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Abstract: Within the frame of the GERAM (Generalised Enterprise Reference 
Architecture and Methodology) developed by the IFAC/IFIP Task on Architecture for 
Enterprise integration, this paper presents a preliminary approach for the development 
of an Enterprise Engineering Methodology (EEM). The approach is currently limited to 
Entity requirements and Entity design phases of the GERA (Generic Enterprise 
Reference Architecture) system life cycle. It tentatively proposes a process to follow to 
identify user’s requirements and to perform system design. The approach of the 
proposal is based on the GRAI methodology. Relevant concepts and principles from 
CIMOSA and PERA also take part in the approach. Copyright  2002 IFAC 
 
Keywords: Design, Methodology, Manufacturing system, Architecture for enterprise 
integration. 

 
 
 
 

1. INTRODUCTION 
 
The IFIP/IFAC Task Force on Architectures for 
Enterprise Integration has elaborated a Generic 
Enterprise Reference Architecture and 
Methodologies (GERAM) (Bernus, 1997).  It has 
been developed on the basis of some known 
approaches in this domain such as the Purdue 
Enterprise Reference Architecture (PERA) 
(Williams, 1996), the GRAI Integrated 
Methodology (GIM) (Doumeingts, et al., 1992, 
1998), the Computer Integrated Manufacturing 
Open System Architecture (CIMOSA) (Amice, 
1993). Based on the GERAM and with 
contributions from members of the Task Force 
(Vernadat, 1996), an international standard IS 
15704 ‘Requirements for Enterprise Reference 
Architecture and Methodologies’ has been 
elaborated. The approach proposed in this paper is 
developed within the frame of and consistent with 
GERAM. 

The most important component of GERAM, called 
GERA (Generalised Enterprise Reference 
Architecture), introduces the basic concepts to be 
used in enterprise engineering and integration. It 
distinguishes between the methodologies for 
enterprise engineering (EEMs) and the modelling 
languages which are used by the methodologies to 
describe and model the structure, content and 
behaviour of the enterprise entities in question 
(Bernus, 1997). 
An Enterprise Engineering Methodology describes 
the processes of enterprise integration along the all 
life cycle activities. The life cycle defined in GERA 
has seven phases (IS/15704, 1998): (1) Entity 
identification which identifies the contents of the 
particular entity under consideration in terms of its 
boundaries and its relation to its internal and 
external environments; (2) Entity concept: this 
phase contains the set of activities that are needed 
to develop the concepts of the underlying entity; (3) 
Entity requirement develops descriptions of 
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operational requirements of the enterprise entity, its 
relevant processes and the collection of all their 
functional, behavioural, informational and 
capability needs; (4) Entity design consists in 
transforming requirements on specifications that 
allow to build the entity with all of its components 
that satisfy the entity requirements; (5) Entity 
implementation phase defines all those tasks which 
must be carried out to build or re-build (i.e. 
manifest) the entity; (6) Entity operation: the 
activities of the entity which are needed during its 
operation for producing the customers product or 
service which is  its special mission along with all 
those tasks needed for monitoring, controlling, and 
evaluating the operation; (7) Entity 
decommissioning: these activities are needed for re -
missioning, retraining, redesign, recycling, 
preservation, transfer, disbanding, disassembly, or 
disposal of all or part of the entity at the end of its 
useful life in operation. 
 
Within the frame of the GERA system life cycle, 
this paper aims at contributing to the development 
of an EEM. It is generic and independent of a 
particular modelling language. At current stage of 
the development, the approach presented hereafter 
is limited to Entity Requirement and Entity Design 
phases of the life cycle. The main part of the 
proposal is based on the GRAI methodology. 
Concepts and principles from other known 
methodology and architecture (in particular 
CIMOSA and PERA) are also part of the approach. 
It focuses on defining what is to be done and in 
which sequence it is to be done rather than how it is 
to be done.  
 

2. ENTITY REQUIREMENTS 
 
Define precisely user’s requirements is a very 
difficult task. We generally know how to define the 
main functions for the normal use of the product or 
a system, it is extremely difficult to express the 
functions that are linked to the context of the use of 
the product or the system because they are often 
implicit functions (Tichkiewitch, 1999). Because 
requirements can hardly be completely and 
consistently identified when design starts, design 
itself involves activities to identify, to revise and to 
refine design requirements (Grabowski, 1999). 
Design is an evolutionary process alternating from 
mapping of requirements to solution and refinement 
(Chen et al., 2002). Consequently, the process to 
follow from Entity requirements to Entity design is 
not straight forward. Interaction and iteration 
between the two phases would happen at each step. 

2.1 Preliminary remark: existing system modelling 

In the proposed approach, we considered that there 
is always a phase of modelling the existing system 
before design phases (see fig.1.). The reason is that 

there are very few real design projects in 
manufacturing. Most of time, a manufacturing 
system still exists and the issue is to make it evolve. 
Then, the design of a new system is a combination 
of existing system and requirements . The two main 
interests of modelling the existing system are (1) to 
understand the system and its constraints (internal 
or from the environment) and (2) to define all along 
the design what must be changed and what can be 
kept (see below). 
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Fig. 1. Generic approach (GRAI methodology) 
 
Existing system components identified at the 
implementation level are to be synthesised and 
abstracted into a set of technology independent 
models (example: function, decision, 
information,…models) at the conceptual level. 
Using some pre-defined rules, analysis can be done 
on these models in order to understand the real 
requirements for future system and to detect 
possible inconsistencies. The set of models that 
represent requirements of future system can be 
derived / transformed from the models of existing 
system.  

2.2 Functions definition 

This step aims at defining the main functions that 
the future system must provide to accomplish its 
mission. For example, a manufacturing shop might 
require functions such as turning, drilling, 
transporting,… These functions may be established 
hierarchically. They represent the functionality of 
the system and are static. Functions include not 
only manufacturing functions, but also information 
processing ones and management functions. 
Functional requirements are the most important 
ones because they express the finality of the system 
(why the system has been or has to be designed). 

2.3 Processes elaboration 

A process is a partially ordered set of activities. 
Elaborate a process is to define what the system 
must do in order to fulfil a or several functions. A 
process can be decomposed on sub-processes. The 
lowest level of decomposition contains activities 
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that will perform the work. Processes represent the 
behaviour of the system. They are the dynamic 
representation of the system. 
A good way to start processes elaboration is to list 
all events from the environment of the system that 
it must react to. Examples of events are: reception 
of a customer order, machine break-down, shortage 
of a raw material, etc. Then, events identified here 
will trigger processes when they will be elaborated. 
Let us notice that some management processes such 
as production planning are triggered periodically 
without necessarily other outside events. 

2.4 Decisions definition and structuring 

This step consists in identifying all the levels of 
decision within each main management function so 
that decisions made within various functions are 
consistent in the sense that they contribute to the 
achievement of the global objective(s) of the 
company. As we know this is not always the case 
because the objectives of functions are often locally 
defined and might be incomplete even 
contradictory with global ones. That is why 
decision-making must be consistently structured 
from the upper level (decisions related to the 
control of the system as a whole) to the precise 
control of detailed operational activities. A good 
definition of decisions is mandatory in order to 
ensure that the system in operation will fulfil the 
functions defined above. 

2.5 Information identification 

For each activity defined previously, one must 
identify information/data that are necessary to 
perform the activity. Information requirements may 
be represented using some existing modelling 
languages such as Entity Relationship formalism, 
Object view etc. After having defined information 
per activity, it is very important to gather all of 
them into a consistent system. Then, information 
requirements will lead to the design of the 
information sub-system of the enterprise. 

2.6 Capability description 

At the entity requirements level, only required 
resource capability will be documented. This is to 
be done in relation with activities that represent the 
desired functionality. Defining resource capability 
is a preliminary mapping between functions and 
resources which is the main issue of entity design. 
For example, a “turning activity” might require a 
resource with the capability (characteristics of the 
resource) such as: speed of rotation, cutting 
precision, highest temperature allowed, etc. This 
step also allows to eliminate some unfeasible 
functional requirements (no available technology 
can answer the required function). It must be 
noticed that all the tasks that have been described 

right before may express requirements in term of 
capability. 

2.7 Remarks 

A structured approach of seven steps has been 
proposed for entity requirements phase. They are 
presented in a chronological order. Among them, 
identifying desired functions is the most crucial 
one. Because entity design mainly consists in 
mapping functions onto organs (resources). 
Functional requirements should be large and robust 
enough to cover various manufacturing needs (not 
only for manufacturing current families of products 
but also near future ones). 
Functional requirements are different from the 
other ones because they are the most robust and 
steady. For example, manufacturing processes 
define operating procedures which represent the 
flow of manufacturing activities for a given type of 
products. When products evolve (change), 
processes will change accordingly. However 
functions remain the same (or change little). 

2.8 Project organisation 

During the requirement definition phase, quantity 
of information / knowledge will be collected and 
validated. This must be done in a structured way to 
avoid unnecessary iterations. Based on GRAI 
methodology, the project participants can be 
organised into following groups (see fig.2): 
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Fig. 2. Project participants (GRAI methodology) 
 
• Steering committee: It is composed of the top-

management me mbers of the company. The 
role of this group is to express the objective of 
the study, and to orient the project. 

• Synthesis group: This group is composed of 
main responsible people and users of the 
company. Its role is to ensure the follow-up of 
the project and to check the results at the 
various steps. 

• Specialist group: It is a group of experts on 
enterprise architecture and methodology. Its 
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role is to advise the synthesis group, and to 
build various models. 

• Interviews: Group of company people to be 
interviewed by specialists. They provide 
information needed by the other groups. 

 
Two approaches are used to capture the information 
and knowledge: Top-down and Bottom-up. 
- The top-down approach is conducted by the 

synthesis group by organising meetings where 
global models are presented and validated by 
main responsible people of the company. 

- The bottom-up approach is carried out by the 
specialist group by organising interviews with 
users of the future system to elaborate detailed 
models. 

The confrontation between results obtained from 
top-down and bottom-up approaches allows to 
detect some potential inconsistencies of the system 
and to better define requirements. 
 
 

3. ENTITY DESIGN 
 
Entity design phase follows entity requirements. 
Entity design is split into two sub-phases: 
preliminary design and detail design. This paper 
focuses on the preliminary design. 
 
Preliminary design consists in translating 
requirements in design specifications which are 
intermediate solution that will be further specified 
by detail design. Generally speaking, design aims at 
transforming required functions, processes, 
decisions, information and capabilities into 
specifications of three domains: Business, IT and 
Organisation. In other words, it consists in 
elaborating the specifications on Manufacturing 
technology components (machines, robots, human 
operators,…), Information Technology components 
(hardware and software) and organisation structure 
(decision making, assignment of activities to people 
and services of the company including the notions 
of responsibility and authority). 
At the preliminary design phase, the design 
specifications will be given at the level of solution 
types without necessarily choosing (deciding) the 
specific components. For example, one may decide 
to implement a NC type cutting machine and 
specify some characteristics (speed, dimension, 
precision,…). This specification will be further 
detailed (if necessary) at the detail design phase in 
order to select a commercial machine available on 
the market (Chen, et al., 2002). 

3.1 Functions distribution and global assignment 

After having defined functional requirements in 
entity requirement phase, it is necessary to specify 
distributed sub-systems / functions. It means to 
decide what function will actually be implemented 

and operates  where. For example the functions 
F1.2, F1.1.1 and F1.1.2 are regrouped, they are to 
be implemented in site A. Function 1.3 will be 
implemented in site B. In some cases, more detailed 
functional decomposition will be needed if part of a 
function is to be distributed in site A, and another 
part is distributed in site B. Sometimes it is also 
necessary to aggregate several functions of the 
same nature into one if these functions are to be 
implemented in the same site. Distributed functions 
lead to a distributed information system. This may 
increase operational cost, generate delay because of 
information transmission and need supplementary 
co-ordination activities. This task supposes that the 
sites have been defined before the project or remain 
the same. In this  case, they have been identified 
while the modelling of existing system. 

3.2 Level of automation definition 

Functions identified previously can be either 
performed by human or by automated / 
computerised equipment. Therefore one of the 
design decisions consists in determining the level of 
automation. For a given function, the designer must 
compare the actual technology available on the 
market with human abilities in terms of speed of 
response, physical strength, working conditions etc. 
Automation option is limited by the fact that many 
tasks and functions require human innovation, etc. 
and cannot be automated with present available 
technology (Williams, 1994). This consideration 
could also be based on economic criteria, i.e. the 
cost would be too high compared with the cost of 
humans. The design decision should be a balanced 
solution between the limit of automation and the 
limit of human capability. 

3.3 Resources definition and functions assignment 

According to the level of automation chosen and 
the capabilities description entity requirement), a 
manufacturing function will be assigned to either a 
human resource or a machine resource. At this 
stage, only resource types are to be determined. 
Decision on choosing specific commercial 
components will be taken after the detail design. 
For example, to assign a resource type to a 
function, one may prefer to use a NC machining 
centre having the three functions i.e. turning, 
drilling and milling instead of implementing three 
individual NC machines, each performing one 
function. Once the resource type decided, it is also 
necessary to complete and refine the description of 
that resource (characteristics of the resource) in 
order to choose a commercial component later. 
 
Mapping functions to organs is also concerned with 
the Information Technology related resources. 
Generally speaking, there are three categories: (1) 
data storage devices (including hard disk, CD and 
optical record facilities); (2) data processing 
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devices (PC, mainframe,…); (3) communication 
and data transmission devices (for example, Local 
Area Network,…). As indicated before, at the 
preliminary design stage, only solution principles 
need to be determined. For example, one can 
choose decentralised PCs interconnected via a local 
network instead of implementing one mainframe 
computer with distributed terminals. 
Another example is to determine the type of the 
data storage device without considering a specific 
commercially available system. For example, it 
could be manual or computerised. If it is 
computerised, the centralised solution may be 
chosen instead of distributed implementation. 
Moreover, database itself can be relational type or 
object-oriented, etc.. 
 
Because of the cost of acquisition of new resources, 
it is always better to try to assign functions to 
existing resources in the extend that their capability 
makes this possible. Existing resources have been 
described while the modelling of existing system. 

3.4 Specify distributed information 

Like functions, information/data also needs to be 
distributed where it is needed for the execution of 
functions. For example, if the modelling formalism 
used to represent information requirements is 
entity/relationship model, data entities are to be 
regrouped and re-arranged according to the user’s 
use of these data entities (i.e. data entities will be 
grouped or aggregated to support distributed 
functions). External schema will be elaborated to 
specify interfaces with end-users. 
As we have discussed before, distributed 
implementation of functions leads to a distributed 
information system. When deciding a such solution, 
several factors should be taken into account: 
• Distributed information storage requires that 

one data has only one instance. However, end 
users for the reason of convenience often 
duplicate information and this raises the 
problem of updating information; 

• Distributed system often generates more 
important information exchange than 
centralised system. This will increase the cost 
(cost of network, cost of maintenance etc.);  

• Information exchange between sites may have 
delay. Proportionally speaking, this delay may 
become non-negligible for some types of 
applications. 

3.5 Define organisation 

Once resources (type) identified, it is necessary to 
re-group them in order to build an organisation 
structure. This organisation structure has two 
representations. One is the resource hierarchy in 
terms of for example factory, shops, sections, cells, 
workstations. The other is management hierarchy 

with corresponding responsibility and authority 
established with respect to resource hierarchy, for 
example the organisation chart. When regrouping 
resources, several known solution principles can be 
used as references. For example one may prefer 
group technology based organisation (a family of 
products will be entirely manufactured within one 
cell) instead of grouping machines according to 
their types. Another example is to organise 
resources in a Job-shop or a Flow-shop. 
 
This step is also concerned with defining necessary 
responsibility and authority with respect to 
function/process, information and resources. It 
means to precise who is responsible for and 
authorised to create, use, update, modify and 
maintain functions, processes, activities, 
information and resources identified previously. 
 
Even if the direct cost of implementing a new 
organisation is few, it must be kept in mind that it is 
always a hard and traumatising task for the 
company. That is why it is important to start by 
analysing in what extend the existing organisation 
might be kept. The existing organisation has been 
described while the modelling of existing system. 

3.6 Mapping decisions onto organisation 

Decisions to control a manufacturing system need 
to be structured and mapped onto the enterprise 
organisation for its implementation. At the entity 
requirements phase, decisions to be taken within 
the main management functions have been 
identified at the three levels (long term, medium 
term and short term). The design decision here is to 
assign resources (services) to these decisions. There 
are several possible cases: (1) one decision is taken 
by one service; (2) one decision is taken jointly by 
several services; (3) several decisions are taken by 
one service. Another issue is to ensure that each 
decision maker has at his disposal: (1) objectives of 
decision that are consistent to the global ones, (2) 
variables of decision upon which he/she can take 
choice, (3) constraints defining his space of 
decision, and (4) criteria to evaluate the quality of 
decision. 

3.7 Specify interfaces 

One of the issues is to design interfaces between 
various components of the system. Components are 
of three types: (1) Human type (operator and 
manager), (2) Machine type (including sensors, 
automated storage and transport sub-systems and 
modules), (3) Computer type (including 
applications and databases). Consequently, the 
interfaces are interconnections between these 
resources. The interconnections are electronic 
and/or mechanical which permit two or more 
physical (or human and organisational or both) 
modules to carry out the information and material 
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and energy transfer functions of the two or more 
functional modules which are interconnected. 

3.8 Economic evaluation  

Economic evaluation could be carried out during 
and after the entity design. During design, each 
time an important design choice is taken (for 
example to distribute a function), costs should be 
compared with potential benefits to be generated by 
implementing that solution. The economic 
evaluation to be performed at the end of the entity 
design phase consists in checking if the cost of 
proposed design fits within the frame of the budget 
agreed beforehand. This allows to go back easily to 
previous design decisions event to modify 
requirements before starting the detail design. 

3.9 Remarks 

Designing manufacturing systems is not only a 
technical issue, various factors and constraints may 
influence design decisions, such as financial 
implication, risk, compliance to standards, external 
restrictions, flexibility and feasibility etc.. 
The assignment of resources to functions is one of 
the most important issue of the preliminary design. 
Because resources constitute main organs of the 
system structure. This structure will determine the 
main functionality and behaviour of the designed 
manufacturing system. 
Generally speaking, when mapping functions onto 
technology or human implemented sub-systems, it 
might appear necessary to reconsider functional 
decomposition. For example, some functions of the 
same nature may need to be aggregated into one 
sub-system that is to be automated, some others be 
aggregated into another sub-system to be 
implemented by humans. 
 
 

4. CONCLUSIONS 
 
This paper has tentatively presented a structured 
approach aiming at contributing to the development 
of an Enterprise Engineering Methodology (EEM). 
It has  been drafted within the frame of GERAM to 
show one possible way to design a particular 
manufacturing system using the concepts proposed 
by GERA. The approach is based on GRAI 
methodology and consistent to CIMOSA and 
PERA. It is currently limited to the two phases of 
the life cycle (entity requirement and entity design) 
and focuses mainly on technical issues. 
Consequently it should be considered as a basis and 
needs to be further developed. 
 
Future works would be concerned with: 
• the refinement of the proposed process and 

possibly the use of Suh’s independent axiom 
(Suh, 1990) to better structure various steps. 

• the development of the set of basic design 
principles and solution types to use for the 
preliminary design.  

• the extension of the approach to the whole life 
cycle phases to elaborate a precise roadmap to 
follow from entity identification to entity 
decommissioning. 

• the development of a case study to illustrate 
step by step how to use the methodology when 
studying a particular enterprise system. 

• the consideration of other aspects such as 
project management (including budgeting, 
planning and follow-up), economic evaluation, 
social and human factors etc.. 
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