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Abstract 
Business process and enterprise activity modelling plays a central role in enterprise modelling 
in the context of CIM. Business processes model enterprise behaviour while enterprise 
activities model enterprise functionality. In this paper, a formalism is presented to specify 
business processes and enterprise activities. The formalism makes use of behavioural rules 
derived from process algebra for structured processes and temporal logic for ill-structured 
processes. 
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1 INTRODUCTION 

Any enterprise can be seen as a complex dynamic system made of a set of functional entities 
(or agents) executing concurrent and/or cooperative processes, where each process is a flow 
of activities, execution of which is triggered by the occurrence of some events. Activities 
process manifestations or appearances of enterprise objects (either physical or informational 
entities). 

Enterprise modelling is concerned with the representation and specification of the various 
aspects of enterprise operations, namely: functional aspects to describe what are the things to 
be done and in which order, informational aspects to describe which objects are used or 
processed, resource aspects to describe what or who performs things and according to which 
policy, and organisational aspects to describe the organisational structure and the 
responsibility frame within which things are being done (AMICE, 1993; CEN, 1990; 
Vernadat, 1995). 

Within this context, enterprise behaviour and enterprise functionality need to be precisely 
described, specified and analysed. Enterprise behaviour concerns the order in which things 
are going to be executed, i.e. the flow of control. It is described in terms of business 
processes. Enterprise functionality concerns the things being done, i.e. the functions (either 
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transformational or decision-making functions) performed by resources as set of actions. It is 
described in terms of enterprise activities. 

2 ENTERPRISE ACTIVITIES 

2.1 General presentation 

The world is made of concrete and/or abstract objects. Objects are characterised by their life 
cycle (i.e. the succession of their states over time). Objects are visible or accessible under 
different forms (or embodiments) and formats (or representations). We call these object 
appearances or manifestations object views. One of the object views of an object is the object 
itself. For any object, we can distinguish two types of object views: physical object views 
(representing physical appearances of the object) and information object views (data 
representations of the object). For instance, in the case of a 50-page document, the 50 pages 
in paper form is a physical object view while the document information stored on disk is an 
information object view of the document. 

This typification makes possible the separate modelling of the information flow and the 
material flow of an enterprise. It also makes possible to view an enterprise object in the role 
of a resource at certain periods of time and to view it in other roles at other periods of time. 

Any time an object is created, deleted or modified in the enterprise system, this is reflected 
as a change in the system state. State changes are called events. Events model the fact that 
something has happened in the system. Requests or orders to do something are examples of 
events. Specific clock times can also be defined as events. Their occurrence trigger the 
processing of some actions (i.e. processes). 

All the enterprise modelling constructs (process, activity, event, object view, functional 
entity) can be modelled as objects as defined in computer science, i.e. by their object identity, 
state (set of descriptive attributes), and behaviour (set of methods) (Rumbaugh et al. 1991). 

2.2 Enterprise activity definition and representation 

By essence, an activity A is a transformational function f which performs something, except 
the activity NIL which does nothing (neutral element in the set of activities A). By definition, 
an activity transforms its inputs into outputs under some conditions. In other words, it 
transforms an initial state into a final state under the condition C (a predicate called a guard). 
We can write: 

final state= f(initial state) subject to guard (f)= C 

The guard can be used to specify triggering conditions and resource requirements. Let us 
assume that it is always possible to associate with each activity A of A a finite set ES A of 
termination statuses, called ending statuses. Ending statuses are defined as 0-argument 
predicates. They summarise the termination status of the execution of an occurrence of the 
activity (such as 'successful termination', 'aborted', 'done', etc.). A generic function ES 
returning the ending status at the end of an activity execution can be defined as: 
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ES: A---t UA e A ESA such that ES (A) e ESA 

This formal definition is not explicit enough for enterprise modelling. Different formalisms 
for graphical representation of activities have been proposed. First, a Generic Activity Model 
(GAM) has been proposed by ISO TC 184 (not a standard). It consists of a box with 10 legs 
as illustrated by Figure 1 (ISO, 1990). It differentiates between the information flow and the 
material flow and makes explicit resource inputs and outputs. It also suggests that any 
manufacturing activity falls under one of the generic types: transport, transform, verify, and 
store. However, limitations of this representation include: inputs and outputs have no precise 
semantics (they are just labels and no object type is defined), the model fails to describe exact 
triggering conditions as well as ending statuses of activities and the representation is too 
complex (in the sense that there are too many inputs and outputs). 

The CIMOSA enterprise activity representation, which is compliant to the GAM model, 
proposes a simpler box with 6 legs (Figure 2). All inputs and outputs are semantically well
defined and have a formal definition in the model (Vemadat, 1993). Most of them are object 
views except the control output which provides the ending status of the activity. The control 
input and resource output must be information object views while the resource input must be 
a set of object views on enterprise objects playing the role of functional entities. 
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Figure 3 ICOM activity representation (IDEFO) 

A simpler activity representation, based on actigrams of SADT and used in IDEFO (ICAM, 
1981), GIM (Vallespir et al., 1991) and IEM (Mertins et al., 1993) is often used in practice. It 
consists of a box with 4 legs, ·called the ICOM (input, control, output, mechanism) activity 
box (Figure 3). It can be used to represent either processes and activities. 
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Graphical notations are useful tools to communicate the results of a modelling case study 
but are not precise enough and sufficient to completely and formally model a complex system 
like a manufacturing enterprise. Modelling constructs in the form of templates or object 
classes and supporting languages are necessary. The next sections present essential features of 
activity and process constructs as required by enterprise modelling. 

2.3 Enterprise activity specification 

Enterprise activities are elementary functional units of an enterprise which require the 
allocation of time and resources for their execution. They define the enterprise functionality 
(i.e. the things to be done). Since all real-world objects can only be handled by their object 
views or as data, most inputs and ouputs of an enterprise activity are therefore defined as 
object views or sets of object views or even streams of object views (i.e. unbounded flows of 
object views for continuous activities). 

Any activity is therefore characterised by: 

- its name (or identifier), 
- its set of objectives, constraints, declarative rules and description, 
- its function input (FI), i.e. the set of or stream of object views to be transformed 

(information or physical object views), 
- its function output (FO), i.e. the set of or stream of object views transformed by the 

activity (information or physical object views), 
- its control input (CI), i.e. the set of object views used as control or constraints but not 

transformed by the activity (information object views only), 
- its control output (CO), i.e. the ending status returned at the end of the activity execution 

and defined over a finite set of 0-argument predicates providing the list of all the possible 
termination statuses of the activity, 

- its resource input (RI), i.e. the set of object views on enterprise objects used as resources 
(functional entities) required to execute the activity, 

- its resource output (RO), i.e. information object view(s) on enterprise object(s) used as 
resource input reporting on resource utilisation (optional), 

- ts minimum and maximum durations (real numbers dmin and dmax, dmin <= dmax), 
defining the time it takes to execute the activity (dmin = dmax for deterministic activities 
and dmin _ dmax for stochastic activities). An average duration with standard deviation 
could also be specified, 

- its activity behaviour specifying its transformation function f (algorithm or script 
indicating how its functional operations are employed), 

- its capability set of required capabilities, 
- its exact list of ending statuses. 

Triggering conditions, i.e. conditions to be met to be able to execute the activity, must also be 
specified. They may depend on a combination of causal relations (e.g. which activities have 
just finished with which ending statuses), system states (defined by states of object views) 
and synchronisation conditions (e.g. clock times and time delays). They are defined and used 
as part of process behaviour in the next section. 
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The transformation function f defines the activity behaviour, i.e. the set and ordering of 
elementary actions performed by the activity. These elementary actions are calledfunctional 
operations. These are atomic operations performed on request by active resources or agents 
of the system. These active resources are calledfunctional entities (AMICE, 1993; Vernadat, 
1993). Each functional operation is formally denoted as (by analogy to a message sent to a 
method of an agent): 

FE.FU (parameter-list) 

where FE is the functional entity able to execute the functional operation FU and parameter
list is the list of (input/output) arguments of the operation. 

The activity behaviour implementing the transformation function of an activity can 
generically specified as in CIMOSA by (Vernadat, 1994): 

Activity Behaviour : { <A-behaviour> } [Exception Handling : <exceptions>] Ending 
Statuses <ending-statuses> 
<A-behaviour>::= <declarations> <pre-conditions> <statements> <post-conditions> 

where <declarations> is used to declare local variables, <pre-conditions> is a set of predicates 
defining pre-conditions on the execution of the activity, <statements> are Pascal-like 
procedural statements (including assignments, if-then structures, case structures, loops, etc.) 
defined on functional operations, <post-conditions> defines a (possibly empty) set of post
conditions to be verified/set at the end of the activity and <ending-statuses> is the list of 0-
argument predicates defining the set of ending statuses of the activity. The <exceptions> 
clause (optional) allows the definition of exception handling mechanisms (such as time-outs 
or watch-dogs) to face non-deterministic situations (e.g. detection of an infinite loop, 
conditions never realised, deadlock situations, etc.). In this case, the control is passed either to 
an exception handling process or to a supervisor. 

2.4 Enterprise activity classification 

Different classes of activities exist in an enterprise and require specific definitions. We have: 

- Machine Activities: Any machine activity A, i.e. activity performed by some device(s) 
without direct human intervention, is such that: 

- FIA u FOA u CIA_ 0; FIA r1 CIA= 0; 
-PIA, FOA, CIA, ROA ~ Vs; RIA c Rs; 
- CO A is defined over a finite set of 0-argument predicates; 
- fA is a deterministic algorithm or an inference engine such that: (FOA, COA, ROA) = 
fA (FIA, CIA, RIA) 

where 0 is the empty set, Vs is the set of all object views of system S, Rs is the set of 
physical object views on objects used as resources in system S and CIA u RO A ~ IVs, IVS 
~ Vs is the set of information object views of systemS. According to ISO (ISO, 1990), any 
machine activity can be classified as follows under the constraints reported in Table 1: 
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- Make (e.g. transform, compute, decide, reason, ... ) 
-Move (e.g. load, unload, transport, return, ... ) 
-Verify (e.g. control, check, compare, ... ) 
-Rest (e.g. wait, in store, idle, ... ) 

Table 1 
FI FO CI co RI RO 

Make _0 - 0 - 0 - 0 
Move - 0 FI - 0 - 0 - 0 
Verify - 0 _0 - 0 - 0 - 0 
Rest_0 - 0 - 0 

In these cases, the resource input can indicate the exact resource requirement, i.e. the 
functional entities to be used (early binding).or a list of alternative functional entities, i.e. the 
allocation of resources to activities is done at run-time (late binding). 

- Human Activities: Human activities are activities performed by human beings, i.e. their 
resource inputs are human operators. Although the general formalism defined above still 
applies to human activities, the control input is in this case made of object views of the 
system or of less formal things such as decision variables, expert advices or knowledge about 
some technical domain. The transformation function is no more a deterministic algorithm and 
the time duration is of course nearly always stochastic because of human presence. Moreover, 
the definition of the set of ending statuses becomes much more difficult and its size may be 
large. 

No widely accepted classification of human activities currently exists. Relevant human 
activities for CIM systems involve: knowledge acquisition, thinking/reasoning, creating, 
decision-making, executing, communicating, and control. 

- Hybrid Activities: Hybrid activities are activities which cooperatively involve both machines 
and humans as their functional entities. The transformation function can be an algorithm or a 
script (defining some procedure to be followed by resources). However, interpretation of the 
script in terms of the sequence of functional operations to be performed can be left to the 
appreciation of the human operators involved. 

- Cooperative Activities: Cooperative activities are activities which involve the exchange of 
messages, data, information or object views and need synchronisation. Thus, they make use 
of the following basic functional operations: 

-request (to ask for message or data or object views) 
-receive (message, data or object views) 
-send/broadcast (message, data or object views) 
-acknowledge (for synchronisation purpose) 
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3 BUSINESS PROCESSES 

Activities can be organised into sequences of actions to form processes. Processes can be 
organised into larger processes. Processes represent the flow of control in an enterprise (i.e. 
they represent the enterprise behaviour). 

A business process is a partially ordered set of activities (or sub-processes). Processes are 
triggered by the occurrences of events and execute until they have produced their end-result 
(defined as object views) or are interrupted. 

Events are solicited or unsolicited real-world happenings (e.g. machine break-downs, 
orders, triggers, clock times, system changes). Events can be either internal (endogeneous) or 
external (exogeneous) to a system. An event happens at a given time and may carry 
information in the form of an information object view. 

Two kinds of business processes can be defined (Bossler, 1994): 

- structured processes, for which the sequence of activities is completely defined; and 
- ill-structured processes, for which the sequence of activities is partially defined or 
unknown. 

In computer theory (Curtis et al., 1992; Hoare, 1985; Milner, 1980), it has been shown that 
activites can be combined into processes using only one operator, the parallel operator 
denoted "II", to describe any flow of control assuming that this operator is not commutative 
(Milner, 1980). A more explicit definition of processes is preferred for enterprise modelling 
using control structures such as sequence, parallelism, rendez-vous, choice or loop to link 
activities in a causal network (AMICE, 1993; Vernadat, 1993). These control structures are 
all defined as WHEN <condition> DO <action> rules (called behavioural rules). These rules 
make use of the ending status function ES previously defined on enterprise activities. 

A business process is characterised by: 

- its name, 
- its set of triggering events, 
- its process behaviour defined as a set of behavioural rules (of the form WHEN 

<conditions> DO <actions>), 
- its set of ending statuses (defined as a logical combination of ending statuses of the 

employed activities). 

Any kind of process behaviour can be specified as (where <P-behaviour> is a list of 
behavioural rules): 

Process Behaviour : <P-behaviour> End Process 
<P-behaviour> ::= <P-statement> <next-P-statement> 
<next-P-statement> ::= <P-statement> <next-P-statement> I NIL 
<P-statement> ::=WHEN ( <B-conditions>) DO <actions> 

3.1 Structured processes 
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Their process behaviour is deterministically defined by the following types of rules (in which 
EF stands for enterprise function and can represent either an enterprise activity or a business 
process): 
- Process triggering rules: They are used to start a process by means of events. 

WHEN (START WITH event-i) DO EFl 
The process starts with function EFl any time that an occurrence of event-i occurs. 

- Forced sequential rules: They are used when a function EF2 must follow another function 
EFl whatever the ending status of EFl is. The reserved word 'any' is used in this case (not an 
ending status). 

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

WHEN (ES(EFl) = end_stat_l) DO EF2 
WHEN (ES(EFl) = end_stat_2) DO EF3 
WHEN (ES(EFl) = end_stat_3) 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 EFl 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(EFl) =value) DO EF2 & EF3 & EF4 
(b) Synchronous spawning: When EFl 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(EFl) =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) 
DOEF5 

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

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

3.2 Ill-structured processes 

Ill-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 (Zaytoon et al., 
1993) can be used and the process behaviour becomes: 

Process Behaviour: <behavioural rules> [Subject To <temporal rules>] 
End Process 

Two types of behavioural rules are added to the previous set to model ill-structured processes: 
random choice rules and open set rules. In these rules, the action part is reinterpreted 
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(variable S), meaning that it is considered as a whole to make possible the definition of its 
ending status. 

- Random 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(EFl) = end_stat_l) DOS= (EF21 EF31 EF4) 
- Open 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) DOS= {EF2, EF3, EF4} 

The flow of control for the open set of functions of the open set rules will be governed by 
temporal rules defined as follows: 

-A Before B: to specify that A must be executed sometime before B 
- A Meets B: to specify that B starts just after A ends 
-A During B: to specify that A is executed after B starts but during B 
-A Starts B: to specify that when A starts, B must start 
-A Finishes B: to specify that 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 EXAMPLES 

Let us consider the process depicted by Figure 4. 

Design_ Order 

START Conceptual 
Development 

,...-------., MSD-pb 
Mechanical 1-----' 

System MSD-OK 
Design 

Electrical 

Product 
Prototype 

System ESD-OK 
Design 

L...------' ESD-pb 

Figure 4 A product design process 

done 

FINISH 

NOK 

It describes an engineering process for designing and testing a product made of a mechanical 
system and an electrical system. The process starts with a conceptual development activity. 
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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 problems (ending statuses MSD-pb and ESD-pb 
respectively). If the test is successful then the process continues for manufacturing and finally 
ends. The process is specified as follows: 

BUSINESS PROCESS Product_Design 
TRIGGERING EVENTS: Design_Order 
ENDING STATUSES: ES(Manufacturing) 
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_Prototype 
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, Body_Design} 
WHEN (ES(A) = completed) DO FINISH 
SUBJECT TO 

Rotor_Design BEFORE Body _Design; 
Stator_Design BEFORE Body _Design 

END PROCESS 

In this example, ES (A) = ES (Body _Design) = completed. 
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5 CONCLUSION 

In this paper, a formalism to represent business processes and enterprise activities has been 
defined. It is based on the principle of separation of enterprise behaviour and enterprise 
functionality as promoted by CIMOSA and considered as a fundamental modelling and 
organisation principle. Adherence to this principle provides organisational flexibility in the 
model because enterprise behaviour can be easily updated without affecting enterprise 
functionality and vice versa. This is an essential property for easy management of change as 
required by continuous process improvement (CPI) for improving enterprise responsiveness. 

Enterprise behaviour is modelled by means of a declarative language based on WHEN-DO 
condition rules while enterprise functionality is modelled as a chunk of elementary 
functionality and can be implemented in terms of a procedural language defining the 
procedure of execution of the functional operations of the transformation of the activity. 
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