Chapter 9: Integer Programming

Chapter 5: Integer Programming


Integer Programming

TRUE/FALSE
1. In a mixed integer model, some solution values for decision variables are integer and others can be non-integer.
( True: In mixed integer model values for some decision variables must be integer and for others it can be non-integer and that is why it called as mixed integer model. 

2. In a total integer model, some solution values for decision variables are integer and others can be non-integer.

( False: In total integer model, solution values of all decision variables must be integer.
3. The branch and bound method can only be used for maximization integer programming problems.

( False: Branch and bound method (B&B) can be used for minimization problems also.
4. The solution value (Z)  to the linear programming relaxation of a maximization problem  will always be less than or equal to the optimal solution value (Z) of the integer programming maximization problem

( False: Incase of maximization problem, the solution value to the relaxation problem will always be greater than or equal to solution value for integer program. The solution value for relaxation problem is called as upper bound (for maximization problem). The above statement is true for minimization problem, in which case it is called as lower bound. 
5. In a 0-1 integer programming problem involving a capital budgeting application where xj = 1, if project j is selected, xj = 0, otherwise, the constraint x1 – x2 = 0 implies that if project 2 is selected, project 1 can not be selected

( False: If project 2 is selected, which means x2 = 1 and x1 – 1 = 0. In this case to satisfy the equality x1 must be equal to 1 and project 1 must be selected. 
6. Rounding non-integer solution values up to the nearest integer value will still result in a feasible solution to an integer programming problem.

( False: By rounding non-integer solution values to nearest integer value, the solution can be infeasible. 
7. Rounding non-integer solution values up to the nearest integer value will still result in a feasible solution.

( False: Rounding values up to the nearest can result in infeasible solution. 
8. The solution to the LP relaxation of a minimization integer linear program provides an upper bound for the value of the objective function.

( False: Solution to the LP relaxation of a minimization integer linear program provides a lower bound. Any feasible solution cannot achieve value lower than lower bound. 
9. If we are solving a 0-1 integer programming problem, the constraint x1 = x2​ is a conditional constraint.
( False: This is a corequisite constraint. If one variable is zero then other must be zero and if one variable is 1 then other must be 1. 
10. In a problem involving capital budgeting applications, the 0-1 variables designate the _selection_ or __no selection_ of the different projects.

11. If exactly one investment is to be selected from a set of five investment options, then the constraint is often called a _multiple choice_____ constraint.

( Constraint of the form x1 + x2 + x3 = 1 is called as multiple choice constraint as only one variable must be 1.
12. If we are solving a 0-1 integer programming problem, the constraint x1 + x2​ ≤ 1 is a ____mutually exclusive ____________constraint.

( Because at most one variable can be 1, note that both can be 0 also. 
13. If we are solving a 0-1 integer programming problem, the constraint x1 ≤  x2​  is a ____conditional____________constraint.

( In the above constraint if x2 is one then and then x1 = 1, else 0.
14. If we are solving a 0-1 integer programming problem, the constraint x1 = x2​  is a ____corequisite____________constraint.

( This constraint means that if either of the variables is 1 then other must be 1, otherwise both of them are 0.
15. Consider the following integer linear programming problem

Max Z =   3x1 + 2x2
Subject to: 3x1 + 5x2
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0 and integer

The solution to the Linear programming relaxation is: x1 = 5.714, x2= 2.571.

What is the upper bound for the value of the objective function?
Upper bound can be calculated by including variable values in objective function

Upper bound = 3*5.714 + 2*2.571 = 22.284
What is the value of the objective function for the rounded down solution?
Rounded solution means solution with rounding variable values to nearest lower side integer.  

x1 = 5, x2= 2. Include these values in objective function
Objective function value = 3*5 + 2*2 = 19
Is the rounded down solution feasible?

To check feasibility include these values in constraints and check feasibility.

Constraint 1: 3*5 + 5*2 = 25 <= 30, which is feasible

Constraint 2: 4*5 + 2*2 = 24 <= 28, which is feasible

Constraint 3: 5 <= 8, which is feasible

Therefore solution with rounding down is feasible.
16. Consider the following integer linear programming problem

Max Z =   3x1 + 2x2
Subject to: 3x1 + 5x2
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0 and integer

The solution to the Linear programming relaxation is: x1 = 5.714, x2= 2.571.

What is the optimal solution to the integer linear programming problem? State the optimal values of decision variables and the value of the objective function.

( Solve this by branch and bound method.
Select any variable to for branches. Variable x1is selected here.

Node 1: x1 = 5. From first two constraints compute the value of x2, which is lowest. In constraint 1: 3*5 + 5*x2 <= 30, which means x2 = 3. In constraint 2: 4*5 + 2x2 < = 28, which means x2 = 4. Therefore, x2 can take value of 3 and fortunately integer solution is obtained. The integer solution is x1 = 5 and x2 = 3. This solution is feasible and objective function value = 3*5 + 2*3 = 21
Node 2: x1 = 6. In constraint 1: 3*6 + 5*x2 <= 30, which means x2 = 2.4. In constraint 2: 4*6 + 2x2 < = 28, which means x2 = 2. Therefore, x2 can take value of 2 and fortunately again integer solution is obtained. The integer solution is x1 = 6 and x2 = 2. This solution is feasible and objective function value = 3*6 + 2*2 = 22. All integer solutions are obtained and last one is the best one, therefore stop branch and bound. Optimal solution is x1 = 6 and x2 = 2, optimal objective function value = 22. 

17. Consider a capital budgeting example with 5 projects from which to select. Let x1 = 1 if project a is selected, 0 if not, for a = 1, 2, 3, 4, 5. Conditions are independent. Projects cost $100, $200, $150, $75, and $300 respectively. The budget is $450. Write the appropriate constraint for the following condition. If project 1 is chosen, project 5 must not be chosen.
( The condition is  x1 + x5 <=1. In this condition if x1 = 1, then x5 = 0 and if x1 = 0 then x5 is allowed to take 0 or 1. 
18. The Wiethoff Company has a contract to produce 10000 garden hoses for a customer. Wiethoff has 4 different machines that can produce this kind of hose. Because these machines are from different manufacturers and use differing technologies, their specifications are not the same.

Machine

Fixed cost to set up production run

Variable cost per hose

Capacity 

1

750




1.25



6000

2

500




1.50



7500

3

1000




1.00



4000

4

300




2.00



5000

The company wants to minimize total cost. Give the objective function.
( There are two types of variables in this problem: 1. Production variables (continous) and selection variables (binary). These binary variables are for fixed cost. 

Let x1: Quantity produced on machine 1 
x2: Quantity produced on machine 2 
x3: Quantity produced on machine 3 
x4: Quantity produced on machine 4 

Let y1: Indicator variable for production on machine 1 
y2: Indicator variable for production on machine 2 
y3: Indicator variable for production on machine 3 
y4: Indicator variable for production on machine 4 

Objective function is 
Minimize: 750y1+500y2+1000y3+300y4+1.25x1+1.5x2+1x3+2x4 
Constraints: 
x1+x2+x3+x4>=10000 (Demand constraint) 
x1<=6000y1 
x2<=7500y2 
x3<=4000y3 
x4<=5000y4 
These are constraints for machine selection and for fixed cost. If a product is produced on any particular mahcine then and then only its indicator variable will be one and fixed cost is incurred, otherwise not. 
x1, x2, x3, x4 >=0 
y1, y2, y3, y4 {0, 1}. 1 for production and 0 otherwise
MULTIPLE CHOICE
19. The branch and bound method of solving linear integer programming problems is  ___d_____________.

a. an integer method

b. a relaxation method

c. a graphical solution

d. an enumeration method
( It is an enumeration method where various solutions are enumerated by branching and finding bounds. However, it is partial enumeration method as all possible solutions are not enumerated. Only promising ones are evaluated. 
20. If a maximization linear programming problem consist of all less-than–or-equal-to constraints with all positive coefficients and the objective function consists of all positive objective function coefficients, then rounding down the linear programming optimal solution values of the decision variables will __sometimes_ result in a(n)  _optimal____ solution to the integer linear programming problem. 

a. always, optimal

b. always, non-optimal

c. never, non-optimal

d. sometimes, optimal

e. never, optimal 
( Answer is d
21. How is the assignment linear program different from the transportation model? ( 10- 12 lines)
( Assignment model is a special case of transportation model. 

Decision variables: In assignment model decision variables are strictly binary i.e. they can take either value of 1 or 0. In transportation model decision variables are continuous and binary both. Most of the time they are continuous, but in some problems where routes must be selected based on fixed cost or facilities must be selected with fixed investment cost there can be binary variables
Objective function: In assignment model objective function can be minimization or maximization and in many problem situations it can be other than monetary value (cost or revenue or profit). In transportation model it is strictly in monetary units (cost or profit). 

Constraints: In assignment model supply at each source node is 1 and demand at each destination node is 1. In transportation model supply and demand at respective nodes is greater than 1. In assignment model, typically, one source node is assigned to one and only one destination node. Conversely one destination node is assigned to one and only one source node. This is not he case in transportation model where multiple assignments are possible. However, there are special cases of assignment model where multiple assignments are possible. Lastly, assignment model consists of either of: multiple choice, mutually exclusive, conditional, and corequisite constraints, which are absent, in typical transportation model.  
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