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Decision Making 

 Decision making can be defined as the mental 
processes (cognitive process) resulting in the 
selection of a course of action among several 
alternatives. Every decision making process 
produces a final choice. The output can be an 
action or an opinion of choice. 

 

 Exploration: search and discovery  

 Exploitation: refinement and institutionalization 
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How is a decision? 

 It is a judgment 

 There is no right or wrong decision 

 They imply commitment 

 Must be made at the right time and right cost 

 Could be proactive or reactive 
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Taxonomy 

Strategic 

 

Tactic 

 

 

Operative 

Not programmed decisions 

Long term effect 

Programmed decisions 

Short term effect 
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Principles that frame the decision 
making process: 

 Efficiency and Effectiveness 

 Planned approach 

 Multiple hypotheses 

 Limiting factors 

 Flexibility 
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Theories in decision making 

 Rational Theory 

 Alternatives are known 

 Consequences are known 

 Prioritizing rules 

 Decision rules and criteria 

 Optimal solution 
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The Rational Process 

Be aware of a 

problem Problem 

definition 

Define 

alternatives and 

consequences 

Select alternative Implementation Feedback and 

control 
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Theories in decision making 

 Bounded Rationality 

 Modifies the Rational Theory 

 Partial knowledge of alternatives 

 Limited knowledge of consequences 

 Prioritizing rules 

 Decision rules and criteria 

 Looks for satisfaction: local optima 
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Theories in decision making 

 Decisions based on rules 
 More realistic approach 

 Decisions based on procedures, rules, policies, 
bylaws, etc. 

 Rules appear based on: 
 Identity: decisions based on a particular situation. 

 Situation: are classified on categories with rules 
associated with the identity.         

 Relations: specific actions to handle situations according 
to identities.   
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Conflicts in decision making 
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Elements in decisions 

Knowledge 

Experience 

Analysis 

Information 

Judgment 

Be aware of a 

problem Problem 

definition 

Define 

alternatives and 

consequences 

Select alternative Implementation Feedback and 

control 
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Characteristics of a decision 

 Future effects 

 Reversibility 

 Impact 

 Quality 

 Periodicity 
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Problems affecting decision making 

 Erroneous 
information 

 Sample selection 

 Bias 

 Use of mean 

 Selectivity 

 Interpretation 

 Rushed conclusions 

 Insignificant 
superiority 

 Connotation 

 Societal status 
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The Modeling Process 



H. R. Alvarez A., Ph. D. 

Models and decision making 

 The rational approach to decision making 
uses models and mathematical rules. 

 These models and rules allow for a 
systematic decision making process.  

 The use of models is not new: equations, 
maps, graphs, and diagrams have been used 
for centuries.  
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What is a model? 

 A model is a representation of a group of 
objects or ideas somewhat different to the 
real entity.  
 They are abstractions from reality 

 They are ideal 

 They are not exact 

 They main objective is to learn how changes 
in variables can affect the behavior of a 
system.  
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Taxonomy 

Models 

Physical Mental Symbolic 

Iconic Scale Visual Mathematical 

Static Simulation 

Optimization Descriptive Predictive 

Determinístic Stochastic 
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Mathematical Models 

 They are idealized expressions in terms 
of mathematical symbols and 
formulations. (Mckeon, 1980) 

 Describe functional relationships of the 
form: Y = (.) 
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Elements of a mathematical model 

 Variables 

 Independent: they define the conditions 
of the system at certain time 

 Endogenous 

 Exogenous 

 Dependent: they define the model 
response as a function of the independent 
variables  

 Mathematical function 
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Categories of mathematical modeling 
techniques 

Model Characteristics 

Category Form of (.) 
Values of 

independent 
variables 

Quantitative technique 

Prescriptive 
or 

optimization 

Known, well 
defined 

Known or under 
control of the 
decision maker 

Linear programming, 
Networks, Integer 
programming, Nonlinear 
programming, EOQ, Goal 
programming 

Predictive 
Unknown, ill 
defined 

Known or under 
control of the 
decision maker 

Regression analysis, Time 
series analysis 

Descriptive 
Known, well 
defined 

Unknown or 
uncertain 

Simulation, Queuing 
analysis, Inventory models 
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Types of relationships 

 As a function of their mathematical 
relation: linear or non linear 

 As a function of their outcomes: 

  

(.) x y 

Deterministic Stochastic 

(.) x 

y1 

y2 
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Cost  vs. value 

Model cost 

$ 

N 

Model value 

Decision area 
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Model characteristics   

 Treatability 

 Tractability 

 Feasibility 

 Convergence 

 

 

o 
Confidence interval of the 

solution 
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Good decisions vs. good outcomes 

 Not necessarily good decisions result in good 
outcomes 

 The effect of uncertainty can affect the 
outcomes 

 Risk vs. Certainty  

 Minimize risk minimizing its elements:   

 Human  

 Environmental 
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Advantages of modeling 

 Allows learning about and from the system 
 Allows contrasting the system and possible changes 
 Gives an idea about relevant details 
 Allows better manipulation of the system’s variables 
 Facilitates analysis 
 Better problem definition 
 Better control of variation sources 
 Less costs in experimentation 
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Disadvantages of modeling 

 Timely and costly effort 

 Is not an exact representation of the 
real system 

 Ill relations might generate wrong 
outcomes 
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Model validation 

 A model should be a valid representation of a system 
through realism and simplicity 

 In the validation it is necessary to compare: 

 

 

 

 Through 
 Reexamining model’s formulation 

 Verifying model’s relations and dimensionality 

 Changing input parameters 

 Using historical data 

 

Information 
generated by 

the model 

Information 
observed in 
the system 
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Operations research 

 Also known as OR/MS  

 The science of decision making 

 It is an interdisciplinary branch of applied mathematics 
and formal science that uses advanced analytical 
methods such as mathematical modeling, statistical 
analysis, and mathematical optimization to arrive at 
optimal or near-optimal solutions to complex decision-
making problems.  

 It is often concerned with determining the maximum (of 
profit, performance, or yield) or minimum (of loss, risk, 
or cost) of some real-world objective.  
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What is it? 

 A scientific and objective approach to 
decision making and managerial problem 
solving 

 Implies: 

 Construction of a symbolic model 

 Analysis of relationships between 
variables, decisions and actions.  

 Development of a solution technique 
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Supports scientific approach to 
decision making 

 Provides logical tools 

 Allows for quantification and precision 

 Better view 

 Formalization 

 Allows for better planning, organization, 
operation and control systems.  
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When is it used? 

 In the combinatorial domain when 
enumeration is impossible.  

 When randomness is present 

 In concurring situation 

 When problems cannot be solved by 
analytical or numerical approaches 



Some history 

 The first formal activities of Operations Research 
(OR) were initiated in England during World War II, 
when a team of British scientists set out to make 
scientifically based decisions regarding the best 
utilization of war material. 

 After the war, the ideas advanced in military 
operations were adapted to improve efficiency and  
productivity in the civilian sector. 
 Manufacturing 
 Transportation 
 Logistic 
 Finance 
 Health Care 
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Using OR 

1. Problem definition and formulation 

2. Model construction 

3. Model validation 

4. Model solution 

5. Implementation 

 



Some OR topics 

 Mathematical programming/Optimization 
 Linear Programming, Nonlinear Programming, Convex 

Optimization, Integer Programming, Dynamic Programming, 
Semidefinite Programming, Semi-infinite programming, 
Conic Programming, Stochastic Programming, Robust 
Optimization etc. 

 Queuing Models 
 Network Models 
 Decision Analysis 
 Game Theory 
 Mathematical Finance 
 Simulation/Software tools 

 



SOME APPLICATIONS 
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Capacity planning 
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Optimal route 
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Crew and equipment assignment 
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Management of Natural Resources 
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Social Network Analysis 

From... 

To ... 
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            Systems Dynamics 
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Risk Analysis 
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Benchmarking 
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Process simmulation 
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Decision making 



Modeling a Distribution Network 
of Agricultural Products in Panama 
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Social Network Analysis for 
Humanitarian Logistics 
Operations in Latin America 
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Data mining and pattern recognition 
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New approaches 


