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Abstract: Information technology applications that support decision-
making processes and problem-solving activities have proliferated and 
evolved over the past few decades. In the paper is described an approach 
to decision making that integrates multi-attribute decision techniques 
with expert systems. The approach is based on the explicit articulation of 
qualitative decision knowledge which is represented by a tree of 
attributes and decision rules. The decision making process is supported 
by a specialized expert system shell for interactive construction of the 
knowledge base, evaluation of options and explanation/analysis of the 
results. Practical use of the shell is illustrated by an application in the 
field of performance evaluation of enterprises. 
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INTRODUCTION 
 

In the 1970s, these applications were simple and based on 
spreadsheet software. During the 1980s, decision-support systems 
incorporated optimization models, which originated in the operations 
research and management science communities. In the 1990s, these systems 
were further enhanced with components from artificial intelligence and 
statistics. This evolution led to many different types of decision-support 
systems with somewhat confusing names, including management 
information systems, intelligent information systems, expert systems, 
management-support systems, and knowledge-based systems. Because 
businesses realized that data was a precious asset, they often based these 
“intelligent” systems on data warehousing and online analytical processing 
technologies. They gathered and stored a lot of data, assuming valuable 
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assets were implicitly coded in it. Raw data, however, is rarely beneficial. 
Its value depends on a user’s ability to extract knowledge that is useful for 
decision support.  

The decision-support systems should be designed as a set of tools 
rather than as solutions to a predetermined set of problems. The 
indeterminate nature of complex problems does not allow us to predict, with 
any degree of certainty, either the specific circumstances of a future problem 
situation or the precise terms of the solution. Under these circumstances it is 
far more constructive to provide tools that will extend the capabilities of the 
human decision maker in a highly interactive problem solving environment. 

In this sense a tool is defined more broadly than a sequence of 
algorithms, heuristics or procedures that are applied largely on the direction 
of a user. Tools can be self-activating, be capable of at least semi-
autonomous behavior, and cooperate with each other and users in requesting 
and providing services. 

The ability of a decision-support system to have some level of 
understanding of the meaning of the information it processes is the single 
most important prerequisite for a cooperative and collaborative problem 
solving environment. A high level representation of the real world objects 
that define the problem system forms the basis of the interactions between 
the users and the system and, also, the degree of intelligence that can be 
embedded in its components.  

 
MATERIALS AND METHOD 

 
The decision-support system should be a knowledge-based system. 

In this context knowledge can be described as experience derived from 
observation and interpretation of past events or phenomena, and the 
application of methods to past situations. Knowledge bases capture this 
experience in the form of rules, case studies, standard practices, and typical 
descriptions of objects and object systems that can serve as prototypes. 
Problem solvers typically manipulate these prototypes through adaptation, 
refinement, mutation, analogy, and combination, as they apply them to the 
solution of current problems. 

The decision-support system need not, and should not, exercise 
centralized control over the decision making environment. Much of the 
decision making activity can be localized. For example, components of the 
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system that are responsible for pursuing the interests of real world objects, 
such as soldiers in military applications and technical and management 
personnel in commercial and industrial applications, can achieve many of 
their objectives through service requests and negotiations that involve only a 
few nodes of the problem system. This greatly reduces the propensity for the 
formation of communication bottlenecks and at the same time increases the 
amount of parallel activity in the system. The ability to combine in a 
computer-based decision-support system many types of semi-autonomous 
and autonomous components, representing a wide range of interests and 
incorporating different kinds of knowledge and capabilities, provides the 
system with a great deal of versatility and potential for problem solving to 
occur simultaneously at several levels of granularity. This is similar to 
human problem and communicate in pairs and small groups as they gather 
information and explore sub-problems. 

Making decisions concerning complex systems (e.g., the 
management of organizational operations, industrial processes, or 
investment portfolios; the command and control of military units; or the 
control of nuclear power plants) often strains our cognitive capabilities.  

Because in many situations the quality of decisions is important, 
aiding the deficiencies of human judgment and decision making has 
been a major focus of science throughout history. Disciplines such as 
statistics, economics, and operations research developed various methods 
for making rational choices. More recently, these methods, often 
enhanced by a variety of techniques originating from information 
science, cognitive psychology, and artificial intelligence, have been 
implemented in the form of computer programs, either as stand-alone 
tools or as integrated computing environments for complex decision 
making. Such environments are often given the common name of 
decision support systems (DSSs).  

The concept of DSS is extremely broad, and its definitions vary, 
depending on the author's point of view. To avoid exclusion of any of the 
existing types of DSSs, we will define them roughly as interactive 
computer-based systems that aid users in judgment and choice activities. 
Another name sometimes used as a synonym for DSS is knowledge-
based systems, which refers to their attempt to formalize domain 
knowledge so that it is amenable to mechanized reasoning. 
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Decision support systems are gaining an increased popularity in 
various domains, including business engineering, the military, and 
medicine. They are especially valuable in situations in which the amount 
of available information is prohibitive for the intuition of an unaided 
human decision maker and in which precision and optimality are of 
importance. Decision support systems can aid human cognitive 
deficiencies by integrating various sources of information, providing 
intelligent access to relevant knowledge, and aiding the process of 
structuring decisions. They can also support choice among well-defined 
alternatives and build on formal approaches, such as the methods of 
engineering economics, operations research, statistics, and decision 
theory. They can also employ artificial intelligence methods to address 
heuristically problems that are intractable by formal techniques.  
Typical application areas of DSSs are management and planning in 
business, health care, the military, and any area in which management 
will encounter complex decision situations. Decision support systems are 
typically used for strategic and tactical decisions faced by upper-level 
management—decisions with a reasonably low frequency and high 
potential consequences—in which the time taken for thinking through and 
modeling the problem pays off generously in the long run. 

There are three fundamental components of DSSs (Sage, 1991) 
• Database management system (DBMS). A DBMS serves as a data bank 
for the DSS. It stores large quantities of data that are relevant to the class 
of problems for which the DSS has been designed and provides logical 
data structures (as opposed to the physical data structures) with which the 
users interact. A DBMS separates the users from the physical aspects of 
the database structure and processing. It should also be capable of 
informing the user of the types of data that are available and how to gain 
access to them. 

• Model-base management system (MBMS). The role of MBMS is 
analogous to that of a DBMS. Its primary function is providing 
independence between specific models that are used in a DSS from the 
applications that use them. The purpose of an MBMS is to transform data 
from the DBMS into information that is useful in decision making. Since 
many problems that the user of a DSS will cope with may be unstructured, 
the MBMS should also be capable of assisting the user in model building. 



LUCRĂRI ŞTIINŢIFICE, SERIA I, VOL. XII (2) 

• Dialog generation and management system (DGMS). The main product 
of an interaction with a DSS is insight. As their users are often managers 
who are not computer-trained, DSSs need to be equipped with intuitive 
and easy-to-use interfaces. These interfaces aid in model building, but also 
in interaction with the model, such as gaining insight and 
recommendations from it. The primary responsibility of a DGMS is to 
enhance the ability of the system user to utilize and benefit from the 
DSS.  

There are two distinct approaches to supporting decision making. 
The first aims at building support procedures or systems that imitate 
human experts. The most prominent member of this class of DSSs arc 
expert systems, computer programs based on rules elicited from human 
domain experts that imitate reasoning of a human expert in a given 
domain. Expert systems are often capable of supporting decision making 
in that domain at a level comparable to human experts. The danger of the 
expert system approach, increasingly appreciated by DSS builders, is that 
along with imitating human thinking and its efficient heuristic principles, 
we may also imitate its undesirable flaws (Henrion, et al.,1991). 

The second approach is based on the assumption that the most 
reliable method of dealing with complex decisions is through a small set 
of normatively sound principles of how decisions should be made. While 
heuristic methods and ad hoc reasoning schemes that imitate human 
cognition may in many domains perform well, most decision makers will 
be reluctant to rely on them whenever the cost of making an error is high. 
To give an extreme example, few people would choose to fly airplanes 
built using heuristic principles over airplanes built using the laws of 
aerodynamics enhanced with probabilistic reliability analysis. Application 
of formal methods in DSSs makes these systems philosophically distinct 
from those based on ad hoc heuristic artificial intelligence methods, such 
as rule-based systems. The goal of a DSS, according to this view, is to 
support unaided human intuition, just as the goal of using a calculator is to 
aid human's limited capacity for mental arithmetic. 

 

CONCLUSIONS 
Decision support systems are powerful tools integrating scientific 

methods for supporting complex decisions with techniques developed in 
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information science, and arc gaining an increased popularity in many 
domains. They are especially valuable in situations in which the amount 
of available information is prohibitive for the intuition of an unaided 
human decision maker and in which precision and optimality arc of 
importance. Decision support systems aid human cognitive deficiencies 
by integrating various sources of information, providing intelligent access 
to relevant knowledge, aiding the process of structuring, and optimizing 
decisions. 

The expert system approach is reflected in: 
· qualitative domains of attributes, 
· rule-based form of utility functions, 
· the structure of the expert system shell which is composed of knowledge 
elicitation tools and an inference engine, with special emphasis on the 
explanation (transparency) of the knowledge and activities of the system. 

On the other hand, the knowledge base is structured similarly to 
multi-attribute methods. It insists of tree-structured attributes and utility 
functions. The knowledge base serves as a model for the evaluation of 
options. 
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