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This paper deals with interoperability of enterprises. Interoperability is a 
multi-form issue and can be studied at different levels. Tliis research woric 
focuses on the business level and particularly on the decisional aspect so 
called decisional interoperability. The objective of the paper is to present how 
to develop decisional interoperability using design principles with 
mathematical formalisation, in order to improve and to facilitate the decision­
making activity in a collaborative context. Finally, an illustration example 
using the proposed principles is presented to show the interest of the decisional 
interoperability solution. 

1. INTRODUCTION 

Increasingly, competitiveness of an enterprise depends not only on its internal 
productivity and performance, but also its ability to collaborate with others. 
Enterprises need to collaborate with other partners in terms of communication and 
interaction, in order to reach their objectives including the ones that are common 
between partners. In this context the development of interoperability has become a 
key factor of success. 

Interoperability can be studied at different levels, and one of the developments of 
interoperability is related to the decision-making activity (ATHENA, 2003). It is so-
called decisional interoperability. The purpose of this paper is to present the basic 
concepts and principles of decisional interoperability. 

However, this paper does not take into account the socio-psychological aspect of 
the decision-making but focuses on formal and quantitative aspects, in order to 
reduce the uncertainty in terms of the objectives that the partners have to reach 
during a collaborative decision-making process. 

This work has been initiated within the frame of WP6 (Design principles for 
interoperability) of INTEROP NoE (INTEROP, 2003). It also aims at extending the 
GRAI decisional model concepts to the development of interoperability in the 
context of networked enterprises. 

First, the definition and a mathematical formalisation related to the decision­
making activity inside one enterprise are presented. Set theory is used to formalise 
the decision-making activity. 

Then, the decision-making activity in a collaborative context is discussed. Based 
on these works, a definition of decisional interoperability is proposed. Some design 
principles to build a decisional interoperability solution are presented. Set theory 
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notations are also used to fonnalise the basic concepts of the decisional 
interoperability. 

A simple case study is proposed at the end of the paper in order to illustrate and 
show the applicability of the proposed approach. 

2. DECISION-MAKING ACTIVITY: CONCEPTS AND 
DEFINITIONS 

2.1 Definition 

Decision-making is an activity that aims at making choice. The decision itself is the 
resuh of choosing between courses of action (CEN, 2000). The decision-maker 
disposes of a set of alternatives and has to choose the best one allowing reaching his 
objectives. According to (Doumeingts, 1998) and (Vallespir, 2002), in order to 
choose among possible solutions, several items may influence the decision-maker: 

• One (or more) objective(s) that the decision must allow reaching; 
• One (or more) decision variable(s) on which the decision-maker can act; 
• Constraints that limit the use of the decision variables; and 
• Sometimes, criteria that guide the choice to make dmng the decision­

making process. 

This set of items form a decision frame constraining the degree of freedom to make 
a decision. Therefore, the decision-making can be shown as the search of a solution 
reaching (or being near) the objectives in a space defined by the decision variables 
and delimited by the constraints (Vallespir, 2003). Figure 1 illusfrates the principle 
of decision-making consistently with the decision frame. 

Constraints Space 
of freedom 

Decision 
Min T Max ' variable 1 

Val(dvl) 

Figure 1 - Representation of the space of freedom for decision-making (two 
decision variables are considered) 
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2.2 Formalisation 

Starting from the definitions given above, it is possible to propose a foimalisation of 
the decision-making activity. Fomaalisation is necessary to understand and represent 
in a precise way the basic concepts relating to decision-making activity. 
Furthermore, it will allow giving general rules to make a decision that could be 
applicable in any situation including decisional interoperability. 

Let us assume several notations: 
Given OB the set of objectives that the decision must allow reaching, 

OB-={obi,...,obn\n&^*. 

Given VD the set of decision variables, 

FD = {vc/i,...,vJ«},«eN*. 

Given VD^t the set of constrained decision variables, 

VDct = {vd e VD\P{vd)}= {vJi«,,...vi«c,„},« € N *, 
with P(vd) = the decision variables respect the constraints. 

In order to make the decision through the formalisation of the decision frame and the 
definition given by (Vallespir, 2003), it is possible to write: 

Given D the set of the possible decisions (given by the set of the values of the 
decision variables defined by the constraints), 

D = {{vdic,\,...,vdncm]},d = {vdun,...vdnci„},n e N* , 
card(D) = cardiydun) x... x card{vdnc„), n e N *. 

To each element of D - that is to say each combmation of values of the decision 
variables - one possible objective can be associated. 

Given OB' the set of objectives that can be reached by the elements of Z), 

OB'={)b'&OB'\oV=f{d)}. 
The ftmction / defines a series of mathematical operation that allow the 
transformation of the decision variables values into the corresponding objectives. 
An objective, belonging to OB, can be totally fulfilled if and only if it also belongs 
to OB'. In the case where there is no solution, the decision-maker will choose a 
solution belonging to OB' that will be the nearest to the desired objective. 

Finally, the set Dr of the decisions researched d is: 

Dr = [de DpB'WB]. 
This formahsation can be now applied to decisional interoperability. 
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3. DECISIONAL INTEROPERABILITY 

3.1 Collaborative decision-making 

In the context of collaboration, partners work together in order to reach a common 
goal (Kvan, 2000). At the level of decision-making, it concerns the decision-makers 
to take a decision reaching the objective of the collaboration and also satisfying their 
own interests. Currently, the decision-making process is well defined (Mercier, 
2003). However, several problems emerge from this process (Chen, 2005) 
(Wikipedia, 2006): 

• The majority of collaborative decisions have to do with subjective issues 
(there is no formalisation and no rational manner to take a decision); 

• Decisions are usually imposed by one party to another; 
• The time length to achieve a common decision. 

Therefore, decisional interoperability has to support the collaborative decision­
making activity and to prevent the mentioned problems. 

3.2 Decisional interoperability 

According to (IEEE, 1990), (Oxford, 1999) and (Daclin, 2005), decisional 
interoperability can be defined as the ability for several decision-makers to exchange 
support-information for decision-making, and to use these support-information in 
order to make a decision that allows reaching the objective of the collaboration and 
at the same time that respects their own interests. The principle is to generate a 
common decision space taking their own support-information for decision-making 
into account as shown in figure 2. 

t ' i " i i i i ' o ; i I 

1 jL'«.isii>ii - l i^ io in 

DoL'j'̂ uiii N\sio!', l)i;̂ i-..i'M •>v-iiv:n. 

Figure 2 - Representation of the principle of decisional interoperability (Daclin, 
2006) 

The existing collaborative decision-making process is not designed for decisional 
interoperability. Consequently, it is important to define principles to design 
decisional interoperability solutions. 

3.3 Design principles for decisional interoperability 

A design principle is a rule to follow, that orients design decision-making. It can be 
defined as a fundamental truth which stands for evidence (Suh, 1990). Starting from 
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the problems encountered in collaborative decision-making, three design principles 
for decisional interoperability have to be implemented according to the identified 
problems as summarised in figure 3. 

In the case 1, decision-maker A makes a decision without knowing neither decision 
frame nor the possible decision which can be made by decision-maker B. In this 
case, the decision-maker A can make a decision which, on the one hand does not 
satisfy the decision-maker B and on the other hand does not satisfy the objective of 
the collaboration. This leads to some iterations and negotiations between both 
decision-makers to find a solution. 

In the second case (case 2) the decision-makers A and B have clearly defined 
their decision frame including the possible decisions that can be engaged and make 
it known to the partner. In this case, the decision-makers can make a decision on the 
one hand without time loss and on the other hand which can satisfy both of them and 
the objective of the collaboration. 

Decision 
variable 2 

• 

Decision 
variable 2' 

Max 

Min 

Decision-maker 

Decision 1 

Case 1 

Min Max 

Maxh-1— 
I 
t 
t 
i 
1 

Case a" ~ - .Min. - •'-

- .Decision-maker 

Decision 1' 
• - ! • • 
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• ! Decision 2' 

Min Max Decision 
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® Bad decision of A leading to a decision of B out of its frame 

• Good decision taken by A knowing the decision frame and the capability of B 

Decision 
variable 1' 

Figure 3 - Representation of the problems of collaborative decision-making in 
order to establish design principles 

The three design principles for decisional interoperability that have to be 
implemented are: 

Axiom 1: "when designing a decision-making activity, make its decision frame 
explicit". 
The decision frame contains a set of items which limits the freedom of decision­
making. It allows improving the decision-making transparency. 

Axiom 2: "Implement a mechanism to exchange the decision frame between all 
decision-makers ". 
Building a decision frame known by your collaborative decision-maker improves 
decisional interoperability in terms of iterations between parties, and of the delay 
before reaching a decision. 
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Axiom 3: "Establish capability for each decision-maker". 
Decisional capability allows knowing admissible limits for the decision-makers, and 
improves the ability to make decisions that satisfy all decision-makers as far as 
possible. 

3.4 Formalisation 

Based on the conceptualisation of the decision-making activity previously proposed, 
a formalisation of the decisional interoperability is developed below. 

Let us assume supplementary notations: 
Given OBc the set of the objectives of the collaboration, 

OBc = {obc\,..., obcn], 72 e N *. 

Given P^ the set of the possible decisions that can be engaged by each partner in the 
collaboration, 

Pc = {pci,...,pcn],n e N * . 
In order to obtain this set, the decision-makers have to exchange their own decision 
frame as defined above; otherwise they risk making a decision that will not allow 
satisfying other partners and/or the objective of the collaboration. As a consequence, 
the partners will have more negotiations and iterations to make a satisfying decision. 
This set represents the capability of the decisions-makers. 

Given Dc the set of the possible decisions in the frame of the collaboration, 

Dc = '(J)cl,...,pcn]\,dc = {pc\,...,pcn\n S N * 

card(Dc) = card(pci) x... x card(pcn),n € N *. 

Given OB 'c the set of objectives that can be reached by the elements of Dc, 

OB' c = \pb'ce OB' c\ob' c = gidc)}. 
The function g defines a series of mathematical operation that allow the 
transformation of the possible decisions that can be engaged by each partner into the 
corresponding objectives that can be reached in the frame of the collaboration. 
An objective, belonging to OB^, can be totally fulfilled if and only if it belongs to 
OB;. 

Finally, the set £)„ of the decisions researched d^ is: 

Drc = ldceDc\OB'cf]OBc} 
This formalisation is applied to an illustration example presented in the section 4. 
This example is largely simplified to illustrate the decisional interoperability 
between two partaers using a formal approach. 
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4. ILLUSTRATION EXAMPLE 

Let us consider two partners (Pd and Pc2), in a collaborative decision-making 
context. 

The objective of the collaboration for the partners is: "to produce n products for 
a maximum cost of 30 K€". This objective can be noted: 

OBc = {0,1,...,30) 

The partners have selected the possible decisions (in this case in euro) that can be 
engaged in the frame of the collaboration. This selection of the possible decisions is 
performed and workable after that the decision-makers have clearly defined and 
exchanged their own decision frames. According to their own decision frame and 
the decision frame of the partner, these possible decisions can be noted: 

Pel = {10,15,17} 

Pel = {13,16,24} 

The set of possible decisions of the collaboration is noted D^. 
card(Dc) = card{Pc\) x card(Pc2) 

card(Dc) = 3x3 = 9 
Thus, there are 9 elements in Dc. It is possible to vwite them on: 

'{10,13}, {10,16}, {10,24}' 

£>C = ]{15,13},{15,16},{15,24}>. 

{17,13}, {17,16}, {17,24} 
The set of objectives that can be reached by the elements of Dc is OB 'c. 
It has been written above thatob' c = g{dc). In this example, the objective is a 

cost and the cost supported by the partners must be summed. Therefore, in this case, 
the g function is defined by the sum of all elements of a given d^ set: 

n 

ob'c = ^dci. 

Thus, for the set of the objectives that can be reached by the elements of Dc, it gets: 

OB'c = {23,26,34,28,31,39,30,33,41}. 

Finally, the set of the decisions researched by the collaborative decision-makers can 
be noted: 

cost< 30 => Drc = {{10,13},{l0,16}, {l5,13},{l7,13}}. 

Any of these four possibilities fulfils the given objective. Indeed, they meet the 
objective of the collaboration defined as "to produce n products for a maximum cost 
of 30 K€". The decision-makers can make a decision among the £>„ set of solutions. 
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5. CONCLUDING REMARKS 

This paper has presented a formaHsation that aims at developing interoperability in 
the context of collaborative decision-making in order to solve and to prevent the 
problems identified (iterations, long delay...)- This formahsation is independent 
from technological issues. 

Some design principles to build decisional interoperability were proposed in 
order to allow the decision-makers to make right and appropriate decisions by 
clearly defining their decision frame, exchanging their decision frame and 
establishing a common decision space. This formahsation is simple to design and 
implement in enterprises and can apply in any kind of situations. The example is 
largely simplified to keep the presentation in a reasonable volume. 

The proposed approach allows extending the GRAI decisional model concepts 
initially developed for intra enterprise integration to inter enterprise interoperability 
from the point of view of decision-making. 

Future work is concerned with the development of ftmctions - that allow 
obtaining the set of objectives that can be reached by the possible decisions of the 
partners of the collaboration - based on performance criteria of the enterprises. 
These functions represent the performances that are the most frequently targeted by 
the enterprises such as cost, quality and time. A real case study will also carried out 
in a SME. 
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