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Abstract 
CIMOSA is an open systems architecture for CIM developed by the ESPRIT Consortium 
AMICE. It structures a CIM system as a set of concurrent communicating processes executed 
by a finite set of functional entities. Modelling is based on a three-stage, process-based 
enterprise modelling approach (for business requirements definition, system design 
specification and implementation description). This paper presents the CIMOSA process 
model. It covers functionallbehavioural, information, resource and organisation aspects of an 
integrated enterprise at each modelling level. The approach enforces the genericity and 
reusability principles by the use of generic building blocks to build partial models and 
particular models. 
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1 INTRODUCTION 

Enterprise modelling is a prerequisite to enterprise integration (Vernadat, 1996). Enterprise 
integration (EI) is concerned with breaking down organisational barriers and harmonising 
business process execution within an enterprise or the extended enterprise to improve 
efficiency by creating a synergistic whole. Enterprise modelling is also a central activity in 
Business Process Reengineering (BPR). BPR consists of simplifying enterprise processes to 
reduce excessive delays or costs in the enterprise operations. 

Various approaches have been proposed for enterprise modelling. Among these, we can 
mention the IDEF suite of models (ICAM, 1981) or the GRAI-GIM method (Doumeingts et 
al., 1992) as early methods which were strongly activity-based. Since then, modem methods 
have adopted a process-based approach such as CIMOSA (AMICE, 1993; Kosanke et al., 
1995; Vernadat, 1993), ARIS (Kruse and Scheer, 1994) or IDEF3 (Mayer et al., 1992) to more 
adequately model enterprise behaviour, and especially business processes. 

This paper presents the principles of the CIMOSA process model, and especially the 
workflow constructs. Its practical use has been described by Zelm et al. (1995). 
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2 CIMOSA PRINCIPLES 

CIMOSA, the European Open Systems Architecture for CIM, has been developed by the 
AMICE Consortium as a series of ESPRIT Projects (EP 688, 5288 and 7110) over 7 years. It 
was jointly financed by the European Commission and project partners (30 companies in total 
putting together CIM users, CIM vendors and a few academic organisations). 
CIMOSA is made of (AMICE, 1993): 
• a Modelling Framework based on a process model, 
• an Integrating Infrastructure consisting of information technology (IT) services to support 

enterprise integration, application interoperability and model execution, and 
• a methodology, called CIMaSA Modelling Process, which follows the CIM system life 

cycle. It derives (1) a design specification model and (2) an implementation description 
model which must both comply with the business requirements definition model defined 
first for the enterprise. 

CIMOSA considers the enterprise as: 
• a set of communicating concurrent processes governing the execution of elementary 

actions called functional operations, 
• a finite set of agents, called jUnctional entities, executing the functional operations required 

by business processes and processing enterprise objects. 
Functional entities are any resource entities capable of performing actions, i.e. 

functionalities. Functional entities range from programmable agents to intelligent autonomous 
agents. Examples include NC machines, robots, computers, software applications, database 
servers or human operators. 

The link between functional entities and business processes is made by functional 
operations which are the atoms of functionality in the model. A functional operation is any 
message (request or data) sent or received by an agent. It is defined by a name and list of 
arguments. Examples are MMS commands for NC machines, SQL statements for database 
servers, API primitives for specialised software packages, instructions to operators. 

Enterprise objects are entities used, transformed, produced or consumed by functional 
entities of the enterprise. They are characterised by a set of properties. They exist in the real
world under different appearances or states, called object views. Two types of object views are 
distinguished in CIMOSA: physical object views (representing physical appearances of 
objects) and information object views (data representations of objects). This distinction allows 
to separately model the material flow and the information flow. 

Processes model the control flow. They are triggered by events and can be structured 
into basic steps called enterprise activities. An enterprise activity is a task to be performed by 
one or more functional entities allocated to the activity for the whole duration of the task. A 
task is a sequence of functional operations. CIMOSA distinguishes two types of processes: 
core processes or end-to-end processes called domain processes and sub-processes called 
business processes. 

Because there is a huge number of processes and functional entities in an enterprise, 
CIMOSA introduces the concept of domain to manage system complexity. A domain is func
tional area of an enterprise grouping domain processes and functional entities contributing to 
some common business objectives. A domain does not necessarily map a department of an 
enterprise. It is a user-defined set of domain processes. 

This paradigm is illustrated by Fig. 1 and Fig. 2. Figure I shows the functional 
decomposition of domains into domain processes and then domain processes into business 
processes and enterprise activities. It also illustrates that processes model enterprise behaviour 
(by means of behavioural rules) while enterprise activities model enterprise functionality 
(inputs, outputs, transformation). Figure 2 illustrates the decomposition of activities into 
functional operations and the cross-reference between functional operations (i.e. required 
functionality) and functional entities (i.e. provided functionality). 

We claim that the paradigm presented in Fig. 1 is sufficient for BPR studies because in 
BPR the focus is on the flow of control and not on ressource assignment. Necessary constructs 
are explained next. 
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The modelling approach underlying CIMOSA is an event-driven, process-based model 
(Vernadat, 1993). It allows to describe either highly non-deterministic event-driven systems 
(governed by message exchange) or deterministic rule-driven systems or hybrid systems 
(event-driven and rule-driven). The modelling language is defined as a set of constructs, 
called generic building blocks (GBB's), and defined as object classes. The following GBB's 
have been defined in CIMOSA (AMICE, 1993): 

Domain 
This is a structuring construct which allows the user to organise hislher model into 
autonomous functional sub-areas to manage system complexity. A domain contains domain 
processes. It is defined by: 
• its name and identification 
• its scope defined in terms of business objectives 
• the full list of domain processes contained in it 
• relationships with other domains in terms of events and object views exchanged 
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Figure 2 Matching enterprise activities with functional entities 

Object View 
An object view depicts a real-world manifestation of one or more objects. It is a projection of 
some objects over some of their properties at a certain time. It therefore represents a state of 
an object or a state derived from several objects. Only object views are manipulated by 
functional entities executing activities, not enterprise objects themseleves. Enterprise objects 
are characterised by their properties (i.e. attributes) and are structured into object classes using 
the generalisation/specialisation (is-a link) and aggregation (part-of) abstraction mechanisms. 
Object views are defined by: 
• name and identification 
• a reference to related enterprise objects 
• list of properties, i.e. object properties or object views 

Event 
An event represents any solicited or unsolicited happening (e.g. order, request, machine 
failure, or end/start of action) of the real-world that triggers a chain of activities, i.e. a domain 
process. Events can be generated by: external sources (coming from outside the domain or the 
enterprise), by functional entities or by enterprise activities. They are defined by: 
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• a name and identification 
• their source 
• the process( es) they contribute to trigger 
• a predicate defining their occurrence condition (design level) 
• an object view identifying an object attached to the event (optional) 
• 
Domain Process 
A domain process is a full, i.e. end-to-end process of the enterprise. It can be decomposed into 
sub-processes and is made of enterprise activities. It is triggered by one or more events. It 
depicts some enterprise behaviour by means of a behvioural rule set defining its control flow 
as WHEN condition DO action rules It is defined by: 
• a name and identification 
• its (non-empty) list of triggering events 
• its process behaviour defined as a set of behavioural rules 
• 
Business Process 
Nearly identical to a domain process except that it must be called by a parent structure and is 
not directly triggered by events only. 

Enterprise Activity 
Enterprise activities model enterprise functionalities. An enterprise activity is the location of 
action (transformation or decision) in the model. It uses input objects states and produces 
output object states (defined as object views) using some transfer function. Its execution is 
summarised by a termination status called ending status (defined as a O-argument predicate). 
It has a duration and needs resources having the necessary required capabilities. The transfer 
function or activity behaviour is defined in terms of the functional operations mentioned 
earlier (atoms of functionality). They are defined by: 
• a name and identification 
• function input and output defined as object views 
• control input defined as information object views and control output defined as ending 

statuses 
• resource input (a set of functional entities) and resource output (information object view on 

resources used) 
• a transfer function or activity behaviour defined as an algorithm for transformation 

activities, a script for human-based activities, expert systems for computer-based decision
making 

• minimal, mean and maximum duration 
• required capabilities (if selection of required resources is made on-the-fly) 
• the complete set of possible ending statuses 

Resource 
Resources can be of two types: passive resources (not able to execute functional operations by 
itself such as a tool, a cart, etc.) and active resources having a control device (and being able 
to execute functional operations sent as commands). Active resources are the functional 
entities introduced to earlier. Resources are defined by: 
• a name and identification 
• an object view defining their characteristics and refering to the enterprise object 

representing them 
• a set of provided capabilities 
• a status and availability 
• the set of functional operations that they can execute (for functional entities only) 
• their list of component resources in the case of compound resources 
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Organisation Unit 
An organisation unit is an enterprise object (usually a resource) assuming responsibility and 
authority on one or more elements of the model as described by the previous constructs. For 
instance, a foreman can be the supervisor a two machining cells (defined as resources) 
performing some activities of process plans (defined as business processes of a domain 
process) of some products (defined as object views on product enterprise objects). 

Organisation Cell 
This construct is used to structure organisation units into larger entities at different 
responsibility levels in order to model the rganisation structure of the enterprise. An 
organisation cell must be placed under the responsibility of an organisation unit defined as a 
human operator. 

Other generic building blocks exist in CIMOSA such as Objective/Constraint, Domain 
Relationship, Declarative Rule, Capability Set, Enterprise Object and Object Relationship 
(AMICE, 1993). They can be used at the various modelling levels of CIMOSA (requirements 
definition, design specification, implementation description) but are not described here for the 
sake of conciseness. 

Behavioural rules 
The following rules are used to describe the flow of control of structured processes: 

- Process triggering rules: They are used to start a process by means of events. 
WHEN (START WITH event-i) DO EFI 

In this case, the process starts with function EFI any time that an occurrence of event-i occurs. 
- Forced sequential rules: They are used when a function EF2 must follow another function 
EF 1 whatever the ending status (given by the function ES) of EF 1 is. The reserved word 'any' 
is used in this case (not an ending status). 

WHEN (ES(EFI) = any) DO EF2 
- Conditional sequential rules: They are used to represent branching conditions in the flow of 
control. 

WHEN (ES(EFI) = end_stat_l) DO EF2 
WHEN (ES(EFI) = end_stat_2) DO EF3 
WHEN (ES(EF1) = end_staU) DO EF4 

- Spawning rules: They are used to represent the parallel execution of enterprise functions in a 
flow of control. Two types of spawning rules can be defined: 
(a) Asynchronous spawning: When EFI is finished with status 'value', EF2, EF3 and EF4 are 
requested to start as soon as they are ready (& is the parallel operator). 

WHEN (ES(EF1) = value) DO EF2 & EF3 & EF4 
(b) Synchronous spawning: When EFI is finished with status 'value', EF2, EF3 and EF4 are 
all requested to start exactly at the same time (SYNC indicates the synchronisation). 

WHEN (ES(EFI) = value) DO SYNC (EF2 & EF3 & EF4) 
- Rendez-vous rules: They are used to synchronise the end of spawning rules. 

WHEN (ES(EF2) = value_2 AND ES(EF3) = value_3 
AND ES(EF4) = value_ 4) DO EF5 

- Loop rules: They are used to execute again the same type of enterprise function. 
WHEN (ES(EFI) = loop_value) DO EFI 

- Process termination rules: They are used to indicate the end of the process. 
WHEN (ES(EF2) = end_stat_x 
AND ES(EF2) = end_statJ) DO FINISH 

Using these rules, a process behaviour is said to be consistent if FINISH can be reached 
from all STARTs and all enterprise functions used in the rules belong to at least one path from 
START to FINISH. 

Ill-structured (or semi-structured) processes are processes for which the exact sequence 
of all employed activities and/or sub-processes is not completely known. In this case, temporal 
logic (Allen, 1981) can be used and the process behaviour becomes: 
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Two types of behavioural rules are added to the previous set to model ill-structured 
processes: random choice rules and unordered set rules. In these rules, the action part is 
reinterpreted (variable S), meaning that it is considered as a whole to make possible the 
definition of its ending status. 
- Run-time choice rules: These rules are used when there is an exclusive choice among several 
alternatives. Exactly one function in the list will be executed as decided by the resource at run
time, which must be common to all functions in the list. 

WHEN (ES(EFI) = end_stat_l) DO S = (EF21 EF31 EF4) 
- Unordered set rules: These rules say that a set of functions must be executed next but the 
order is unknown. In this case, all functions are supposed to be executed. 

WHEN (ES(EFl) = end_stat_l) DO S = {EF2, EF3, EF4} 

The flow of control for the set of functions of the unordered set rules can be constrained 
by the following temporal rules in the "subject to" clause: 
• A Before B: A must be executed sometime before B 
• A Meets B: B starts just after A ends 
• A During B: A is executed after B starts but during B 
• A Starts B: when A starts, B must start 
• A Finishes B: when A ends, B must end 

The complete flow of activity execution of a process is only known upon completion of 
the process (as well as its ending status). This flow of activities over time is called the trace of 
the process. 

4 EXAMPLE 

Let us consider a simple design environment for electro-mechanical components. It concerns 
an engineering process for designing and testing a product made of a mechanical system and 
an electrical system (Fig. 3). r--------------------, 

Figure 3 A product design process example 

The process starts with a conceptual development activity. When it is done the process 
continues with two parallel sub-processes, one for the mechanical system design and one for 
the electrical system design. If both sub-processes finish successfully (ending statuses MSD
OK and ESD-OK respectively), the process goes for product prototype and then for test. If the 
test is not successful (ending status NOK), the process goes back to conceptual development. 
This also happens if either mechanical system design or electrical system design encounters 
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problems (ending statuses MSD-pb and ESD-pb respectively). Ifthe test is successful then the 
process continues for manufacturing and finally ends. The process is specified as follows: 

DOMAIN PROCESS Product_Design 
TRIGGERING EVENTS: Design_Order 
PROCESS BEHAVIOUR: 

WHEN (START WITH Design_Order) DO Conceptual_Development 
WHEN (ES(Conceptual_Development) = done) 

DO Mechanical_ System_Design & Electrical_ System_Design 
WHEN (ES(Mechanical_ System_Design) = MSD-pb) 

DO Conceptual_Development 
WHEN (ES(Electrical_System_Design) = ESD-pb) 

DO Conceptual_Development 
WHEN (ES(Mechanical_System_Design) = MSD-OK 
AND ES(Electrical_System_Design) = ESD-OK) DO Product]rototype 
WHEN (ES(Product_Prototype) = any) DO Test 
WHEN (ES(Test) = OK) DO Manufacturing 
WHEN (ES(Test) = NOK) DO Conceptual_Development 
WHEN (ES(Manufacturing) = done) DO FINISH 

END PROCESS 

Let us now assume that the sub-process Electrical_ System_Design is a ill-structured 
process made of three basic activities: Rotor_Design, Stator_Design, Body_Design. Some 
designers may prefer to start with Rotor_Design, others with Stator_Design. We can specify 
the Electrical_System _Design process as follows: 

BUSINESS PROCESS: Electrical_System_Design 
TRIGGERING EVENTS: 
ENDING STATUSES: ESD-OK, ESD-pb 
PROCESS BEHAVIOUR: 

WHEN (START) DO A = {Rotor_Design, Stator_Design, BodLDesign} 
WHEN (ES(A) = completed) DO FINISH 
SUBJECT TO 

Rotor_Design BEFORE Body_Design; 
Stator_Design BEFORE BodL Design 

END PROCESS 

5 CONCLUDING REMARKS 

The CIMOSA process model for business process modelling has been described. The model 
enforces an event-driven, process-based approach using generic constructs. These constructs 
can be specialised or customised to build partial or particular models (Zelm et aI., 1995). The 
paper is intended as a complement to (Vernadat, 1993). Since then, most of the constructs 
presented in this paper have been discussed and approved in the work of the CEN/TC 
31 O/WG 1 group of the European standardisation committee on constructs for enterprise 
modelling and integration. The model has been one of the major input sources for the 
definition of a new prenorm ENV 12 204 adopted and published at the end of 1995 (CEN, 
1995). 
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