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Lecture 04: Optimum Design 
Problem Formulation
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Outline

• Introduction

• Five-step formulation procedure

• General mathematical model for optimum design

Classification of optimi ation problems
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• Classification of optimization problems

Introduction

• Proper definition and formulation of a problem take
roughly 50 percent of the total effort needed to solve it.

• The optimum solution will be only as good as the
formulation.
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Five-step Formulation Procedure

• Step 1: Project/problem description

• Step 2: Data and information collection

• Step 3: Definition of design variables

Step 4 Optimi ation criterion
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• Step 4: Optimization criterion

• Step 5: Formulation of constraints
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Step 1: Project/Problem Description

• The statement describes the overall objectives of the
project and the requirements to be met.

• This is also called the statement of work.
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Example 1: Design of a Cantilever 
Beam—Problem Description
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Step 2: Data and Information 
Collection
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Step 2: Data and Information 
Collection
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Step 3: Definition of Design 
Variables

• The design variables should be independent of each other as far as
possible.

• The number of independent design variables gives the design
degrees of freedom for the problem.

• A minimum number of design variables required to properly
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g q p p y
formulate a design optimization problem must exist.

• As many independent parameters as possible should be designated
as design variables at the problem formulation phase  later on,
some of the variables can be assigned fixed values.

• A numerical value should be given to each identified design variable
to determine if a trial design of the system is specified.

Step 3: Definition of Design 
Variables
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Step 4: Optimization Criterion

• It must be a function of the design variable vector x.

• Such a criterion is usually called an objective function for the
optimum design problem, and it needs to be maximized or
minimized depending on problem requirements.
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Step 5: Formulation of Constraints

• All restrictions placed on the design are collectively called
constraints.

• Most realistic systems must be designed and fabricated with the
given resources and must meet performance requirements.

• A meaningful constraint must be a function of at least one design
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variable.

• Concepts and terms related to constraints:
– Linear and Nonlinear Constraints
– Feasible Design
– Equality and Inequality Constraints
– Implicit Constraints
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Step 5: Formulation of Constraints
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Design of a Can
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Design of a Can
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Design of a Can
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Side constraints, technological 
constraints, simple bounds, sizing 

constraints,
and upper and lower limits on the 

design variables
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Design of a Cabinet
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Formulation 1 for Cabinet Design
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Formulation 1 for Cabinet Design
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Formulation 2 for Cabinet Design
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Formulation 2 for Cabinet Design
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Formulation 3 for Cabinet Design

Bangladesh University of  Eng. & Tech.                                                                     Industrial &Production EngineeringSlide 22 of 31

Formulation 3 for Cabinet Design
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A General Mathematical Model
for Optimum Design

Bangladesh University of  Eng. & Tech.                                                                     Industrial &Production EngineeringSlide 24 of 31



8/31/2016

7

Maximization Problem Treatment
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Treatment of “Greater Than Type” 
Constraints
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Important Observations about the 
Standard Model

1. Dependence of functions on design variables

2. Number of equality constraints

3. Number of inequality constraints

4 Unconstrained problems
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4. Unconstrained problems

5. Linear programming problems

6. Scaling of problem functions

Feasible Set
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• Feasible region usually shrinks when more constraints 
are added to the design model and expands when some 
constraints are deleted.
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Active/Inactive/Violated Constraints

• Constraints active, tight, binding, inactive, or violated.

• An inequality constraint gj(x) ≤ 0 is said to be active at a design point
x* if it is satisfied at equality (i.e., gj(x*) = 0 )  also called tight or
binding.

• All equality constraints are active for all feasible designs.
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• An inequality constraint gj(x) ≤ 0 is said to be inactive at a design
point x* if it is strictly satisfied (i.e., gj(x*) < 0 ).

• It is said to be violated at a design point x* if its value is positive (i.e.,
gj(x*) > 0 ).

• An equality constraint hi(x)=0 is violated at a design point x* if hi(x*)
is not identically zero.

• An equality constraint is either active or violated at a given design
point.

Classification of Optimization 
Problems
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Assignment-1

• Arora Chapter 2:
– Problems 2.5, 2.7, 2.11, 2.16, 2.17. 
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