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Abstract: Because there are many approaches to decision-making and because of the wide range of
domains in which decisions are made, the concept of decision support system (DSS) is very broad. A DSS
can take many different forms. In general, we can say that a DSS is a computerized system for helping
to make decisions. A decision is a choice between alternatives based on estimates of the values of those
alternatives. Supporting a decision means helping people working alone or in a group gathers intelligence,
generate alternatives and make choices. Supporting the choice making process involves supporting the
estimation, the evaluation and/or the comparison of alternatives. In practice, references to DSS are usually
references to computer applications that perform such a supporting role. In this approach we use Dynamic
Programming to support the decisions because it is effective to solve problems exhibiting the properties
of overlapping sub problems and takes much less time than naïve methods.  
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INTRODUCTION

Decision Making: Decision making is one of the
primary abilities of human beings. In a way, decisions
can be seen as an expression of human life where there
is human life, decisions and choices abound.  Decision
making is the cognitive process leading to the selection
of a course of action among alternatives. Every
decision making process produces a final choice. It can
be an action or an opinion. It begins when we need to
do something but we do not know what. Therefore,
decision making is a reasoning process which can be
rational or irrational, and can be based on explicit
assumptions or tacit assumptions .[2 ,3 ,4 ,15]

Common examples include shopping, deciding
what to eat, when to sleep, and deciding whom or
what to vote for in an election or referendum.

Decision making is said to be a psychological
construct. This means that although we can never "see"
a decision, we can infer from observable behaviour that
a decision has been made. Therefore, we conclude that
a psychological event that we call "decision making"
has occurred. It is a construction that imputes
commitment to action. That is, based on observable
actions, we assume that people have made a
commitment to affect the action[5,6 ,7 ,8 ,13].

Decision making is the study of identifying and
choosing alternatives based on the values and
preferences of the decision maker. Making a decision
implies that there are alternative choices to be
considered, and in such a case we want not only to

identify as many of these alternatives as possible but
to choose the one that best fits with our goals,
objectives, desires, values, and so on . Many.[10 ,11 ,12 ,16]

decision problems involve choosing one out of a
number of choices where future choices are uncertain.
According to Baker, decision making should start with
the identification of the decision maker(s) and
stakeholder(s) in the decision, reducing the possible
disagreement about problem definition, requirements,
goals and criteria . Then, a general decision making[17]

process can be divided into the following steps :[13]

Step 1. Define the problem
Step 2. Determine requirements
Step 3. Establish goals
Step 4. Identify alternatives
Step 5. Define criteria
Step 6. Select a decision making tool
Step 7. Evaluate alternatives against criteria
Step 8. Validate solutions against problem statement

However, contemporary human beings are
confronted with so many complex choices that they are
increasingly becoming dependent on non-sentient
decision support systems. In our times, information and
knowledge are more and more relegated to computer
databases, whereas the not so easily digitisable human
sagacity tends to be neglected. Yet, as inevitable as
this process seems to be, is the support provided by
computerised support systems sufficient? Are the
resulting decisions beneficial for human beings? In this
paper, we will address a number of the various needs
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modern decision support systems must attend to in

order to be effective. To provide a perspective for the

current and future development of DSS, we will

present a short overview of the historical developments

of decision support systems (DSS). Further, we will

illustrate through practical examples from industrial and

governmental settings that the role of the less

measurable aspects of decision making is not negligible

and deserves full attention of DSS designers. Finally,

we will briefly discuss a number of future directions

related to decision support systems based on the

Dynamic Programming.

The Need for Decision Support Systems: There is a

substantial amount of empirical evidence that human

intuitive judgment and decision making can be far from

optimal, and it deteriorates even farther with

complexity and stress. In many situations, the quality

of decisions is important; therefore, aiding the

deficiencies of human judgment and decision making

has been a major focus of science throughout history.

Disciplines such as statistics, economics, and operation

research developed various methods for making rational

choices. More recently, these methods, often enhanced

by various techniques originating from information

science , cognitive psychology, and artific ia l

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).

Due to the large number of considerations involved in

many decisions, computer-based decision support

systems (DSSs) have been developed to assist decision

makers in considering the implications of various

courses of thinking. They can help reduce the risk

cognitive decision making (the risk of human errors ).

Decision Support Systems (DSS) are a specific

class of computerized information system that supports

business and organizational decision-making activities.

A properly designed DSS is an interactive software-

based system intended to help decision makers compile

useful information from raw data, documents, personal

knowledge, and/or business models to identify and

solve problems and make decisions. DSSs could also

assist the designer in the evaluation of reliability and

the generation of alternatives.

Typical information that a decision support

application might gather and present would be:

C Accessing all of your current information assets,

including legacy and relational data sources, cubes,

data warehouses, and data marts.

C Comparative between one period and the next.

C Projected revenue figures based on new product

assumptions.

C The consequences of different decision alternatives,

given past experience in a context that is

described. 

Decision support systems are gaining an increased

popularity in various domains, including business,

engineering, the military, the 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, operation research,

statistics, and decision theory. They can also

employ artific ia l intelligence methods of

heuristically address problems that are intractable

by formal techniques. 

It is clear that DSS belong to an environment with

multidisciplinary foundations, including (but not

exclusively) database research, artificial intelligence,

human-computer interaction, simulation methods,

software engineering, and telecommunications.

According to Power, academics and practitioners have

discussed building DSS in terms of four major

components : (a) the user interface, (b) the database,[18]

(c) the model and analytical tools, and (d) the DSS

architecture and network. Hättenschwiler identifies five

components of DSS : (a) users with different roles or[19]

functions in the decision making process (decision

maker, advisors, domain experts, system experts, data

collectors), (b) a specific and definable decision

context, (c) a target system describing the majority of

the preferences, (d) a knowledge base made of external

data sources, knowledge databases, working databases,

data warehouses and meta-databases, mathematical

models and methods, procedures, inference and search

engines, administrative programs, and reporting

systems, and (e) a working environment for the

preparation, analysis, and documentation of decision

alternatives .[14 ,15]

The best decision support systems include high-

level summary reports or charts and allow the user to

drill down for more detailed information.

Background/ Literature Review :  The word

p r o g r a m m i n g  i n  t h e  n a m e  o f  D y n a m i c

Programming(DP) has nothing to do with writing

computer programs. Mathematicians use the word to
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describe a set of rules which anyone can follow to

solve a problem. They do not have to be written in a

computer language. Programming, in this sense, is

finding an acceptable plan of action.

Dynamic programming was the brainchild of an

American Mathematician, Rechard Bellman, who

described the way of solving problems where you need

to find the best decision one after another. In the forty-

odd years since this development, the number of uses

and applications of DP has increased.  Dynamic

programming is an approach developed to solve

sequential, or multi-stage, decision problems; hence, the

name  "Dynamic programming". But, as we shall see,

this approach is equally applicable for decision

problems where sequential property is induced solely

for computational convenience.  DP like branch and

bound approach, is a way of decomposing certain hard

to solve problems into equivalent formats that are more

amenable to solution. Basically what Dynamic

programming approach does is that it solves a multi-

variable problem by solving a series of single variable

problems. This is achieved by tandem projection onto

the space of each of the variables. In other words, we

project first onto subset of these, and so on. DP  is a

technique for computing recurrence relations efficiently

by sorting partial results, for solving a problems

exhibiting the properties of overlapping sub problems

and optimal substructure that takes much less time than

naïve methods. (optimal substructure means that

optimal solutions of sub problems can be used to find

the optimal solution of the overall problem). DP has

been successfully applied to such areas as planning

advertising expenditures, distributing sales effort, and

production scheduling . [9]

A Dynamic Programming solution has three

components:

1. Formulate the answer as recurrence relation or

recursive algorithm.

2. Show that the number of different instances of

your recurrence is bounded by a Polynomial.     

3. Specify an order of evaluation for the recurrence

so you always have what you need.

Dynamic programming usually takes one of two

approaches :[9]

C Top-down Approach: The problem is broken into

subproblems, and these subproblems are solved

and the solutions remembered, in case they need

to be solved again. This is recursion and

memoization (memoization we can retrieve and

reuse our already-computed solution) combined

together. 

C Bottom-up Approach: All subproblems that might

be needed are solved in advance and then used to

build up solutions to larger problems. This

approach is slightly better in stack space and

number of function calls, but it is sometimes not

intuitive to figure out all the subproblems needed

for solving the given problem.

DP is concerned with making a sequence of

interrelated decisions. It is illustrated by a job shop

whose work load is subject to considerable seasonal

fluctuation. However, machine operators are difficult to

hire and costly to train, so the manager is reluctant to

maintain his peak payroll when it is not required.

Furthermore, he is definitely opposed to overtime work

on a regular basis. Because all work is done to custom

orders, it is not possible to build up inventories during

slack seasons. Therefore the manager is in a dilemma

as to what his policy should be regarding employment

levels. Estimates are available for the manpower

requirements during the four seasons of the year for the

foreseeable future. Employment is not permitted to fall

below these levels. Any employment above these levels

is wasted. The salaries, hiring costs, and firing costs

are known. Assuming that fractional levels of

employment are possible because of a few part-time

employees, the employment in each season that

minimizes the total cost is to be determined . [1]

DP problems have the following features: 

1. The problem can be divided into stages, with

policy decision required at each stage.

2. Each stage has a number of states associated with

it.

3. The effect of the policy decision at each stage is

to transform the current state into a state

associated with the next stage.

4. Given the current state, an optimal policy for the

remaining stages is independent of the policy

adopted in previous stages.

5. The solution procedure begins by finding the

otimal policy for each state of the last stage.

6. A recursive relationship that identifies the optimal

policy for each state at stage n,  given the optimal

policy for each state at stage (n+1),is available. 

7. Using this recursive relationship, the solution

procedure moves backward stage by stage – each

time finding the optimal policy for each state at

the stage –until it finds the optimal policy when

starting at initial stage.

D.P. Branches:

1. Deterministic D.P. where the state at the next

stage is completely determined by the state and

policy decision at the current stage.

2. Probabilistic D.P. where the state at the next stage

not completely determined by the state and the

policy decision at the current stage. Rather, there

is a probability distribution for what the next state
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will be. However the probability distribution still

is completely determined by the state and policy

decision at the current stage.

Every D.P. Branch must be categorize by the

objective function which might be minimize the sum of

the contributions from the individual stages, or

maximize such sum . [1]

An Applied Example: The word Health Council is

devoted to improving health care in underdeveloped

countries of the word. It now has five medical teams

available to allocate among three such countries to

improve their medical care, health education, and

training programs. Therefore the Council needs to

determine how many teams (if any) to allocate to each

of these countries to maximize the total effectiveness

of the five teams. The measure of effectiveness being

used is additional man-years of life. (For a particular

country, this measure equals the country's increased life

expectancy in years times its population.)The following

table gives the estimated additional man-years of life

(in multiples of 1,000) for each country for each

possible allocation of medical team .  [1]

Data for W orld Health Council

No. of Thousand of additional man-years of life

medical teams --------------------------------------------------------

Country

1 2 3

0 1 0 0

1 45 20 50

2 70 45 70

3 90 75 80

4 105 110 100

5 120 150 130  

Solution: This problem requires making three

interrelated decisions, namely, how many medical

teams to allocate to each country. Therefore, even

though there is no fixed sequence, these three countries

can be considered as three stages in a dynamic

programming formulation. The decision variables

nx (n=1, 2, 3) would be the number of teams to allocate

to stage (country) n.

The identification of the states may not be the

readily apparent. To determine this, questions such as

the following should be asked. What is it that changes

from one stage to the next? Given the decisions have

been made at the previous stages, how can the status

of the situation at the current stage be described? What

information about the current state of affairs is

necessary to determine the optimal policy hereafter? On

these bases, an appropriate choice for the state "state

of the system" is the number of medical teams still

available for allocation (i.e. the number not already

allocated at previous stages).

Let           be the measure of effectiveness from

nallocating x  medical teams to country i, as given in

the  table  above.  Thus  the  objective  is to choose

 as to Maximize 

subject to: 

n             and the  x  are nonnegative integers then

Such that               and                   equal the

maximizing/minimizing value of the objective function,

ngiven that the system stars in state s at stage n and  x

is selected. 

iThe x  are nonnegative integers, for  n=1,2,3. In

addition,

Therefore

Consequently, the recursive relationship relating the

                    functions   for   this   problem   is

for n= 1,2

For last stage (n=3),

The basic structure for The Word Health Council

problem.
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The resulting dynamic programming calculations are given below, beginning with the last stage (n=3) and

proceeding backward to the first stage (n=1). 

n=3

s

0 0 0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 50 1

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 70 2

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 80 3

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 100 4

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 130 5

n=2

----------------------------------------------------------------------------------------

s 0 1 2 3 4 5

0 0 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 50 20 50 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 70 70 45 70 0,1

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 80 90 95 75 95 2

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 100 100 115 125 110 125 3

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 130 120 125 145 160 150 160 4

n =1

--------------------------------------------------------------------------------------

s 0 1 2 3 4 5

5 160 170 165 160 155 120 170 1     

Thus  the  optimal  solution  has       = 1, which

makes s = 5-1= 4 for n=2,  so     = 3, which makes

s = 4 – 3 =1 for n = 3, so      = 1.  Since          =

170, this (1, 3, 1) allocation of medical teams to the

three countries will yield an estimated total of 170,000

additional man-years of life, which is at least 5,000

more than for any other allocation.

Conclusion: Dynamic Programming is a very useful
technique for making a sequence of interrelated
decisions. It requires formulating an appropriate
recursive relationship for each individual problem.
However, it provides a great computational savings
over using exhaustive enumeration to fined the best
combination of decisions, especially for large problems.
For example, if a problem has 10 stages and 10
possible decisions at each stage, then exhaustive
enumeration must consider up to combinations, whereas
dynamic programming need make no more than calculations.
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