU RD rH RD rDA RD sIT RD sLA

n n n n n n n n n
n n n n n

− − − − − − − − −

− − − − −

,
 (1) 
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The cost of R&D per year is: 

 

RD RD im RD im RD mCRO RD mCRO RD mU RD mU RD mH RD mH

RD mDA RD mDA RD mIT RD mIT RD mLA RD mLA RD rl RD rl

RD rCRO RD rCRO RD rU RD rU RD rH RD rH RD rDA RD rDA

RD sIT RD sIT RD sLA R

P l n l n l n l n

l n l n l n l n

l n l n l n l n

l n l n

− − − − − − − −

− − − − − − − −

− − − − − − − −

− − −

= + + +

+ + + +

+ + + +

+ + D sLA−

  (2) 

 
For simplicity, let ml and rl be the average management and research labor rates per 
month paid by the R&D department. As well as, let mn and rn  be the average time in 
months needed for management and research activities to be completed by an employee 
during a year. Then the total cost of the R&D department for a year is given by: RDP
 

m m r rRDP l n l n= +      (3) 

 

Let a be the average funding per year the R&D department receives from the production 
and sales department. Then the annual revenues RDR for the R&D department will be: 
 

RDR a=      (4) 

 

The R&D department acquires value from its relationship with the production and sales 
department, and this is the expectation of future sales of the drug. We can have an 
estimate of this expectation by looking at sales in the past to compute the expected 
revenues 

pR and also by looking at the production and sales department satisfaction index 

pSat ( )τ .The value the R&D department obtains from its participation to the network 
during year n  is given by: 
 

1

( )
( )

( )
p n

m m r rd p
p n

Sat T
V a l n l n R T

Sat T −

= − − + n    (5) 
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3.5 Transforming the Pharmaceutical Industry R&D Value Network 

3.5.1 Drug R&D process open issues and business needs 

The complete process is time consuming and highly depends on the persons or team 

in the R&D department because they have to coordinate the  partners (university, CRO, 

hospital) to whom outsourcing the study, decide which information (drugs description 

and existing studies) to be send and  which information to include in the final report.  

The communication and coordination between parties like ordering the compounds to 

be sent to the party doing the study, asking and monitoring legal and financial aspects for 

the contract, sending information about the drugs which might be relevant to the study 

(each outsourcer requires filling a form concerning the drug to be used) and monitoring 

the preliminary results and eventually modify the protocol are mainly done using emails 

and phone and there are delays and high risk of human errors while reporting 

information.  

The process might be very different based on the party doing the study or the type of 

study and there are problems in formalizing (and optimizing) the process. The process 

should be more transparent to the outside world and need to consider both security and 

privacy aspects. What if a protocol is made by a professor and the experimentation is 

done by a CRO? What if the study is done on an existing product or to a new 

formulation? How different CROs and universities share information and give access to 

existing data?  

The time taken to gather and analysis clinical data need to reduce using dynamic 

access to multiple resources and fast executing complex statistical models of reactions to 

drugs and therapies across thousands of patients. 

Finally, the pharmaceutical company needs to leverage the productivity by 

automating some of the tasks in selecting and managing outsourced parties, improve 

internal and external coordination of clinical trial processes, support dynamic 

modifications of the process according to existing or coming regulations. Transparency is 

now a pressing requirement both from authorities (Food and Drug Administration (FDA) 

in US and European Agency for the Evaluation of medical product (EMEA in Europe) 
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and from all parties involved into the discovery process. The pharmaceutical company 

has to promote transparency and best-practices in drugs R&D. 

 

3.5.2 Service Communities in Pharmaceutical Industry 

A virtual community or online community is a group of people that primarily or 

initially communicates or interacts electronically via the internet rather than face to face. 

Virtual communities based on service oriented architecture are dynamic, membership-

based groups of subjects who can consume or provide a set of services according to their 

interests and requirements. Communities composed not only by internet based services, 

but also services requiring human operations. The concept of community is very flexible 

and can be horizontal, vertical or per-project. 

In the pharmaceutical industry case study we introduce the Preclinical Trial 

Community with participants the R&D department, the Legal and Administrative 

department, the CRO and the university. This community provides the services like 

access to the experiments information as well as R&D department relevant information, 

ordering compounds, legal and administrative support customized for the specific trial, 

channels like chat, forum, internal message system, wiki and blog to communicate about 

the project, calendar and help desk. The expected results after the introduction of the 

community are the better monitoring of the activities regarding a project, direct access to 

the data produced during the experiment and better communication and coordination.  

As well as, we introduce the Patients Clinical Trial Community with participants the 

R&D department, the CRO, the university and the hospital with physicians and patients 

who involved in a clinical trial. This community provides services like customized 

channels to collect user information and share experiences among the patients, and free 

access to commercial services, information on the local organization providing support. 

As well as, the community provides access to the results of the trial and forum with 

experts and channels like chat, forum, internal message system, wiki and blog to 

communicate about the project and calendar. The expected results after the introduction 

of the community are to provide incentives for the patients, ad-hoc updated information 

on the trial and flexible tools to collect feedbacks. 
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Furthermore, we introduce the Data Analysis Community with participants the R&D 

department and the data analyst. This community provides services like execution of 

complex algorithms using high computational machines, access to data coming from 

clinical study and information about the algorithms (and the software) needed to execute 

compotation. The expected results after the introduction of the community are the fast 

executing of complex statistical models of reactions to drugs and therapies and the 

reduction of the time taken to gather and analysis clinical data. 

Finally, we introduce the Partners Community with participants the CRO, the 

university, the hospital, the data analyst, the physicians and the experts. This community 

provides services like search for profiles of organizations and experts based on the type 

of study and experience. Organizations can offer services for quickly identify their 

experiences and costs. Also, the community can be open or “on invitation only”. The 

expected results after the introduction of the community are to provide a faster method to 

search, contact and compare organizations and experts offering clinical and preclinical 

services. 

 

3.5.3 Community Based Pharmaceutical Industry Value Network and the 

Benefits 

The community based IT infrastructure can play a central role in the pharmaceutical 

industry value network. Community is a single location with potentially rich set of 

functionality and integrated data access, a single channel of communication which is 

separated from dependant personal emails or phone calls. The concept of community can 

simplify the interactions, improve the organization of activities, support a gradual 

automation of the complete process, guarantee a special care for each single subject 

involved into the process, easy add, bundle and deliver services, unify the way to access 

information and integrate existing or coming services. A community based 

pharmaceutical industry value network is illustrated in the figure below. 
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Figure 8: Community Based Pharmaceutical Industry Value Network.  

 

The community based IT infrastructure is the most important node on the community 

based value network and is under the administration of the pharmaceutical company IT 

department. 

CRO, university and hospital offer the research results to the community based IT 

infrastructure, data analyst sends data to the community based IT infrastructure after the 

executing of complex statistical models, acquaintance registers partners and legal and 

administrative department can verify legal aspects using the community based IT 

infrastructure. The partners who send offerings using the community based IT 

infrastructure receive electronically funding. 
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Finally, an important part of the community based IT infrastructure is the central 

collection of all data which is available to the correct partners. Pharmaceutical company 

R&D department receives, change and manage the data and pharmaceutical company 

production and sales department receives the final research results which are the drug 

instructions. 

 

 
 
 
 
 
 
 
 

[34] 



 
 
 
 
 
 

Chapter 4  
 
 
 

A Tool for Value Networks Modeling and Analysis 
 

4.1 Model-View-Controller (MVC) Pattern 

Model-view-controller (MVC) is an architectural pattern used in software engineering 

[48,49,50,51,52].  

 

4.1.1 The Context and the Problem 

Application presents content to users in numerous pages containing various data and 

often need to support multiple types of users with multiple types of interfaces. For 

example, an online store may require an HTML front for Web customers, a WML front 

for wireless customers, a Java (JFC) / Swing interface for administrators, and an XML-

based Web service for suppliers (see next figure)[49]  

The engineering team responsible for designing, implementing, and maintaining the 

application is composed of individuals with different skill sets. When developing an 

application to support a single type of client, it is sometimes beneficial to interweave data 

access and business rules logic with interface-specific logic for presentation and control. 

Such an approach, however, is inadequate when applied to applications that need to 

support multiple types of clients. Different applications need to be developed, one to 

support each type of client interface. Non-interface-specific code is duplicated in each 

application, resulting in duplicate efforts in implementation (often of the copy-and-paste 

variety), as well as testing and maintenance. The task of determining what to duplicate is 
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expensive in itself, since interface-specific and non-interface-specific code are 

intertwined. The duplication efforts are inevitably imperfect. Slowly, but surely, 

applications that are supposed to provide the same core functionality evolve into different 

systems. 

 

 
Figure 9: Multiple types of users with multiple types of interfaces. Source:  

Sun BluePrints 

 

4.1.2 The Solution 

In complex computer applications often wishes to separate data (model) and user 

interface (view) concerns, so that changes to the user interface do not affect the data 

handling, and that the data can be reorganized without changing the user interface. The 

model-view-controller solves this problem by decoupling data access and business logic 

from data presentation and user interaction, by introducing an intermediate component 

which is the controller [50]. 

It is common to split an application into separate layers: presentation (user interface), 

model (or domain), and data access. In MVC the presentation layer is further separated 

into view and controller.  

[36] 
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The model represents enterprise data and the business rules that govern access to and 

updates of this data. The model responds to requests for information about its state 

(usually from the view), and responds to instructions to change state (usually from the 

controller). Many applications use a persistent storage mechanism (such as a database) to 

store data. MVC does not specifically mention the data access layer because it is 

understood to be underneath or encapsulated by the Model. 

The view renders the contents of a model into a form suitable for interaction, 

typically a user interface element. It accesses enterprise data through the model and 

specifies how that data should be presented. It is the view's responsibility to maintain 

consistency in its presentation when the model changes. This can be achieved by using a 

push model, where the view registers itself with the model for change notifications, or a 

pull model, where the view is responsible for calling the model when it needs to retrieve 

the most current data. 

The controller interprets the mouse and keyboard inputs from the user, informing the 

model and (or) the view to change as appropriate. As well as, the controller translates 

interactions with the view into actions to be performed by the model. Based on the user 

interactions and the outcome of the model actions, the controller responds by selecting an 

appropriate view. (See next figure) [49] 

 
Figure 10: The diagram represents the Model-View-Controller pattern. Source:  

Sun BluePrints 

[37] 
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4.1.3 The Benefits of MVC Pattern 

It is important to note that both the view and the controller depend on the model. 

However, the model depends on neither the view nor the controller. This is one the key 

benefits of the separation. This separation allows the model to be built and tested 

independent of the visual presentation. The separation between view and controller is 

secondary in many rich-client applications, and, in fact, many user interface frameworks 

implement the roles as one object. In web applications, on the other hand, the separation 

between view (the browser) and controller (the server-side components handling the 

HTTP request) is very well defined. 

The separation of model and view allows multiple views to use the same model. 

Because the view is separated from the model and there is no direct dependency from the 

model to the view, the user interface can display multiple views of the same data at the 

same time. An example is a web application that allows the user to change the appearance 

of the pages. These pages display the same data from the shared model, but show it in a 

different way. 

To support a new type of client, you simply write a view and some controller logic 

and wire them into the existing application. Users may prefer different colors, fonts, 

screen layouts, and levels of support for new devices such as cell phones or PDAs. 

Because the model does not depend on the views, adding new types of views to the 

system generally does not affect the model. 

 

4.1.4 The Disadvantages of MVC Pattern 

The MVC pattern introduces some extra classes due to the separation of model, view, 

and controller and finally the design complexity is increased. This pattern introduces new 

levels of indirection and therefore increases the complexity of the solution slightly. It also 

increases the event-driven nature of the user-interface code, which can become more 

difficult to debug. 

Decoupling the model from the view does not mean that developers of the model can 

ignore the nature of the views. For example, if the model undergoes frequent changes, it 
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could flood the views with update requests. Some views, such as graphical displays, may 

take some time to render. As a result, the view may fall behind update requests. 

Therefore, it is important to keep the view in mind when coding the model. For example, 

the model could batch multiple updates into a single notification to the view. 

 

4.1.5 Java Swing and MVC  

The overall goal for the Java Swing project [54] was to build a set of extensible 

graphical user interface components to enable developers to more rapidly develop 

powerful Java front ends for commercial applications. 

The Swing team established a set of design goals early in the project that drove the 

resulting architecture. These guidelines mandated that Swing would be implemented 

entirely in Java to promote cross-platform consistency and easier maintenance. Provide a 

single API capable of supporting multiple look-and-feels so that developers and end-

users would not be locked into a single look-and-feel. Enable the power of model-driven 

programming without requiring it in the highest-level API. Adhere to JavaBeans design 

principles to ensure that components behave well in Integrated Development 

Environments (IDEs) and builder tools. Provide compatibility with Abstract Window 

Toolkit (AWT) Application Program Interfaces (APIs) where there is overlapping, to 

leverage the AWT knowledge base and ease porting. 

Early on, MVC was a logical choice for Swing because it provided a basis for 

meeting the design goals [53]. The first Swing prototype followed a traditional MVC 

separation in which each component had a separate model object and delegated its look-

and-feel implementation to separate view and controller objects. This split didn't work 

well in practical terms because the view and controller parts of a component required a 

tight coupling (for example, it was very difficult to write a generic controller that didn't 

know specifics about the view). So these two entities collapsed into a single UI (user-

interface) object. 

 

 

[39] 
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Figure 11: Swing architecture is loosely based on the traditional MVC design. 

Source: Sun Developer Network. 

 

The UI delegate object shown in the picture is sometimes called a delegate object, or 

UI delegate [53]. As the diagram illustrates, Swing architecture is loosely based, but not 

strictly based, on the traditional MVC design. In the world of Swing, this new quasi-

MVC design is sometimes referred to separable model architecture. 

Swing's separable model design treats the model part of a component as a separate 

element, just as the MVC design does. But Swing collapses the view and controller parts 

of each component into a single UI (user-interface) object. 

One noteworthy point is that an application developer should think of a component's 

view or controller responsibilities as being handled by the generic component class (such 

as JButton, JTree, and so on) [45]. The component class then delegates the look-and-feel-

specific aspects of those responsibilities to the UI object that is provided by the currently 

installed look-and-feel. For example, the code that implements double-buffered painting 

is in Swing's JComponent class (the "mother" of most Swing component classes), while 

the code that renders a JButton's label is in the button's UI delegate class. So Swing does 

have a strong MVC lineage. But it's also important to reiterate that Swing’s MVC 

architecture serves two distinct purposes. First, separating the model definition from a 

component facilitates model-driven programming in Swing. Second, the ability to 

delegate some of a component's view or controller responsibilities to separate look-and-

feel objects provides the basis for Swing's pluggable look-and-feel architecture. Although 

these two concepts are linked by the MVC design, they may be treated somewhat 

orthogonally from the developer's perspective. 

Swing's pluggable look-and-feel design simply means that the portion of a 

component's implementation that deals with the presentation (the look) and event-

[40] 
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handling (the feel) is delegated to a separate UI object supplied by the currently installed 

look-and-feel, which can be changed at runtime. The superclass of all UI Delegate classes 

is swing.plaf.ComponentUI and contains the primary "machinery" for making the 

pluggable look-and-feel work. Its methods deal with UI installation and uninstallation, 

and with delegation of a component's geometry-handling and painting.Many of the UI 

Delegate subclasses also provide additional methods specific to their own required 

interaction with the component. 

The pluggable look-and-feel feature of Swing is both powerful and complex [54]. In 

general, application developers only need to understand the capabilities of this 

mechanism in order to decide how they wish to support look-and-feels (such as whether 

to lock-down the program to a single look-and-feel or support look-and-feel 

configuration by the user). Swing's UIManager provides the API for applications to 

manage the look-and-feel at this level. 

 

4.1.6 JGraph Design based on Swing and MVC 

In JGraph [56], the model holds the data about the graph and provides various 

methods to access that data. The view(s) are one or more layers logically above the model 

that perform the task of visually presenting the graph and these are updated automatically 

when the model data changes. By default, views will show the same graph, but a variety 

of functionality is available to display the graph differently in each view, if required. It is 

possible for the model to contain all the information needed to represent the graphs 

logical structure, its geometric layout and its visual representation. Some of these aspects 

would be expected to only be considered in the graph views, but a graph Swing 

component is somewhat more complex than any of the standard Swing components due 

to the virtually unlimited flexibility of component positioning available. 

 

[41] 
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Figure 12: Multiple views can share the same model. Source: JGraph manual. 

 

At the very core of the JGraph library is the org.jgraph.JGraph class. The JGraph 

class extends JComponent and you create one JGraph instance per graph component in 

any application. Instances of this class bind the graph model, any graph view(s) and the 

user interface control handling all together in one place. The JGraph class itself ties 

together the main components of the graph, provides top-level configuration of the graph 

and a number of general utility methods.  

 
 

 
Figure 13: The model-view-controller pattern for JGraph. Source: JGraph manual. 
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JGraph is a JComponent and holds references to its model, view and user interface. 

The basic structure of the component, namely the Swing MVC architecture, is inherited 

from JTree. However, JGraph has an additional reference to a graph layout cache, which 

is not typically used in Swing MVC. The graph layout cache is analogous to the root 

view in Swing's text components, but it is not referenced by the UI-delegate. Instead, it is 

referenced by the JGraph object such that it preserves the state when the look-and-feel is 

changed. 

 

4.2 JGraph Library 

4.2.1 Introduction to JGraph 

JGraph, created by Gaudenz Alder, is a feature-rich open source graph visualization 

library in Java and is written to be a fully Swing compatible component, both visually 

and in its design architecture. JGraph runs on any system supporting Java version 1.4 or 

later and provides a range of graph drawing functionality for client-side or server-side 

applications. JGraph has a simple, yet powerful API enabling you to visualize, interact 

with, automatically layout and perform analysis of graphs [56,55,58,59,60]. 

JGraph, through it's programming API, provides the means to configure how the 

graph or network is displayed and the means to associate a context or metadata with those 

displayed elements. Visualization is the process of creating a useful visual representation 

of a graph. JGraph visualization is based on the mathematical theory of networks, graph 

theory. A graph consists of vertices, also called nodes, and of edges (the connecting lines 

between the nodes). Exactly how a graph appears visually is not defined in graph theory.  

The term cell will be used to describe an element of a graph, either edges or vertices.  

JGraph supports a wide range of features to enable the display of cells. Vertices may be 

shapes, images, animations, virtually any graphical operations available in Swing. 

Interaction is the way in which an application using JGraph can alter the graph model 

through the application GUI. JGraph supports dragging and cloning cells, re-sizing and 

re-shaping, connecting and disconnecting, drag and dropping from external sources, 

editing cell labels in-place and more. One of the key benefits of JGraph is the flexibility 

of how interaction can be programmed. 

[43] 
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JGraph complies with all of Swings standards, such as pluggable look and feel, data-

transfer, accessibility, internationalization and serialization. For more advanced features 

such as undo/redo, printing and XML support, the standard Swing designs were also 

used. The design of JGraph has much in common with that of JTree and the view 

concepts comes from Swings text components. JGraph itself is an extension of 

JComponent, which is Swing’s base class for all components. JGraph also complies with 

the Java conventions for method and variable naming, source code layout and javadocs 

comments. 

 

 

Figure 14: The table describes the JGraph packages. Source: JGraph manual. 

 

The core JGraph library is design to be as small as possible, to use familiar Swing 

design principles, to leave demonstration of application-specific ideas to examples 

outside of the core package and for the provision of new features through class extension 

from the core library. 
 

4.2.2 JGraph License 

The core JGraph library is open source software and the source code is freely 

available under the LGPL. The LGPL states that you must provide access to the source 

code to JGraph (and only JGraph) if you distribute an application that uses JGraph as a 

library. If you make changes to JGraph or extend it, you must also provide those changes. 

The non-JGraph parts of your application do not count as an extension; you may still 

keep that code private.  
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4.2.3 JGraph and JTree 

It would be useful to study one of the major Swing components in more detail, in 

particular the JTree class, since JGraph is similar to JTree [45] in a number of ways at a 

design level. 

JGraph’s architecture is based on Swing’s JTree component, and thus it borrows 

functionality from JTree. For example, org.jgraph.graph.DefaultGraphCell class 

extends javax.swing.tree.DefaultMutableTreeNode.

 

4.2.4 JGraph UI Delegate 

The org.jgraph.plaf.GraphUI abstract class and its concrete subclass 

org.jgraph.plaf.basic.BasicGraphUI describe JGraph’s UI delegate. 

The UI delegate has lots of work to do. Detecting changes to the graph model or 

graph selection model and responding appropriately, painting the graph view and cell 

views, and taking care of in-place editing and cell handling are some of its tasks. 

 

4.2.5 JGraph Basic Classes  

  

JGraph Class 

According to the JGraph API and manual [59,56], many of the main features in 

JGraph can be enabled or disabled through the Graph class. Below is a list of some 

configuring methods. For each set method there is a corresponding set or get method and 

some are inherited from super classes. 

setEnabled(boolean) This method is actually in JComponent  and determines whether 

or not mouse events are handled. When set to false, this disables selection, moving cells, 

editing labels, resizing, anything that requires mouse interaction. The underlying variable 

is true by default. 

SetEditable(boolean) determines whether or not vertices and edges may be edited. 

Editing refers to the process of clicking on a graph to bring up an editor in-place that 

[45] 
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allows setting or altering the label for the component. The underlying variable is true by 

default. 

SetConnectable(boolean) determines whether or not new connections are allowed to 

be established and the function only applies to the connecting operations performed in the 

graphical user interface. Attempts to programmatically connect an edge will still work 

even if this method is set disabled. The underlying variable is true by default. 

SetDisconnectable(boolean) determines whether or not connected edges may be 

disconnected from their attached vertices. The underlying variable is true by default. 

SetDisconnectOnMove(boolean) determines whether or not connected edges should 

be disconnected when moved. This is different to setDisconnectable in that it relates to 

moving the edge as a whole, rather than one end of the edge. The underlying variable is 

false by default. 

SetSelectionEnabled(boolean) determines whether or not any components may be 

selected. The underlying variable is true by default. 

 

Graph Model and DefaultGraphModel 

The graph model stores the logical structure of the graph and this fits in with the 

MVC idea of the data of an object being stored within the model. GraphModel defines 

the interface for objects that may serve as a data source for the graph. This interface 

dictates, to an extent, how the underlying data that describes the graph model must be 

stored within classes implementing this interface. The default implementation of 

GraphModel, DefaultGraphModel, not only is useful as an instructive tool for explaining 

graph models, but also is suitable for the majority of simple applications that use JGraph. 

The graph model maintains graph’s data and is an instance of a class that implements the 

org.jgraph.graph.GraphModel interface, such as org.jgraph.graph.DefaultGraphModel. 

Various JGraph constructors take a GraphModel argument that specifies the graph model 

when the component is created. If you invoke a JGraph constructor that does not take a 

GraphModel argument (such as the no-argument constructor), the graph model is created 

behind the scenes as an instance of DefaultGraphModel. You can override the current 

graph model by invoking JGraph’s public void setModel(GraphModel newModel) 
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method. To obtain the graph model currently being used, invoke JGraph’s public 

GraphModel getModel() method. 

GraphModel provides several methods for accessing the graph structure. These 

methods include public Iterator edges(Object port) for iterating over a port’s edges, 

public Object getSource(Object edge) for returning edge’s source port, and public Object 

getTarget(Object edge) for returning edge’s target port. 

 
Graph View, Cell Views and GraphLayoutCache 

Each JGraph object references the graph view, a view of the entire graph. This view 

is implemented by the org.jgraph.graph.GraphLayoutCache class. Various JGraph 

constructors take a GraphLayoutCache argument to specify the graph view when the 

JGraph component is created. If you invoke a JGraph constructor that does not take a 

GraphLayoutCache argument (such as the no-argument constructor), the graph view is 

created behind the scenes as a GraphLayoutCache instance. 

The GraphLayoutCache is often thought of as the graph view, and in previous 

versions of JGraph was named GraphView. The reason for the term layout cache is that 

JTree has a class named AbstractLayoutCache that holds information about the geometry 

of the tree nodes. The GraphLayoutCache is different to a standard view in Swing, since 

it contains information that is solely stored in the view. The term GraphLayoutCache will 

be used when referring to what might be thought of as the graph view. 

GraphLayoutCache implements the org.jgraph.graph.CellMapper interface. This 

interface describes methods for mapping each of a model’s cells to a corresponding cell 

view, a view of a single cell, and returning (and possibly creating) cell views. The cell 

view provides a renderer for painting the cell, an editor for in-place editing, and a handle 

for more sophisticated editing. The renderer is shared among all instances of a specific 

cell view. The editor and handle are created on the fly. 

Cell views are based on classes that implement the org.jgraph.graph.CellView 

interface. The org.jgraph.graph.AbstractCellView class provides a partial implementation 

of a cell view. Because vertices, edges, and ports have varying appearances and editing 

requirements, a complete implementation of a cell view is deferred to the 
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org.jgraph.graph.VertexView, org.jgraph.graph.EdgeView, org.jgraph.graph.PortView 

classes. 

 

DefaultGraphCell 

DefaultGraphCell is the standard implementation of a graph cell provided in JGraph 

and as with most of the default implementations is suitable either as-is, or as the super 

class of your cells for the majority of applications. Like the corresponding interface, 

vertices use the DefaultGraphCell class and edges and ports use default classes 

subclassed from DefaultGraphCell. 

The design extension of JGraph from JTree is again apparent here from 

DefaultMutableTreeNode being the super class of the default graph cells 

implementations. Two important principles are inherited from the tree nodes. The parent 

and child relationship that cell may have with one another and the user object. The 

TreeNodes interface provides basic methods to determine a cell's parents and children. 
 

 

Figure 15: The class hierarchy for the default graph cells. Source: JGraph manual. 
 

 

DefaultEdge 

Edges which connect vertices to each other by plugging into their ports are instances 

of classes that implement the org.jgraph.graph.Edge interface, such as 
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org.jgraph.graph.DefaultEdge. The DefaultEdge holds a collection of ordered points 

which describe the path the edge follows. At its simplest the edge will be drawn as a 

sequence of straight lines between these points. 

 

DefaultPort 

Ports are an artificial addition in JGraph used to indicate places on a vertex where an 

edge may connect to that vertex. The ends of edges connect to vertices by these ports and 

ports are represented, at least in the default model provided with JGraph, as being 

children of one vertex. The add() and setParent() calls are the mechanism used in JGraph 

in indicate the parent/child relationship between the vertex and its port(s). 

 

BasicMarqueeHandler 

Click and hold the mouse down near the top-left of the graph area and drag the mouse 

towards the bottom-right of the graph and release. The rectangle that is formed during the 

drag is termed a marquee, releasing the mouse causes all three cells to be selected if the 

marquee completely overlaps the cells. Dragging any part of the selection causes the 

whole selection to move at once. Functionality related to this marquee is handled by the 

BasicMarqueeHandler. 

 

Attribute Map and GraphConstants 

All cells, including ports, have what is called an attribute map. This is a java.util.Map. 

The JGraph default implementation of an attribute map, AttributeMap, is a subclass of 

Map. Attributes are stored in key/value pairs where the keys are attributes like color, 

position and text font. 

When you create a cell, you can pass an org.jgraph.graph.AttributeMap object to an 

appropriate constructor for holding the cell’s attributes. If you invoke a constructor that 

does not take an AttributeMap argument, an AttributeMap is created behind the scenes. 

AttributeMap provides a public AttributeMap getAttributes() method for retrieving a 

cell’s attribute map. You will typically call that method along with various methods in 

the org.jgraph.graph.GraphConstants class to establish a cell’s attributes.  
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GraphConstants is a utility class designed to allow you to access attribute maps in a 

type-safe way, i.e. ensure you are using the correct types of objects for the available 

attributes. It also provides a useful guide to what attributes can be set for the various cell 

types. In GraphConstants, after some initial enumeration variables, you will find a list of 

Strings that represent the possible keys in attribute maps. The bottom half of the source 

file, roughly, contains all the accessor methods (getX() and setX() methods) that you 

should use in your application to read and change the attributes. 

 

 
Figure 16: Key/Value pairs of a cell attribute map describing the cells visual 

attributes. Source: JGraph manual. 

 

The keys of attribute maps defined in GraphConstants relate to visual properties of 

cells. In general in JGraph, if the user would like to add new attributes then only visual 

attributes ( color for example ) and visual control attributes ( selectable for example ) 

should be added to a custom class that provides the appropriate key constant, as well as 

the static setX() and getX() methods. 

 

User Object 

The userObject [56,60,58] of DefaultMutableTreeNodes, and so also of 

DefaultGraphCell, is an Object that can play an important part in the way you construct 

more complex JGraph-based applications. User objects store any data that is associated 
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with the graph cell that does not belong as part of the graph cell or it attributes. The 

userObject would be used to store information specific to that type of cell, so this 

information could be fed into the export stage.For an activity cell this might include a 

String of the name of the person assigned the activity and a URL containing information 

about it. The application would provide some means to modify the userObject and so the 

userObject needs to be accessed by a specialization of a graph cell, usually of the 

DefaultGraphCell, so that it is aware of the real object type of the userObject. 

 

4.2.6 JGraph Grouping 

Grouping, within JGraph, is the concept of logically associating cells with one 

another. This is commonly referred to as the concept of sub-graphs in many graph 

toolkits. Grouping involves one or more vertices or edges becoming children of a parent 

vertex or edge (usually a vertex) in the graph model data structure. This causes the parent 

cell, also known as the group cell, to take the bounds of the minimum bounding rectangle 

that encloses all of the children cells. Once grouped, the group cell may be moved and 

resized like a stand-alone cell, but the operation affects all of the children cells as well.  

 

 

 
Figure 17: The JGraph grouping function. Source: JGraph manual. 

 

Moving a group cell causes an equal translation on the children cell(s), scaling a group 

cell causes the children cells to be scaled by the same proportions. 
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4.3 Tool Specification 

4.3.1 Overview 

The purpose of this tool is to provide a range of value networks drawing functionality 

based on JGraph API [59] and enables you to visualize and interact with value networks. 

Also the tool provides analysis functionality based on the value analysis method which is 

proposed by by Caswell et al [30]. The tool’s implementation language is Java [47,61] 

and it is executable to any computer which have the Java Virtual Machine installed 

(version 1.4 or later).  

The tool provides an estimation of the value creation and change for every participant 

or the total value of the network. The benefits of understanding value networks and using 

the tool are to determine which members are effective or not, how values change, how 

value networks evolve in the future, how value networks may be replaced by other value 

networks that are perceived as more competitive, how to quickly react to market changes, 

how to change the network to stay competitive, how do companies in a value network 

decide whether or not accept a newcomer, how a company decide which network to join 

and more. These benefits are key questions that strategists, planners and information 

technology professionals have to answer on a continuous basis today. 

 

4.3.2 Graphical User Interface 

The value network tool creates a useful visual representation of a value network, 

using shapes (circles, rectangles, arcs) and  supports standard editing functions (copy, cut, 

paste, delete), drag and drop operations for drawing components and provides zoom 

functions.  

The user is able to move components inside the editor to have a better positioning, 

edit the size and the label of each component displayed, undo and redo actions, group and 

ungroup components and open and save value networks.  

The interface consists of one window with two toolbars, a menu bar and a status bar. 

The vertical toolbar has buttons for the insertion of components (shapes and arcs). The 

horizontal toolbar contains all the buttons for editing and zooming and the status contains 
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information about the memory usage of the application. The menu bar offers the same 

functionality as the top horizontal toolbar in addition of the new, open and save functions. 

 

4.3.3 User Characteristics 

Users of the tool should have a good understanding of value networks modeling and 

analysis based on by Caswell et al [30] method. The user has to define the participants of 

the value network, the offerings, the exchanges and the attributes of the components. 

4.4 Tool Graphical User Interface Screenshot 

 

 
Figure 18: Screenshot of the value networks tool. 
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4.5 Tool User Manual 

4.5.1 First Horizontal Toolbar Description 

Following is an image and the description of each button of the first horizontal 

toolbar: 

 

 
Figure 19: Horizontal toolbar of value networks tool. 

 

Create a new value network. 

Open a value network. To open a value network file, click on the open icon or go 

to File ->Open and choose the name of the value network file to open. Make sure to have 

saved all previous work before opening a new value network file.  

 Save the current value network to a file. At any time, the value network can be 

saved. Just click on the save icon or go to File-> Save and choose a name for the value 

network file. It is better to use a .ser extension for the file.  

 Undo the last action. 

 Redo the last action. 

 Cut the selected item(s). To cut, select the component(s). To select a component, 

just click on the component. To select a group of components, drag the mouse to draw a 

selection square enclosing all the desired components. Selected components will be 

highlighted. Once the components are selected, click on the copy icon or go to Edit->Cut. 

 Copy the selected item(s). To copy, select the component(s). To select a 

component, just click on the component. To select a group of components, drag the 

mouse to draw a selection square enclosing all the desired components. Selected 

components will be highlighted. Once the components are selected, click on the copy 

icon or go to Edit->Copy. 
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 Paste a copied or cut component(s). If there are some components previously cut 

or copy, you can paste them by clicking on paste icon or going to Edit->Paste and they 

will appear on the value network. 

 Delete component(s). To delete a component, select the component and click the 

delete icon or press the delete button of the keyboard. If a group of components is 

selected, all the components will be removed. 

 Zoom actual size. Return the normal scale of the value network. 

 Zoom in the value network. 

 Zoom out the value network. 

 Grouping is the concept of logically associating components with one another. 

Grouping involves one or more vertices or edges. Once grouped, the group component 

may be moved and resized like a stand-alone component. 

 Ungroup components.  

 

4.5.2 Vertical toolbar description 

 

The vertical toolbar includes all the components needed to draw the value 

network.  

The circle or rectangle node can represent a participant of the value 

network. 

The single or double arc can represent the offerings and the exchanges of 

the value network. 

 

 

Figure 20: Vertical toolbar of value networks tool. 
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4.5.3 Status Toolbar Description 

The statusbar contains some basic information about the application name, the 

programmer and the year of the implementation. The most important part of the statusbar 

is the memory usage monitor. The monitor shows the memory usage (4MB in the figure) 

and the memory allocated (6MB in the figure) by the application.  

 

 
Figure 21: Status toolbar of value networks tool. 

 

4.5.4 Right Click Pop-Up Menu 

 

To view and change the properties of each component in the 

value network, select the component, click the right mouse button 

and select ‘Properties’ from the pop-up menu. A properties window 

will open and let you view and change the values. It is possible to 

give a name to each component in the value network using the 

properties window. Also, using the pop-up menu, there are options to remove a 

component or to insert a new component. 

 

4.5.5 Properties Window 

Every component of the value network has properties. It is possible to give a name to 

each component editing the name of node property and add values for costs or revenues. 

The value networks analysis proposed by by Caswell et al [30] is used for the names and 

the editing of the properties. There is the ability to add new properties using the new 

bottom too. 
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Figure 22: Properties of a participant in value network. 

 

4.5.6 More Features 

When you select a vertex, you will notice small handles (rectangles that you can grip 

for sizing) in the vertex’s corners and along its sides. Similarly, the selection of an edge 

results in handles at the source and target of that edge. These handles make it possible to 

resize the vertex or edge. Accomplish that task by using the mouse to select and drag a 

handle. The vertex or edge resizes in that direction. For example, resize the vertex by 

selecting that vertex, gripping the handle in the lower-right corner, and dragging the 

handle downward and to the right. 

You can select a combination of vertices and edges by holding down Shift during the 

selection process. If you accidentally select a vertex or edge that you do not want to be 

included, release Shift and press Ctrl to deselect that vertex or edge. 

Resizing or dragging a selection is accomplished through a cell handle. A cell handle 

uses means such as performing a color change and showing grayed edges in their new 

locations to provide users with visual feedback on how a graph will look after the change 

has been made. This feature is known as live-preview. 
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The presence of groups within a graph affects the selection process. When selecting a 

vertex or edge within a group, the first mouse click on the vertex or edge selects the 

group; the second mouse click selects the vertex or the edge. If groups are nested within 

other groups, it can take multiple clicks on the vertex or edge before that vertex or edge is 

selected. 

You can select multiple groups, vertices, and edges by pressing Shift and clicking 

each entity. If those entities exist within a rectangular area, an easier way to accomplish 

this task involves marquee selection. Marquee selection is a selection mechanism in 

which you move the mouse pointer to any location in the graph and press a mouse button. 

As you drag the mouse pointer, you observe a rectangle—known as a marquee—that 

expands or contracts, based on the direction of movement. When you release the mouse 

button, the marquee disappears; all groups, vertices, and edges completely within the 

marquee are selected. Sometimes, you will want to more accurately place a vertex, an 

edge, or a group during a drag operation—by constraining the drag to horizontal and 

vertical movement. In other words, you do not want to drag diagonally. That operation 

requires you to hold down Shift while dragging the mouse. 

The clone selection feature is the duplication of a vertex, an edge label, or a group by 

holding down the Ctrl key while dragging the mouse. 

 

4.5.7 Value Network Example Screenshots 
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Figure 23: Screenshot of value network from pharmaceutical industry. 

 
 
 

[59] 



Chapter 4 

 
Figure 24: Screenshot of value network with the properties tables. 
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Chapter 5  
 
 
 

Conclusion and Future Work 
 

5.1 Pharmaceutical Industry R&D Case Study 

In this section we studied pharmaceutical industry research and development value 

network and defined the various properties and relationships among the participating 

economic entities. We calculate the value that research and development department 

generate, taking into account the value accrued due to the transfers of offerings. We 

propose a solution to reduce costs and thus increase value using community based IT 

infrastructure. 

To be able to reason about pharmaceutical industry research and development value 

network and predict their future behavior relative to critical key performance indicators, 

such as revenues, costs, customer satisfaction, it is important to understand the 

mechanisms through which pharmaceutical industry research and development value 

network emerge, survive and prosper and at a future  time decline and perish. 

Some other issues to study are about strategic decisions the parties involved have to 

make, in order to increase their value, for example restructuring the pharmaceutical 

industry research and development value network, leaving one network to join another, 

joining more than one of value networks. These restructurings could be caused by 

competing pharmaceutical industry research and development value networks or 

innovation in processes and technologies.  
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5.2 A Tool for Value Networks Modeling and Analysis 

The implementation of a value networks tool that provides a range of graph drawing 

functionality and enables you to visualize, interact with and analyze value networks using 

the method which is proposed by Caswell et al [30] was part of this master’s thesis.  

The implementation of complex value network analysis algorithms and techniques 

like comparison, clustering, composition, decomposition, simulation can be possibly 

extensions for the tool. 

After several improvements, the tool will be able to determine which members are 

effective or not, how values change, how value networks evolve in the future, how value 

networks may be replaced by other value networks that are perceived as more 

competitive, how to quickly react to market changes, how to change the network to stay 

competitive, how do companies in a value network decide whether or not accept a 

newcomer, how a company decide which network to join and more.  

Finally, an updated version of the tool will identify, quantify and predict the key 

performance indicators of the value networks. These benefits are key questions that 

strategists, planners and IT professionals have to answer on a continuous basis today. 
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Appendix A 
 
 

 Graph Theory  
 
 

In mathematics and computer science, a graph [64] is the basic object of study in 

graph theory. Informally speaking, a graph is a set of objects called points, nodes, or 

vertices connected by links called lines or edges. In a graph proper, which is by default 

undirected, a line from point A to point B is considered to be the same thing as a line from 

point B to point A. In a digraph, short for directed graph, the two directions are counted 

as being distinct arcs or directed edges. 

A directed graph or digraph G is an ordered pair G: = (V, A) with 

• V, a set of vertices or nodes, 

• A, a set of ordered pairs of vertices, called directed edges, arcs, or arrows. 

An arc e = (x,y) is considered to be directed from x to y; y is called the head and x is 

called the tail of the arc; y is said to be a direct successor of x, and x is said to be a direct 

predecessor of y. If a path leads from x to y, then y is said to be a successor of x, and x is 

said to be a predecessor of y. 

A directed acyclic graph [65], occasionally called a DAG, is a directed graph with no 

directed cycles. 

A multigraph or pseudograph [66] is a graph which is permitted to have multiple 

edges, (also called "parallel edges") i.e. edges that have the same end nodes. That is, two 

vertices may be connected by more than one edge. Formally, a multigraph G is an 

ordered pair G:=(V, E) with 
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• V a set of vertices or nodes, 

• E a multiset of unordered pairs of distinct vertices, called edges or lines. 

Multigraphs might be used to model the possible flight connections offered by an airline. 

In this case the psudograph would be a directed graph with pairs of directed parallel 

edges connecting cities to show that it is possible to fly both to and from these locations. 

Some authors also allow multigraphs to have loops, that is, an edge that connects a vertex 

to itself. 

A multidigraph is a directed graph which is permitted to have multiple arcs, i.e., arcs 

with the same source and target nodes. A multidigraph G is an ordered pair G:=(V,A) 

with 

• V a set of vertices or nodes, 

• A a multiset of ordered pairs of vertices called directed edges, arcs or arrows. 

Multigraphs and multidigraphs also support the notion of graph labeling, in a similar 

way. However there is no unity in terminology in this case. The definitions of labeled 

multigraphs and multidigraphs are similar, and we define only the latter ones here. 

A labeled multidigraph is a labeled graph with labeled arcs. Formally: A labeled 

multidigraph G is a multigraph with labeled nodes and arcs. Formally it is an 8-tuple 

where 

• V is a set of nodes and A is a multiset of arcs. 

• ΣV and ΣA are finite alphabets of the available node and arc labels, 

• and are two maps indicating the source and target 

node of an arc, 

• and are two maps describing the labeling of the 

nodes and edges. 
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