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Abstract 

This paper presents the design of an IDSS that allows the 
decision makers to identify key issues that matter for the 
future of a social system and helps them to improve the policy-
making processes. The implementation is in process, so this 
paper presents the achievements up to the present. It combines 
IA techniques with qualitative models and Systems Dynamic 
Simulation. The selection of strategies and policies for complex 
social systems needs to take into account non-quantifiable 
variables. For this reason, we build models that allow the 
treatment of these kinds of variables. We propose a 
methodology divided into three phases. In the first one we build   
a model and simulate dynamic systems of particular scenarios, 
using this module as an analysis tool. This phase allows the 
detection of issues that matters. The results obtained by 
simulation are stored in a database and are used as entries in 
the reasoning process. So, they are the start point of the 
second phase. For this phase we use the CBR (Case Based 
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Reasoning) technique, where each case is defined by a set of 
norms (common attributes), cases and indexes (attributes for 
discriminating cases), problem, solution and explanation. 
Different values of these attributes will be new cases. The last 
phase produces different solutions, giving to the decision maker 
explanations about pros and cons of these alternatives. In the 
case that none of these alternatives are accepted by the users 
of the IDSS, they can incorporate a new solution explaining 
that, for them, it is the best alternative to follow. It is 
important to emphasize that the IDSS is an instrument to 
promote and facilitate the attainment of a coherence and 
consensus between the decision makers.  

Introduction 

At present, we are working on the design of an IDSS to help the 
strategic decision in the public sector and semi-public 
organizations in the Canary Islands, in order to establish a new 
development model. The model consolidated up to the present 
has serious problems to assure a sustainable and equitable 
development of the quality of life of the regional population. In 
previous works we have treated these problems1, and in this 
paper we are centered in the design of an intelligent tool to 
support Strategic Public Decisions (SPD) and the achievement of 
consensus between the main social actors. This paper resumes 
our line of researches and works with public or semi-public 
organizations (as Canary Islands Government, Spain European 
Trade Unions Confederation and Canarian Trade Unions).  

The IDSS allows the representation of a large number of 
variables of the Canary Islands model, their interdependences 
and the heuristic knowledge of the processes. Also, it is useful 
to analyze the behavior of the social system through multiple 
possible scenarios, recording assumptions, decisions and results 

                                                 
1 Legna C. 2000, 2001 and 2002; KLAJIC Miroljub, LEGNA Carlos and  SKRABA Andrej, 2002, 2003a 
and 2003b. 
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of the actions. In this way, the decision makers can see the 
impacts of their decisions and the IDSS can give suggestions 
about the best alternatives to follow. 

In a DSS there are inference mechanisms (rules and ways to 
understand the problem) and an expert knowledge base of 
different solutions for the problem. Thus, it can advise decision 
makers about risks and advantages in particular decision 
situations. When it happens, the DSS is intelligent (Bhargava et 
al.,1999). In some situations there is more than one alternative 
solution for each problem, and the specialist has pre-solved  
similar cases, in case that it is necessary to solve new ones. 
Then, we can store and structure these cases in a CBR.  

Pre-solved cases can be exceptions to rules in comparison with  
new cases. For this reason, pre-solved cases are showed as a 
selection of cases. In pseudo-code, the structure of a rule set 
(tupla) is performed as follows:  

• CASE (pre-condition- data set that define the case 
[scenario, problem]) 

• A1: (alternative solution 1, explanation 1),  

• A2: (alternative solution 2, explanation 2),  

• …. 

• An: (alternative solution n, explanation n). 

Consequently, when there is not any case defined in the same 
circumstances like other stored case, the answer will be based in 
an application of a similar case. It is obtained through an 
inference process, called “adaptation”.  

In our application, we propose a methodology divided into three 
phases:  
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a) Problem definition through modelling and simulation. 

b) Case base definition and representation of the reasoning 
process. 

c) Integration of the Simulation and IA techniques to create 
an IDSS. 

In the following sections we present the advances achieved in 
each phase up to the present.  

1. Problem definition trough modelling and simulation  

The Canarian Model were built2 and various scenarios were 
constructed using system dynamics 3. The scenarios are the 
following:    

“Scenario 1: Non-innovative society, with population and political 
leaders not really concerned with the environment and the 
sustainable development; the importance of immigration of 
pensioners people; constant increase of the total population.  

This scenario mixes trends of permanent population increase, 
decline of tourism due to the environment degradation, 
stagnation of the agriculture sector and persistence of non-
innovative Small and Medium Enterprises (SMEs). The first 
scenario is not sustainable in the long term, because the crisis in  
tourism (and other activities boosted by it) and the degradation 
of the environment will reduce the immigration of pensioners. 
This contraction will reinforce the economic crisis and the 
increase of the unemployment. The economic crisis will probably 
be accompanied by social unrest and political troubles. 

Scenario 2: Non-innovative society, with population and political 
leaders not really concerned with the environment and  
                                                 
2 For the description of the model and an explanation of how it was built , see KLAJIC Miroljub, LEGNA 
Carlos and  SKRABA Andrej, 2002 
3 KLAJIC Miroljub, LEGNA Carlos and  SKRABA Andrej, 2002 
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sustainable development; importance of immigration of 
population in working age; permanent increase of the total 
population. 

This scenario is the same as the former, except that the 
projection of the aging population is lower. In this scenario the 
crisis will be more evident and stronger in the work market. In 
the medium and long term the degradation of the environment 
and unemployment and social unrest will feed back between 
them. 

Scenario 3: Innovative society, with population and political 
leaders concerned with the environment and sustainable 
development; weight of pensioners in the population pyramid; 
permanent increase of the total population.  

This scenario mixes trends of permanent population increase, 
slow reduction of total tourism, increase in agricultural 
production due to the increased productivity and augmentation 
of innovative SMEs. This is sustainable in the medium term, 
because there will not be a crisis in tourism (and the other 
activities boosted by it) and the environment will not be 
destroyed. There will be opportunities to increase the quality of 
employment, due to the innovative activities and the demand of 
elders. Nevertheless, this scenario is not sustainable in the long 
term, because the increase of the population can’t go on 
indefinitely. This scenario will be transformed into another one: 
Number 5 or 6. 

Scenario 4: Innovative society, with population and political 
leaders concerned with the environment and sustainable 
development; high weight of population at working age, due to 
immigration; permanent increase of the total population.  

This scenario differs from the former only because the 
tendency of permanent population growth is replaced by a lower
population ageing factor. The sustainability in the medium term 
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depends on the equilibrium in the work market and on the 
profiles of the immigrants. Like the former, it is not sustainable 
in the long term, because the increase of the population can’t go 
on indefinitely. So, this scenario will be transformed into 
another one: Number 5 or 6.  

Scenario 5: Non-innovative society, with population and political 
leaders not concerned with the environment and sustainable 
development; importance of immigration of pensioners; decrease 
or constancy of the total population.  

This scenario differs from number 1 only because the population 
development is stable. This is one of the worst scenarios for the 
long term, because the reduction in immigration will be due to 
the crisis in tourism (and the other activities boosted by it), the 
degradation of the environment and social unrest. A similar and 
undesirable scenario may be built on the basis of scenario 2. It 
is important to observe that these two scenarios are not 
improbable because some political leaders have emphasized the 
importance of economic development in the short and medium 
term, without considering its impact on the environment.  

Scenario 6: Innovative society, with population and political 
leaders concerned with the environment and sustainable 
development; weight of population at working age, due to 
immigration, but rate of immigration lower than in scenario 4;  
decrease or constancy of the total population.  

This scenario differs from number 4 in the fact that the total 
population does not increase indefinitely, because the 
immigration rate is lower. With this scenario the sustainability 
of improving the quality of life (that includes the increase of  
revenues, low unemployment rate, high wages and an enjoyable 
environment) is possible. It is not the only that may be built to 
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assure the sustainable development of the quality of life. 
Another one may be constructed on the basis of number 34. 

“The scenarios throw light on possible ways of future society 
development. None are pre-determined. The exact path that 
society will adopt will depend on external factors and, more 
importantly, will also depend on the behavior of its population 
and its leaders. To guide the Canarian social system along a 
certain path it will be  necessary, first of all, to design and 
chose it (let us say, for instance, one of the possible future 
scenarios), and to plan and implement the appropriate strategy 
and policies. An example of them is presented in LEGNA 
(2002”)5.  

At present we are working in the phases two and three. They are 
described in the following paragraphs.  

2. Case base definition and representation of the 
reasoning process 

Decision support systems (DSS) are interactive computer-based 
information systems that are designed to help human decision 
makers. These systems allows the processing of data and models 
in order to identify, structure, and solve semi-structured or 
unstructured problems and to make choices among different 
alternatives (Zolghadri et al , 2002).  .  

In this category of applications, experts must evaluate and make 
decisions with the data showed by analysis tools.  One way to 
create a useful tool is to represent the reasoning process in a 
form of rules and build an expert knowledge based system. But 
knowledge based systems have several problems related with the 
process of extraction and representation of expert knowledge. 
Therefore, generally these systems are slow and usually can not 
access to huge amount of information.  That is why we propose a 
                                                 
4 KLAJIC Miroljub, LEGNA Carlos and  SKRABA Andrej, 2002 
5 KLAJIC Miroljub, LEGNA Carlos and  SKRABA Andrej, 2002 
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case based reasoning method, that allows the resolution of new 
problems through the adaptation of past solutions used to solve 
similar problems (Riesbeck&Schank, 1989). 

One advantage of this type of techniques is that it doesn’t 
require an explicit knowledge of the domain. The extraction 
process is reduced to collect historic cases and to identify 
relevant attributes to describe the cases. We plan to start with 
a small amount of cases, then eliminate cases that are not 
useful, and add new ones. In addition, we can give explanations, 
use techniques of database to administrate a large amount of 
information, and the best advantage, the system can learn, 
acquiring new knowledge as cases.  All these features makes the 
system easy to maintain and reuse. 

In our application we define each case as a set formed by 
[(scenario, problem), (solution, explanation)]. Initially, we  define 
cases for proposed scenarios, but the system is not limited to 
these ones, because it can learn and add to the database news 
scenarios and new solutions suggested by the user. 

The simulation module gives facts that define an actual case. 
This case will be processed by the Inference Engine module. The 
CBR Cycle of work is the following (figure 1) (Aamodt & Plaza, 
1994): 
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Figure 1:  CBR life cycle 

1. Similar case retrieval (a new problem is matched with 
similar cases stored in case data base);  

2. Re-use proposed solutions in cases to try to solve the 
problem; 

3. Revise proposed solution (in case it is necessary);  

4. Retain the new solution as part of a new case. 

The cycle is completed with user intervention.  

The information stored for each case is related to: 

1. The conditions that defines the scenario; 

2. The problem, that emerges from the particular 
conditions of the scenario; 

 9 



3. A description of the solution found for the problem and 
the decisions made;  

4. A result describing the state of the system after the 
application of actions suggested. 

If one scenario has more than one problem, it is a new case for 
the case data base. In other words, (scenario1, problem1) <> 
(scenario1, problem2) <>…<> (scenario1, problem n). 

To define a case and establish differences with others, we 
consider information regarding to: (i) functionality and (ii) easy 
acquisition of information represented in the case. 

Concerning to cases recovery, we assign indexes for each case, 
and select an indexation method based on similarity.  This 
method generates a set of indexes for abstract cases created 
with cases that share common attributes. Attributes not shared 
are used as indexes in original cases.  

In relation with a case memory model, we use one called 
category-exemplar (Bareiss, 1989). In this model, cases are 
called exemplars and are organized in a semantic net of 
categories, semantic relations, cases and indexes. Each case is 
associated with a category. Case attributes have different 
weights; these weights indicate if they match up or not with a 
category.   

There are three indexes that indicate: 

• Attributes (descriptors of cases -scenario, problem- of 
cases or categories); 

• Categories with their associated cases;  

• Categories with neighbor cases which are differenced 
with a small number of attributes.  
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An exemplar is stored according to the level of similarity to a 
prototype category.  A new case with small differences to 
another one is not stored. 

The problem of finding the best case involves heuristic methods 
to limit/guide the search. Heuristics must allow making partial 
matches. We use a method based on templates, like SQL queries, 
where all cases that satisfy certain parameters are retrieved. 
Then we apply an inductive technique, that let us determine 
which attributes differences better the cases and to generate a 
decision tree, to organize the case in memory.. 

3. Integration of the Simulation and IA techniques to 
create a IDSS 

Our system is based on a new approach including both simulation 
and intelligent analysis techniques.  

Initially, dynamics of the system are modeled and the results of 
the simulations are stored in a database. This is the first step in 
the reasoning process. Then, the inference engine module 
identifies the case, selecting the case by similarity using 
templates and inductive techniques and predictions are 
performed. Finally, the solutions are showed to user with 
explanations of the consequences of the application of different 
possible solutions. If the results and the explanations do not 
satisfy the user, it is possible to introduce new ones. Thus, the 
system can be validated and can learn new solutions the from 
user. 

For carry out the execution of our IDSS we have designed 4 
main modules:  

• Problem Definition, Modelling and Simulation Module; 

• Knowledge Base Module, a DB with information of cases. 
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• Inference Engine Module, formed by representations of 
heuristic methods and case selection. It carries out the 
reasoning process. 

• User Interface, that produces the best choices and the 
solutions for each case. It develops the learning and 
validation process trough feedback with the system. 

Inter-relations among modules can be observed in Figure 2: 

 

Figure 2. Architecture of IDSS-Canary Islands 

References 

Aamodt A., Plaza E. (1994). Case-Based Reasoning: Foundational 
Issues, Methodological Variations, and System Approaches. AI 
Communications. IOS Press, Vol. 7: 1, pp. 39-59. 

 12 



Bareiss Ray (1989). Exemplar-Based Knowledge Acquisition. 
Academic Press Inc., San Diego, California. 

Bhargava Hermant K., Sridhar Suresh, Herrick Craig (1999). 
Beyond Spreadsheets: Tools for Building Decision Support 
Systems. IEE Computer Society.. March 1999. pp. 31-39. 

Brown Scott M., Santos Eugene Jr., Banks Sheila B. (1999).  
Active User Interfaces For Building Decision-Theoretic 
Systems. Proceedings of the 1st Asia-Pacific Conference on 
Intelligent Agent Technology, December 14-17, 1999, Hong 
Kong.. 

Fonseca Filho, A. A., da Silva A. B. & Chaves J. B. P. (1997). 
Integrating Multimedia and Artificial Intelligence: An 
Application for Total Quality Management in Dairy Companies. 
Proceedings of First European Conference for Information 
Technology in Agriculture. 

Kljajic Miroljub, Legna Carlos and Skraba Andrej, 2002 Systems 
Dynamics Model Development of the Canary Islands for 
Supporting Strategic Public Decisions. Twentieth International 
System Dynamic Conference, Palermo, Italy, julio28-august 31, 
2002 

Kljajic Miroljub, Legna Carlos and Skraba Andrej, 2003a 
“Simulation Model of Canary Islands, preliminary results” en 
“21st System Dynamics Conference”, New York, Julio 20-24,  

Kljajic Miroljub, Legna Carlos and Skraba Andrej, 2003b 
“Simulation Model of Canary Islands for Public Decision Support” 
en “IASTED (International Association of Science and 
Technology for Development) International Conference on 
Applied Simulation and Modelling”, Marbella, Septiembre 3-5. 

Leake David B., Birnbaum Larry, Marlow Cameron, and Yang Hao 
(1999). Integrating Information Resources: A Case Study of 

 13 



 14 

Engineering Design Support A Case  Proceedings of the Third 
International Conference on Case-Based Reasoning, ICCBR-99, 
Springer-Verlag, Berlin.  

Legna Carlos (Coord), 2002. “Promoción del desarrollo del diálogo 
social y creación de una red sindical de intercambio de 
información y de formación”, European Trade Union 
Confederation, (report)  
 
Legna Carlos (Coord), 2001, “Las particularidades de las regiones 
ultraperiféricas y la necesidad de instrumentos específicos. 
Especial referencia a canarias”, Canarian Government, (report) 

Legna Carlos, 2000, “Knowledge and knowledge management for 
the improvement of strategic public decisions” in Decision 
Support through Knowledge Management, Department of 
Computers and Systems Sciences of the Stockolm University 
and the Royal Institute of Technology of Sweden, Stockholm, 
pages 175-190.   

Porter, B.W., & Bareiss, E.R., (1986). PROTOS: An experiment in 
knowledge acquisition for heuristic classification tasks. In, 
Proceedings of the First International Meeting on Advances in 
Learning (IMAL), Les Arcs, France, pp.159-74. 

Riesbeck, C.K., & Schank, R. (1989). Inside case-based reasoning. 
Northvale, NJ: Erlbaum. 

Zolghadri M., Lecompte T., Bourrieres J. P. (2002). Design of 
Decision Support Systems for Extended Enterprise. Studies In 
Informatics And Control With Emphasis on Useful Applications 
of Advanced Technology March 2002  Volume 11 Number 1. 

  
 


	An Intelligent Decision Support System (IDSS) for Public Decisions using  Systems Dynamic and Case Base Reasoning (CBR).
	Carina S. González
	
	
	Abstract



	Introduction
	1. Problem definition trough modelling and simulation
	2. Case base definition and representation of the reasoning process
	3. Integration of the Simulation and IA techniques to create a IDSS


	back to the top: 
	ToC Button: 
	Go Back Button: 


