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Course Contents
Weeks Lecture Names

Week 1 : Introduction to Business Analytics

Week 2 : Exploring Data and Analytics on Spreadsheets

Week 3 : Descriptive Analytics

Week 4 : Inferential Analytics 1

Week 5 : Inferential Analytics 2

Week 6 : Predictive Analytics 1

Week 7 : Predictive Analytics 2

Week 8 : Predictive Analytics 3

Week 9 : Prescriptive Analytics 1

Week 10 : Prescriptive Analytics 2

Week 11 : Prescriptive Analytics 3

Week 12 : Decision Analytics

2



Sample Example

x1 = quantity of server model 
1 to produce
x2 = quantity of server model 
2 to produce

maximize Z = 60x1+50x2

Subject to:



Solution Space: Extreme Points Case



Summary of Solutions



Unit Objectives
 Explain how sensitivity analysis can be useful to a decision maker.

 Explain why it can be useful for a decision maker to extend the analysis of a

linear programming problem beyond determination of the optimal solution.

 Explain how to analyze and interpret the impact of a change in the value of

the objective function coefficient.

 Explain how to analyze and interpret the impact of a change in the right-

hand-side value of a constraint.

 Explain what a dual is and formulate the dual of a problem.

 Interpret dual problem and relate dual solution to primal solution.

 Explain economic interpretation of dual variables and the dual solution.

 Determine if adding another variable to a problem will change the optimal

solution mix of the original problem.



• Benefits of sensitivity analysis

– Enables the decision maker to determine how a change in one of the
values of a model will impact the optimal solution and the optimal
value of the objective function while holding all other parameters
constant.

– Provides the decision maker with greater insight about the sensitivity
of the optimal solution to changes in various parameters of a problem.

– Permits quick examination of changes due to improved information
relating to a problem or because of the desire to know the potential
impact of changes that are contemplated.

Sensitivity analysis



• Categories of model parameters subject to potential changes

– The value of an objective function coefficient

– The right-hand side (RHS) value of a constraint

– A coefficient of a constraint

• Concerns about ranges of changes

– Which range pertains to a given situation?

– How can the range be determined?

– What impact on the optimal solution does a change that is within the 
range have?

Changes in Parameter Values



• Range of optimality

– Finding the range of objective function values for
which the optimal values of the decision
variables would not change.

– A value of the objective function that falls within
the range of optimality will not change the
optimal solution, although the optimal value of
the objective function will change.

Optimality and the Objective Function Coefficient



• Range of feasibility

– The range of values over which the right-hand-side (RHS) value can
change without causing the shadow price to change.

– Within this range of feasibility, the same decision variables will remain
optimal, although their values and the optimal value of the objective
function will change.

– Analysis of RHS changes begins with determination of a constraint’s
shadow price in the optimal solution.

Feasibility



Example

x1 = quantity of server model 1 to produce
x2 = quantity of server model 2 to produce

maximize Z = 60x1+50x2

Subject to:



Feasible Solution Space



Structure of a Change in the Objective Function Coefficients



The optimum values of the server problem are



Solution for Revised Server Problem



Example with the same problem extended



The Upper Limit on Using Additional Inspection Time



Lower Limit on Inspection Time



Range of Feasibility for Changes in Inspection Time



Example: Continued



Range of Feasibility for the Storage Constraint



Excel Input Screen for the Server Problem



Solver Input Specification (parameter) Screen



Optimization Output Screen



Excel Basic Output (Answer) Report for the Server Problem



Excel Sensitivity Analysis Report for the Server Problem



Another example



Example (Continued) 



Summary of Results of Changes That Are within Ranges of 
Optimality and Feasibility
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• The Dual

– An alternate formulation of a linear programming problem as either
the original problem or its mirror image, the dual, which can be solved
to obtain the optimal solution.

– Its variables have a different economic interpretation than the original
formulation of the linear programming problem (the primal).

– It can be easily used to determine if the addition of another variable to
a problem will change the optimal.

Duality Problem



• Dual

– The number of decision variables in the primal is equal to the number
of constraints in the dual.

– The number of decision variables in the dual is equal to the number of
constraints in the primal.

– Since it is computationally easier to solve problems with less
constraints in comparison to solving problems with less variables, the
dual gives us the flexibility to choose which problem to solve.

Formulation of a Dual



A comparison of these two versions of the
problem will reveal why the dual might be termed
the “mirror image” of the primal. Table 2 shows
how the primal problem is transformed into its
dual.

We can see in Table 2 that the original objective
was to minimize, whereas the objective of the
dual is to maximize.

In addition, the coefficients of the primal’s
objective function become the right-hand-side
values for the dual’s constraints, whereas the
primal’s right-hand side values become the
coefficients of the dual’s objective function.

Example



Table: Transforming the Primal into Its Dual



Server Problem



• Economic interpretation of dual solution results

– Analysis enables a manager to evaluate the potential impact of a new
product.

– Analysis can determine the marginal values of resources (i.e.,
constraints) to determine how much profit one unit of each resource
is equivalent to.

– Analysis helps the manager to decide which of several alternative uses
of resources is the most profitable.

Economic Interpretation of The Dual



Example



Excel Worksheet for Arc Manufacturing Inc.



Excel Basic Output Report for Arc Manufacturing Inc.



Excel Sensitivity Analysis for Arc Manufacturing Inc.



Excel Sensitivity Report for Solved Problem



Table:Excel Reports for Problem



Table:Excel Reports for Problem (continued)



Finding Dual of a LP problem: Another example

Primal Dual

Maximize Minimize

Subject to Subject to
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Primal-Dual relationships

• If one problem (either primal or dual) has an optimal feasible solution,
other problem also has an optimal feasible solution. The optimal objective
function value is same for both primal and dual.

• If one problem has no solution (infeasible), the other problem is either
infeasible or unbounded.

• If one problem is unbounded the other problem is infeasible.
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Dual Simplex Method

Simplex Method verses Dual Simplex Method

1. Simplex method starts with a non-optimal but feasible solution where as
dual simplex method starts with an optimal but infeasible solution.

2. Simplex method maintains the feasibility during successive iterations
where as dual simplex method maintains the optimality.



Dual Simplex Method: Iterative steps

Steps involved in the dual simplex method are: 

1. All the constraints (except those with equality (=) sign) are modified to
‘less-than-equal-to’ sign. Constraints with greater-than-equal-to’ sign are
multiplied by -1 through out so that inequality sign gets reversed. Finally,
all these constraints are transformed to equality sign by introducing
required slack variables.

2. Modified problem, as in step one, is expressed in the form of a simplex
tableau. If all the cost coefficients are positive (i.e., optimality condition
is satisfied) and one or more basic variables have negative values (i.e.,
non-feasible solution), then dual simplex method is applicable.



Dual Simplex Method: Iterative steps…contd.
3. Selection of exiting variable: The basic variable with the highest negative

value is the exiting variable. If there are two candidates for exiting
variable, any one is selected. The row of the selected exiting variable is
marked as pivotal row.

4. Selection of entering variable: Cost coefficients, corresponding to all the
negative elements of the pivotal row, are identified. Their ratios are
calculated after changing the sign of the elements of pivotal row, i.e.,

The column corresponding to minimum ratio is identified as the
pivotal column and associated decision variable is the entering variable.













rowpivotalofElements

tsCoefficienCost
ratio

1



Dual Simplex Method: Iterative steps…contd.

5. Pivotal operation: Pivotal operation is exactly same as in the case of simplex
method, considering the pivotal element as the element at the intersection of
pivotal row and pivotal column.

6. Check for optimality: If all the basic variables have nonnegative values then the
optimum solution is reached. Otherwise, Steps 3 to 5 are repeated until the
optimum is reached.



Dual Simplex Method: An Example

Consider the following problem:
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Dual Simplex Method: An Example…contd.

After introducing the surplus variables the problem is reformulated with 
equality constraints as follows:
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Expressing the problem in the tableau form:

Dual Simplex Method: An Example…contd.



Dual Simplex Method: An Example…contd.

Successive iterations:



Dual Simplex Method: An Example…contd.

Successive iterations:



Dual Simplex Method: An Example…contd.
Successive iterations:

As all the br are positive, optimum solution is reached. 
Thus, the optimal solution is Z = 5.5 with x1 = 2 and x2 = 1.5



Solution of Dual from Primal Simplex
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Summary

Sensitivity analysis

Post-optimal analysis

Primal

Dual

Dual simplex



Key Terms

Primal simplex

Objective function

Decision variables

Sensitivity Analysis

Post-optimal Analysis

Duality

Dual simplex



• Business Analytics by J R Evans

• Business Analytics for Managers by H N Laursen

Books to read




