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Knowing the internal interfaces of a company makes it possible to manage knowl-
edge sharing and information exchange throughout the company. Seamless process 
and information flow through all necessary parts of a company enables to transform 
an idea into a profitable, competitive innovation. The aim of this study was to create 
a model which depicts the interaction between two functionally different parts of a 
company from knowledge and information exchange perspective. Interaction was 
described as an interface.  
 
Three-dimensional systemic view of an organisation was used as the main theory of 
the study. It was connected with the production and sales functions of a company as 
well as with the New Service Development process of the BestServ project. The 
New Service Development process was extended with the process model of the 
ISO/IEC standard 15288. The enterprise architecture frameworks formed the model-
ling base of the study. 
 
The name ’Knowledge Interface Model’ refers to the notion of knowledge being in-
ter-subjective in nature and existing between individuals and group of individuals. 
Present modelling methods do not allow modelling all aspects of knowledge prop-
erly. The model itself consists of three different parts of which two are graphical dia-
grams and one is a tabular list. The Knowledge Interface Model can be used as its 
own or a part of an enterprise architecture. 
 
In the field of industrial services the used modelling method along with the Knowl-
edge Interface Model itself may help an engineering company to understand what 
kind of tangible development and changes are needed when the company aims for 
deeper involvement in customer’s business. The model can be used to manage and 
to model some parts of organisational knowledge base and organisational know-
how and thus use it to integrate them as one enacted company strategy. Knowledge 
interface modelling method may provide new tools to the knowledge management 
perspective of organisational development in innovation management and managing 
organisational renewal capabilities. Both subjects benefit from better understanding 
and management of information flows and knowledge sharing. 
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Yrityksen sisäisten rajapintojen tunteminen mahdollistaa tiedonvaihdon hallinnan 
läpi organisaation. Idean muokkaaminen kannattavaksi innovaatioksi edellyttää or-
ganisaation eri osien läpi kulkevaa saumatonta prosessiketjua sekä tietovirtaa. Tut-
kielman tavoitteena oli mallintaa organisaation kahden toiminnallisesti erilaisen osan 
välinen tiedon vaihto. Tiedon vaihto kuvattiin rajapintana, tietoliittymänä. 
 
Kolmiulotteinen organisaatiomalli muodosti tutkimuksen pääteorian. Se kytkettiin yri-
tyksen tuotanto- ja myyntiosiin, kuten myös BestServ-projektin kehittämään uuteen 
palvelujen kehittämisen prosessiin. Uutta palvelujen kehittämisen prosessia laa-
jennettiin ISO/IEC 15288 standardin kuvaamalla prosessimallilla. Yritysarkkitehtuuri-
kehikoita käytettiin mallintamisen perustana. 
 
Tietoliittymä nimenä kuvastaa näkemystä siitä, että tieto [tietämys] on olemuksel-
taan yksilöiden tai ryhmien välistä. Mallinnusmenetelmät eivät kuitenkaan vielä mah-
dollista tietoon [tietämykseen] liittyvien kaikkien ominaisuuksien mallintamista. Tieto-
liittymän malli koostuu kolmesta osasta, joista kaksi esitetään graafisessa muodossa 
ja yksi taulukkona. Mallia voidaan käyttää itsenäisesti tai osana yritysarkkitehtuuria. 
 
Teollisessa palveluliiketoiminnassa sekä tietoliittymän mallinnusmenetelmä että sillä 
luotu malli voivat auttaa konepajateollisuuden yritystä ymmärtämään yrityksen kehit-
tämistarpeet ja -kohteet, kun se haluaa palvelujen tuottamisella suuremman roolin 
asiakasyrityksen liiketoiminnassa. Tietoliittymän mallia voidaan käyttää apuna orga-
nisaation tietovarannon ja tietämyksen mallintamisessa sekä hallinnassa ja näin 
pyrkiä yhdistämään ne yrityksen strategiaa palvelevaksi kokonaisuudeksi. Tietoliit-
tymän mallinnus tarjoaa tietojohtamisen kauppatieteelliselle tutkimukselle menetel-
mällisyyden tutkia innovaatioiden hallintaa sekä organisaation uudistumiskykyä. 
Kumpikin tutkimusalue tarvitsevat tarkempaa tietoa ja mahdollisuuksia hallita tieto-
virtoja, tiedon vaihtoa sekä organisaation tietovarannon käyttöä. 
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PART I THEORY 

1 INTRODUCTION 

1.1 Background of the Study 

Sharing knowledge and exchanging information according to the needs of 

business, are vital capabilities to any company. Organisations have grown 

complex either by themselves or by networking with others. The amount of 

knowledge and information has grown exponentially and their importance 

to business has increased. 

Different functional parts can be found from every organisation; either in-

ternally or externally. When a part of a company gains expertise on a spe-

cific subject (e.g. product development, customer relations, production), it 

also distinguishes itself from the other parts of the company. Different 

parts form different knowledge environments with different mechanism to 

function. Interfaces between functional parts come into being and they 

usually hinder or even block information flows and knowledge sharing be-

tween parts. 

Every company strives for success via competitiveness. Competitiveness 

is sought from differentiating oneself from competitors and being able to 

renew oneself. Investments are made on R&D and innovations are ex-

pected to happen. Innovations are potential source for competitiveness of 

a company only if they are developed into marketable and profitable prod-

ucts or services. In order to achieve this, all parts of the company are usu-

ally needed. A new idea or a concept, developed by an R&D-part of a 

company, is useless, if e.g. market knowledge of sales or customer care 

parts are not included, and production or delivery knowledge of production 

or service parts of a company are not included into forming the idea to a 

profitable product or service (see e.g. Ståhle et al. 2003). 

Recognising different knowledge environments of a company and their 

interfaces, formed by different functional parts, is important for business. 
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Knowing the interfaces inside of the company makes it possible to manage 

knowledge sharing and information exchange throughout the company. 

The aim should be a seamless process and information flow through all 

necessary parts of a company to transform an idea into a profitable, com-

petitive innovation. 

This study presents how to model a knowledge interface between two 

functionally different parts of a company. The model is created and repre-

sented with such modelling techniques that they can be applied to model 

knowledge interfaces between other functional parts as well as the ones 

used in this study. 

1.2 Research Objectives 

The aim of the study is to create a model which depicts the interaction be-

tween two functionally different parts of a company from knowledge and 

information exchange perspective. Interaction is described as an interface.  

A ‘model’ is widely used concept. In this study a model is defined as 1) a 

simplified, systematic representation of a system for the purpose of under-

standing or analysing it. 2) Model is an abstraction of the subject revealing 

properties of the subject which are important for the purpose of the model. 

This definition is adapted from several definitions of term ‘model’. 

Telecom Glossary (ATIS 2000) defines ‘interface’ as a shared boundary 

between two functional units, defined by specific attributes or as a point of 

communication between two or more processes, persons, or other physi-

cal entities. 

‘Functionally different parts’ are explained and defined later in this study, 

as well as ‘knowledge’ and ‘information’. Knowledge is also used as an 

overarching term covering data, information and knowledge (e.g. the 

Knowledge Interface Model). 
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Motto of the researcher, during the study, was adapted from Pöyhönen 

(2004, 34): Intervening knowledgeably and purposefully means ability to 

communicate with others and to understand the particular context of activ-

ity. 

The research question is: How to model knowledge and information 
exchange between two functionally different parts of a company? 

The scope of the research is focused on: 

1. The sales function and the production function of one company. 

2. Activities and non-technical parts of the knowledge and information 

exchange. 

3. Activities, which the functional parts perform, are derived from the 

New Service Development process of the BestServ project. 

 

Out of the scope of this research are: 

1. Other functions of a company, except as supportive functions to 

sales and production. 

2. Networking with other companies and external functions, except as 

supportive functions to sales and production. 

3. Issues concerning using information and communication technology 

in knowledge and information exchange, except as a possibility to 

expand the model with ICT functionality. 

4. Issues concerning corporate communications and public relations. 

 

Requirements for modelling are: 

1. The model shall be modelled with publicly available modelling lan-

guages and techniques. 

2. The modelling method and the model shall not be company spe-

cific. 

3. The model shall be reusable  

 3



 

4. The model shall be extendable. 

 

The aim of this study is referred as the Knowledge Interface and the model 

created in this study is called the Knowledge Interface Model. 

1.3 Outline of the Study 

This study consists of three parts. The first part introduces theoretical 

background and the research framework. In chapter 1 background, objec-

tives and outline of this study are presented. Chapter 2 contains short de-

scriptions of terms ‘information’ and ‘knowledge’ based on literature. There 

are number of studies in this field and there is no doubt about it that some 

interesting ones have been left out. The selected ones are in a way related 

to systems thinking or to organisational research. Chapter 3 introduces 

systemic way of seeing an organisation and explains three different know-

ledge environments of a company. It forms the basic theoretical framework 

to study knowledge and information exchange between different parts of 

an organisation. Chapter 4 introduces a Finnish industrial service im-

provement project, BestServ. BestServ has developed a New Service De-

velopment Process which forms a conceptual business frame for this 

study.  

In part two, the model of the Knowledge Interface is created. In chapter 5 

enterprise architecture frameworks are introduced and one is selected for 

the modelling. Chapter 6 introduces system life cycle processes defined 

by ISO/IEC standard 15288. These processes are used to define more 

detailed business environment for the modelling. Integration Definition for 

Function Modelling (IDEF0) is introduced and selected as a process mo-

delling technique. In chapter 7 architectural views of Department of De-

fense Architecture Framework (DoDAF) are introduced and selected. 

Three different views, forming the Knowledge Interface Model, are being 

created. Chapter 8 summarizes and introduces the Knowledge Interface 

Model as a whole. 
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In part three, the created model is assessed and conclusions of the study 

are made. Chapter 9 presents how the Knowledge Interface Model can be 

used with the New Service Development Process and how Knowledge 

Interface modelling could help to understand industrial service develop-

ment. In chapter 10 the validation of the model is presented. Modelling 

process is presented in details and researcher’s selections are justified. 

Chapter 11 provides the conclusions and limitations of this study. 

1.4 Research Strategy 

Knowledge management paradigms of this study are those used in the 

Lappeenranta University of Technology. Main background theory is the 

three-dimensional systemic view to an organisation, created by Professor 

Pirjo Ståhle. Knowledge is defined with conceptions of Professor Aino 

Pöyhönen as well as the basic thoughts of organisational renewal capabil-

ity. Conceptual business frame of the study is selected from the Industrial 

Service Improvement project BestServ in which Professor Vesa Salminen 

has been one of the key actors.  

Modelling side of the study is based on publicly available, standardised 

modelling frameworks, models and techniques. Modelling is not taught in 

the Lappeenranta University of Technology to the extent and scope used 

in this study. Supervision and support in modelling was provided by Eu-

rostep Oy. The researcher has worked a year with BestServ project repre-

senting a large organisation which wants to learn about industrial services 

and adapt some ideas and conceptions of industrial services development 

into its own business. 

This study is a part of the Master of Science degree of a cross-discipline 

research and education programme in Digital Media and Knowledge Man-

agement. It involves three departments of Lappeenranta University of 

Technology: Business Administration, Information Technology, and Indus-

trial Engineering and Management. The researcher appreciates one’s mul-

tidisciplinary education by selecting a research subject consisting of ele-
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ments from all three domains of departments mentioned above. Main the-

ory and the organisational management and renewal aspects are on the 

field of the Department of Business Administration. Business frame and 

process modelling are on the field of the Department of Industrial Engi-

neering and Management. Basics of information modelling and the possi-

ble contact point with information and communication technology are on 

the field of the Department of Information Technology. 

Nature of this study is qualitative including some constructive elements. 

Three-dimensional systemic view is the main theory in this study. It is con-

nected with the production and sales functions of a company as well as 

with the New Service Development process of the BestServ project. The 

New Service Development process is extended with more accurate proc-

ess model of the ISO/IEC standard 15288. These three elements form the 

functional basis for describing knowledge and information exchange be-

tween sales and production functions (see Figure 1). 

The 
Knowledge 
Interface 

Model

3D-model of an Organisation Enterprise Architecture 
Frameworks

New Service 
Development Process

ISO/IEC 15288 
standard IDEF0

ABM DoDAF

Sou rce N od e Source  Activ ity Destina tion N od e D estination Activity
Custom er Sa les

Custom er Acquisit ion  Process Sa les Ident ify Acqu ire r
Eva luate Request

Custom er Acquisit ion  Process Sa les

Custom er Acquisit ion  Process Sa les Ident ify Acqu ire r
Negotiate Agreement

Custom er Sa les Stak eho lder  Requireme nts D e finit ion  Proc ess
Sales Prepare  R esponse C ustomer
Sales Prepare  R esponse C ustomer Acquisition Process
Sales Stak eho lder Requ ir em ents D efin ition Proc ess C ustomer Acquisition Process

Sales Negotiate Agreement C ustomer
Sales Iden tify Acquire r C ustomer

Sales Transfer R esponsibilty for Product or Serv ice to 
Acquirer

C ustomer Acquisition Process

Sales Execute  Agreem ent Planning Projec t Proces ses
Sales Execute  Agreem ent Produc tion
Sales Assess Execution of Agreement Produc tion
Sales Stak eho lder Requ ir em ents D efin ition Proc ess Produc tion Arch itec tu ra l Design  Process

Sales Stak eho lder Requ ir em ents D efin ition Proc ess Produc tion Arch itec tu ra l Design  Process

Sales Stak eho lder Requ ir em ents D efin ition Proc ess Produc tion Requirem ents Analysis  Proc ess

Sales Stak eho lder Requ ir em ents D efin ition Proc ess Produc tion  Requirem ents Analysis  Proc ess

Sales Stak eho lder Requ ir em ents D efin ition Proc ess Produc tion Va lidat ion Process

Product ion Implementa tion  Process Sa les Stak eho lder  Requireme nts D e finit ion  Proc ess

Product ion Integrat ion Process Sa les Stak eho lder  Requireme nts D e finit ion  Proc ess
Product ion Verificat ion Process Sa les Stak eho lder  Requireme nts D e finit ion  Proc ess
Plann ing Pro ject Pr ocesses Produc tion
Plann ing Pro ject Pr ocesses Produc tion  

Product ion Planning Projec t Proces ses
Plann ing Pro ject Pr ocesses Sa les Ass ess Execution of Ag reement

Product ion De live r Product o r Service C ustomer Acquisition Process

Product ion C ustomer

Product ion Va lida tion  Process C ustomer

Custom er Acquisit ion  Process Sa les
Custom er Acquisit ion  Process Sa les Acc ept  Payment

OV-3 Information Exchange

A1
1

Agreement
Processes

A4
4

Technical
Processes

A3
3

Project
Processes

A2
2

Enterprise
Processes

Business Environment

Instal led and Validated System

Corrective Actions

Internal Order

Project Assessment

Project Progress

Enterprise Strategy

Accepted Delivery

Stakeholder Needs

Initial Customer Needs

Policies

Project PlansProject Proposal

Agreement

Basis for Agreement

OV-5 Activity Model

Production
Activities

"Requirements Analysis Process"
"Architectural Design Process"

"Implementation Process"
"Integration Process"
"Verification Process"
"Transition Process"
"Validation Process"

"Deliver Product or Service"

Sales
Activities

"Identify Acquirer"
"Evaluate Request"
"Prepare Response"

"Stakeholder Requirements Definition
Process"

"Negotiate Agreement"
"Execute Agreement"

"Assess Execution of Agreement"
"Accept Payment"

"Transfer Responsibilty for Product or
Service to Acquirer"

Planning
Activities

"Enterprise Processes"
"Project Processes"

Customer
Activit ies

"Acquisition Process"
NL 9: Delivery

NL5: Constraints

NL6: Project Plan

NL8: Assessment

NL4: Order

NL7: Progress

NL3: Project Proposal

NL10: Acceptance

NL2: Selling

NL1: Buying

OV-2 Node Connectivity

Sou rce N od e Source  Activ ity Destina tion N od e D estination Activity
Custom er Sa les

Custom er Acquisit ion  Process Sa les Ident ify Acqu ire r
Eva luate Request

Custom er Acquisit ion  Process Sa les

Custom er Acquisit ion  Process Sa les Ident ify Acqu ire r
Negotiate Agreement

Custom er Sa les Stak eho lder  Requireme nts D e finit ion  Proc ess
Sales Prepare  R esponse C ustomer
Sales Prepare  R esponse C ustomer Acquisition Process
Sales Stak eho lder Requ ir em ents D efin ition Proc ess C ustomer Acquisition Process

Sales Negotiate Agreement C ustomer
Sales Iden tify Acquire r C ustomer

Sales Transfer R esponsibilty for Product or Serv ice to 
Acquirer

C ustomer Acquisition Process

Sales Execute  Agreem ent Planning Projec t Proces ses
Sales Execute  Agreem ent Produc tion
Sales Assess Execution of Agreement Produc tion
Sales Stak eho lder Requ ir em ents D efin ition Proc ess Produc tion Arch itec tu ra l Design  Process

Sales Stak eho lder Requ ir em ents D efin ition Proc ess Produc tion Arch itec tu ra l Design  Process

Sales Stak eho lder Requ ir em ents D efin ition Proc ess Produc tion Requirem ents Analysis  Proc ess

Sales Stak eho lder Requ ir em ents D efin ition Proc ess Produc tion  Requirem ents Analysis  Proc ess

Sales Stak eho lder Requ ir em ents D efin ition Proc ess Produc tion Va lidat ion Process

Product ion Implementa tion  Process Sa les Stak eho lder  Requireme nts D e finit ion  Proc ess
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Figure 1. Research framework of this study. 
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The enterprise architecture frameworks form the modelling base of this 

study. One architecture framework, Department of Defense Architecture 

Framework (DoDAF) provides a wide variety of different kind of architec-

ture products to use with modelling. Activity-based Method (ABM) provides 

some practical implementation advice of some parts of DoDAF. Integration 

Definition for Function Modelling (IDEF0) is used to model the activities in 

scope (see Figure 1).  
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2 INFORMATION AND KNOWLEDGE 

2.1 Information is tied up with the system 

When starting to explain the difference between data, information and 

knowledge, one popular start is to begin with Claude Shannon’s mathe-

matical theory of communication. Shannon was a mathematician in AT&T. 

He was interested in the limitations of a channel in transferring signals and 

the cost of information transfer via telephone line. Shannon developed A 

Mathematical Theory of Communication in 1948 (Shannon 1948). Accord-

ing to Sveiby, Shannon defines information as a purely quantitative meas-

ure of communicative exchange. (Sveiby 1998.) 

Based on Shannon’s theory it is customary to define data as a set of sym-

bols which may or may not convey information (Ståhle & Grönroos 2000, 

29). Telecom Glossary (ATIS 2000) defines data as representation of 

facts, concepts, or instructions in a formalised manner suitable for com-

munication, interpretation or processing by humans or by automatic 

means. Information on the other hand is seen as a structured data which a 

human being can understand and give a meaning to it. (Ståhle & Grönroos 

2000, 29). Telecom Glossary (ATIS 2000) defines information in two ways: 

Firstly it is facts, data or instructions in any medium or form. Secondly it is 

the meaning that a human assigns to data by means of the known conven-

tions used in their representation.  

Miller (2002) argues that information has no intrinsic meaning. He argues 

that we have been led to believe that information contains meaning. From 

Miller’s viewpoint information is simply the vehicle by which we attempt to 

provoke or evoke a human response. Miller points out that we generally 

assume that, when we communicate, others can understand our meaning 

so long as we make the effort to craft our message carefully. We forget the 

importance of common understanding and knowledge.  

During the industrial age, it was our personal relationships with others that 

gave our lives meaning. Most of the experience we gained in those days 
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was tangible and immediate. Communication was largely face-to-face or 

paper-based. Our circle of family, friends and acquaintances was gener-

ally small. Interpretation of events could be tested by immediate aware-

ness by our senses of what was going on around us. Our knowledge, that 

is to say what we knew from our direct experiences, was close to the 

knowledge of others with whom we necessarily lived our lives in close 

proximity. Making a meaning out of something is connected to knowledge. 

(Miller 2002.) 

Miller argues that the information age changed all that. Through techno-

logical innovation and breakthroughs in science, it became possible to de-

liver information accurately and in an instant to others, wherever they live 

on the face of the globe, whether we have any life experience in common 

with each another or not. (Miller 2002.) We believe that the message we 

send to another person living in a totally different environment will be in-

terpreted correctly and our meaning is transferred to another person more 

or less in a same way we meant it. "It's not the meaning we put into the 

message but the meaning the audience puts into the message that mat-

ters" (Mackay 1998 ref Miller 2002). Essence of this problem is the fact 

that information is closely connected to the system in which it is handled. 

According to Sveiby (1998) information, which is sent or received, has 

meaning only within the system it is communicated. Sveiby gives an ex-

ample of the neural system of muscles. The signals controlling the mus-

cles have no meaning outside the system of the muscle although the goal 

of the muscle is determined by a suprasystem like the brain. Sveiby as-

sumes that it is the same with non-living, manmade system like the com-

puter. The signals controlling the computer programs have no meaning 

outside the computer, even if a human being originally programs them. 

Information that is currently interpretable is always connected to a system 

(language, living cell, computer system). Information has meaning only in 

its system and it always needs the interpreter (language, cell, computer) to 
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have a meaning. (Vehkavaara 1999, 206.) So a book without educated 

brain or a computer program without a running computer does nothing. 

Luhmann (1995) brings a new aspect to discussion in his studies of auto-

poetic systems. Luhmann argues that information in systemic context is 

more like event than a fact. Information in a system always means such 

information (knowledge) which has an impact on the system. According to 

this kind of thinking, information is defined by its implications and not by its 

form or any other attribute. When the same information is been repeated 

and reused in a system, it maintains its meaning, but lacks the ability to 

impact on the system and it is not any more considered as actual informa-

tion. Only if information causes a reaction and changes the status of the 

systems, it comes a part of a process. (Luhmann 1995, 67 - 69.) 

For this study following conclusions are made (see Figure 2): Information 

is structured data which a human being can understand and give a mean-

ing to it. A human being according to the context, where data exists, gives 

a meaning to information. Context and the rules to interpret a meaning are 

set by the system in which information exists. Information has influence on 

the system. 
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Figure 2. Concept map1 of information in this study 

 

2.2 Knowledge exists between individuals 

Pöyhönen (2004, 32) strongly criticises data-information-knowledge-

continuum which is mentioned in the beginning of chapter 2.1. Pöyhönen 

argues that the continuum served the knowledge management research 

community well in 1990’s, when it was used to create an identity for 

knowledge management as a branch of management science, but it has 

two important problems.  

                                            

1 In this study concept maps are drawn as text graphs. Text graphs are special kind of 
concept maps that can be used in domains where accuracy and well-defined meaning 
are important. This sort of accuracy is often needed whenever a detailed understanding 
of some complex structural constructions or causal interactions is required. A text graph 
can be automatically translated to a set of natural language sentences that people can 
naturally attach a meaning. Text graph notations are drawn with text graph editing tool 
TGE created by Esko Nuutila and Seppo Törmä. (Nuutila & Törmä 2004). 
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Firstly Pöyhönen (2004, 32) points out that knowledge is defined in rela-

tion to its significance for the knowledgeable individual. No explicit refer-

ence is made to the context in which knowledgeable individual is situated, 

and neither to the groups, communities and organisations in which the 

knowledge is supposed to be used. According to Pöyhönen, the typical 

conception of knowledge deriving from these characterisations is individu-

alistic to the extreme. 

Second problem with the continuum is that it suggests that any piece of 

‘actionable information’ is just as ‘good’ as the next piece of ‘actionable 

information’. So there is no means for assessing the relative value of 

something once that something has been categorised as ‘knowledge’. 

Pöyhönen asks several questions, like is rumour just as much knowledge 

as scientific research, and she argues that he continuum is oversimplified. 

(Pöyhönen 2004, 32 - 33.) 

What Pöyhönen (2004, 33) is striving for, is a reference of knowledge to 

the world outside of the knowing subject, so that the viability of a cognition 

can be assessed. She points out that the term knowledge should be de-

fined based on the views of humanistic and social scientific studies which 

do not follow the objectivistic epistemology. According to these views, 

knowledge is not objective or subjective, but something that is constructed 

in the social practices of actors embedded in a particular social context. 

Pöyhönen proposes that the most fruitful approach to knowledge in the 

context of organisational research is to frame it as inter-subjective. She 

quotes J-C Spender who argues that “knowledge is less about truth and 

reason and more about the practice of intervening knowledgeable and 

purposefully in the world” (Spender 1996a, 64). Pöyhönen points out that 

to intervene in the world one has to be able to communicate with others 

and to understand the particular context of activity. In this sense, knowl-

edge exists essentially between and not within individuals. (Pöyhönen 

2004, 33 - 34.) 

 12



 

The nature of knowledge is seen in two ways in the studies on knowledge 

in organisations. The first views knowledge as an object and the second 

views knowledge in terms of knowing activity. When knowledge is seen as 

an object, it is assumed that knowledge is something that can be relatively 

easily identified, located, moved and traded. The second view argues that 

knowledge cannot be separated from practice and it should be seen as a 

collective social practice enacted in a particular context. The latter one 

should be called knowing or knowledgeable activity. (Pöyhönen 2004, 34 - 

35.) 

Pöyhönen (2004, 35) argues that connection between ‘object’ and ‘activity’ 

can be traced back to different ways of understanding Polanyi’s distinc-

tions between tacit and explicit knowledge. Explicit knowledge is portrayed 

as an object that can be easily moved around and fit into different con-

texts. Tacit knowledge on the other hand, is embedded in the organisation 

and therefore more safe from imitation. Pöyhönen (2004, 36) refers to ‘ac-

tivity-based’ interpretation of Polanyi’s work and points out that there is 

always a tacit component in knowledge. Purely explicit knowledge is actu-

ally data [or information], useless in itself without the tacit dimension. 

In this study knowledge is seen more in terms of knowing, an activity. It 

also relates to competence. Gherardi and Nicolini (2003, 206) define 

knowledge as a competence to act, and as such knowledge is primarily 

tacit, as well as deeply rooted in individual and collective identity.  

Spender (1996a; 1996b) has created a typology of knowledge in organisa-

tions (see Table 1). Main dimensions of the two-by-two matrix are: explicit 

vs. implicit (tacit) and individual vs. social. Conscious knowledge consists 

of facts, concepts, and frameworks that individual can store in memory 

and retrieve more or less at will. Automatic knowledge includes percep-

tions, mental models, and values etc. which are unconscious and difficult 

or impossible to access consciously. Objectified knowledge represents the 

shared base of codified knowledge. Collective knowledge consists of the 
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knowledge that is embedded in the forms of social and organisational 

practice, residing in the tacit experiences of the collective.  

Table 1. The different types of knowledge in organisations (Spender 

1996a). 

 Individual Social 

Explicit Conscious Objectified 

Implicit Automatic Collective 

 

In this study the main focus is on objectified knowledge. In many times it 

has clearly visible connections to conscious knowledge or vice versa. Ob-

jectified knowledge has also practical connections with collective knowl-

edge. (Spender 1996a.) 
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3 SYSTEMIC WAY OF SEEING AN ORGANISATION 

3.1 Organisation - a Three-Dimensional System 

Ståhle and Grönroos (2000, 79) argue that an organisation should be 

viewed as a three-dimensional system in which the mechanistic, organic 

and chaotic characteristics each play their own part in producing competi-

tiveness. This argument is based on the studies of Ståhle. In her doctoral 

dissertation (Ståhle 1998), she examined the renewal capability of organi-

sations from a system theoretical viewpoint. Ståhle used system thinking 

to an organisation and made a distinction between three different para-

digms which she calls as mechanistic, organic and dynamic. 

Burns and Stalker gave background to different organisational paradigms, 

when they introduced their theory of mechanistic and organic systems in 

1961. Theory was created to emphasize how different organisation forms 

should be used in different circumstances. They defined two business en-

vironments, stable and changing. (Burns & Stalker 1994.) Ståhle and 

Grönroos studied the changing environment in more details and created 

two different forms of it to meet the challenges of change more effectively.   

The mechanistic paradigm is based on Newtonian physics and focuses on 

rules and regulations. Organisation can be seen as mechanically function-

ing machine in which every part remains in its place or function and fulfils 

a specific role.  According to views of early phases of industrialisation, the 

most important characteristics of an organisation were: predictability, con-

tinuity and manageability. Examples of this ideology are Taylor’s scientific 

management which gave rise to the idea of a production line, and Web-

ster’s bureaucracy, which was a perfect description of a perfectly function-

ing organisation. (Ståhle & Grönroos 2000, 74.) 

The organic paradigm considers systems as open and evolving, and em-

phasizes interaction with the environment and internal regulation via feed-

back processes. People started to study the nature of change in the 

1940s. Operating environment had become less static and the standard 
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public education was rising and forming workers skills to a new resource 

for business. From this point of view organisation started to look more like 

an interactive structure where people were exchanging information, prod-

ucts and money. One influential theory to support this kind of thinking was 

the general system theory presented by Ludvig von Bertalanffy in 1940s. 

From this viewpoint organisations were seen as an organic, open system, 

which is dependent on constant interaction. (Ståhle & Grönroos 2000, 76.) 

The dynamic systems paradigm focuses on the non-linear and unpredict-

able behaviour of systems, and on their internal dynamics for producing 

change. Organisations are seen as hectic, even chaotic entities, which 

have close contacts with their surroundings: interest groups, customers, 

subcontractors and other partners. The business environment of the 21st 

century is highly turbulent and even minor local changes can have rapid 

global consequences. Unpredictability and unmanageability became key 

concepts in organisation research in 1980s. Organisation began to be 

seen as dynamic, constantly changing networks. Edward Lorenz’ mathe-

matical model of chaos was one of the underlining theories of this thinking. 

From organisational viewpoint the most significant part of the chaos theory 

is the uncontrollable relationship between order and disorder. This means 

the ability of chaos to organise itself. (Ståhle & Grönroos 2000, 77.) 

Characterisations of different paradigms are rough and they do not exist 

as such in one organisation at a time. Ståhle and Grönroos (2000, 81) 

suggest that a modern enterprise should be seen as a hologram in which 

all three types of organisation exist simultaneously, forming different inter-

nal operating environments. They argue that the intellectual capital varies 

in these activity areas and different, even contradictory methods of mana-

gement must be used, depending on the area. In this study the viewpoint 

is set to the interaction between mechanistic and organic operating envi-

ronments. 
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3.2 Different knowledge environments 

To be effective in managing ones intellectual capital, organisations have to 

find an answer to the question of how to manage a combination of compe-

tencies, relationships and information flow (Ståhle & Grönroos 2000, 94). 

These three elements plus management form the elements which consti-

tute an organisation as a knowledge system. Each of these takes different 

forms in the various knowledge environments.  

As a definition of a mechanistic operating environment Ståhle and Grön-

roos (2000, 94) state that it is formed in organisations where known infor-

mation is used and where the position of individuals in the hierarchy de-

termines information flows. In mechanistic operating environments every-

thing is controlled and predictable. This is the only way to maintain quality 

in a mechanistic operating environment argue Ståhle and Grönroos. They 

also point out that mechanistic and carefully controlled functions, like ad-

ministration, logistics or invoicing, are always needed. 

In mechanistic environment information is exact and often in a written 

form. The transmission of documents from the top down is the most typical 

description of how information flows in an organisation. Information is 

clearly defined, and can be expressed precisely. In a mechanistic system 

the objective for information is to be interpreted as predictably and 

straightforwardly as possible. (Ståhle & Grönroos 2000, 94 - 95.) 

In a mechanistic environment an individual has to be absolutely obedient 

and able to implement directions and commands. All duties have been 

exactly defined and all relevant information is in a written form. The flow of 

information and influence is vertical throughout. Matters progress only 

through superiors. Spontaneous decision making or networking among 

colleagues is not possible, because the decision making process has its 

own prescribed script in which all parties place themselves in the role de-

fined by their status in the company. (Ståhle & Grönroos 2000, 95 - 96.) 
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According to Ståhle and Grönroos (2000, 103) an organic operating envi-

ronment seeks controlled growth and continual change. Quality is guaran-

teed by the fact that developments are managed continuously and in a 

balanced way. It is therefore a system which is able to renew itself from 

inside. A mechanistic system, on the other hand, stays the same until its 

directives are changed from outside argue Ståhle and Grönroos. They 

point out that organic growth is demanded in every customer interface: 

services to people always arise in situations in which reactions to the here 

and now are needed. (p. 104.) 

An organic environment deals with tacit knowledge because it is a human 

environment with a personal way of managing information at its core. The 

human way of managing information is always based on complex process-

ing. Expert functions very much on the basis of models created by intuition 

and experience which in turn are based on a deep and extensive know-

ledge of facts and theory. (Ståhle & Grönroos 2000, 105.) 

In organic operating environment relationships between individuals play 

important role. Ståhle and Grönroos (2000, 107) use a process descrip-

tions an example with which relationship chains and employee influence to 

outcome can be conceptualise. In a mechanistic environment the relation-

ships between colleagues are not particularly important because such 

work does not necessarily require the exchange of information or personal 

contacts. In organic environment it is not possible to manage frequent 

changes unless the staff understand the connections how they achieve 

results together. The difference compared with a mechanistic environment 

is dramatic. In practice it means that some power has been devolved to 

the staff. Together they exercise power that was previously vested only in 

the management. (p. 108.) 

In organic environment communication between individuals is essential 

because organic environment can only develop through information which 

has been created in a dialogue. People together create meanings, and 
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only on the basis of sufficiently coherent interpretations they can form a 

common understanding. In an organic environment the information flows 

horizontally which means that all connections are equal. Development of 

all systems is entirely dependent on the direction and strength of informa-

tion flows. Information must be exchanged. Such exchange is vital, be-

cause information is enriched only when it is in motion. Information has to 

flow and be enriched before developments can occur. Voluntary develop-

ments do not get started in organisations without discussions among the 

employees, and these take the form of dialogue. This means that every-

one concerned can influence the meanings and interpretations which con-

tinually create new, shared meanings for joint activities in the organisation. 

Another advantage is that people share their views, experiences and feel-

ings about the current situation and desired changes. This is the only way 

of getting up-to-date information about the current situation and about the 

resources at the company's disposal. This is not something that can be 

found on the Intranet, because it derives from individual experiences. 

(Ståhle & Grönroos 2000, 108 - 109.) 

In most cases Ståhle and Grönroos (2000, 118) define a dynamic operat-

ing environment as globally networked environment in which a company 

works in partnership with others without mergers or take-overs. It is full of 

opportunities, many of which cannot be realised with the company’s own 

resources. Ståhle and Grönroos point out that there can be dynamic envi-

ronment also inside of a company, if that particular part of the organisation 

is capable of flexible, fast reacting and innovative work (p. 119). 

Ståhle and Grönroos (2000, 127) define a new type of knowledge to be 

found in dynamic environment; namely intuitive, potential knowledge. They 

point out that although explicit and tacit knowledge are also essential in a 

dynamic environment, the most important thing is the ability to act in a 

situation in which the field of knowledge is open. When new knowledge is 

being created, the aim is to discard the old ways of thinking and predeter-

mined knowledge structures as much as possible. In other words, room 
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must be made for the new and companies must operate in a field of poten-

tial knowledge until new knowledge has been created. New knowledge is 

mainly based on unconscious reserves of knowledge. Always, when 

something new is created, intuition is an important form of knowledge. 

(Ståhle & Grönroos 2000, 119.) 

In a dynamic environment organisation borders fade away; subcontrac-

tors, partners and collaborators form a complex network. The life of a net-

work is hectic, because developments happen at a rapid pace. The speed 

is great because information is exchanged at a fast rate and the flow is 

strong. Relationships and contacts are diversified and are conducted on 

various levels. Contacts and links are formed spontaneously, without out-

side guidance, in a dynamic and chaotic business environment. Common 

interests draw people and companies together. It is typical in networks 

created in this way that information flows freely and is easily accessible. 

(Ståhle & Grönroos 2000, 121.) 

Table 2. Three Knowledge Environments of an Organisation (Ståhle & 

Grönroos 2000, 127). 

 Mechanistic Organic Dynamic 

Objective: Permanence Managed growth Continuous in-
novation 

Type of 
knowledge: 

Defined, explicit Experiential, hid-
den, tacit 

Intuitive, poten-
tial 

Relations: One-way Two-way Chaotic 

Information 
flow: 

Orders from  
management 

Dialogue, agreed 
working methods, 
self-assessment 

Networking skills

 

Seeing an organisation as a three-dimensional system in which the 

mechanistic, organic and dynamic operating environments each form also 

a different knowledge environments gives a manageable, systemic form to 

an organisation. It has a clear connection with information theories in the 

field of giving a meaning to information. If the system in which information 
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exists sets the context and rules to interpret a meaning to information, 

similar phenomena can be seen in organic operating environment. Infor-

mation, which has been created in a dialogue, can have sufficiently coher-

ent interpretations by people and thereby a common understanding, a 

common meaning can be formed. Table 2 presents a summary of different 

knowledge environments defined by Ståhle and Grönroos (2000, 127). 

In many organisations that part, which is responsible for production, 

strives for effective replication of its own work. Synonym for replication is 

reproduction. That is producing another similar product as the first one - 

copying it. By organising and controlling processes strictly, an organisation 

can achieve effective replication. Quality driven production is often organ-

ised in mechanistic way.  

The part of the organisation, which is responsible for sales and customer 

relations, seeks to understand customer’s needs. Gaining understanding 

requires communication and interaction. More or less the customer’s 

needs may be expressed exactly, while some times big parts of them stay 

vague or ambiguous because of their tacit nature. Customer interface is 

often organised in organic way. In this study production function2 of an 

organisation represents a mechanistic operation and knowledge environ-

ment; and sales function of an organisation represents an organic opera-

tion and knowledge environment. 

                                            

2 Term ‘function’ is used instead of names of any organisational unit type like department, 
division or group, to emphasise the activity and not the organisation itself. 
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4 NEW SERVICE DEVELOPMENT PROCESS 

4.1 The Industrial Services Improvement project - BestServ 

Eight Finnish machinery and equipment manufacturing companies, Tech-

nology Industries of Finland, G. Andersson Management Consulting and 

the Technical Research Centre of Finland (VTT) carried out the BestServ 

feasibility study between December 2002 and September 2003. The 

BestServ project was aimed at manufacturing companies. The objectives 

of it were to clarify current industrial service business practices, to create 

concrete starting points for industrial-driven development projects and to 

determine guidelines for collaborative and academic research projects. 

(BestServ 2003, 8.) 

The main results of the BestServ project can be categorised into four main 

groups (BestServ 2003, 8). One of them was the preliminary business and 

technology framework as well as the organisational business transition 

process for managing industrial service development in an enterprise con-

text. It included a new industrial service development process which forms 

one framework in this study. Management of new industrial service deve-

lopment process is based on the gate-model of development of new pro-

ducts. The purpose of the model is to identify aspects and issues that are 

important for managing successful and customer-oriented service deve-

lopment (p. 33). New industrial service development process is explained 

below. 

According to the BestServ feasibility study, almost none of the analysed 

companies have a systematic methodology for industrial service develop-

ment. Usually the services are developed ad hoc and they are not sys-

tematically tested with leading customers and expected markets. Many of 

the companies concede that a service development process should be 

developed and implemented for operational use to enable management of 

the cross-functional information and knowledge collected during the pro-

duct life cycle. The main challenges in the service development process 
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are related to the lack of understanding of successful new service devel-

opment and innovation management. Industrial services are closely linked 

to customer processes and without a comprehensive understanding of 

customer values it is not easy to develop value-added services. It is ex-

pected that systematic parallel product and service development man-

agement could be beneficial in managing the experiences that are col-

lected during the operational use of the products. Such knowledge could 

then be exploited in new product and service development. (BestServ 

2003, 37.) 

A preliminary new service development model (see Figure 3) was devel-

oped in BestServ project. It is based on analysis and discussion with the 

participating companies. This model focuses on new service development 

in co-operation with the customer. The model is based on both business 

strategy (product and market management) and gained knowledge and 

learning. The new service development process strives for maximising 

customer value. This is achieved by understanding the customer business 

logic and operative business processes. The main idea behind the maxi-

misation of customer value is market- and business-based customer seg-

mentation with a modular offering structure that combines the products 

and services required for each customer solution. Solution life-cycle man-

agement is based on business intelligence and related knowledge and 

information. (BestServ 2003, 37).  
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Figure 3. New Service Development process (BestServ 2003, 38). 

 

4.2 New way of developing industrial services 

The New Service Development process (further referred as NSD) is di-

vided into five main phases, each of which interacts with customers. The 

NSD is presented using co-ordinate axes (see Figure 3). The Y-axis de-

picts the market intimacy of the service and the X-axis presents the time 

perspective of the new service development process. The NSD is based 

on customer-value creation. This means that companies should have a 

common value model for discussion with the customer about the potential 

value of the new services for customer business (e.g. process improve-

ments, cost-effectiveness or new product features). (BestServ 2003, 37.) 

One of the main components of the model is the continuous interaction 

with the customer about the developed services. The interaction is based 

on the common value model. The value management process, which is 

composed on three main phases, can depict the interaction process. The 
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phases are Value Evaluation, Value Creation and Value Delivery3. 

(BestServ 2003, 38.) 

1) The first phase of the overall NSD process is Innovation and Idea man-

agement. The main objective of this phase is to manage the wide range of 

ideas and evaluate them based on business and offering strategy. 

(BestServ 2003, 38.) 

2) The second phase is the overall Concept Planning of new services. 

This phase is targeted to decide the potential and the development activi-

ties of screened services. An important issue is also the relationship with 

the product business and current installed base. The concept-planning 

phase is highly related to the co-operation innovation network that a com-

pany has. (p. 38.) 

3) In the third phase, preliminary Service Development and engineering is 

carried out. This phase contains the specification of detailed services and 

also issues relating to the customer offering. Close co-operation with ser-

vice partners and customers are the key factors in ensuring the personali-

sation of developed services. Service Development can be seen as the 

main development phase of new services, customer added values and 

revenue logic. Service Development is usually connected with enabling 

technologies in managing service levels and communication. This Service 

Development phase is that of customer-value capture for the basis of pre-

liminary Business Concept planning. (p. 39.) 

4) The fourth phase of the new service development process is the de-

tailed Business Concepts and operative process planning. In this phase, 

service market introduction and commercialisation is planned based on 

                                            

3 The feasibility study final report (BestServ 2003) uses Value Evaluation and Value As-
sessment as synonyms having Value Testing in accompanying figure (see ). 
Value Creation and Value Capture are used as synonyms as well Value Maximization 
and Value Delivery. 

Figure 3
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the created business concept and models. The business model contains 

the service-offering model for market and customer segments, pricing, 

personalisation and tailoring of the services. Based on the business con-

cepts, detailed service processes are planned to support the successful 

implementation both locally and globally. An effective service business 

model and effective operative processes ensure the maximisation of cus-

tomer value. (p. 39.) 

5) Finally, the Service Implementation and Delivery phase takes place in 

this new service development process. In this phase the developed ser-

vices are implemented locally and globally. The idea of this phase is to 

assure the cost-effective implementation of the developed service. The 

important issues to manage are related to service network creation, man-

agement and updating as well as the organisational design of service 

business processes. In many cases there are technological solutions de-

signed to support service processes. The profit table implementation of 

technology (e.g. operative systems, remote diagnostics or mobile solu-

tions) requires standardised business processes and interfaces between 

the systems. This means open platforms and standards for service proc-

esses (e.g. service hubs). (p. 39.) 

The New Service Development process is depicted as a model of an acti-

vity process. In the real world, the different phases are usually parallel and 

in some cases not all the phases are present. All the depicted phases 

have several sub-processes ongoing during service development. For new 

service development, product and service life-cycle management is essen-

tial and important. Connections between the different life-cycle phases 

should be managed to transfer the accumulated knowledge and informa-

tion within and between the services-related organisations and companies. 

(BestServ 2003, 39.) 

This means a cross-functional approach to organise and manage the 

overall and comprehensive business development of the companies. This 
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in turn means that, within and between organisations, product- and ser-

vice-related information and organisational practices should arrange to 

ensure that innovation processes and development of accumulated know-

ledge are enabled. These arrangements and processes may promote con-

tinuous life-cycle innovation for new service and product development. 

(BestServ 2003, 39.) 
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Figure 4. How New Service Development process relates with three oper-

ating environments of an organisation. 

 

The New Service Development process with the description of three dif-

ferent operating and knowledge environments described in paragraph 3.2 

can be combined (see Figure 4). The objective of the dynamic operating 

environment is to produce continuous innovations (see Table 2). The first 

phase of NSD is very clearly a task for the dynamic environment of an or-

ganisation. The objective of the organic operating environment is to have 

managed growth. The third phase, Service Development, is carried out 

with a close connection to customers and partners. It can be considered a 
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task for organic operating environment. The objective of the mechanistic 

operating environment is to preserve stability and permanence to be able 

to guarantee the quality to customer by good replication of delivery 

mechanism. The fifth phase of NSD, Service Implementation and Delivery, 

is a task for mechanistic operating environment.  

NSD processes second phase, Concept Planning, is highly related to the 

co-operation innovation network that a company has. Definitely a part of 

that phase is closely connected to the experiences and knowledge which 

company has about viable concepts. Without more detailed information 

about Concept Planning phase, it is hard to define its exact division bet-

ween dynamic and organic operating environments. Some parts of Con-

cept Planning are a task for dynamic operating environment and some 

parts are a task for organic environment. Business Concept phase deals 

with good customer information and service processes. Understanding 

customer and designing effective processes are tasks for organic opera-

ting environment. Execution of service processes is close to delivery in 

which mechanistic operating environment is good. The responsibility line 

between organic and mechanistic environments goes somewhere inside of 

NSD’s fourth phase, Business Concept (see Figure 4). 

Focus of this study is on phases three and five of NSD process. That 

means Service Development and Service Implementation & Delivery 

phases. A small sketch of the activities of phase four, Business Concepts, 

is included in this study in chapter 9.1. 
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PART II MODELLING THE KNOWLEDGE INTERFACE 

 

5 TAKING ADVANTAGE OF THE ENTERPRISE ARCHI-
TECTURE FRAMEWORKS 

Enterprise Architecture is a complete expression of the enterprise. It is a 

master plan which acts as a collaboration force between aspects of busi-

ness planning, business operations, automation, and enabling technologi-

cal infrastructure. Enterprise Architecture provides a mechanism that en-

ables communication about the essential elements and functioning of the 

enterprise. (Schekkerman 2004a, 13 - 14.) Enterprise Architecture Frame-

work is a holistic modelling methodology which defines architectural views 

and viewpoints with modelling guidelines. 

There are several enterprise architecture frameworks in the world. Some 

of them are basic modelling frameworks for public use. Some of them are 

more proprietary or are derived from other frameworks (see Figure 26). 

Malhotra’s concept of enterprise architectures is not considered as a 

framework, but it is introduced as an example of more traditional architec-

ture development method. The Zachman Framework for enterprise archi-

tecture is perhaps the most famous architecture framework. It has been 

widely used as itself and it has been as a basis and a reference for other 

architecture frameworks. The Open Group Architecture Framework (TO-

GAF) is an example of a joint development of a new framework, based on 

several proprietary architecture frameworks. TOGAF puts an emphasis on 

the total architecture development method. The US Department of De-

fense Architecture Framework (DoDAF) is publicly available proprietary 

framework. It is extremely strong in systems thinking and puts a strong 

emphasis on the interoperability of different kind of systems. 

Other widely known frameworks, which are not introduced in this study, 

are: the Federal Enterprise Architecture Framework (FEAF) and the 

Treasury Enterprise Architecture Framework (TEAF) from United States; 

 29



 

enhanced Telecom Operations Map (eTOM) of the Telemanagement Fo-

rum; the NATO C3 Architecture Framework (NAF) and United Kingdom 

Ministry of Defence Architecture Framework (MoDAF) last two are being 

derived from the DoDAF.  

5.1 Terminology 

The model of the Knowledge Interface will be based on different views and 

viewpoints. Following concepts are central to the topic of views. These 

concepts have been adapted from more formal definitions contained in 

ANSI/IEEE STD 1471-2000 Recommended Practice for Architectural De-

scription of Software-Intensive Systems. Several architectural frameworks 

also use these definitions; one of them is TOGAF (The Open Group Archi-

tectural Framework). 

A system is a collection of components organised to accomplish a specific 

function or set of functions (TOGAF 2003).  

The architecture of a system is the system's fundamental organisation, 

embodied in its components, their relationships to each other and to the 

environment, and the principles guiding its design and evolution (IEEE 

2000).  

An architecture description is a collection of artefacts that document an 

architecture. In TOGAF, architecture views are the key artefacts in an arc-

hitecture description. (TOGAF 2003.) 

An architecture framework is a tool which can be used for developing a 

broad range of different architectures. It should describe a method for de-

signing an information system in terms of a set of building blocks, and for 

showing how the building blocks fit together. It should contain a set of 

tools and provide a common vocabulary. It should also include a list of re-

commended standards and compliant products that can be used to im-

plement the building blocks. (TOGAF 2003.) 
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The term enterprise in the context of enterprise architecture can be used 

to denote both an entire enterprise, encompassing all of its information 

systems, and a specific domain within the enterprise. In both cases, the 

architecture crosses multiple systems, and multiple functional groups with 

the enterprise. (TOGAF 2003.)  

Stakeholders are people who have key roles in, or concerns about, the 

system: for example, as users, developers, or managers. Different stake-

holders with different roles in the system will have different concerns. Sta-

keholders can be individuals, teams, or organisations (or classes thereof). 

(TOGAF 2003.) 

Concerns are the key interests that are crucially important to the stake-

holders in the system, and determine the acceptability of the system. Con-

cerns may pertain to any aspect of the system' s functioning, development, 

or operation, including considerations such as performance, reliability, se-

curity, distribution, and evolvability. (TOGAF 2003.) 

A view is a representation of a whole system from the perspective of a re-

lated set of concerns. (TOGAF 2003.) 

In capturing or representing the design of a system architecture, the archi-

tect will typically create one or more architecture models, possibly using 

different tools. A view will comprise selected parts of one or more models, 

chosen so as to demonstrate to a particular stakeholder or group of stake-

holders that their concerns are being adequately addressed in the design 

of the system architecture. (TOGAF 2003.) 

A viewpoint defines the perspective from which a view is taken. More spe-

cifically, a viewpoint defines: how to construct and use a view (by means 

of an appropriate schema or template); the information that should appear 

in the view; the modelling techniques for expressing and analysing the in-

formation; and a rationale for these choices (e.g., by describing the pur-

pose and intended audience of the view). (TOGAF 2003.) 
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A view is what you see. A viewpoint is where you are looking from - the 

vantage point or perspective that determines what you see. Viewpoints are 

generic, and can be stored in libraries for reuse. A view is always specific 

to the architecture for which it is created. Every view has an associated 

viewpoint that describes it, at least implicitly. (TOGAF 2003.) 

In summary, architecture views are representations of the overall architec-

ture in terms meaningful to stakeholders. They enable the architecture to 

be communicated to and understood by the stakeholders, so they can ver-

ify that the system will address their concerns. The terms 'concern' and 

'requirement' are not synonymous. A concern is an area of interest. The 

reason why architects should identify concerns and associate them with 

viewpoints is to insure that those concerns will be addressed in some 

fashion by the models of the architecture. (TOGAF 2003.) The concept 

map of architectural terms in this study is presented in Figure 5. 

 

Figure 5. Concept map of architectural terminology in this study 
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5.2 Hierarchical view to enterprise architecture 

Malhotra (1996) argues that the concept of Strategic Capabilities Architec-

ture should be the guiding architecture for the design and development of 

information systems in a complex organisation that is embarking on the 

design of its Enterprise Architecture. McGregor (2004) sees that an enter-

prise architecture is used to provide top level executives with an integrated 

view of the totality of their Information Technology. While the enterprise 

architecture encompasses more than software architectures, it does pro-

vide a context in which software architectures are coordinated. 
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Figure 6. Architectural hierarchy according to Malhotra (1996). 

 

Malhotra’s study is nearly ten years old. He gives examples of other stu-

dies stressing out the growing importance of Enterprise Architecture. He 

points out that this suggests the significance of the overarching framework 

within which the various levels of information systems (IS) development 

are considered: including Business Architecture, Information Architecture, 

Data Architecture, Systems Architecture and Computer Architecture 

(Figure 6). The various decisions related to development of IS-related in-
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novations need to be considered in a systemic manner within the frame-

work of various architectures. (Malhotra 1996.) 

5.3 The Zachman Framework for Enterprise Architecture 
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Figure 7. A simplified view to Zachman Framework for Enterprise Architec-

ture (Zachman 1987). 

 

The Zachman Framework for Enterprise Architecture (Zachman 1987) pro-

vides a context in which the input from technical staff is blended with input 

from executives to establish the information technology strategy for an or-

ganisation. The framework guides the enterprise architects to trade-offs 

that must be made among the information represented in each cell of the 

table. By resolving these trade-offs, there is close fit among the activities 

represented in the cells. In the Zachman Framework a row provides an 

architectural view while a column represents a hierarchical relationship 

from abstract to concrete, from domain to implementation (Figure 7). (Mc-

Gregor 2004.) 
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5.4 The Open Group Architecture Framework 

The Open Group Architecture Framework (TOGAF) is a framework, a de-

tailed method and a set of supporting tools, for developing an enterprise 

architecture. It is described in a set of documentation published by The 

Open Group on its public web server, and may be used freely by any or-

ganisation wishing to develop an enterprise architecture for use within that 

organisation. TOGAF may be used to identify and define the applications 

needed to support the business need. The Open Group is the leading ven-

dor-neutral, international consortium for buyers and suppliers of techno-

logy. Its mission is to cause the development of a viable global information 

infrastructure that is ubiquitous, trusted, reliable, and easy-to-use. The 

Open Group's own members, working within the Architecture Forum, de-

veloped TOGAF (see Figure 8). The original development of TOGAF Ver-

sion 1 in 1995 was based on the Technical Architecture Framework for 

Information Management (TAFIM), developed by the US Department of 

Defense. (TOGAF 2003.)  

There are four types of architecture that are commonly accepted as sub-

sets of an overall Enterprise Architecture, all of which TOGAF is designed 

to support (TOGAF 2003):  

A business (or business process) architecture - this defines the business 

strategy, governance, organisation, and key business processes.  

An applications architecture - this kind of architecture provides a blueprint 

for the individual application systems to be deployed, their interactions, 

and their relationships to the core business processes of the organisation. 

A data architecture - this describes the structure of an organisation's logi-

cal and physical data assets and data management resources. 
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A technology architecture - this describes the software infrastructure in-

tended to support the deployment of core, mission-critical applications. 

This type of software is sometimes referred to as "middleware". 
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Figure 8. TOGAF Architecture Development Method (TOGAF 2003). 

 

5.5 DoD Architecture Framework 

 
The United States Department of Defense Architecture Framework (Do-

DAF), provides guidance for describing architectures for both war fighting 

operations and business operations and processes. The framework pro-

vides the guidance, rules, and product descriptions for developing and 

presenting architecture descriptions that ensure a common denominator 

for understanding, comparing, and integrating Families of Systems, Sys-

tems of Systems, and interoperating and interacting architectures. This 

DoDAF is an evolution of concepts introduced in the Command, Control, 
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Communications, Computers, Intelligence, Surveillance, and Reconnais-

sance (C4ISR) Architecture Framework. (DoDAF 2004b, 1-1). While the 

DoDAF defines what should be developed as an architecture description, it 

does not define the process for building the architecture description (Do-

DAF 2004a, 2-1.) 
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Figure 9. Fundamental linkage between the views (DoDAF 2004b, 3-4). 

 

In the framework, there are three major perspectives (i.e., views) that logi-

cally combine to describe an architecture description. These are the Ope-

rational View, Systems View, and Technical Standards View. Each of the 

three views depicts certain architecture attributes. Some attributes bridge 

two views and provide integrity, coherence, and consistency to architec-

ture descriptions (see Figure 9). (DoDAF 2004b, 1-2.) 

The Operational View (OV) is a description of the tasks and activities, ope-

rational elements, and information exchanges required to accomplish DoD 

missions. DoD missions include both war fighting missions and business 

processes. The OV contains graphical and textual products that comprise 

an identification of the operational nodes and elements, assigned tasks 

and activities, and information flows required between nodes. It defines 

the types of information exchanged, the frequency of exchange, which 
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tasks and activities are supported by the information exchanges, and the 

nature of information exchanges. (DoDAF 2004b, 1-2.) 

The Systems View (SV) is a set of graphical and textual products that des-

cribes systems and interconnections providing for, or supporting, DoD 

functions. DoD functions include both war fighting and business functions. 

The SV associates systems resources to the OV. These systems re-

sources support the operational activities and facilitate the exchange of 

information among operational nodes. (DoDAF 2004b, 1-2.) 

The Technical Standards View (TV) is the minimal set of rules governing 

the arrangement, interaction, and interdependence of system parts or 

elements. Its purpose is to ensure that a system satisfies a specified set of 

operational requirements. The TV provides the technical systems imple-

mentation guidelines upon which engineering specifications are based, 

common building blocks are established, and product lines are developed. 

The TV includes a collection of the technical standards, implementation 

conventions, standards options, rules, and criteria organised into profile(s) 

that govern systems and system elements for a given architecture. (Do-

DAF 2004b, 1-3.) 

5.6 Rationale for using parts of enterprise architecture frameworks 
in this study 

Enterprise architecture frameworks form a widely used method to define 

and to describe the information and information technology architectures 

of an organisation. The Knowledge Interface is to be used to improve in-

formation and knowledge sharing inside [and later also outside] of a com-

pany. The Knowledge Interface does not itself comprise an enterprise 

model, but it should be used in conjunction or even as a part of an enter-

prise architecture model of a company. To be able to fulfil this requirement 

the methods and the techniques of modelling the Knowledge Interface 

should be selected among those used in enterprise architecture frame-

works. 
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The concept of views forms the basis of the Knowledge Interface. Views 

and viewpoints give to the user freedom to choose those views of the 

Knowledge Interface which are relevant to the case or to the organisation. 

Views are also widely used in many architectural frameworks and that 

makes Knowledge Interface more adaptive to different architectural frame-

works.  

The views used in modelling the Knowledge Interface will be selected from 

the DoDAF. They are similar like ones in the United Kingdom Ministry of 

Defence Architecture Framework (MoDAF) or in the NATO Architecture 

Framework (NAF) which are not explained in this study. DoDAF views can 

be mapped to the Zachman Framework and used with the Open Group 

Architecture Framework (TOGAF). DoDAF does not define accurate en-

terprise architecture development process; it concentrates to define sys-

tems and their interconnections, interoperability. DoDAF is requirement 

centric which gives a clear starting point to the user, who is considering 

using its views. Selected DoDAF views are explained in chapter 7.1. 
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6 SELECTING THE BASIS FOR PROCESS MODEL 

6.1 System life cycle processes 

The New Service Development process (NSD), described in chapter 4.2, 

is a rough, high level model and can be considered more like a concept 

model than an actual process model.  Architectural frameworks require a 

process model describing the activities, inputs and outputs of the area of 

interest. From NSD phases this study focuses on Service Development 

and Service Implementation & Delivery phases as explained in chapter 

4.2. 

Studying in more details the principal activities which may take place 

within company’s sales and production functions or other functions taking 

part of delivering value to customer, an ISO/IEC standard 15288 “System 

life cycle processes” was selected to be the process model for the basis of 

the Knowledge Interface. Areas, which are common to NSD and ISO/IEC 

15288, are: agreement with customer, customer requirements, planning 

and design, implementation and life cycle management. 

According to the field of application, ISO/IEC 15288 standard applies to 

the full life cycle of systems, including conception, development, produc-

tion, utilisation, support and retirement of systems, and to the acquisition 

and supply of systems, whether performed internally or externally to an 

organisation. ISO/IEC 15288 standard describes the processes that com-

prise the life cycle of any man-made system. It therefore applies to one-of-

a-kind systems, mass-produced systems and customised, adaptable sys-

tems. It applies to organisations in their role as both acquirers and suppli-

ers. It provides a process reference model characterised in terms of the 

process purpose and the process outcomes that result from their success-

ful implementation. (ISO/IEC 2002, 1.) Definition of a system, given by 

ISO/IEC 15288 standard, shows that it is applicable as well to products as 

services. The systems considered in the standard are man-made, created 

and utilised to provide services in defined environments for the benefit of 
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users and other stakeholders. These systems may be configured with one 

or more of the following: hardware, software, humans, processes (e.g. re-

view process), procedures (e.g. operator instructions), facilities and natu-

rally occurring entities (e.g. water, organisms, minerals). In practice, they 

are thought of as products or services. (ISO/IEC 2002, 52.) ISO/IEC 

15288 assists development of service driven culture.  
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Figure 10. Life cycle processes defined by ISO/IEC 15288 standard [Num-

bering added by the researcher.] (ISO/IEC 2002, 61). 

 

ISO/IEC 15288 standard divides the life cycle processes in four process 

groups: Agreement Processes, Enterprise Processes, Project Processes 

and Technical Processes (see Figure 10). The standard has described 25 

processes, total number process outcomes is 123 and processes contain 

all together 208 activities. Processes are explained in textual format and 

there is no official graphical representation of processes and their activi-
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ties. The purpose and outcomes of main process groups are explained 

below. 

The Agreement Processes consist of Acquisition Process and Supply 

Process. These processes define the activities necessary to establish an 

agreement between two organisations. If the Acquisition Process is in-

voked, it provides the means for conducting business with a supplier of 

products that are supplied for use as an operational system, of services in 

support of an operational system, or of elements of a system being devel-

oped by a project. If the Supply Process is invoked, it provides the means 

for conducting a project in which the result is a product or service that is 

delivered to the acquirer. Acquisition Process may produce following out-

comes:  

a) A strategy for the acquisition is established. 

b) A supplier is selected. 

c) Communication with the supplier is maintained. 

d) A justification for the selection is declared. 

e) An agreement to acquire a product or service according to defined ac-

ceptance criteria is established. 

f) A product or service complying with the agreement is accepted. 

g) Payment or other consideration is rendered. 

(ISO/IEC 2002, 6.) 

The Enterprise Processes manage the organisation’s capability to acquire 

and supply products or services through the initiation, support and control 

of projects. They provide resources and infrastructure necessary to sup-

port projects and ensure the satisfaction of organisational objectives and 

established agreements. They are not intended to be a comprehensive set 

of business processes that enable strategic management of the organisa-

tion's business. Enterprise Process may produce following outcomes: 

 42



 

a) Policies and procedures for the strategic management of system life 

cycles are provided. 

b) Accountability and authority for system life cycle management are de-

fined. 

c) A policy for the improvement of system life cycle processes is provided. 

(ISO/IEC 2002, 8 - 9.) 

The Project Processes are used to establish and evolve project plans, to 

assess actual achievement and progress against the plans and to control 

execution of the project through to fulfilment. Individual Project Processes 

may be invoked at any time in the life cycle and at any level in a hierarchy 

of projects, as required by project plans or unforeseen events. The Project 

Processes are applied with a level of rigour and formality that depends on 

the risk and complexity of the project. Project Processes may produce fol-

lowing outcomes:  

a) Project plans are available. 

b) Roles, responsibilities and authorities are defined. 

c) Resources and services necessary to achieve the project objectives are 

formally requested. 

d) Project performance measures are defined. 

e) Project staff are directed in accordance with the project plans. 

(ISO/IEC 2002, 13 - 14.) 

The Technical Processes are used to define the requirements for a sys-

tem, to transform the requirements into an effective product, to permit con-

sistent reproduction of the product where necessary, to use the product to 

provide the required services, to sustain the provision of those services 

and to dispose of the product when it is retired from service. The Technical 

Processes define the activities that enable enterprise and project functions 

to optimise the benefits and reduce the risks that arise from technical de-

cisions and actions. These activities enable products and services to pos-

sess the timeliness and availability, the cost effectiveness, and the func-
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tionality, reliability, maintainability, producibility, usability and other quali-

ties required by acquiring and supplying organisations. They also enable 

products and services to conform to the expectations or legislated re-

quirements of society, including health, safety, security and environmental 

factors. (ISO/IEC 2002, 22 - 23.) The outcomes of Technical Processes 

are defined on a lower level and they are explained with the Knowledge 

Interface Reference Model to the needed extent.  
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Figure 11. Role of ISO/IEC 15288 standard processes (ISO/IEC 2003, 4). 

 

As a summary the four process groups of the ISO/IEC 15288 standard as 

well as the primary relationships between the groups are portrayed in 

Figure 11. The role of the Enterprise and Project group processes is to 

achieve the project goals within applicable life cycle stages to satisfy an 

agreement. Enterprise Processes provide enabling resources and infra-

structure that are used to create, support, and monitor projects and to as-

sess project effectiveness. The Project Processes ensure that adequate 

planning, assessment, and control activities are performed to manage 
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processes and life cycle stages. Appropriate processes are selected from 

the Technical Processes and used to populate projects in order for the 

project to perform life cycle related work. (ISO/IEC 2003, 4.) 

Terms ‘process’ and ‘activity’ are used in this study according to the defini-

tions of ISO/IEC 15288 standard. Process is a set of interrelated or inter-

acting activities which transform inputs into outputs. Activity is a set of ac-

tions that consume time and resources and whose performance is ne-

cessary to achieve, or contribute to, the realisation of one or more out-

comes. (ISO/IEC 2002, 3 - 4.)  

Terms ‘process model’ and ‘activity model’ are used in this study more or 

less as synonyms. Term process model is more often used to describe 

high level model of processes and their interrelationship. Term activity 

model is used when referring to the decomposition of processes to a more 

detailed level of functions. Term ‘Knowledge Interface Reference Model’ is 

used to refer to the activity model created in this study. It is called refe-

rence model rather than activity model, because it lacks the connection to 

a real organisation and its resources and the level of decomposition varies 

by processes according to the needs of defining information exchange bet-

ween operational nodes. Term ‘operational node’ is defined later. 

6.2 Process modelling technique 

ISO/IEC 15288 standard does not require or endorse any specific process 

modelling method, technique or tool. Although the ISO/IEC Technical Re-

port 19760 gives guidance in process applications and uses process in-

puts and outputs together with controls and enabling mechanisms as an 

example (ISO/IEC 2003, 17). This example strongly favours Integration 

Definition for Function Modelling (IDEF0) technique which also uses same 

semantics with inputs, controls, outputs and mechanisms (see Figure 12). 

IDEF0 was selected as the process modelling technique for the Know-

ledge Interface Reference Model. Arguments which favour IDEF0 are:  
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a) It is comprehensive and expressive, capable of graphically representing 

a wide variety of business, manufacturing and other types of enterprise 

operations to any level of detail. 

b) It is a coherent and simple language, providing for rigorous and precise 

expression, and promoting consistency of usage and interpretation. 

c) It can be generated by a variety of computer graphics tools; numerous 

commercial products specifically support development and analysis of 

IDEF0 diagrams and models. 

d) It is conceptual for representation of functional requirements indepen-

dent of physical or organisational implementations. 

(NIST 1993, vii.)  

 

A brief introduction to IDEF0 syntax and semantics with the decomposition 

structure of diagrams is given here. More detailed information about IDEF0 

rules and how to read diagrams are given in Appendix I with Knowledge 

Interface Reference Model diagrams presented in Appendix II. Syntax, 

semantics and rules of using IDEF0 are referred to as FIPS 1834. 

The components of the IDEF0 syntax are boxes and arrows, rules, and 

diagrams. Boxes represent functions, defined as activities, processes or 

transformations. Arrows represent data or objects related to functions. 

Rules define how the components are used, and the diagrams provide a 

format for depicting models both verbally and graphically. A box provides a 

description of what happens in a designated function. Each box shall have 

a name and number inside the box boundaries (see Figure 12). An arrow 

is composed of one or more line segments, with a terminal arrowhead at 

one end. Arrows do not represent flow or sequence as in the traditional 

process flow model. Arrows convey data or objects related to functions to 

                                            

4 FIPS is an acronym and stands for Federal Information Process Standard. For FIPS 183 
see reference NIST 1993. 
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be performed. The functions receiving data or objects are constrained by 

the data or objects made available. (NIST 1993, 8 - 9.) 

Each side of the function box has a standard meaning in terms of box/ar-

row relationships. The side of the box with which an arrow interfaces re-

flects the arrow's role (see Figure 12). Arrows entering the left side of the 

box are inputs. Inputs are transformed or consumed by the function to 

produce outputs. Arrows entering the box on the top are controls. Controls 

specify the conditions required for the function to produce correct outputs. 

Arrows leaving a box on the right side are outputs. Outputs are the data or 

objects produced by the function. Arrows connected to the bottom side of 

the box represent mechanisms. (NIST 1993, 10.) Mechanisms were not 

identified in the Knowledge Interface Reference Model.  
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Function
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Function
name

Number
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Control
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Figure 12. IDEF0 notation (NIST 1993, 11). 

 

The graphic diagram is the major component of an IDEF0 model, contain-

ing boxes, arrows, box/arrow interconnections and associated relation-

ships. Boxes represent each major function of a subject. These functions 

are broken down or decomposed into more detailed diagrams, until the 

subject is described at a level necessary to support the goals of a particu-

lar project (see Figure 13). The top-level diagram in the model provides 

the most general or abstract description of the subject represented by the 
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model. This diagram is followed by a series of child diagrams providing 

more detail about the subject. (NIST 1993, 13.) 
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Figure 13. Decomposition structure of IDEF0 diagrams (NIST 1993, 16). 
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7 USING ARCHITECTURE VIEWS 

7.1 Selecting Operational Views 

While DoDAF does not define the process for building an architecture de-

scription (DoDAF 2004a, 2-1), a methodology to complement with DoDAF 

was selected. Three researches from MITRE Corporation and one from 

Lockheed Martin have developed an activity-based methodology (ABM) 

initially to express integrated architecture information consistent with intent 

of DoD Architecture Framework, Joint Capabilities Integration and Devel-

opment System Process and the Clinger-Cohen Act5. The methodology 

consists of a tool-independent approach to developing fully integrated, un-

ambiguous, and consistent DoDAF Operational, System, and Technical 

views in supporting both “as-is” architectures (where all current elements 

are known) and “to-be” architectures (where not all future elements are 

known). (Ring et al., 2004.) 

The Activity-Based Method is based on a set of DoDAF Operational Archi-

tecture (OA) and System Architecture (SA) elements symmetrically aligned 

to each other from which four Operational and four System architecture 

elements provide the core building block foundation of an integrated archi-

tecture. From these four core elements, several other DoDAF architecture 

elements can be rendered. (Ring et al., 2004). 

The DoDAF defines twenty-six products to capture specific architectural 

views (see Table 3). Architecture products are those graphical, textual, 

and tabular items that are developed in the course of building a given ar-

chitecture description and that describe characteristics pertinent to the 

purpose of the architecture (DoDAF 2004c, 2-3). 

                                            

5 One of purposes of the Clinger-Cohen Act of 1996, also known as the Information 
Technology Management Reform Act, is to reform acquisition laws and information tech-
nology management of the United States Federal Government. It among others, en-
dorses every governmental agency to create and use an Enterprise Architecture. 
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Table 3. DoDAF Architecture Products (adapted from DoDAF 2004c, 2-4). 

Applicable 
View  

Framework 
Product  Framework Product Name  

All Views  AV-1  Overview and Summary Information 

All Views  AV-2  Integrated Dictionary  

Operational  OV-1  High-Level Operational Concept Graphic 

Operational  OV-2  Operational Node Connectivity Description  

Operational  OV-3  Operational Information Exchange Matrix 

Operational  OV-4  Organisational Relationships Chart  

Operational  OV-5  Operational Activity Model  

Operational  OV-6a  Operational Rules Model  

Operational  OV-6b  Operational State Transition Description  

Operational  OV-6c  Operational Event-Trace Description 

Operational  OV-7  Logical Data Model  

Systems  SV-1  Systems Interface Description  

Systems  SV-2  Systems Communications Description  

Systems  SV-3  Systems-Systems Matrix  

Systems  SV-4  Systems Functionality Description 

Systems  SV-5  Operational Activity to Systems Function 
Traceability Matrix  

Systems  SV-6  Systems Data Exchange Matrix  

Systems  SV-7  Systems Performance Parameters Matrix  

Systems  SV-8  Systems Evolution Description  

Systems  SV-9  Systems Technology Forecast  

Systems  SV-10a  Systems Rules Model  

Systems  SV-10b  Systems State Transition Description  

Systems  SV-10c  Systems Event-Trace Description  

Systems  SV-11  Physical Schema  

Technical  TV-1  Technical Standards Profile  

Technical  TV-2  Technical Standards Forecast  
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Table 4. DoDAF products used in ABM (Ring et al. 2004). 

Applicable 
View  

Framework 
Product  Framework Product Name  

All Views  AV-1  Overview and Summary Information 

All Views  AV-2  Integrated Dictionary  

Operational  OV-2 *) Operational Node Connectivity Description  

Operational  OV-3 *) Operational Information Exchange Matrix 

Operational  OV-4  Organisational Relationships Chart  

Operational  OV-5 *) Operational Activity Model  

Systems  SV-1  Systems Interface Description  

Systems  SV-4  Systems Functionality Description 

Systems  SV-5  Operational Activity to Systems Function 
Traceability Matrix  

Systems  SV-6  Systems Data Exchange Matrix 

Technical  TV-1  Technical Standards Profile  

*) View is used in the Knowledge Interface Reference Model. 
 

Activity-based methodology uses a subset of DoDAF products (see Table 

4) (Ring et al. 2004). While the scope of this study lies on the activity and 

non-technical side of the organisation and not on the system functional or 

technical side, the Systems Views and the only Technical View, listed by 

ABM, are left out of the Knowledge Interface Model. Brief descriptions of 

both the Systems and Technical Views are given in chapter 5.5. 

The content of the All Views (AV) is covered within the aim and scope of 

this study. The Operational Views are explained according to DoDAF with 

some additional information from Ring et al. as follows. 

Operational Node Connectivity Description (OV-2) graphically depicts the 

operational nodes (or organisations) with needlines between those nodes 

that indicate a need to exchange information. The graphic includes internal 

operational nodes (internal to the architecture) as well as external nodes. 

OV-2 is intended to track the need to exchange information from specific 

operational nodes (that play a key role in the architecture) to others. OV-2 
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does not depict the connectivity between the nodes. It indicates the key 

players and the interactions necessary to conduct the corresponding ope-

rational activities of OV-5. (DoDAF 2004c, 4-7.) 

An operational node is an element of the operational architecture that pro-

duces, consumes, or processes information. What constitutes an opera-

tional node can vary among architectures representing an operational/ 

human role, an organisation or organisation type and so on. (DoDAF 

2004c, 4-7.) Operational Node represents the collection of similarly related 

activities usually at a place or location. Operational nodes may, optionally, 

represent the collection of activities performed by an organisation, organi-

sation type, logical or functional grouping where activities are performed. 

Nodes can be decomposed to sub-nodes. (Ring et al. 2004). 

A needline documents the requirement to exchange information between 

nodes. The needline does not indicate how the information transfer is imp-

lemented. Needlines are represented by arrows (indicating the direction of 

information flow) and are annotated with a diagram-unique identifier and a 

phrase that is descriptive of the principal types of information exchanged. 

It is important to note that the arrows on the diagram represent needlines 

only. This means that each arrow indicates only that there is a need for 

some kind of information transfer between the two connected nodes. (Do-

DAF 2004c, 4-7.) 

There is a one-to-many relationship from needlines to information ex-

changes (e.g., a single needline on OV-2 represents multiple individual 

information exchanges). The mapping of the information exchanges to the 

needlines of OV-2 occurs in the Operational Information Exchange Matrix 

(OV-3). The identity of the individual information elements and their attri-

butes are documented in OV-3. (DoDAF 2004c, 4-7 – 4-8.) 

The operational activities (from the OV-5 Operational Activity Model) per-

formed by a given node may be listed on the graphic, if space permits. 
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OV-2, in effect, turns OV-5 inside out, focusing first-order on the opera-

tional nodes and second-order on the activities. OV-5, on the other hand, 

places first-order attention on operational activities and only second-order 

attention on nodes which can be shown as annotations on the activities. 

(DoDAF 2004c, 4-8.) 

OVs usually avoid representing real physical facilities as operational 

nodes and focus on virtual or logical nodes that can be based on opera-

tional (human) roles or missions. Operational nodes are independent of 

materiel considerations. They exist to fulfil the missions of the enterprise 

and to perform its tasks and activities (business processes, procedures, 

and operational functions). Use of operational nodes supports analysis 

and design by separating business process modelling and information re-

quirements from the material solutions that support them. Similarly, tasks 

and activities are organised, and communities of interest are defined to 

suit the mission and process requirements. (DoDAF 2004c, 4-8.) 

Operational Information Exchange Matrix (OV-3) details information ex-

changes and identifies “who exchanges what information, with whom, why 

the information is necessary, and how the information exchange must oc-

cur.” There is not a one-to-one mapping of OV-3 information exchanges to 

OV-2 needlines; rather, many individual information exchanges may be 

associated with one needline. Information exchanges express the relation-

ship across the three basic architecture data elements of an OV (opera-

tional activities, operational nodes, and information flow) with a focus on 

the specific aspects of the information flow and the information content. 

OV-3 identifies information elements and relevant attributes of the informa-

tion exchange and associates the exchange to the producing and consum-

ing operational nodes and activities and to the needline that the exchange 

satisfies.  (DoDAF 2004c, 4-16.) 

Information exchange is an act of exchanging information between two 

distinct operational nodes and the characteristics of the act, including the 
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information element that needs to be exchanged and the attributes asso-

ciated with the information element, as well as attributes associated with 

the exchange. A needline represents one or more information exchanges. 

(DoDAF 2004c, 4-16.) 

Information element is a formalised representation of information subject 

to an operational process (e.g., the information content that is required to 

be exchanged between nodes). An information exchange is comprised of 

the needline, the information element, and other attributes such as infor-

mation assurance attributes. The specific attributes of the information ele-

ments included are dependent on the objectives of the specific architec-

ture effort and include the information scope, accuracy, and language. An 

information element may be used in one or more information exchanges. 

(DoDAF 2004c, 4-16.) 

The emphasis in this product is on the logical and operational characteris-

tics of the information. It is important to note that OV-3 is not intended to 

be an exhaustive listing of all the details contained in every information 

exchange of every operational node associated with the architecture in 

question. This product is intended to capture the most important aspects 

of selected information exchanges. (DoDAF 2004c, 4-16.) 

Organisational Relationships Chart (OV-4) illustrates the command struc-

ture or relationships among human roles, organisations or organisation 

types that are the key players in an architecture description. (DoDAF 

2004c, 4-27.) While Knowledge Interface should be independent from or-

ganisational structures and while OV-2 describes functional groupings well 

enough, OV-4 is not used when modelling the Knowledge Interface. 

Operational Activity Model (OV-5) describes the operations that are nor-

mally conducted in the course of achieving a mission or a business goal. It 

describes capabilities, operational activities (or tasks), input and output 
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(I/O) flows between activities, and I/O flows to/from activities that are out-

side the scope of the architecture. (DoDAF 2004c, 4-31.) 

Activities represent the actions by which input (I) information is consumed 

in being transformed to output (O) information. Activities can be decom-

posed to sub-activities. Activity models are decomposed down to the ap-

propriate level for the purposes of the architecture. Usually, this would be 

to the level where an activity is capable of being associated with a single 

operational node or to where an activity can be assigned to an individual 

role (person) or system. These are judgment calls and likely to be iterative 

as the architecture is refined. (Ring et al. 2004.) 

The DoD Architectural Framework does not endorse a specific modelling 

methodology or language. However, if the Integration Definition for Func-

tion Modeling (IDEF0) method is used, the activities also show controls 

(factors that affect the way that the activity is performed) and may show 

mechanisms (the resources, including operational nodes, that perform the 

activity). I/Os of operational activities relate to information elements of OV-

3 and are further characterised by the information exchange attributes de-

scribed in OV-3. I/Os that are produced or consumed by leaf6 operational 

activities that cross operational node boundaries are carried by needlines 

of OV-2. (DoDAF 2004c, 4-31.) 

Selected operational views of the Knowledge Interface Model have link-

ages between themselves (see Figure 14). Operational Activity Model 

(OV-5) depicts relationships among activities and operational inputs and 

outputs. Activities can be mapped to operational nodes in OV-2 and make 

the performers of activities visible. Inputs and outputs can be mapped to 

needlines between operational nodes. Operational Node Connectivity De-

scription (OV-2) depicts the existence of operational nodes; activities per-

formed by nodes and their critical information needs. Operational Informa-

                                            

6 Leaf activities are the lowest in an activity model that are not decomposed any further. 
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tion Exchange Matrix (OV-3) describes individual information exchanges 

associated with each needline of OV-2 and necessary performance re-

quirements for information exchange. Input and output labels from OV-5 

can be mapped to information elements of OV-3. 
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Figure 14. Linkages among operational views of the Knowledge Interface 

Model 

 

7.2 Creating OV-5 – the Operational Activity Model 

The first step in modelling the Knowledge Interface was to create an OV-5 

activity model. An OV-5 should consist of a well formed, balanced, and 

consistent set of activities, their sub-activities and the various inputs and 

outputs. The Operational Activity Model (OV-5) follows the FIPS 183 

IDEF0 conventions. The activity model is also called the Knowledge Inter-

face Reference Model to emphasize its intended use with the Knowledge 

Interface Model. 
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Creation of the activity model needed for the Knowledge Interface started 

with an activity node tree7. Activity node tree forms a hierarchical structure 

of all processes and activities. Starting from the A-0 level context node 

there were altogether 239 nodes on four levels. Nodes were created from 

the processes and activities of ISO/IEC 15288 standard. Activity node tree 

formed a single large diagram. In the activity node tree, processes and 

activities were named, numbered and their purpose was described as it is 

in the standard. Some of the names of activities were reformed to meet 

the naming conventions and rules of FIPS 183. Telelogic System Archi-

tect8 software was used to create the activity node tree and the activity 

model. 

Activity node tree was transformed into an IDEF0 activity model base in 

which all activities were organised according to their position in the hierar-

chy. The model base consisted of boxes representing the activities with 

their decomposition on three different levels (A0, A1 and A1.1)9 and lacked 

all ICOMs10. After the model base was created all process or activity out-

comes were added to the model. As chapter 6.1 describes, the outcomes 

are defined in ISO/IEC 15288 standard on a high level. The Agreement 

Processes, the Enterprise Processes and the Project Processes have their 

outcomes defined on the first level (A1) and on the second level (A1.1). 

The Technical Processes have their outcomes defined on the second level 

(A1.1). No outcomes are defined on the third level (A1.1.1).  

All outcomes were added to the base model as outputs of appropriate 

process or activity. Some of the names of outcomes were reformed to 

                                            

7 The original term used in FIPS 183 is ‘node tree’. Term ‘activity node tree’ is used in this 
study to help the reader to make a distinction between nodes in the activity model and 
operational nodes in OV-2 view. 
8 For more information about the software package, see www.telelogic.com.  
9 Level A0 refers to the TOP-level of diagrams. Level A1 refers the first level child dia-
grams (A1, A2, A3 and A4). Level A1.1 refers to all second level diagrams. 
10 ICOM is an IDEF0 arrow representing either inputs (I), controls (C), outputs (O) or 
mechanisms (M). 
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meet the naming conventions and rules of FIPS 183. After forming first 

version of outputs, they were studied in more details. Starting from the 

level A1 all significant outputs were also added to the parent diagram on 

the level A0 and the child diagrams on the level A1.1. Otherwise the out-

put was left on the level A1 and either the output or the input end of the 

arrow was tunnelled11. Same thing was done to the outputs of the level 

A1.1. Significant outputs were added on the parent diagrams. After balan-

cing the outputs on all levels they were associated with relevant activities. 

An output from an activity could be an input or a control of another activity. 

All 25 diagrams were checked and some inputs were added to activities 

according to the explicit information from the description or notes of an 

activity in ISO/IEC 15288 standard and some inputs were added according 

to implicit information given by the standard. 

The activity model, created from the ISO/IEC 15288 standard, was too 

wide by its activities compared to the needs and the scope of this study. 

The model was downsized to have a clear scope of the Knowledge Inter-

face. Five diagrams were selected for the Operational Activity Model (see 

Table 5). 

Table 5. Diagrams selected for the Operational Activity Model (OV-5). 

Level Diagram (process) name 

Context Knowledge Interface Reference Model 

A0 Knowledge Interface Reference Model Processes 

A1 Agreement Processes 

A1.2 Supply Process 

A4 Technical Processes 

 

                                            

11 See Appendix I for tunnelling. 
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FIPS requires each model to have a top-level context diagram on which 

the subject of the model is represented by a single box with its bounding 

arrows (NIST 1993, 13).  The ICOMs on this diagram interface with func-

tions outside the subject area to establish model focus.  Since a single box 

represents the whole subject, the descriptive name written in the box is 

general. The same is true of the interface arrows since they also represent 

the complete set of external interfaces to the subject.  A-0 diagram is 

called “Knowledge Interface Reference Model” (see Figure 15). A-0 dia-

gram is the only Knowledge Interface Reference Model diagram which has 

mechanism arrows12. 

A0
0

Knowledge Interface Reference
Model

Tools

Workforce

Fulfillment of Customer Needs

Directives and Regulations

Business Environment

Information

Technologies

Infrastructure

Competences and Skills

Material

Enterprise Strategy

Accepted Delivery

Initial Customer Needs

 

Figure 15. A-0 Diagram "Knowledge Interface Reference Model" 

 

                                            

12 See chapter 6.2 and  for mechanism arrows. Figure 12
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A0 diagram is called “Knowledge Interface Reference Model Processes”. It 

is similar to the Figure 11, but is drawn according to the rules of FIPS in-

cluding ICOMs. Only the Agreement Processes (1) and the Technical 

Processes (4) are decomposed further (see Figure 16). 

A1
1

Agreement
Processes

A4
4

Technical
Processes

A3
3

Project
Processes

A2
2

Enterprise
Processes

Business Environment

Installed and Validated System

Corrective Actions

Internal Order

Project Assessment

Project Progress

Enterprise Strategy

Accepted Delivery

Stakeholder Needs

Initial Customer Needs

Policies

Project PlansProject Proposal

Agreement

Basis for Agreement

 

Figure 16. A0 Diagram "Knowledge Interface Reference Model Processes” 

 

The Knowledge Interface Reference Model Processes are unambiguous 

except the Agreement Processes. That is due to the role of an organisa-

tion which is clear in all other process groups than in the Agreement Proc-

esses. ISO/IEC 15288 standard allows an organisation to be in two roles: 

as an acquirer or as a supplier (see Figure 17). Organisation A acts as a 

supplier of products or services to organisation C. On the other hand or-

ganisation A works in a supply chain and has a role of an acquirer when 

dealing with organisation B. While this study has a focus on internal con-
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nections of an organisation, the role of a supplier applies in this case. That 

is why the Acquisition Process is modelled on the second level and the 

Supply Process is modelled with more details on the third level. Process 

model of the Agreement Processes is presented in Appendix II.  

AGREEMENT
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PROJECT 
PROCESSES

TECHNICAL
PROCESSES

 

Figure 17. Agreement, Enterprise, Project and Technical processes in co-

operating organisations (ISO 2002, 60). 

 

The Technical Processes transform the needs of customers into products 

and services. They cover all life cycle stages from stakeholder requirement 

to production, operation and disposal of the product. In this study the na-

ture of supply, whether it is continuous or one-time action, is irrelevant. 

Supplies of the initial product or operating, maintaining or disposing it are 

similar in the sense of their effect on the relations and communication bet-

ween the sales and production functions of a company. That is why the 
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Technical Processes in the Knowledge Interface Reference Model are re-

duced by leaving out the Operation, Maintenance and Disposal Processes 

of ISO/IEC 15288 standard processes. Process model of the Technical 

Processes is presented in Appendix II. 

7.3 Creating OV-2 – the Operational Node Connectivity Description 

The second task in modelling the Knowledge Interface was creation of an 

OV-2 diagram. An OV-2 should consist of operational nodes, activities 

which they perform and needlines of information exchange between 

nodes. Operational Node Connectivity Description follows loose conven-

tions of DoDAF Deskbook volume II (see DoDAF 2004c). 

Operational Node Connectivity Description was formed iteratively with 

downsizing phase of the Operational Acitivity Model (OV-5). Three main 

operational nodes were defined first according to the aim and scope of this 

study. They were ‘Sales’ and ‘Production’ along with ‘Customer’. 

Operational Node ‘Sales’ owns the customer interface and is mainly res-

ponsible for communicating with the customer. ‘Sales’ node knows and 

presents the offering of the company to customer and it should be aware 

of company’s capability constraints and limitations in production and deliv-

ery. In the Knowledge Interface Model ‘Sales’ node is responsible for ten 

different activities defined by the Operational Activity Model (OV-5) (see 

Figure 18). It should be noted that due to the scope of the study, activities 

of ‘Sales’ node does not include innovation or concept planning of a new 

service or an offering. However it does include service development is-

sues (as outlined in chapter 4.2) in the form of “Stakeholder Requirements 

Definition Process”.  

Operational Node ‘Production’ produces necessary products or services to 

fulfil the needs of a customer. ‘Production’ node is familiar with different 

production technologies possessed by the company. In the Knowledge 

Interface Model ‘Production’ node is responsible for eight different activi-
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ties defined by the Operational Activity Model (OV-5) (see Figure 18). ‘Pro-

duction’ node can be further decomposed into two parts depending on the 

type of production. If a company produces tangible products, there could 

be a ‘Manufacturing’ node and a ‘Delivery’ node. ‘Delivery’ node would be 

responsible for “Transition Process”, “Validation Process” and “Deliver 

Product or Service” process. Now, when the scope of this study lies more 

on industrial services, and services due to their nature are produced and 

delivered at the same time; the ‘Production’ node is handled as one node 

capable of producing and delivering services. 

Production
Activities

"Requirements Analysis Process"
"Architectural Design Process"

"Implementation Process"
"Integration Process"
"Verification Process"
"Transition Process"
"Validation Process"

"Deliver Product or Service"

Sales
Activities

"Identify Acquirer"
"Evaluate Request"
"Prepare Response"

"Stakeholder Requirements Definition
Process"

"Negotiate Agreement"
"Execute Agreement"

"Assess Execution of Agreement"
"Accept Payment"

"Transfer Responsibilty for Product or
Service to Acquirer"

Planning
Activities

"Enterprise Processes"
"Project Processes"

Customer
Activities

"Acquisition Process"
NL 9: Delivery

NL5: Constraints

NL6: Project Plan

NL8: Assessment

NL4: Order

NL7: Progress

NL3: Project Proposal

NL10: Acceptance

NL2: Selling

NL1: Buying

 

Figure 18. The Operational Node Connectivity Description (OV-2) of the 

Knowledge Interface 
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Operational Node ‘Customer’ owns the initial need for a service or a capa-

bility. ‘Customer’ node expresses its desire to buy a product, service or a 

capability with a request for quotation (RFQ). After signing a satisfactory 

agreement and receiving a delivery matching with the agreement, cus-

tomer accepts the delivery. In the Knowledge Interface Model ‘Customer’ 

node performs the activities of the Acquisition Process of the Operational 

Activity Model (OV-5) (see Figure 18). 

The Knowledge Interface Reference Model contains other processes than 

those assigned to ‘Sales’, ‘Production’ and ‘Customer’ nodes. They are 

managerial processes like Enterprise Processes and Project Processes. 

They are bundled in as one set of activities performed by an Operational 

Node ‘Planning’ (see Figure 18). ‘Planning’ node can be decomposed into 

several sub-nodes. On the other hand, in the Knowledge Interface Re-

ference Model, the Enterprise Processes or the Project Processes has not 

been modelled in details. 

One important thing in OV-2 diagram is to depict Operational Nodes. The 

other one is to render needlines of information exchange between nodes. 

Altogether ten needlines were identified (see Figure 18 and Table 6). 

Needlines were identified and named roughly in chronological order. Table 

6 shows brief description of each needline. More detailed description of 

needlines and individual information exchanges they convey, are pre-

sented in chapter 7.4. Needlines and information exchanges were formed 

from OV-5 leaf activities, their information inputs and outputs, and their 

associations to OV-2 Operational Nodes. It should be noted that the nee-

dlines contain bundled information exchanges which actually happens in-

formation element by element in an interaction with another party; like buy-

ing and selling or internal order and capability constraints. 
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Table 6. Needlines of the Operational Node Connectivity Description (OV-

2). 

ID Name From node To node Brief description 
NL1 Buying Customer Sales The customer expresses its 

needs in a RFQ and URD13.
NL2 Selling Sales Customer The supplier expresses its 

willingness to sell with a 
proposal and draws an 
agreement. 

NL3 Project  
Proposal 

Sales Planning Proposal to start a project 
or execution of the agree-
ment. 

NL4 Order Sales Production Internal order to fulfil the 
agreement and customer 
requirements. 

NL5 Constraints Production Sales Technology constraints for 
production and implemen-
tation. 

NL6 Project Plan Planning Production Plans to initiate necessary 
projects. 

NL7 Progress Production Planning Information to evaluate the 
progress of projects. 

NL8 Assessment Planning Sales Information to evaluate the 
internal success in fulfilling 
the agreement. 

NL9 Delivery Production Customer Physical delivery of a prod-
uct or a service. 

NL10 Acceptance Customer Sales Acceptance of delivery. 

 

7.4 Creating OV-3 – the Operational Information Exchange Matrix 

The third step in modelling the Knowledge Interface was to create an OV-3 

information exchange matrix. An OV-3 should consist of a list of informa-

tion elements with attributes to be exchanged between activities per-

formed by operational nodes. The Information Exchange Matrix follows 

loosely conventions of DoDAF Deskbook volume II (see DoDAF 2004c). 

All background work was done when creating Operational Node Connec-

tivity Description (OV-2). Inputs and outputs of leaf activities of the Opera-

tional Activity Model (OV-5) were identified. An output or an input of an 

                                            

13 URD is an User Requirements Definition document 
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activity was bundled into a needline and some properties were added to it. 

All exchangeable information elements in OV-3 of the Knowledge Interface 

are outputs or inputs of an activity. They were not decomposed any fur-

ther. 

Properties, which were added to an information element, are:  

1. content,  

2. media,  

3. collaborative or one-way and  

4. frequency.  

 

Property ‘Content’ describes the content of an information element. De-

scriptions of ISO/IEC 15288 activity outcomes were used, when writing the 

content of an information element. Property ‘Media’ describes in which 

format or by with means the information element is transferred. Used 

property values were mainly: paper document, digital document or oral 

communication. Property ‘Collaborative or one-way’ presents the nature of 

information element, if it is more negotiable (collaborative) or more com-

mand type (one-way). Property ‘Frequency’ depicts how often information 

exchange is likely to happen. Used property values (time frequencies) 

were: once and constant. 

The various properties of information exchanges were now defined. The 

set of information exchanges together with all their property values be-

comes the OV-3 matrix. An OV-3 can be produced automatically since it 

consists entirely of the collection of information exchanges within an archi-

tecture model, namely OV-5 and OV-2 (see Figure 14). An OV-3 matrix 

was generated from the database of System Architect software into a Mic-

rosoft Excel spreadsheet. During the generation procedure five more pro-

perties were added to the matrix: 
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1. needline identifier, 

2. source operational node, 

3. source activity, 

4. destination operational node and 

5. destination activity. 

 

It is only when needlines are associated with Information Exchanges 

formed from leaf activities, that a valid and consistent OV-2 Operational 

Node Connectivity description and OV-3 Operational Information Ex-

change Matrix can be obtained. (Ring et al., 2004). Modelling of the 

Knowledge Interface followed this ABM rule carefully. 

Table 7 presents one part of the Knowledge Interface Information Ex-

change Matrix (OV-3). It depicts from which information exchanges each 

needline consists of. Altogether 31 unique information exchanges were 

defined. One third (10) of them are taking place between the main Opera-

tional Nodes of this study, ‘Sales’ and ‘Production’ and over a third of them 

(13) are taking place between nodes ‘Sales’ and ‘Customer’. Full Opera-

tional Information Exchange Matrix is presented in Appendix III.  

Table 7. Information exchanges and needlines of the Operational Informa-

tion Exchange Matrix (OV-3). 

Needline Information Exchange 

NL1: Buying Initial Customer Needs 

 Communicated RFQ 

 Maintained Communication with Supplier 

 Selected Supplier 

  Stakeholder Needs 

NL2: Selling Refusal 

 Proposal 

 Basis for Agreement 

 Agreement 

 Maintained Communication with Acquirer 
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Needline Information Exchange 

  Transferred Responsibility 

NL3: Project Proposal Project Proposal 

NL4: Order Internal Order 

 Corrective Measures 

 Characteristics of Services 

 Constraints on System 

 Basis for System Requirements 

 Traceability of Requirements 

  Basis for Conformance Validation 

NL5: Constraints Implementation Technology Constraints 

 Constraints of Integration 

  Verification Constraints 

NL6: Project Plan Project Plans 

  Corrective Actions 

NL7: Progress Project Progress 

NL8: Assessment Project Assessment 

NL 9: Delivery Delivery 

 Capable System 

  Confirmed Availability of Services 

NL10: Acceptance Accepted Delivery 

  Rendered Payment 
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8 THE KNOWLEDGE INTERFACE MODEL 

8.1 The Scope of the Knowledge Interface Model 

The name ‘Knowledge Interface Model’ refers to the notion of knowledge 

being inter-subjective in nature and existing between individuals and group 

of individuals. The Knowledge Interface Model depicts the knowledge and 

information exchanges between different functional or organisational parts 

of a company in a defined process. In this study sales and production 

were selected as functional parts of a company. Activities, which they are 

performing, deal with selling, producing and delivering services to a cus-

tomer. Model may also describe interaction with internal and external par-

ties which are involved with the main functions. In this study such parties 

are the customer and the planning function of a company (see Figure 19).  

Sales Production

Customer

Planning

Sales Production

Customer

Planning

 

Figure 19. Knowledge and information exchanges between key players 

and their external and internal parties. 

 

The Knowledge Interface Model has a reference activity model which is 

based on the processes and activities presented in ISO/IEC standard 

15288 “System life cycle processes”. This reference model is applicable in 
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all life cycle stages of a product or a service. The Knowledge Interface 

Reference Model with its activities forms a common starting point to mod-

ify the activity model to suite explicit needs and circumstances of an indi-

vidual company. 

The Knowledge Interface Model is described with modern modelling tech-

niques and with principles of multidimensional architecture frameworks14. 

Its main viewpoint is operational and it can be adopted and deployed in an 

enterprise architecture work. It can be expanded with systems views within 

an architecture framework. Systems views are not included into the 

Knowledge Interface Model, because there are no such standards or des-

criptions on that domain, which could form a common reference model to 

most companies. 

Knowledge and information exchanges are based on the activity outcomes 

of the Knowledge Interface Reference Model. Activity outcomes on their 

own are defined on a fairly high level. They can be decomposed according 

to the needs of the company using the Knowledge Interface Model or any 

company specific activity model. Key players, presented in the model, can 

be decomposed or new actors can be added and make the Knowledge 

Interface Model richer and customised for a company. Key players are 

presented on a high level in a form of operational nodes. An organisational 

structure of actors can be added and used. 

The Knowledge Interface Model is not an instantiated model for any cer-

tain company. The reference model, which is a part of the model, is de-

signed to demonstrate the knowledge and information exchange, based 

on the activities performed by operational nodes. 

                                            

14 Term ‘multidimensional architecture framework’ is used in this study to refer such archi-
tecture frameworks, which use several viewpoints and architecture views to describe 
complex environments. Examples of multidimensional architecture frameworks are: Do-
DAF, MoDAF, NAF and some proprietary architecture frameworks, based on the previ-
ous. 
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8.2 Description of the Knowledge Interface Model 

The Knowledge Interface Model consists of three different parts of which 

two are graphical diagrams and one is a tabular list. To keep coherence, 

interoperability and re-usability of the Knowledge Interface Model with dif-

ferent enterprise architecture products, parts of the model are named fol-

lowing the conventions of architecture frameworks. The Knowledge Inter-

face Model consists of an Operational Node Connectivity Description (OV-

2), an Operational Information Exchange Matrix (OV-3) and an Opera-

tional Activity Model (OV-5) (See Figure 20). 
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Figure 20. Three parts of the Knowledge Interface Model. 

 

The Operational Node Connectivity Description (OV-2) is modelled with a 

free form. It contains Operational Nodes with name and a list of activities 

they perform along with arrows representing needlines for information ex-

change identified by a number and a name. OV-2 can be modelled with in 
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UML15 using collaboration diagrams. DoDAF Deskbook volume II (DoDAF 

2004c, 4-10) suggests that this application of an UML collaboration dia-

gram does not represent a realisation of a use case. The actors represent 

operational nodes, and they are the same actors appearing on an OV-5 

use case diagram, if such is used. Operational nodes may be displayed 

using the actor icon or a class icon.  

The Operational Information Exchange Matrix (OV-3) is a tabular list con-

sisting of needlines defined in OV-2, information elements (exchanges), 

source and destination definitions, and properties of information elements. 

Properties of information elements can be added, deleted or modified ac-

cording to the needs of the user of OV-3. Depending on the software tools, 

which are being used in modelling OV2 and OV-5, information exchange 

matrix may be automatically generated from the data collected in OV-2 

and OV-5. 

The Operational Activity Model (OV-5) describes the processes and activi-

ties in scope. In this study the activity model is created according to IDEF0 

conventions. It contains processes and activities performed by a company, 

when fulfilling the needs of a customer with delivering products and/or ser-

vices. The activity model used in the Knowledge Interface Model is called 

the Knowledge Interface Reference Model. It is based on ISO/IEC 15288 

processes and activities, and has an emphasis on Supply and Technical 

Processes. Selected modelling method, IDEF0, is independent of physical 

or organisational implementations of modelled functions and it is strong in 

describing information flows. OV-5 can be modelled with other process 

modelling methods. For example UML activity diagrams or UML use case 

diagrams can be used. DoDAF Deskbook volume II gives and example of 

both (see DoDAF 2004c, 4-34 – 4-36). When using UML activity diagrams, 

Object Flow technique should be used to model information flows. Swim-

                                            

15 UML, the Unified Modeling Language, is an object oriented modelling language stan-
dardised by the Object Management Group (OMG) in January 1997. 
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lanes16 in an UML activity diagram could represent either operational 

nodes or more precisely defined organisational units or roles. 

8.3 Use of the Knowledge Interface Model 

The Knowledge Interface Model can be used as its own or a part of an 

enterprise architecture. When using the model on its own, it can point out 

knowledge or information exchanges to which a company should pay at-

tention to. This is achieved by selecting appropriate information element 

properties and populating them with current values. 

The three parts of the Knowledge Interface Model are flexible and they 

can be fitted to meet specific need of a company when modelling a know-

ledge interface. Initial information, which is needed for successful model-

ling, is to define the operational parties, whose interaction is to be studied, 

and activities they are performing. Main findings will be made after deci-

ding which properties of information exchange are important to measure, 

improve or secure. 

Any identifiable functional or organisational groupings in a company may 

be used as operational parties and they may form Operational Nodes. The 

number of parties is not limited, as seen also in the Knowledge Interface 

Model. Two main parties in the Knowledge Interface Model are ‘Sales’ and 

‘Production’ nodes, but the ‘Customer’ node is also important and the 

‘Planning’ node is playing its own role. Any nodes may be selected as 

main nodes; nodes of interest. 

The Knowledge Interface Model has a reference activity model to demon-

strate the function of the model. It can be replaced by any user specific 

process or activity model as long as it has a strong emphasis on informa-

tion. Process or activity model may be modelled according to any lan-

                                            

16 A swimlane is a partition on an interaction diagram for organising responsibilities for 
actions (Booch et al. 1999, 467). 
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guage or technique, and the only requirement is that, the information flow 

between processes or activities is made visible. When using the Know-

ledge Interface Reference Model, it is possible to map actual processes of 

a company to it, and develop processes and activities to be compliant with 

the ISO/IEC standard 15288. The Knowledge Interface Reference Model 

is limited, and if a company needs to gain strong conformance with the 

processes of ISO/IEC 15288 standard, the original standard and its appli-

cation guide (ISO/IEC TR 19760, see reference ISO/IEC 2003) should be 

used. 

The main focus of the Knowledge Interface Model is on knowledge and 

information exchange. Information exchange is presented with an informa-

tion exchange matrix. Information elements are created from the leaf ac-

tivities of an activity model keeping them on the level of details described 

in activity model, or increasing the level of details by decomposing infor-

mation elements further. 

Information element properties express the actual scope of interest in the 

model. The Knowledge Interface Model contains a short list of properties 

and they can be considered more like examples. Properties of information 

elements should be added, deleted or modified according to the needs of 

the user and according to availability of property values. For example Do-

DAF defines altogether 27 different information element properties (Do-

DAF 2004c, 4-17).  

The Knowledge Interface Model can be expanded according to the Acti-

vity-based Method which is referred to in chapter 7.1. One obvious, but 

company dependent way is to add some Systems Views, like “Systems 

Functionality Description” (SV-4), “Operational Activity to Systems Func-

tion Traceability Matrix” (SV-5) and “Systems Data Exchange Matrix” (SV-

6) to the model. To be able to do this, one must refer to DoDAF Deskbook 

volume II (DoDAF 2004c) and to description of the Activity-based Method 

(Ring et al. 2004). Suggested expansion adds tangible, company depend-
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ent views of using information systems to support knowledge and informa-

tion exchange in a company in scope.  

One way of using the Knowledge Interface Model is to use it as part of an 

enterprise architecture, created according to multidimensional architecture 

frameworks. The Knowledge Interface Model forms one starting point in 

describing operational architecture of an enterprise. 
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PART III ASSESSMENT AND CONCLUSIONS OF THE 
STUDY 

 

9 USING THE KNOWLEDGE INTERFACE MODEL WITH 
THE NEW SERVICE DEVELOPMENT PROCESS 

9.1 Customizing the Knowledge Interface Model 

BestServ feasibility report does not describe the New Service Develop-

ment process (NSD) in details, as mentioned in chapters 6.1 and 10.4. 

The Knowledge Interface Reference Model should be replaced with an 

actual process or activity model of a company, when using the Knowledge 

Interface Model in a real case. When assessing the usability of the Knowl-

edge Interface Model with NSD, the Knowledge Interface Reference 

Model is used to give a general idea of the Knowledge Interface Model. 

This chapter presents one way of modifying and making adaptations to the 

Knowledge Interface Model. 

The aim of this study is to model a knowledge interface between two dif-

ferent functional parts of an organisation which are from different know-

ledge environments. Sales function represents an organic knowledge envi-

ronment and production function represents a mechanistic knowledge en-

vironment (see Table 2). This is the basic division between functional parts 

in chapter 7.3, when creating the Operational Node Connectivity Descrip-

tion (OV-2). Forming two main nodes with two auxiliary nodes serves the 

purposes of this study to create a model of the knowledge interface, but it 

does not reflect the complexity of organising things in a company which is 

working in industrial service business. Another OV-2 diagram was drawn 

to fit better with conceptual activities of NSD. 

The NSD Operational Node Connectivity Description contains altogether 

six Operational Nodes: ‘Customer’, ‘Sales’, ‘Design’, ‘Planning’, ‘Produc-

tion’ and ‘Delivery’. ‘Customer’ and ‘Planning’ nodes perform same activi-

ties as in OV-2 in chapter 7.3. ‘Design’ node was formed the third NSD 
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phase “Service Development” in mind. It got its activities from the original 

sales node and production node. Bearing in mind, that no extra activities 

were added to the Operational Activity Model (OV-5), the activities per-

formed by the ‘Design’ node consisted of requirements management proc-

esses, architectural design process and a part of system life-cycle proc-

esses management process. ‘Delivery’ node was extracted from the origi-

nal production node. Number of needlines between nodes increased from 

ten to twenty-three (see Figure 21). 
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Figure 21. The NSD Operational Node Connectivity Description (OV-2). 

 

In conjunction with creation of OV-2 the needlines and the information ex-

changes they convey were created.  Restructuring Operational Nodes 

caused information exchanges to change. Some of them were re-routed, 

some of them were deleted and some new were added. Collecting all re-

quirements management processes (“Stakeholder Requirements Defini-

tion Process” and “Requirements Analysis Process”) made four informa-
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tion exchanges obsolete, because they became internal in one node. Di-

viding the original ‘Production’ node into two made one new information 

exchange to appear between nodes. Constraints (NL8 and NL9), internal 

orders (NL12 and NL13), project plans (NL14 and NL15), design baseline 

(NL16 and NL17), and progress reporting (NL18 and NL19) were doubled, 

because there are two similar nodes, ‘Production’ and ‘Delivery’ in man-

agement and information exchange sense. See Table 8 for information 

exchanges and needlines of the Operational Information Exchange Matrix 

(OV-3) of NSD. Full OV-3, like in Appendix III, was created, but not pub-

lished. 

The biggest change happened with the node ‘Design’. In NSD OV-2 it has 

important role to interact with the customer. ‘Design’ node is responsible 

for deep understanding of customer needs. ‘Customer’ node expresses its 

initial need to the ‘Sales’ node. The ‘Design’ node starts its work either 

initiated by the ‘Sales’ node or directly by the ‘Customer’ node. ‘Design’ 

node takes care of eliciting stakeholder requirements and cultivating them. 

After analysing the requirements ‘Design’ node creates a service concept, 

based on the possibilities and constraints from ‘Production’ and ‘Delivery’ 

nodes, and on policies and guidelines from ‘Planning’ node. ‘Design’ node 

interacts with ‘Customer’ node and presents the Service Concept to it. 

During its design work ‘Design’ node interacts with the ‘Planning’ node 

about needed financial or human resources. On appropriate time ‘Design’ 

node introduces its design to ‘Sales’ node to be used as a basis for 

agreement.  

Service Concept is published to ‘Production’ and ‘Delivery’ nodes as a de-

sign baseline. ‘Production’ and ‘Delivery’ nodes are guided by project 

planning, originally initiated by the ‘Sales’ node, but enforced by the ‘Plan-

ning’ node. Project progress is assessed and corrective measures are 

made. When there is a product involved, the ‘Production’ node transfers it 

to the ‘Delivery’ node to be validated and confirmed to meet the customer 

requirements and to be delivered to the ‘Customer’ node. If the delivery 
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meets the requirements and fulfils the agreement, the ‘Customer’ node 

accepts it. 

The needlines and information exchanges of the NSD Operational Node 

Connectivity Description were formed (see Table 8). Information ex-

changes were created from the leaf activities of the Knowledge Interface 

Reference Model. When the model was created, it was downsized to meet 

the needs of this study. Original OV-2 (see Figure 18) reflected these 

needs. Inputs and outputs of OV-5 were refined as described in chapter 

10.2. This led to a situation, where all the necessary information ex-

changes could not be found from the list of inputs and outputs of OV-5, 

without changing it. This is the reason why there are some information ex-

changes in Table 8 with notion “Not available in OV-5” (‘N/A in OV-5’). 

Table 8. Information exchanges and needlines of the NSD Operational 

Information Exchange Matrix (OV-3). 

Need Line Information Exchange 

NL1: Buying Initial Customer Needs 

 Communicated RFQ 

 Maintained Communication with Supplier 
 Selected Supplier 

NL2: Selling Refusal 

 Proposal 

 Agreement 

 Maintained Communication with Acquirer 
NL3: Initiation of Service 
Design Initial Customer Needs 

NL4: Requirements Stakeholder Needs 

NL5: Service Concpet Characteristics of Services 

NL6: Required Resources N/A in OV-5 

NL7: Policies and guidelines N/A in OV-5 

NL8: Constraints Implementation Technology Constraints 
 Constraints of Integration 

 Verification Constraints 
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Need Line Information Exchange 

NL9: Delivery Constraints N/A in OV-5 

NL10: Basis for Agreement Basis for Agreement 

NL11: Project Proposal Project Proposal 

NL12: Order Internal Order 

 Corrective Measures 

NL13: Delivery Order Internal Order 

 Corrective Measures 

NL14: Project Plan Project Plans 

 Corrective Actions 

NL15: Delivery Project Plan Project Plans 

 Corrective Actions 

NL16: Design Baseline N/A in OV-5 

NL17: Design Baseline and 
Conformance N/A in OV-5 

 Basis for Conformance Validation 

NL18: Progress Project Progress 

NL19: Delivery Progress Project Progress 

NL20: Assessment Project Assessment 

NL21: Transfer N/A in OV-5 

NL22: Delivery Delivery 

 Capable System 

 Confirmed Availability of Services 

NL23: Acceptance Accepted Delivery 

 Rendered Payment 

 

9.2 Knowledge interface modelling as a tool for understanding in-
dustrial service development 

There is an argument in BestServ (2003, 52) feasibility study report that 

engineering companies have a strategic role in creating radical innova-

tions. Argument is justified with the fact that engineering companies create 

systems, components and industrial services for customer processes. In 

many cases they have to be involved with the breakthrough phase, radical 

innovations of customer processes, required systems and industrial ser-
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vices. There is a notion in report that generic theories, methodologies and 

tools of knowledge based business and also solution principals are similar 

to various industrial sectors. 

According to the report many industrial companies in manufacturing and 

engineering sectors are at the moment strongly developing their tangible 

and intangible services. The development targets of the companies are on 

knowledge-intensive services that are related to the customer’s business 

knowledge and performance improvement. The main and common indus-

trial challenge is to manage the industrial service innovation process from 

collaborative idea to implemented service. This life-cycle innovation re-

quires a comprehensive approach to business model, processes, organi-

sation and technologies that are designed for industrial services. Usually 

this means the business transition from a product supplier [machine sup-

plier] role to a role of a value or performance partner (see Figure 22). (p. 

53) 
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Figure 22. Supplier competencies and roles (BestServ 2003, 20). 
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Evidently the complexity of business and the amount of knowledge is in-

creasing when a supplier company is reaching for becoming a value part-

ner of a customer company. Also the amount of interfaces is increasing 

even though only two companies would be involved with the business. 

When working on the lowest level of interaction (Figure 22) the sales func-

tion and the purchasing function of the two companies would be active. 

When working on the highest level of interaction planning, design, and 

production functions etc. of both companies need to cooperate closely. 

The number of knowledge interfaces in a close partnering-like cooperation 

of two or more companies grows rapidly. The complexity of knowledge 

interfaces is likely to increase when a supplier company is working in a 

supplier network. 

Kosonen (2004, 13) points out that an industrial service business strategy 

requires a very different approach than a pure manufacturing strategy. A 

pure manufacturing approach concentrates on selling products, whereas 

in a service approach suppliers try to fulfil their customers’ needs as thor-

oughly as possible and commit themselves to improving their customers’ 

business. 

To become a performance partner the supplier company has to know the 

processes of the customer company (BestServ 2003, 19). The Knowledge 

Interface Modelling methodology uses a process model to form a common 

understanding of the context of work. Managing business processes of a 

company in a form of a process chart or operational activities in a form of 

an activity model gives a perfect point to extend them towards a Knowl-

edge Interface Model.  

The Knowledge Interface Model depicts all necessary players of both or 

more parties with their responsibilities in performing designated activities 

and information exchange needlines between parties. Parties are being 

described as operational nodes. An Operational Node Connectivity De-

scription (OV-2) along with a company specific Operational Information 
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Exchange Matrix (OV-3) may reveal the complexity of knowledge and in-

formation exchange in a joint business environment of high level industrial 

services and help to put focus on critical points. 

Further development of industrial services aims high according to the 

BestServ feasibility study report. One example is a life-cycle business in-

telligence concept which is needed to combine application knowledge and 

organisational knowledge in a value network for life-cycle information 

management (BestServ 2003, 44). At the moment, many industrial ser-

vices are traditionally oriented, while the need is for knowledge-intensive 

services. The development of knowledge-intensive services requires a 

deep understanding of customer processes as well as the development of 

one’s own competence. (p. 40.) 

The Knowledge Interface Modelling method along with the model itself 

may help an engineering company to understand what kind of tangible 

development and changes are needed when the company aims for deeper 

involvement in customer’s business. The supplier company can model its 

present state (e.g. as a solutions provider, see Figure 22) with activities, 

operational nodes and information exchange. After the present state 

model, the supplier company can model its future state as a maintenance 

partner or a performance partner with appropriate process or activity 

model of a possible customer company. Executing a gap analysis between 

the future model and the present state model the supplier company can 

see what is required for a change in the field of knowledge and information 

exchange inside one’s organisation and with another organisation. 

The Knowledge Interface Model does not depict competences explicitly. 

Some competence requirements can be reasoned, but as a whole not very 

effectively. Moving upwards along the BestServ steps (Figure 22) requires 

a strong renewal capability from the company in question. From the 

knowledge management perspective the company has to be able to inte-

grate and combine individual know-that and know-how as a knowledge 
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base. This knowledge base should contain both objectified and collective 

knowledge (see Table 1) and it resides in different knowledge environ-

ments of the company. Secondly the company has to be able to integrate 

organisational know-how from three different knowledge environments to 

one enacted strategy, so that the company is functioning in such manner 

that supports its strategy. Pöyhönen (2004, 94 - 95) calls this two tiered 

knowledge combination as a double integration and it is required when 

managing organisation’s renewal capability (see Figure 23).  

Knowledge combination

Individual know-that
and know-how

Mechanistic Organic Dynamic

Organisational knowledge base

Enacted strategy

1st level integration

2nd level integration

Organisational know-how

Knowledge combination

Individual know-that
and know-how

Mechanistic Organic Dynamic

Organisational knowledge base

Mechanistic Organic Dynamic

Organisational knowledge base

Enacted strategyEnacted strategy

1st level integration

2nd level integration

Organisational know-how

 

Figure 23. Renewal capability as double integration (adopted and modified 

from Pöyhönen 2004, 95). 

 

The Knowledge Interface Model can be used to manage and to model 

some parts of organisational knowledge base and organisational know-

how. Knowing the interfaces inside of the company makes it possible to 

manage organisational activities and know-how between different knowl-

edge environments and integrate them as one enacted company strategy. 
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10 VALIDATION OF THE MODEL 

10.1 Validity and reliability 

In research there is need to ensure, that the chosen method or metrics is 

able to study or measure the intended item or phenomena. This feature is 

called validity. Telecom Glossary (ATIS 2000) defines validation as testing 

to determine whether an implemented system fulfils its requirements. In 

research this means the ability to answer the research questions and 

prove that the answers were formed in a consistent way throughout the 

study. 

Another requirement for a research is that other researchers should be 

able to repeat the study and end up with same or similar results. This fea-

ture is called reliability. In any research the selections and decisions made 

by the researcher have a big impact on the reliability of the study. Also the 

researcher can be source of random errors. 

Hirsjärvi et al. (1997, 214) point out that, although validity and reliability 

originates from quantitative research, one way of increasing validity and 

reliability of a qualitative study, is to have a thorough and detailed descrip-

tion of the research and its progression. This will be the case with this 

study.  

Detailed description of forming the architecture views is given in chapter 7.  

Chapter 9.1 shows how the created model fits and interacts with the se-

lected business frame. This chapter will describe the modelling process 

and discuss about the selections the researcher has made.  

Although this study is qualitative in nature, it has a clear constructive part 

in it. This constructive part, creation of the Knowledge Interface Model is 

repeatable when following the modelling process, and all necessary back-

ground information, presented in the references of this study is obtained.  

Due to this, the created model has good reliability. 
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10.2 Modelling process 

Modelling the Knowledge Interface is well formed constructive part of the 

study. The process was created by the researcher, based on the instruc-

tions of architectural frameworks, and on the experience of the researcher.  

The goal was to form and populate three different architecture views, 

which have mutual interdependences. The Operational Information Ex-

change Matrix (OV-3) is most dependent on the data provided by other 

views (see Figure 14). So it was obvious, that OV-3 should be the last 

view in modelling process. Part of the Operational Node Connectivity De-

scription (OV-2), the main operational nodes, was formed initially, when 

setting the scope of this study. What would be the needlines between op-

erational nodes; how activity inputs and outputs relate to needlines; and 

what activities would be performed by which operational node? These 

questions could be answered only after having the first version of the ac-

tivity model available. This led to the order in which the Operational Activ-

ity Model (OV-5) was modelled first, OV-2 was following it and OV-3 was 

the last view in modelling process. 

Creation of the Knowledge Interface Model started with the selection of 

source material (see Figure 24). ISO/IEC standard 15288 “System Life 

Cycle Processes” was selected to be the source for the needed process 

model (see chapters 6.1 and 10.4). Activity 117 consisted of a conversion 

of fully textual process description of ISO/IEC 15288 standard into IDEF0 

activity node tree and activity model with activities and their outputs. The 

only researcher related matter in this modelling activity, was the naming of 

process activities and outcomes to meet FIPS 183 conventions. 

In Activity 2 the Operational Activity Model was created. It was done in 

several iterations. Firstly the base model, created in Activity 1, was ba-

                                            

17 Activity and its number (1 - 6) refer to the activities presented in . Figure 24
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lanced and finalised (see chapter 7.2). Balancing was done to both exist-

ing and newly added inputs, outputs and controls of activities. Secondly 

the model was downsized, as explained with Activity 4 and the ICOMs 

were refined, as explained with Activity 5. From the architectural frame-

work perspective, the outcome of Activity 2 is called the Operational Activ-

ity Model (OV-5). From the content point of view, OV-5 contains the 

Knowledge Interface Reference Model. In this Activity, the part where the 

researcher’s selections have the biggest impact on outcome is the down-

sizing of the model. The aim and the scope of the study were main drivers 

and guides in downsizing. It can be argued, that the model is too small 

and narrow to be used in any other context. This argument is valid, but 

also against general rules of modelling. According to those rules and the 

definition of term ‘model’ in chapter 1.2, created model should serve just 

the cause it was generated for. The model should have those views, as-

pects, objects, and emphasis which the intended use of the model re-

quires, supported by appropriate modelling method or language. These 

principles have guided the researcher to do one’s selections.  
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Figure 24. Diagram “Create the Model of the Knowledge Interface”. 
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In Activity 3 the operational nodes were defined. The main nodes, ‘Sales’ 

and ‘Production’ were obvious from the beginning, and the node ‘Cus-

tomer’ was evident after finishing the Operational Activity Model. All enter-

prise and project activities were bundled together and assigned to one op-

erational node, ‘Planning’ as explained in chapter 7.3. Operational nodes 

depicts in a way organisational structure, although the Operational Node 

Connectivity Description is not an organisational chart. OV-2 allows form-

ing any kind of organisational structures; so the suggested one in this 

study (see Figure 18) is just one possibility. In chapter 7.3 is explained 

also other possibilities of forming operational nodes and chapter 9 gives 

another example (see Figure 21) of it. 

Assigning activities to Operational Nodes and formation of needlines were 

done iteratively in Activity 4. Activities were assigned to nodes and at the 

same time wide OV-5 model created in Activity 2 was assessed. Some of 

the activities presented in the Operational Activity Model were quite obvi-

ous to assign to a node and some of them were not. For example dividing 

tasks and responsibilities in requirements management between ‘Sales’ 

and ‘Production’ nodes were not evident and it can be different from the 

suggested one (see Figure 18). While the information exchanges, con-

tained by the needlines, were formed from the inputs and outputs of OV-5 

activities, division of activities between nodes had an influence on the fact, 

which information exchange belonged to which needline.  

Used modelling tool, the System Architect software, helped to keep con-

sistency of the model. System Architect is an object based software tool 

and all OV-5 activities and ICOMs along with OV-2 nodes and needlines 

were saved into a database. When OV-2 was created the activities as-

signed to nodes, were selected from the list of activities available in data-

base. It was not possible to introduce a new activity which did not exist in 

OV-5 activity model or use another name than existing one. It was possi-

ble to leave out activities, but when finalising OV-2 description, it was 

checked that the Operational Node Connectivity Description contained all 
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activities mentioned in process diagrams selected for the Knowledge Inter-

face Reference Model (see Table 5) except the context diagram.  

Same thing was done with information exchanges in Activity 5. They were 

selected from a list of ICOMs and it was checked, that all not tunnelled 

boundary arrows18 (except the ones in the context diagram) presented in 

the Knowledge Interface Activity Model were included into at least one 

needline. All ICOMs were checked, their name and information content 

was refined in Activity 2. When information exchanges were added to 

needlines, the property values of selected information element properties 

were populated. Selected properties are explained in chapter 7.4. Informa-

tion element properties with values form the functional core of the Opera-

tional Information Exchange Matrix (OV-3). Properties should be selected 

according to the needs of the user of the Knowledge Interface Model. Pur-

pose of properties listed in chapter 7.4 and values presented in Appendix 

III is to demonstrate the functionality of the Knowledge Interface Model. 

In Activity 6 the Operational Information Exchange Matrix was generated. 

It was done automatically from the database of System Architect software. 

All data was entered in Activities 3, 4 and 5. This provided the consistency 

of models OV-2, OV-3 and OV-5. 

The scope of the study and ISO/IEC 15288 standard were used as inputs 

of the modelling process. The outputs were three architecture views which 

compose the Knowledge Interface Model: the Operational Activity Model 

(OV-5), the Operational Node Connectivity Description (OV-2) and the 

Operational Information Exchange Matrix (OV-3). Controls, which guided 

the modelling process, were: the definition of the aim of the study, DoDAF 

Deskbook [mainly volume II], MITRE Activity-based Method (ABM) and 

FIPS 183 specification. Mechanisms, which helped and enabled the mo-

                                            

18 See Appendix I for the definition of boundary arrow. 
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delling process, were: System Architect software and Microsoft Excel 

software (see Figure 25). 
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Figure 25. ICOMs of the modelling process 

 

10.3 Selecting enterprise architecture frameworks and views 

Rationale for using parts of enterprise architecture frameworks is ex-

plained in chapter 5.6. While being a model in knowledge and information 

management domain, the Knowledge Interface Model, should be modelled 

with common methodologies used in that field.  

Institute for Enterprise Architecture Developments (IFEAD) makes yearly 

surveys to measure the progress of enterprise architecture usage and im-

plementations all over the world. According to the year 2004 survey there 

is a strong progress in implementing enterprise architecture in countries 

like South Korea, Japan, China, India, Iran, Russia and lot of other coun-

tries. IFEAD considers enterprise architecture prominent in large organisa-

tions as well as small organisations (100 – 1000 employees). In the survey 

organisations named following topics for using enterprise architecture: de-
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livering road maps for change, managing complexity, business and IT 

budget prioritisation and support of system development. (IFEAD 2004.) 

According to the survey, the most popular architecture framework is or-

ganisation’s own framework (35 %). Second most popular framework in 

year 2004 survey is Federal Enterprise Architecture Framework (FEAF) 

with 19 % share; Zachman Framework is on the third place with 13 % 

share. DoDAF users were 3 % of those who answered the survey (6 % in 

year 2003 survey). The most popular business modelling technique in sur-

vey was Gantt with 18 % share, Business Process Modelling Language 

(BPML) being second with 11 % share and IDEF0, Booch and “organisa-

tion own” shared the third place with 9 % share. UML was the most popu-

lar system modelling technique with 31 % share in its category. (IFEAD 

2004.) 

Reliability of IFEAD’s survey is arguable. They conducted the survey in 

their web page and it was voluntary. Those organisations and people who 

knew about the survey and who were interested in enterprise architec-

tures, answered to the survey.  

However IFEAD’s survey 2004 clearly shows that the use of enterprise 

architectures in organisations is growing, when comparing it to the survey 

2003. It is notable that organisations create their own frameworks, per-

haps based on other frameworks. The survey does not reveal the origin of 

organisations own architecture frameworks. 

Enterprise architectures have a history since mid-1980. When shifting to 

the 21st century, their number has increased (see Figure 26). Schekker-

man (2004b) does not acknowledge Malhotra’s hierarchical view to enter-

prise architecture (presented in chapter 5.2) in his comparative survey of 

enterprise architecture frameworks. All the other architecture frameworks 

presented in this study are noted in the survey. 
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Figure 26. Enterprise Architecture Frameworks history (Schekkerman 

2004b).19

 

Rationale for selecting DoDAF as a source of architecture views is pre-

sented in chapter 5.6. It is notable that the Knowledge Interface Model 

does not use whole architecture framework or even a major part of it. On 

the contrary, only three architecture products are selected out of twenty-

six.  

TOGAF does not contain detailed specifications to produce similar archi-

tecture products as DoDAF does. TOGAF has a strong emphasis on the 

enterprise architecture development method and it allows architecture 

products, like Operational Views or Systems Views, to be used along with 

it (TOGAF 2003). Due to this, the Open Group Architecture Framework 

could not be used as a source of architecture views of the Knowledge In-

terface Model. 

                                            

19 All acronyms presented in the figure are explained in the abbreviations list of this study. 
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Schekkerman (2004b) calls the Zachman framework as a positioning 

framework which is able to categorise different kind of architecture pro-

ducts or deliverables. The researcher is not aware of such descriptive 

guides which could help to create consistent and mutually integrated set of 

architecture products within the Zachman Framework. The Knowledge 

Interface Model parts can be positioned into the Zachman Framework as 

shown in Figure 27. 

Enterprise
Models

Systems
Models

Technology
Models

Detailed
Representations

Actual
Systems

Scope

What?

Data

How?

Function

Where?

Network

Who?

People

When?

Time

Why?

Motivation

Planner’s 
Viewpoint
Contextual

Owner’s 
Viewpoint

Conceptual

Designer’s 
Viewpoint

Logical
Builder’s 
Viewpoint
Physical

Sub-contractor’s 
Viewpoint

Out-of-context

Functioning 
Enterprise

OV-2

OV-5
OV-3

Enterprise
Models

Systems
Models

Technology
Models

Detailed
Representations

Actual
Systems

Scope

What?

Data

How?

Function

Where?

Network

Who?

People

When?

Time

Why?

Motivation

Planner’s 
Viewpoint
Contextual

Owner’s 
Viewpoint

Conceptual

Designer’s 
Viewpoint

Logical
Builder’s 
Viewpoint
Physical

Sub-contractor’s 
Viewpoint

Out-of-context

Functioning 
Enterprise

Enterprise
Models

Systems
Models

Technology
Models

Detailed
Representations

Actual
Systems

Scope

What?

Data

What?

Data

How?

Function

How?

Function

Where?

Network

Where?

Network

Who?

People

Who?

People

When?

Time

When?

Time

Why?

Motivation

Why?

Motivation

Planner’s 
Viewpoint
Contextual

Planner’s 
Viewpoint
Contextual

Owner’s 
Viewpoint

Conceptual

Owner’s 
Viewpoint

Conceptual

Designer’s 
Viewpoint

Logical

Designer’s 
Viewpoint

Logical
Builder’s 
Viewpoint
Physical

Builder’s 
Viewpoint
Physical

Sub-contractor’s 
Viewpoint

Out-of-context

Sub-contractor’s 
Viewpoint

Out-of-context

Functioning 
Enterprise

Functioning 
Enterprise

OV-2

OV-5
OV-3

 

Figure 27. The parts of the Knowledge Interface Model positioned into the 

Zachman Framework. 

 

In principal the NATO C3 Architecture Framework (NAF) or the United 

Kingdom Ministry of Defence Architecture Framework (MoDAF) could be 

used instead of DoDAF. They all have similar views, like OV-2, OV-3 and 

OV-5, because NAF and MoDAF originate from DoDAF. Necessary NAF 

documentation is publicly available, but MoDAF is still under development 

[summer 2005] and related documentation is in restricted use. DoDAF 

guides are publicly available through internet (see references DoDAF 

2004 a-c). 
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10.4 Selecting System Life Cycle Processes for the reference model 

The New Service Development process (NSD) presented in the BestServ 

feasibility study report (BestServ 2003) is not detailed enough to describe 

the activities between different parties of a company. Actual description of 

NDS is on a very high level of abstraction and it should be considered 

more like a conceptual process model. The company in scope and the 

customer are only two actors NDS recognises. When selecting more de-

tailed process model for the creation of the Knowledge Interface Model, 

the research framework of BestServ and its business environment were 

studied. BestServ projects focus on solution development and on inte-

grated product and service management (see Figure 28) had a strong in-

fluence on the selection process model source. 
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Figure 28. Integrated product and service management (BestServ 2003, 

11). 
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ISO/IEC standard 15288 “System life cycle processes” covers the areas of 

life-cycle management, product and service and parts of business pro-

cesses. It can be used in a networked environment and it has a connec-

tion with customer in a form of acquisition and supply processes, together 

with requirements management processes. One area, which ISO/IEC 

15288 does not cover, is organisational competence. It has a connection 

with ISO/PAS 18152:2003 standard “Ergonomics of human-system inte-

raction. Specification for the process assessment of human-system is-

sues” (Arnold, 2005). Researcher did not study ISO/PAS 18152 tho-

roughly, but the basic concepts of the standard are also dealing with hu-

man resources strategy and defining competences and gaps. 

Main reasons for the researcher to select ISO/IEC 15288 as a basis pro-

cess model for the Knowledge Interface Reference Model were its ability 

to deal with interaction between supplier and customer, requirements 

management, systems thinking, life-cycle management, planning and de-

sign and implementation of a product or a service. Other possibilities to 

choose instead of ISO/IEC 15288 were different presentations of sales 

processes and production processes created by independent researchers 

or organisations. They did not form one consistent model to work with. 
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11 CONCLUSIONS 

11.1 Discussion 

Theoretical contributions 

The research framework of this study (see Figure 1) was based on the 

three-dimensional systemic view of an organisation, and on the other hand 

on the methods and techniques used with enterprise architecture frame-

works. The theory of three-dimensional systemic view of an organisation is 

a solid theory and scientifically approved. One of its major implications is 

to recognise, support and manage organisations renewal capability (e.g. 

Pöyhönen 2004; Ståhle et al. 2003). Pöyhönen (2004, 71) argues, that 

organisational capability for continuous change and renewal should be 

viewed in terms of navigating the firm in a coherent manner, so that it can 

purposefully execute stabilising routines, continuous incremental devel-

opments, as well as more radical disruptive changes. To be able to suc-

ceed in this, the management of a company should recognise the differ-

ences between different knowledge environments, and be able to manage 

and coordinate processes, knowledge and information flows in a coherent 

manner across the organisation. 

Pöyhönen (2004, 94 - 95) offers a double integration for help to manage 

renewal capability of a company (see Figure 23). With double integration a 

knowledge base, consisting of objectified and collective knowledge, is 

formed from individual know-that and know-how. When the knowledge 

base, residing in three different knowledge environments of the organisa-

tion is integrated, the Knowledge Interface Model can play an important 

role. By managing interfaces between mechanistic, organic and dynamic 

knowledge environments it is possible to integrate organisational know-

that and know-how to support company’s strategy. 

This study used modelling of knowledge and information exchange be-

tween two different parts of a company as an example how to create a 

knowledge interface model. The selected parts represented mechanistic 
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and organic knowledge environments of an organisation, while dynamic 

environment was left out. According to Ståhle and Grönroos (2000, 127) 

the type of knowledge in dynamic environment is intuitive and potential 

(see Table 2). It can be considered most difficult form of knowledge to 

model due its vague nature. Selected pair, mechanistic and organic envi-

ronments, contains defined (explicit) and experiential (hidden, tacit) forms 

of knowledge. Knowledge and information exchange between this pair 

should be considered possible to model, especially all codified, explicit 

information exchange. Problems with modelling knowledge are discussed 

in chapter 11.2. 

New Service Development (NSD) process of BestServ-project formed a 

business frame into which the theory of three-dimensional view of an or-

ganisation was applied. Some phases of NSD were easily mapped to the 

different knowledge environments of the three-dimensional model of an 

organisation, while some phases were overlapping with several knowledge 

environments. Ståhle et al. (2003, 35) point out that the three-dimensional 

model of an organisation with its paradigms is not clear-cut or completely 

consistent. The modelling methodology used in this study does not require 

complete and unambiguous definitions of different knowledge environ-

ments. By using a real life activity model and depicting operational nodes 

as they exist, it is possible to model the knowledge interfaces between 

functional units. The three-dimensional model of an organisation acts 

more like a navigational map which can help to identify existence of differ-

ent knowledge types. 

The approach of using a process [activity] model as a starting point to 

model a knowledge interface has its advantages. Firstly process modelling 

is well established form of modelling functioning of an organisation. There 

are several process modelling methods, techniques and languages to 

choose from with their own strengths and weaknesses.  
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Secondly process models are an excellent way of describing relationship 

chains between various players [individuals or organisational units] (Ståhle 

& Grönroos 2000, 107). Relationships between employees demonstrate 

how the process outcome is actually achieved. Beside relationships, proc-

ess models usually depict information flows at least in a form of inputs and 

outputs. Also more detailed information flow modelling is possible. 

Thirdly process models portray more or less clearly the context in which 

the activity is happening or information [knowledge] is produced or con-

sumed. The context in which information is used is vital for the intended 

meaning of it. Context and rules to interpret a meaning are given by the 

system in which the information exists. Knowledge exists between indi-

viduals and knowledgeable functioning requires understanding of the par-

ticular context of activity. A well described process or activity model may 

help to define the context. 

The enterprise architecture frameworks have a lot of potential to describe 

an organisation or a network and its functions in a holistic way. However 

the limitations of present modelling methods, especially in intellectual mat-

ters have to be taken into consideration and keep expectations on a tangi-

ble level. 

Ståhle and Hannula (2004, 2) explain different definitions and conceptions 

of knowledge management. In America, it emphasises the role of informa-

tion technology, the Japanese viewpoint has mainly focused on knowledge 

creation, and the Scandinavian tradition concentrates on the intellectual 

capital perspective of knowledge management. Knowledge management 

is an extremely broad concept and it is rooted in various disciplines and 

areas of practice with different focuses. Knowledge management has 

been approached mainly from four different perspectives: the philosophic 

perspective, the perspective of organisational development, the business 

perspective and the technological perspective. (Ståhle & Hannula 2004, 2; 

Ref. Ståhle, 2003.)  
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This study joins methods used by American school of knowledge man-

agement to the conceptions of Scandinavian school of knowledge man-

agement. Using enterprise architecture frameworks and modelling meth-

ods associated with them, this study demonstrates one way of combining 

technological perspective of knowledge management into organisational 

development perspective.  

Knowledge interface modelling method, which is introduced in this study, 

may provide new tools to the knowledge management’s perspective of 

organisational development in innovation management and managing or-

ganisational renewal capabilities. Both subjects benefit from better under-

standing and management of information flows and knowledge sharing. 

Practical contributions 

Development of industrial services formed the practical business frame of 

this study. Services are more difficult to imitate than products because 

they are less visible and more labour dependent, and can thus be a 

source of sustainable competitive advantage (Kosonen 2004, 26; Ref. 

Heskett et al. 1997). Kosonen (2004, 26) points out that on the other hand, 

services cannot be patented and competitors are free to copy them. He 

sees the organisation of the company which supports the provision of ser-

vices well to be the best protection against imitators. Kosonen argues that 

the role of the organisation is bigger in the industrial service business than 

it is in manufacturing, because controlling the quality of services is much 

harder. Products that do not meet quality standards can be screened out 

before they are delivered to customers, but as services are produced and 

consumed at the same time this is not possible. 

Based on Kosonen’s studies there are two possibilities to organise provi-

sioning of services: either to have separate organisations for manufactur-

ing and services or to have them both under the same organisational unit 

(Kosonen 2004, 26). According to Oliva and Kallenberg (2003) a critical 
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success factor in the transition from manufacturing to services was to cre-

ate a separate organisation to handle services. 

The Knowledge Interface Model with flexible Operational Node Connec-

tivity Description (OV-2) and Operational Activity Model (OV-5) can be 

used as an evaluation tool when considering different options in changing 

the company’s configuration, reallocating the resources and responsibili-

ties. Chapters 7.2, 7.3 and 9.1 can be used as an example of it. The origi-

nal OV-5 activity model in chapter 7.2 was created iteratively with the OV-

2 diagram having a focus on the scope of this study. Then in chapter 9.1 

the functional structure of a company was depicted in a different way with 

the changes in OV-2 (see Figure 21). In this case the OV-5 activity model 

was kept intact, but in a real case it should have bee adjusted according to 

the needs of well balanced OV-2 and OV-5. 

The Knowledge Interface Model provides a possibility to make a gap 

analysis in two scenarios. It can be used to assess changes needed or 

happening when reconfiguring the organisation or when changing the sup-

plier role (see Figure 22). In both scenarios the modelling method gives a 

fairly easy and quick way of depicting information and knowledge ex-

changes and how planned actions are affecting on them. This leads to-

wards the capability of forming and managing the knowledge base of the 

company and make it support the company’s strategy. 

Understanding customer needs is a corner stone of successful business. 

Communication between customer and supplier usually starts with two 

organic knowledge environments, purchase and sales, interacting with 

each other. They both possess a lot of tacit knowledge and there is a need 

to form a common understanding between parties. ISO/IEC standard 

15288 provides one tool to achieve this common understanding - require-

ments management. As depicted in the Knowledge Interface Reference 

Model diagram A4 “Technical Processes” (see Figure 37 in Appendix II), it 

contains two activities concerned with requirements management. “Stake-
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holder Requirements Definition Process” and “Requirements Analysis 

Process” are both visible also in the Operational Node Connectivity De-

scription (OV-2) (see Figure 18 and Figure 21). The NSD Operational 

Node Connectivity Description (Figure 21) emphasises the importance of 

customer requirements management and assigns it as a task for a ‘De-

sign’ node. Both requirements management processes mentioned above 

are described in more details in ISO/IEC standard 15288. 

Requirements management can be seen as a tool to exchange implicit or 

tacit knowledge. Tacit knowledge, possessed by a customer, has to be 

transformed into an explicit form. Methodology provided by requirements 

management can help with it. Expressing one’s needs and interpreting 

them correctly is very much context dependent. 

Unambiguous agreement is needed for successful business. When having 

a closer look into the NSD Operational Node Connectivity Description 

(Figure 21) one can see that there are six needlines involved with forming 

an agreement. Companies are striving for clear descriptions of their ser-

vices, but due to the nature of industrial services there are always some 

parts of the service acquisition which need to be defined in negotiations. 

This is vital on a level of a performance partner or higher. ISO/IEC 15288 

standard can be used as reference model because it has a strong empha-

sis on the agreement process.  

The Knowledge Interface Model was created and described with the 

guidelines of one enterprise architecture framework. It allows BestServ-

project to use the same enterprise architecture framework or one compli-

ant to it when developing its own operational process architecture or tech-

nological architecture (see BestServ 2003, 36). Multidimensional architec-

ture frameworks like one used with the Knowledge Interface Model sup-

port modelling of complex systems or environments. Flexibility of the 

Knowledge Interface Model was demonstrated in chapter 9.1, when creat-
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ing another Operational Node Connectivity Description (OV-2) and Opera-

tional Information Exchange Matrix (OV-3) from the same activity model. 

11.2 Limitations of the Study 

As defined in chapter 1.2 a model is an abstraction of the subject, a simpli-

fied, systematic representation of it. Purpose of a model is to study the 

subject or describe it in a manner which could be easily replicated and 

transferred to another place or time. One can argue which parts of knowl-

edge and information exchanges can be modelled with present methods 

and techniques. Process modelling, data modelling and information mod-

elling, with established modelling methods and tools, are acknowledged 

areas of modelling and can be used to model information exchange. 

Knowledge, because of its nature, is more complex subject to model. 

If knowledge is seen as an object (see chapter 2.2), it is assumed that 

knowledge can be identified, located, moved and traded. If knowledge is 

identifiable, it most likely can be depicted with present modelling methods. 

Object-like, identifiable knowledge can be also called as explicit knowl-

edge, but as Pöyhönen (2004, 36) points out explicit knowledge is actually 

data [or information].  

If knowledge is seen as an activity, it is shown in individual or collective 

action and it is enacted in a particular context. Knowledge as an activity 

should be called knowing or knowledgeable activity (see chapter 2.2). Im-

plicit knowledge is called tacit knowledge which is embedded in individuals 

or organisation and is hard to imitate. Is it possible to model something, 

which is not visible and identifiable, like tacit knowledge? How do you 

model knowing? Process modelling is capable of modelling activities, but 

how to recognise and depict a knowledgeable activity? 

These questions call into question whether the title of this study is valid. 

Should the model, created in this study, be called as ‘an information inter-

face model’ instead of ‘a knowledge interface model’? Easy answer to this 
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question is to use knowledge as an overarching term of data, information 

and knowledge. Second easy answer can be built on Spender’s typology 

of knowledge (see Table 1) in which knowledge is the top-level concept 

having different kind of sub-types. These two ways are nearly pure seman-

tics, play with words and meanings. The reality is that present modelling 

methods cannot model knowledge if it is seen as an activity of knowing, or 

as an implicit individual or social form of knowledge (i.e. tacit knowledge). 

Let us see how far development of conceptual modelling20 can take us in 

future when modelling knowledge. 

When knowledgeable activity consumes or produces information, these 

input and outputs can be modelled. Knowledge intensive activities can be 

identified from activity models having only information as an input and as 

an output. The title of this study is justified with Pöyhönen’s concept of 

knowledge in which knowledge exists between individuals (Pöyhönen 

2004, 34) and the interface is a point of communication between two or 

more processes, persons, or other physical entities (ATIS 2000).  

The feasibility study report of BestServ-project did not contain detailed 

enough process model for modelling of the knowledge interface. ISO/IEC 

standard 15288 gave a feasible process model for this study. Anyhow it is 

not specified enough for the industrial service development and produc-

tion. So the tie of the Knowledge Interface Model to the New Service De-

velopment process of BestServ-project is visible, but loose.  

Kosonen’s (2004) study for the BestServ Forum pointed out strongly how 

big cultural change it is for a company to move in to the industrial service 

business. The change as a whole needs a lot of capabilities from the com-

pany to renew itself and its functions. This study only scratched the sur-

face or the organisational renewal capability which is vital for a manufac-

                                            

20  E.g. see the web-pages of the Knowledge Management Research Group of the Royal 
Institute of Technology in Stockholm at URL: http://kmr.nada.kth.se/cm/. 
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turing company when it desires to become a strong player in the markets 

of industrial services. 

Competences which are needed with industrial services were left out of 

the scope of this study. Companies working in the field of knowledge in-

tensive business should be able to transform knowledge into useful com-

petences. This ability is vital when a company is acting as performance 

partner or higher (see Figure 22) on industrial service business. Modelling 

information exchanges and knowledge sharing with the formation of com-

pany’s knowledge base may be used as a starting point of modelling [de-

scribing] competences. 

11.3 Recommendations 

There should be a practical implementation of the modelling method sug-

gested in this study and the Knowledge Interface Model in a company pro-

viding industrial services. The process model or activity model depicting 

sales, design, planning, production and delivery functions of a company 

should be a real-life model. The Operational Node Connectivity Descrip-

tion should reflect the organisation of the company and the information 

exchange properties should be selected among critical and important ones 

to the company. 

During a practical implementation of the Knowledge Interface Model, it 

could be extended with a number of system views (see Table 4) depicting 

the ICT-infrastructure of the company. The model could be extended to 

cover also customer - supplier interface. 

From theoretical point of view this study could be expanded towards or-

ganisational renewal capabilities which are needed when a manufacturing 

company moves into the business of industrial services. The other direc-

tion could be competences and their relation to information exchange and 

knowledge sharing. 
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APPENDIX I INTEGRATION DEFINITION FOR FUNC-
TION MODELLING (IDEF0) 

 

Introduction 

This description of IDEF0 modelling method is based on the normative 

part of Federal Information Processing Standards Publication 183 (NIST 

1993). Purpose of this description is to help reader to read the Knowledge 

Interface Reference Model diagrams. Some basic figures were left out of 

this annex and they are seen in chapter 6.2. For a full presentation of 

IDEF0 method, see reference NIST 1993. 

The IDEF0 Approach 

IDEF0 includes both a definition of a graphical modelling language (syntax 

and semantics) and a description of a comprehensive methodology for 

developing models. The two primary modelling components are functions 

(represented on a diagram by boxes) and the data and objects that inter-

relate those functions (represented by arrows). 

Definitions 

These items (terms) were used when modelling the Knowledge Interface 

Reference Model: 

A-0 Diagram: The special case of a one-box IDEF0 context diagram, con-

taining the top-level function being modelled and its inputs, controls, out-

puts and mechanisms, along with statements of model purpose and view-

point. 

Arrow: A directed line, composed of one or more arrow segments, that 

models an open channel or conduit conveying data or objects from source 
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(no arrowhead) to use (with arrowhead).  There are 4 arrow classes:  Input 

Arrow, Output Arrow, Control Arrow, and Mechanism Arrow (includes Call 

Arrow).  See Arrow Segment, Boundary Arrow, Internal Arrow. 

Arrow Label: A noun or noun phrase associated with an IDEF0 arrow or 

arrow segment, specifying its meaning. 

Arrow Segment: A line segment that originates or terminates at a box 

side, a branch (fork or join), or a boundary (unconnected end). 

Boundary Arrow: An arrow with one end (source or use) not connected to 

any box on a diagram.  Contrast with Internal Arrow. 

Box: A rectangle, containing a name and number, used to represent a 

function. 

Box Name: The verb or verb phrase placed inside an IDEF0 box to de-

scribe the modelled function. 

Box Number: The number (0 to 6) placed inside the lower right corner of 

an IDEF0 box to uniquely identify the box on a diagram.   

Child Box: A box on a child diagram. 

Child Diagram: The diagram that details a parent box. 

Context: The immediate environment in which a function (or set of func-

tions on a diagram) operates. 

Context Diagram: A diagram that presents the context of a model, whose 

node number is A-n (n greater than or equal to zero). The one-box A-0 

diagram is a required context diagram; those with node numbers A-1, A-2, 

... are optional context diagrams.   

 111



 

Control Arrow: The class of arrows that express IDEF0 Control, i.e., con-

ditions required to produce correct output.  Data or objects modelled as 

controls may be transformed by the function, creating output.  Control ar-

rows are associated with the top side of an IDEF0 box.  

Decomposition: The partitioning of a modelled function into its compo-

nent functions. 

Diagram: A single unit of an IDEF0 model that presents the details of a 

box.   

Diagram Node Number: That part of a diagram's node reference that cor-

responds to its parent box node number. 

Function: An activity, process, or transformation (modelled by an IDEF0 

box) identified by a verb or verb phrase that describes what must be ac-

complished.  

Function Name: Same as Box Name. 

ICOM Code: The acronym of Input, Control, Output, Mechanism. A code 

that associates the boundary arrows of a child diagram with the arrows of 

its parent box; also used for reference purposes. 

IDEF0 Model: A graphic description of a system or subject that is devel-

oped for a specific purpose and from a selected viewpoint. A set of one or 

more IDEF0 diagrams that depict the functions of a system or subject area 

with graphics, text and glossary. 

Input Arrow: The class of arrows that express IDEF0 Input, i.e., the data 

or objects that are transformed by the function into output.  Input arrows 

are associated with the left side of an IDEF0 box.  
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Internal Arrow: An input, control or output arrow connected at both ends 

(source and use) to a box on a diagram.  Contrast with Boundary Arrow. 

Mechanism Arrow: The class of arrows that express IDEF0 Mechanism, 

i.e., the means used to perform a function; includes the special case of 

Call Arrow. Mechanism arrows are associated with the bottom side of an 

IDEF0 box.  

Node: A box from which child boxes originate; a parent box.  See Node 

Index, Node Tree, Node Number, Node Reference, Diagram Node Num-

ber. 

Node Index: A listing, often indented, showing nodes in an IDEF0 model 

in "outline" order.  Same meaning and content as Node Tree. 

Node Number: A code assigned to a box to specify its position in the 

model hierarchy; may be used as a Detail Reference Expression. 

Node Tree: The graphical representation of the parent-child relationships 

between the nodes of an IDEF0 model, in the form of a graphical tree.  

Same meaning and content as Node Index. 

Output Arrow: The class of arrows that express IDEF0 Output, i.e., the 

data or objects produced by a function.  Output arrows are associated with 

the right side of an IDEF0 box. 

Parent Box: A box that is detailed by a child diagram. 

Parent Diagram: A diagram that contains a parent box. 

Squiggle: A small jagged line that may be used to associate a label with a 

particular arrow segment or to associate a model note with a component 

of a diagram.  
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Title: A verb or verb phrase that describes the overall function presented 

on an IDEF0 diagram; the title of a child diagram corresponds to its parent 

box name.   

Tunnelled Arrow: An arrow (with special notation) that does not follow the 

normal requirement that each arrow on a diagram must correspond to ar-

rows on related parent and child diagrams. 

Syntax and Semantics 

Syntax 

The structural components and features of a language and the rules that 

define relationships among them are referred to as the language's syntax. 

The components of the IDEF0 syntax are boxes and arrows, rules, and 

diagrams. Boxes represent functions, defined as activities, processes or 

transformations. Arrows represent data or objects related to functions.   

Boxes 

A box provides a description of what happens in a designated function. 

Each box shall have a name and number inside the box boundaries.  The 

name shall be an active verb or verb phrase that describes the function.  

Each box on the diagram shall contain a box number inside the lower right 

corner.  Box numbers are used to identify the subject box in the associ-

ated text. 

Arrows 

An arrow is composed of one or more line segments, with a terminal ar-

rowhead at one end.  Arrow segments may be straight or curved (with a 

90° arc connecting horizontal and vertical parts), and may have branching 

(forking or joining) configurations. Arrows do not represent flow or se-

quence as in the traditional process flow model. Arrows convey data or 

objects related to functions to be performed. The functions receiving data 

or objects are constrained by the data or objects made available. 
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Semantics 

Semantics refers to the meaning of syntactic components of a language 

and aids correctness of interpretation. Interpretation addresses items such 

as box and arrow notation and functional relationship interfaces. 

Box and Arrow Semantics 

Since IDEF0 supports function modelling, the box name shall be a verb or 

verb phrase, such as “Perform Inspection”, that is descriptive of the func-

tion that the box represents.  The example "Perform Inspection" function 

transforms uninspected parts into inspected parts.  

Standard terminology shall be used to ensure precise communication.  

Box meanings are named descriptively with verbs or verb phrases and are 

split and clustered in decomposition diagramming. Arrow meanings are 

bundled and unbundled in diagramming and the arrow segments are la-

belled with nouns or noun phrases to express meanings. Arrow-segment 

labels are prescriptive, constraining the meaning of their segment to apply 

exclusively to the particular data or objects that the arrow segment graphi-

cally represents.  

Each side of the function box has a standard meaning in terms of 

box/arrow relationships.  The side of the box with which an arrow inter-

faces reflects the arrow's role. Arrows entering the left side of the box are 

inputs. Inputs are transformed or consumed by the function to produce 

outputs. Arrows entering the box on the top are controls. Controls specify 

the conditions required for the function to produce correct outputs. Arrows 

leaving a box on the right side are outputs. Outputs are the data or objects 

produced by the function. (See Figure 12). 

Arrows connected to the bottom side of the box represent mechanisms.  

Upward pointing arrows identify some of the means that support the exe-

cution of the function. Other means may be inherited from the parent box.  

Mechanism arrows that point downward are call arrows. Call arrows en-
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able the sharing of detail between models (linking them together) or bet-

ween portions of the same model.   

Labels and Names 

Boxes represent functions that show what must be accomplished.  A func-

tion name shall be an active verb or verb phrase. The arrows identify data 

or objects needed or produced by the function. Each arrow shall be la-

belled with a noun or noun phrase. 

IDEF0 Diagrams 

Types of Diagrams 

IDEF0 models are composed of three types of information: graphic dia-

grams, text, and glossary.  These diagram types are cross-referenced to 

each other. The graphic diagram is the major component of an IDEF0 

model, containing boxes, arrows, box/arrow interconnections and associ-

ated relationships. Boxes represent each major function of a subject.  

These functions are broken down or decomposed into more detailed dia-

grams, until the subject is described at a level necessary to support the 

goals of a particular project. The top-level diagram in the model provides 

the most general or abstract description of the subject represented by the 

model. This diagram is followed by a series of child diagrams providing 

more detail about the subject.    

Top-Level Context Diagram 

Each model shall have a top-level context diagram, on which the subject 

of the model is represented by a single box with its bounding arrows.  This 

is called the A-0 diagram.  The arrows on this diagram interface with func-

tions outside the subject area to establish model focus.  Since a single box 

represents the whole subject, the descriptive name written in the box is 

general. The same is true of the interface arrows since they also represent 

the complete set of external interfaces to the subject. The A-0 diagram 

also sets the model scope or boundary and orientation. 
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Child Diagram 

The single function represented on the top-level context diagram may be 

decomposed into its major sub-functions by creating its child diagram. In 

turn, each of these sub-functions may be decomposed, each creating an-

other, lower-level child diagram. On a given diagram, some of the func-

tions, none of the functions or all of the functions may be decomposed.  

Each child diagram contains the child boxes and arrows that provide addi-

tional detail about the parent box.  

The child diagram that results from the decomposition of a function covers 

the same scope as the parent box it details.  Thus, a child diagram may be 

thought of as being the "inside" of its parent box.  This structure is illus-

trated in Figure 13. 

Parent Diagram 

A parent diagram is one that contains one or more parent boxes. Every 

ordinary (non-context) diagram is also a child diagram, since by definition 

it details a parent box. Thus a diagram may be both a parent diagram 

(containing parent boxes) and a child diagram (detailing its own parent 

box).  Likewise, a box may be both a parent box (detailed by a child dia-

gram) and a child box (appearing on a child diagram).  The primary hierar-

chical relationship is between a parent box and the child diagram that de-

tails it.  

Diagram Features 

Arrows as Constraints 
Arrows on an IDEF0 diagram represent data or objects as constraints.  

Only at low levels of detail can arrows represent flow or sequence, when 

the modelled subject is sufficiently detailed to treat specific changes made 

to specific data items or objects. Connecting the output of one box to the 

input, control, or mechanism of another box shows that the function mod-

elled by the latter box requires, and thus is constrained by, the presence of 
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the corresponding output of the former box.  This type of constraint is illus-

trated in Figure 29. The arrows connecting to a box represent all the data 

and objects that are needed for the function to be completely performed. 

2

1

...and this data/object 
provided by  function 1.

3

Performance of function 3 
requires this data/object output 
from function 2...

 
Figure 29. Meaning of constraint in IDEF0 model (NIST 1993). 

 

Concurrent Operation 

Several functions in a model may be performed concurrently, if the needed 

constraints have been satisfied. As illustrated in Figure 30, an output of 

one box may provide some or all of the data and objects needed for acti-

vations of one or more other boxes. 

3

2

1

Once this data/object 
is provided, functions 2 and 3 
may operate concurrently.

 
Figure 30. Concurrent operation in IDEF0 model (NIST 1993). 

When an output of one box provides some or all of the inputs, controls or 

mechanisms needed by another box, a given activation of the latter box 

may depend on sequential performance. However, different activations of 
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the same box(es), with possibly different requirements, may operate con-

currently. 

Branching Arrows 

An arrow may branch (fork or join), indicating that the same kind of data or 

object may be needed or produced by more than one function. The 

branches may represent either the same thing or portions of the same 

thing.  Since labels specify what arrow segments represent, labels on 

branching arrow segments provide a detailing of the arrow content just as 

lower level diagrams provide detailing of parent boxes. 

Inter-Box Connections 

Except for the single-box A-0 context diagram, a graphic diagram contains 

a minimum of three and a maximum of six boxes21.  Boxes are normally 

organized diagonally from the upper left corner to the lower right, i.e., in a 

"staircase" configuration. 

Any output arrow may provide some or all of the input, control, or mecha-

nism data or objects to any other box.  An output arrow may provide data 

or objects to several boxes via the forking mechanism, as shown in Figure 

31. 

If a box on a diagram is detailed by a child diagram, each arrow connected 

to the parent box shall appear on the child diagram, unless the arrow is 

tunnelled next to its parent box. On a diagram, data or objects may be rep-

resented by an internal arrow, with both ends (source and use) connected 

to boxes, or by a boundary arrow, with only one end (source or use) con-

nected.   

 

                                            

21 This rule was not applied with the Knowledge Interface Reference Model, because the 
structure and decomposition of activities in ISO/IEC 15288 standard was kept intact. 
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2

1

KEEP 
RECORDS

3

DELIVER 
PRODUCTS

DO 
BILLING

Transactions

Files

Customer 
Records Price & Tax 

Tables

This fork means that “Files” contains 
“Customer Records” (needed by  Function 2) and 
“Price & Tax Tables” (needed by Function 3).

Account  
Entries

This join means “Account  
Entries” are created by  
“Deliver Products” and  
"Do Billings".

Tax 
Requirements

Account 
Clerk

Invoices

Ordered 
Product

 

Figure 31. Connections between boxes in IDEF0 model (NIST 1993). 

 

Tunnelled Arrows 

A tunnelled arrow is used to provide information at a specific level of de-

composition that is not required for understanding at some other levels.  

An arrow can be tunnelled at any chosen level. 

Using the parentheses notation tunnelling an arrow where it connects to a 

box side means that the data or objects expressed by that arrow are not 

necessary for understanding subsequent level(s) of decomposition, and 

thus shall not be shown on its child diagram. An arrow tunnelled at its 

connected end may be omitted from one or more levels of decomposition 

and then reappear on another level, in one or more places, tunnelled at 

the unconnected end. Figure 32 provides an example of tunnelled arrows 

on parent and child diagrams. 
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Figure 32. Example of tunnelled arrows in IDEF0 model (NIST 1993). 

3

2

1

A1

parent 
diagram

child  
diagram

3

2

1

A12
This output is not  
shown connecting to  
the parent box. 

C1 C3

This arrow (position C2) is not 
shown on child diagram.

A12

I1

O1

parent  
box

 



 

APPENDIX II THE KNOWLEDGE INTERFACE REFERENCE MODEL 

 
The Knowledge Interface Reference 
Model consists of five different activity 
diagrams. The model is based on the 
processes and activities presented in 
ISO/IEC 15288 standard. 
The viewpoint of the model is interaction 
between sales and production functions of 
a company with necessary interaction with 
customer and planning function of a com-
pany. 
See reference ISO/IEC 2002 for more 
details about ISO/IEC standard 15288. 

 

 

 
Node:

A-0
Title:

Knowledge Interface Reference Model
Number: 001

1Page:

A0
0

Knowledge Interface
Reference Model

Tools

Workforce

Fulfillment of Customer Needs

Directives and Regulations

Business Environment

Information

Technologies

Infrastructure

Comptences and Skills

Material

Enterprise Strategy

Accepted Delivery

Initial Customer Needs

Figure 33. A-0 Diagram "Knowledge Interface Reference Model" 
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The Knowledge Interface Ref-
erence Model has four main 
processes: Agreement Proc-
esses, Enterprise Processes, 
Project Processes and Techni-
cal Processes.  
Only the Agreement Processes 
and the Technical Processes 
are decomposed further. Proc-
esses have two main inputs: 
Initial Customer Needs and 
Stakeholder Needs; and one 
main output: Accepted Delivery. 
 

 

 

 

 

 

 

 

Node:

A0
Title:

Knowledge Interface Reference Model Processes
Number: 002

1Page:

A1
1

Agreement
Processes

A4
4

Technical
Processes

A3
3

Project
Processes

A2
2

Enterprise
Processes

Business Environment

Installed and Validated System

Corrective Actions

Internal Order

Project Assessment

Project Progress

Enterprise Strategy

Accepted Delivery

Stakeholder Needs

Initial Customer Needs

Policies

Project PlansProject Proposal

Agreement

Basis for Agreement

Figure 34. A0 Diagram "Knowledge Interface Reference Model Processes" 

 123 



 

The Agreement Processes consist 
of the following: 
 
a) Acquisition Process - used by 
organisations for acquiring products 
or services; 
b) Supply Process - used by organi-
sations for supplying products or 
services. 
These processes define the activi-
ties necessary to establish an 
agreement between two organisa-
tions.  
If the Supply Process is invoked, it 
provides the means for conducting 
a project in which the result is a 
product or service that is delivered 
to the acquirer. 
Only Supply Process is decom-
posed further. 
 

Figure 35. A1 Diagram "Agreement Processes" 

Node:

A1
Title:

Agreement Processes
Number: 003

1Page:

A1.2
2

Supply Process

A1.1
1

Acquisition Process

Installed and Validated System

Internal Order

Project Assessment

Enterprise Strategy

Initial Customer Needs

Project Proposal

Basis for Agreement

Communicated RFQ

Recieved Payment

Transfered Responsibility

Delivery

Maintained Communication with Acquirer
Agreement

Proposal

Identified Acquirer

Rendered Payment

Accepted Delivery

Agreement

Declared Justification for Selection

Maintained Communication with Supplier

Selected Supplier

Acquistion Strategy
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The purpose of the Supply Process 
is to provide an acquirer with a 
product or service that meets ag-
reed requirements. 
Supply Process consists of follow-
ing activities: 
1. Identify Acquirer 
2. Evaluate Request 
3. Prepare Response 
4. Negotiate Agreement 
5. Execute Agreement 
6. Assess Execution of Agreement 
7. Deliver Product or Service 
8. Accept Payment 
9. Transfer Responsibility for Prod-
uct or Service to Acquirer 
 
 
 

Figure 36. A1.2 Diagram "Supply Process" 

Node:

A1.2
Title:

Supply Process
Number: 004

1Page:

A1.2.9
9

Transfer
Responsibilty
for Product or

Service to
Acquirer

A1.2.8
8

Accept
Payment

A1.2.7
7

Deliver
Product or

Service

A1.2.6
6

Assess
Execution of
Agreement

A1.2.5
5

Execute
Agreement

A1.2.4
4

Negotiate
Agreement

A1.2.3
3

Prepare
Response

A1.2.2
2

Evaluate
Request

A1.2.1
1

Identify
Acquirer

Installed and Validated System

Basis for Agreement

Corrective Measures

Internal Order

Project Assessment

Rendered Payment

Project Proposal

Proposal

Delivery

Recieved Payment

Agreement

Agreement

Identified Acquirer

Decision to Act

Refusal

Communicated RFQ

Transfered Responsibility

Maintained Communication with Acquirer

Identified Acquirer

Selected Supplier
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The Technical Processes define the 
activities that enable enterprise and 
project functions to optimise the 
benefits and reduce the risks that 
arise from technical decisions and 
actions. These activities enable 
products and services to possess 
the qualities required by acquiring 
and supplying organisations.  
Technical Processes consist of fol-
lowing activities 
1. Stakeholder Requirements Defi-
nition Process 
2. Requirements Analysis Process 
3. Architectural Design Process 
4. Implementation Process 
5. Integration Process 
6. Verification Process 
7. Transition Process 
8. Validation Process 
 

Node:

A4
Title:

Technical Processes
Number: 005

Page:

A4.1
1

Stakeholder
Requirements

Definition
Process

A4.4
4

Implementation
Process

A4.2
2

Requirements
Analysis
Process

A4.7
7

Transition
Process

A4.3
3

Architectural
Design

Process

A4.5
5

Integration
Process

A4.6
6

Verification
Process

A4.8
8

Validation
Process

Maintenance Constraints

Disposal Constraints

Stakeholder Needs

Defined QM Policies

Defined Policy to Adapt System LC ProcessesDefined Policy to Apply System LC Processes

Basis for Agreement

Critical Performance Parameters
Constraints of Implementation

Agreement

Data Providing Information for Corrective Actions
Validation Data

Confirmed Availability of Services
Validation Strategy

Sustainable Service
Recorded Corrective Action Reports

Recorded Installed Configuration
Capable System
Installed System

System Transition Strategy

Evidence that Realized Product Satisfies System Requirements

Data Providing Information for Corrective Actions

Verification Constraints

Verification Strategy

Recorded Non-conformances

Assembled System

Constraints of Integration

System Integration Strategy

Packed and Stored System Element

Implementation Technology Constraints

Implementation Strategy

Basis for Integration of System Elements

Basis for Verifying System Elements

Traceability of AD to System Reqs

Incorporated Interface Requirements

Implementable Set of System Element Descriptions

Architectural Design Baseline

Defined Basis for Requirements Verification

Intergrity of Requirements

Constraints of Architectural Design

Specified Product Solution

Basis for Conformance Validation

Basis for System Requirements

Traceability of Requirements

Constraints on System
Characteristics of Services

Figure 37. A4 Diagram "Technical Processes" 
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The ISO/IEC 15288 Enterprise Proc-
esses are not included into the Knowl-
edge Interface Reference Model, but 
they are presented as background in-
formation. 

The Enterprise Processes manage the 
organisation’s capability to acquire and 
supply products or services through 
the initiation, support and control of 
projects. They provide resources and 
infrastructure necessary to support 
projects and ensure the satisfaction of 
organisational objectives and estab-
lished agreements. 
Following activities are included: 

1. Enterprise Environment Manage-
ment Process 

2. Investment Management Process 

3. System LC Processes Management 
Process 

4. Resource Management Process 

5. Quality Management Process 

 

Figure 38. A2 Diagram "Enterprise Processes" 

Used at: Context:Author:

Project:

Notes:  1  2  3  4  5  6  7  8  9  10

Date: 30.3.2005

Rev: 0.1

X READER:

DATE:

Node:
A2

Title:
Enterprise Processes

Number: E01

WORKING

DRAFT

RECOMMENDED

PUBLICATION

Master's Thesis

J.Ponsi

Knowledge Interface

Page:

A2

A2.3
3

System LC
Processes

Management
Process

A2.5
5

Quality
Management

Process

A2.2
2

Investment
Management

Process

A2.4
4

Resource
Management

Process

A2.1
1

Enterprise
Environment
Management

Process

Corrective Actions to Meet Quality Goals
Monitored Status of Customer Satisfaction

Defined Accountability for QM
Defined Quality Goals
Defined QM Policies

Resolved Conflicts in Multi-project Resource Demands

Maintened Skills of Personnel

Necessarry Resources

Improvements to System LC Processes

Defined Measures to Evaluate System LC Processes

Defined Policy to Adapt System LC Processes

Defined Policy to Apply System LC Processes

Defined System LC Processes

Redirected or Terminated Projects
Sustained Projects

Defined Project Management Authorities

Allocated Resources
Selected Investment Opportunities

Policy for Improvement of System LC Processes

Defined Accountability for System LC Management
Policies for Management of System LC
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The ISO/IEC 15288 Projcet Processes 
are not included into the Knowledge 
Interface Reference Model, but they 
are presented as background informa-
tion. 

The Project Processes are used to 
establish and evolve project plans, to 
assess actual achievement and pro-
gress against the plans and to control 
execution of the project through to 
fulfilment. Individual Project Processes 
may be invoked at any time in the life 
cycle and at any level in a hierarchy of 
projects, as required by project plans 
or unforeseen events.  

Following activities are included: 

1. Project Planning Process 

2. Project Assessment Process 

3. Project Control Process 

4. Decision-making Process 

5. Risk Management Process 

6. Configuration Management Process 

7. Information Management Process 

Used at: Context:Author:

Project:

Notes:  1  2  3  4  5  6  7  8  9  10

Date: 25.4.2005

Rev: 0.2

X
READER:

DATE:

Node:
A3

Title:
Project Processes

Number: E02

WORKING

DRAFT

RECOMMENDED

PUBLICATION

Master's Thesis

J.Ponsi

Knowledge Interface

1Page:

A3

A3.6
6

Configuration
Management

Process

A3.7
7

Information
Management

Process

A3.1
1

Project
Planning
Process

A3.2
2

Project
Assesment

Process

A3.5
5

Risk
Management

Process

A3.3
3

Project Control
Process

A3.4
4

Decision-
making
Process

Available Information

Current, Complete and Valid Information
Recorded Status of Information

Transformed and Disposed Information

Defined Forms of Information Representation
Identified Information to be Managed

Status of Items under CM

Controlled Configuration of Released Items
Executed Configuration Control

Configuration Baselines

Defined Items that are under CM

Defined CM Strategy

Unacceptable Risks are Acted Upon
Avaialble Risk Status
Strategy to treat Risks

Quantified Probabilities and Consequences
Identified Risks

Captured and Reported Resolutions
Selected Preferred Course of Action

Defined Alternative Course of Action
Defined Decision-making Strategy

Achieved Project Objectives
Authorized Progress to next Milestone

Initiated Re-planning

Corrective Actions

Reported Project Status
Analyzed Deviations in Performance
Assessed Adequasy of Resources

Assessed Adequasy of Roles and Responsibilities

Available Project Assessment Results

Project Staff
Defined Project Performance Measures

Request for Resources

Defined Roles, Responsibilites and Authorities
Project Plans

Figure 39. A3 Diagram "Project Processes" 
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APPENDIX III THE OPERATIONAL INFORMATION EXCHANGE MATRIX 

Needline 
Information 
Exchange 

Source 
Node 

Source 
Activity 

Destination 
Node 

Destination 
Activity Content  

    

Media
Collaborative 
or One-Way Frequency 

NL1: Buy-
ing 

Initial Customer 
Needs 

Customer Sales Initial customer needs.
Not presented as punc-
tually as stakeholder 
needs 

 Oral, paper or 
digital docu-
ment 

One-way or
collaborative 

 Once 

      

     

       

      

     

Communicated
RFQ 

 Customer Acquisition
Process 

Sales Identify Ac-
quirer 
Evaluate 
Request 

Request for Proposal 
prepared by the cus-
tomer 

Paper or digi-
tal document 

One-Way Once

Maintained
Communication 
with Supplier 

 Customer Acquisition
Process 

Sales  Keeping other party up-
todate with issues con-
cerning the relationship 

Paper, digital, 
oral 

Collaborative Constant

Selected Sup-
plier 

Customer Acquisition
Process 

Sales Identify Ac-
quirer 
Negotiate 
Agreement 

Notify, that the supplier 
is selected by the ac-
quirer 

Paper or digi-
tal document 

One-way Once

  Stakeholder 
Needs 

Customer  Sales Stakeholder
Require-
ments Defi-
nition Proc-
ess 

Punctually stated cus-
tomer / stakeholder 
needs 

Paper, digital, 
oral 

One-way Once

NL2: Sell-
ing 

Refusal Sales Prepare
Response 

Customer  Refusal to sell or pro-
vide services 

Paper or digi-
tal document 

One-way Once

       Proposal Sales Prepare
Response 

 Customer Acquisition
Process 

Proposal to sell Paper or digi-
tal document 

One-way Once
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Needline 
Information 
Exchange 

Source 
Node 

Source 
Activity 

Destination 
Node 

Destination 
Activity Content Media 

Collaborative 
or One-Way Frequency 

        Basis for
Agreement 

Sales Stakeholder
Require-
ments Defi-
nition Proc-
ess 

 Customer Acquisition
Process 

Mutual understanding of 
the content of the 
agreement based on 
customer / stakeholder 
requirements 

Paper or digi-
tal document 

Collaborative Once

    

    

      

      

Agreement Sales Negotiate
Agreement 

 Customer  Agreement to deliver 
product or service 

Paper or digi-
tal document 

Collaborative Once

Maintained
Communication 
with Acquirer 

 Sales Identify Ac-
quirer 

Customer  Keeping other party up-
todate with issues con-
cerning the relationship 

Paper, digital, 
oral 

Collaborative Constant

  Transferred 
Responsibility 

Sales Transfer
Responsibil-
ity for Prod-
uct or Ser-
vice to Ac-
quirer 

Customer Acquisition
Process 

Transferring responsibil-
ity for product or service 
to acquirer 

Paper, digital 
document, 
oral 

One-way Once

NL3: Pro-
ject Pro-
posal 

Project Pro-
posal 

Sales Execute
Agreement 

Planning Project
Processes 

Proposal to start a pro-
ject 

Paper or digi-
tal document 

One-way Once

NL4: Or-
der 

Internal Order Sales Execute 
Agreement 

Production  Development / produc-
tion / delivery order to 
fulfil the agreement 

Paper, digital 
document 

One-way  Once

      Corrective
Measures 

Sales Assess
Execution of 
Agreement 

Production  Corrective Measures to 
adjust projects to fulfil 
the agreement 

Paper, digital 
document 

One-way Constant
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Needline 
Information 
Exchange 

Source 
Node 

Source 
Activity 

Destination 
Node 

Destination 
Activity Content Media 

Collaborative 
or One-Way Frequency 

     Characteristics
of Services 

 Sales Stakeholder
Require-
ments Defi-
nition Proc-
ess 

 Production Architectural
Design 
Process 

 The required character-
istics and context of use 
of services are specified 

Paper or digi-
tal document 

Collaborative Once

     

    

    

     

Constraints on
System 

  Sales Stakeholder
Require-
ments Defi-
nition Proc-
ess 

 Production Architectural
Design 
Process 

 Defined constraints on 
system 

Paper or digi-
tal document 

One-way Once

 Basis for Sys-
tem Require-
ments 

Sales Stakeholder
Require-
ments Defi-
nition Proc-
ess 

 Production Require-
ments 
Analysis 
Process 

Basis for system re-
quirements 

Paper or digi-
tal document 

One-way Once

Traceability of
Requirements 

  Sales Stakeholder
Require-
ments Defi-
nition Proc-
ess 

 Production  Require-
ments 
Analysis 
Process 

Traceability of stake-
holder requirements to 
stakeholders and their 
needs is achieved. 

Paper or digi-
tal document 

Collaborative Constant

  Basis for Con-
formance Vali-
dation 

Sales Stakeholder
Require-
ments Defi-
nition Proc-
ess 

 Production Validation
Process 

Correctly expressed 
stakeholder require-
ments 

Paper or digi-
tal document 

Collaborative Constant
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Needline 
Information 
Exchange 

Source 
Node 

Source 
Activity 

Destination 
Node 

Destination 
Activity Content Media 

Collaborative 
or One-Way Frequency 

   NL5: Con-
straints 

Implementation 
Technology 
Constraints 

Production Implementa-
tion Process

Sales Stakeholder
Require-
ments Defi-
nition Proc-
ess 

 Defined implementation 
technology constraints 

Paper or digi-
tal document 

One-way Once

    

   

  

Constraints of
Integration 

  Production Integration 
Process 

Sales Stakeholder
Require-
ments Defi-
nition Proc-
ess 

 Constraints of Integra-
tion 

Paper or digi-
tal document 

One-way Once

  Verification 
Constraints 

Production Verification 
Process 

Sales Stakeholder
Require-
ments Defi-
nition Proc-
ess 

 Verification Constraints Paper or digi-
tal document 

One-way Once

NL6: Pro-
ject Plan 

Project Plans Planning Project 
Processes 

Production  Plans to initiate neces-
sary projects 

Paper or digi-
tal document 

Collaborative Once

  Corrective Ac-
tions 

Planning  

  

Project
Processes 

Production    New directives to fulfil 
the original project plan 
or to meet new accepted 
changes to project plan 

Paper or digi-
tal document 

One-way or
collaborative 

 Constant 

NL7: Pro-
gress 

Project Pro-
gress 

Production   Planning Project 
Processes 

Information to evaluate 
the progress of projects 

Paper, digital 
document, 
oral 

Collaborative Constant
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Needline 
Information 
Exchange 

Source 
Node 

Source 
Activity 

Destination 
Node 

Destination 
Activity Content Media 

Collaborative 
or One-Way Frequency 

      NL8: As-
sessment 

Project As-
sessment 

Planning Project
Processes 

Sales Assess
Execution of 
Agreement 

Assessment of project's 
progress in terms of 
goals, quality, perform-
ance, resources and 
economics 

Paper, digital 
document, 
oral 

One-way Constant

NL 9: 
Delivery 

Delivery      Production Deliver
Product or 
Service 

Customer Acquisition
Process 

Physical delivery of a 
product or a service 

Accompany-
ing informa-
tion with pa-
per or digital 
document 

One-way Once

          

  

    

Capable Sys-
tem 

Production Customer Physical, installed sys-
tem, which is capable of 
producing required per-
formance or services 

N/A One-way Once

  Confirmed 
Availability of 
Services 

Production Validation 
Process 

Customer   Confirmed availability of 
services 

Paper or digi-
tal document 

One-way Once

NL10: 
Accep-
tance 

Accepted De-
livery 

Customer Acquisition
Process 

Sales  Acceptance of Delivery Paper or digi-
tal document 

One-way Once

  Rendered 
Payment 

Customer      Acquisition
Process 

Sales Accept
Payment 

Payment for the ac-
cepted delivery 

Digital, money 
transfer 

One-way Once
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