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CHAPTER 9 – GOAL PROGRAMMING
- VS. LP
Multiple Goals (instead of one goal)
“Satisfies” (instead of optimize)
Coming as close as possible to reaching the goal
Objective function is the main difference
Deviational Variables Minimized (instead of maximizing profit or minimizing cost of LP)
Once the goal programming is formulated, we can solved it the same as a LP minimization problem 
- Ranking / Weighting Goals:
A key idea in goal programming is that one goal is more important than another. 
Priorities or weights are assigned to each deviational variable (e.g. P
1
 is most important goal, P
2
 the next most important, then P
3
, and so on.)
- 
Sample Questions
 
) (
CHAPTER 10 – DECISION ANALYSIS
) (
CHAPTER 8 – PROJECT SCHEDULING
- 
To find 
expected activity time
, 
t
,
 beta distribution weights 
three time estimates as follows:
 
t
 =
 (
a
 
+ 4
m
 + 
b
) / 6
 
Most likely time 
(
m
)
 is given four times weight as optimistic time 
(
a
)
 and pessimistic time 
(
b
)
- 
To compute 
dispersion
 
or 
variance
 of activity completion time, use formula:
 
Variance = [(
b 
- 
a
) / 
6]
 
2
- 
S
tandard deviation of activity 
com
pletion time is square root of 
variance
  
Standard deviation
 
= 
Variance =
 (
b 
- 
a
) / 6 
- 
PERT uses variance of critical pa
th activities to help determine
 variance of overall project.  
Project variance
 computed by summing variances of critica
l activities
 
- 
Project standard deviation
 (
s
P
) = 
(Project variance)
- 
Crash cost per period:
 
(Crash cost - Normal cost) 
/
 (Normal time -Crash time)
) (
Chapter 6 – 
Integer Programming and Binary Integer Programming 
- 
Integer LP models have variety of applications including: 
(1) 
capital budgeting
 problems (individual projects are represented as binary variables)
 (2) 
facilities location
 problems (selecting a location is represented as a binary variable)
 (3)
 
airline crew scheduling
 problems (assigning crew to a particular flight is represented as a binary variable)
 (4) 
knapsack
 problems (loading an item into a container is represented as a binary variable)
- 
Binary Integer Programming (BIP): the model for a BIP is identical to that for a LP problem except that the non-negativity constraints for at least some of the variables are binary variables.
- 
Binary Variables: A variable whose only possible values are 0 or 1 (used when dealing with yes-or-no decisions)
 
OR used to help formulate the model constraints and/or objective function (do not represent a yes-or-no decision
 
called “auxiliary binary variable”)
- 
Sample Question
s
)

 (
CHAPTER 3 – SENSITIVITY ANALYSIS
Answer Report
Sensitivity Report
Changes in the OBJECTIVE FUNCTION COEFFICIENTS
- Final Value
: 
The value of the decision variables (changing cells) in the optimal solution.
- Reduced Cost
: 
Increase in the objective function value per unit increase in the value 
     
of a 
zero value variable
 (for small increases)—may be interpreted as the shadow price 
  
for the non-negativity constraint.
- Objective Coefficient:
 
The current value of the objective coefficient.
- Allowable Increase/Decrease
: 
Defines the range of the coefficients in the objective function for which the current solution (value of the decision variables or changing      cells in the optimal solution) will not change.
Ch
anges in the RIGHT-HAND-SIDES 
- Final Value:
 
The usage of the resource (or level of benefit achieved) in the optimal solution—the left-hand side of the constraint.
- 
Shadow Price: The change in the value of the objective function per unit increase in the right-hand-side of the constraint (RHS): ∆Z = (Shadow Price
)(
∆RHS)
 
(Note: only valid if change is within the allowable range—see below.)
- Constraint R.H. Side
: 
The current value of the right-hand-side of the constraint.
- Allowable Increase/Decrease
: 
Defines the range of values for the RHS for which the shadow price is valid and hence for which the new objective function value can be calculated. (
NOT
 the range for which the current solution will not change.)
Sample Questions from FINAL EXAM
) (
CHAPTER 2 & 4 – L.P. CONCEPTS, FORMULATIONS, APPLICATIONS, & SOLUTIONS
- L.P Models are solved using the 
SIMPLEX METHOD
- Model Formulation: (1) Define Decision Variables, (2) Construct the Objective Function, 
(3) Develop each Constraint
 
- 
Sample Questions from FINAL EXAM
)
 (
CHAPTER 5 – TRANSPORTATION AND TRANSSHIPMENT
- TRANSPORTATION AND TRANSSHIPMENT p
roblems belong to a special class of LP problems called 
Network Flow Problems
- 
Transportation Model: 
Most common objective of  transportation problem is to schedule shipments from sources to destinations so that total production and transportation costs are minimized
- Sample:
- Transhippment Model: 
Extension of transportation problem is called  transshipment problem in which a point can have shipments that both arrive as well as leave.  
- Sample Question for TRANSSHIPMENT 
)
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Target Cell (Max)

Cell Name Original Value Final Value

$D$5 Profit  Totals $0.00 $1,600.00

Adjustable Cells

Cell Name Original Value Final Value

$B$3 Solution Fuel Additive (x1) 0.00 25.00

$C$3 Solution Solvent Base (x2) 0.00 20.00

Constraints

Cell Name Cell Value Formula Status Slack

$D$8 Material 1 LHS 20.0$D$8<=$F$8 Binding 0

$D$9 Material 2 LHS 4.0$D$9<=$F$9 Not Binding 1

$D$10Material 3 LHS 21.0$D$10<=$F$10Binding 0


Microsoft_Office_Excel_97-2003_Worksheet1.xls
RMC Anser Report

		

		Target Cell (Max)

				Cell		Name		Original Value		Final Value

				$D$5		Profit  Totals		$0.00		$1,600.00

		Adjustable Cells

				Cell		Name		Original Value		Final Value

				$B$3		Solution Fuel Additive (x1)		0.00		25.00

				$C$3		Solution Solvent Base (x2)		0.00		20.00

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$D$8		Material 1 LHS		20.0		$D$8<=$F$8		Binding		0

				$D$9		Material 2 LHS		4.0		$D$9<=$F$9		Not Binding		1

				$D$10		Material 3 LHS		21.0		$D$10<=$F$10		Binding		0





RMC Sensitivity Report1

		

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$3		Solution Fuel Additive (x1)		25.00		0.00		40		20		16

				$C$3		Solution Solvent Base (x2)		20.00		0.00		30		20		10

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$8		Material 1 LHS		20.0		33.3		20		1.5		6

				$D$9		Material 2 LHS		4.0		0.0		5		1E+30		1

				$D$10		Material 3 LHS		21.0		44.4		21		9		2.25





RMC Problem input parameters

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		25.00		20.00

								Totals

		Profit		$40.00		$30.00		$1,600.00

								LHS				RHS

		Material 1		0.4		0.5		20.0		<=		20

		Material 2		0.0		0.2		4.0		<=		5

		Material 3		0.6		0.3		21.0		<=		21





RMC_Change_obj_coef_Sensitivity

		

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$3		Solution Fuel Additive (x1)		35		0		40		1E+30		10

				$C$3		Solution Solvent Base (x2)		0		-5		15		5		1E+30

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$8		Material 1 LHS		14.0		0.0		20		1E+30		6

				$D$9		Material 2 LHS		0.0		0.0		5		1E+30		5

				$D$10		Material 3 LHS		21.0		66.7		21		9		21





RMC_change_obj_coef

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		35		0

								Totals

		Profit		$40.00		$15.00		$1,400.00

								LHS				RHS

		Material 1		0.4		0.5		14.0		<=		20

		Material 2		0.0		0.2		0.0		<=		5

		Material 3		0.6		0.3		21.0		<=		21





RMC_RHS1_Sensitivity_Example1

		

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$3		Solution Fuel Additive (x1)		23.3333333333		0		40		20.0000000001		15.9999999999

				$C$3		Solution Solvent Base (x2)		23.3333333333		0		30		19.9999999998		10

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$8		Material 1 LHS		21.0		33.3		21		0.5		7

				$D$9		Material 2 LHS		4.7		0.0		5		1E+30		0.3333333333

				$D$10		Material 3 LHS		21.0		44.4		21		10.5		0.75





RMC_RHS_Change_Example1

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		23.3333333333		23.3333333333

								Totals

		Profit		$40.00		$30.00		$1,633.33

								LHS				RHS

		Material 1		0.4		0.5		21.0		<=		21

		Material 2		0.0		0.2		4.7		<=		5

		Material 3		0.6		0.3		21.0		<=		21





RMC_RHS_Change_Example2

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		25		20

								Totals

		Profit		$40.00		$30.00		$1,600.00

								LHS				RHS

		Material 1		0.4		0.5		20.0		<=		20

		Material 2		0.0		0.2		4.0		<=		4.5

		Material 3		0.6		0.3		21.0		<=		21





RMC_RHS_Sensitivity_Example2

		

		Adjustable Cells

								Final		Reduced

				Cell		Name		Value		Gradient

				$B$3		Solution Fuel Additive (x1)		25		0

				$C$3		Solution Solvent Base (x2)		20		0

		Constraints

								Final		Lagrange

				Cell		Name		Value		Multiplier

				$D$8		Material 1 LHS		20.0		33.3

				$D$9		Material 2 LHS		4.0		0.0

				$D$10		Material 3 LHS		21.0		44.4





RMC_simult_Change_Obj_Coef

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		18.75		25

								Totals

		Profit		$25.00		$40.00		$1,468.75

								LHS				RHS

		Material 1		0.4		0.5		20.0		<=		20

		Material 2		0.0		0.2		5.0		<=		5

		Material 3		0.6		0.3		18.8		<=		21





RMC_simult_change_RHS_1

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		31.6666666667		16.6666666667

								Totals

		Profit		$40.00		$30.00		$1,766.67

								LHS				RHS

		Material 1		0.4		0.5		21.0		<=		21

		Material 2		0.0		0.2		3.3		<=		5

		Material 3		0.6		0.3		24.0		<=		24





RMC_simult_RHS_1_Sensitivity 

		

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$3		Solution Fuel Additive (x1)		31.6666666667		0		40		20.0000000003		15.9999999999

				$C$3		Solution Solvent Base (x2)		16.6666666667		0		30.0000000001		19.9999999999		10.0000000001

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$8		Material 1 LHS		21.0		33.3		21		2.5		5

				$D$9		Material 2 LHS		3.3		0.0		5		1E+30		1.6666666667

				$D$10		Material 3 LHS		24.0		44.4		24		7.5		3.75





RMC_simult_RHS_2_Sensitivity

		

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$3		Solution Fuel Additive (x1)		40.5555555555		0		40		20.0000000003		15.9999999999

				$C$3		Solution Solvent Base (x2)		5.5555555556		0		30.0000000001		19.9999999999		10.0000000001

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$8		Material 1 LHS		19.0		33.3		19		4.3333333333		1.6666666667

				$D$9		Material 2 LHS		1.1		0.0		4		1E+30		2.8888888889

				$D$10		Material 3 LHS		26.0		44.4		26		2.5		6.5





RMC_simult_change_RHS_2

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		40.5555555555		5.5555555556

								Totals

		Profit		$40.00		$30.00		$1,788.89

								LHS				RHS

		Material 1		0.4		0.5		19.0		<=		19

		Material 2		0.0		0.2		1.1		<=		4

		Material 3		0.6		0.3		26.0		<=		26






image2.emf
Adjustable Cells

FinalReduced Objective AllowableAllowable

Cell Name Value Cost Coefficient Increase Decrease

$B$3 Solution Fuel Additive (x1) 25.00 0.00 40 20 16

$C$3 Solution Solvent Base (x2) 20.00 0.00 30 20 10

Constraints

Final Shadow ConstraintAllowableAllowable

Cell Name Value Price R.H. Side Increase Decrease

$D$8 Material 1 LHS 20.0 33.3 20 1.5 6

$D$9 Material 2 LHS 4.0 0.0 5 1E+30 1

$D$10Material 3 LHS 21.0 44.4 21 9 2.25


Microsoft_Office_Excel_97-2003_Worksheet2.xls
RMC Anser Report

		

		Target Cell (Max)

				Cell		Name		Original Value		Final Value

				$D$5		Profit  Totals		$0.00		$1,600.00

		Adjustable Cells

				Cell		Name		Original Value		Final Value

				$B$3		Solution Fuel Additive (x1)		0.00		25.00

				$C$3		Solution Solvent Base (x2)		0.00		20.00

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$D$8		Material 1 LHS		20.0		$D$8<=$F$8		Binding		0

				$D$9		Material 2 LHS		4.0		$D$9<=$F$9		Not Binding		1

				$D$10		Material 3 LHS		21.0		$D$10<=$F$10		Binding		0





RMC Sensitivity Report1

		

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$3		Solution Fuel Additive (x1)		25.00		0.00		40		20		16

				$C$3		Solution Solvent Base (x2)		20.00		0.00		30		20		10

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$8		Material 1 LHS		20.0		33.3		20		1.5		6

				$D$9		Material 2 LHS		4.0		0.0		5		1E+30		1

				$D$10		Material 3 LHS		21.0		44.4		21		9		2.25





RMC Problem input parameters

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		25.00		20.00

								Totals

		Profit		$40.00		$30.00		$1,600.00

								LHS				RHS

		Material 1		0.4		0.5		20.0		<=		20

		Material 2		0.0		0.2		4.0		<=		5

		Material 3		0.6		0.3		21.0		<=		21





RMC_Change_obj_coef_Sensitivity

		

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$3		Solution Fuel Additive (x1)		35		0		40		1E+30		10

				$C$3		Solution Solvent Base (x2)		0		-5		15		5		1E+30

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$8		Material 1 LHS		14.0		0.0		20		1E+30		6

				$D$9		Material 2 LHS		0.0		0.0		5		1E+30		5

				$D$10		Material 3 LHS		21.0		66.7		21		9		21





RMC_change_obj_coef

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		35		0

								Totals

		Profit		$40.00		$15.00		$1,400.00

								LHS				RHS

		Material 1		0.4		0.5		14.0		<=		20

		Material 2		0.0		0.2		0.0		<=		5

		Material 3		0.6		0.3		21.0		<=		21





RMC_RHS1_Sensitivity_Example1

		

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$3		Solution Fuel Additive (x1)		23.3333333333		0		40		20.0000000001		15.9999999999

				$C$3		Solution Solvent Base (x2)		23.3333333333		0		30		19.9999999998		10

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$8		Material 1 LHS		21.0		33.3		21		0.5		7

				$D$9		Material 2 LHS		4.7		0.0		5		1E+30		0.3333333333

				$D$10		Material 3 LHS		21.0		44.4		21		10.5		0.75





RMC_RHS_Change_Example1

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		23.3333333333		23.3333333333

								Totals

		Profit		$40.00		$30.00		$1,633.33

								LHS				RHS

		Material 1		0.4		0.5		21.0		<=		21

		Material 2		0.0		0.2		4.7		<=		5

		Material 3		0.6		0.3		21.0		<=		21





RMC_RHS_Change_Example2

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		25		20

								Totals

		Profit		$40.00		$30.00		$1,600.00

								LHS				RHS

		Material 1		0.4		0.5		20.0		<=		20

		Material 2		0.0		0.2		4.0		<=		4.5

		Material 3		0.6		0.3		21.0		<=		21





RMC_RHS_Sensitivity_Example2

		

		Adjustable Cells

								Final		Reduced

				Cell		Name		Value		Gradient

				$B$3		Solution Fuel Additive (x1)		25		0

				$C$3		Solution Solvent Base (x2)		20		0

		Constraints

								Final		Lagrange

				Cell		Name		Value		Multiplier

				$D$8		Material 1 LHS		20.0		33.3

				$D$9		Material 2 LHS		4.0		0.0

				$D$10		Material 3 LHS		21.0		44.4





RMC_simult_Change_Obj_Coef

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		18.75		25

								Totals

		Profit		$25.00		$40.00		$1,468.75

								LHS				RHS

		Material 1		0.4		0.5		20.0		<=		20

		Material 2		0.0		0.2		5.0		<=		5

		Material 3		0.6		0.3		18.8		<=		21





RMC_simult_change_RHS_1

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		31.6666666667		16.6666666667

								Totals

		Profit		$40.00		$30.00		$1,766.67

								LHS				RHS

		Material 1		0.4		0.5		21.0		<=		21

		Material 2		0.0		0.2		3.3		<=		5

		Material 3		0.6		0.3		24.0		<=		24





RMC_simult_RHS_1_Sensitivity 

		

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$3		Solution Fuel Additive (x1)		31.6666666667		0		40		20.0000000003		15.9999999999

				$C$3		Solution Solvent Base (x2)		16.6666666667		0		30.0000000001		19.9999999999		10.0000000001

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$8		Material 1 LHS		21.0		33.3		21		2.5		5

				$D$9		Material 2 LHS		3.3		0.0		5		1E+30		1.6666666667

				$D$10		Material 3 LHS		24.0		44.4		24		7.5		3.75





RMC_simult_RHS_2_Sensitivity

		

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$3		Solution Fuel Additive (x1)		40.5555555555		0		40		20.0000000003		15.9999999999

				$C$3		Solution Solvent Base (x2)		5.5555555556		0		30.0000000001		19.9999999999		10.0000000001

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$8		Material 1 LHS		19.0		33.3		19		4.3333333333		1.6666666667

				$D$9		Material 2 LHS		1.1		0.0		4		1E+30		2.8888888889

				$D$10		Material 3 LHS		26.0		44.4		26		2.5		6.5





RMC_simult_change_RHS_2

		

				Fuel Additive (x1)		Solvent Base (x2)

		Solution		40.5555555555		5.5555555556

								Totals

		Profit		$40.00		$30.00		$1,788.89

								LHS				RHS

		Material 1		0.4		0.5		19.0		<=		19

		Material 2		0.0		0.2		1.1		<=		4

		Material 3		0.6		0.3		26.0		<=		26






