TEOR 160 Linear Programming (Fall 2007)
Midterm Exam

Professor Dorit S. Hochbaum

Problem | Suggested Time | Max. SCOM;
1 15 - 20 minutes 23
2 | 20-25 minutes 28
3 | 20-30 minutes 23
4 20 - 25 minutes 18
5 5 - 10 minutes 8 |
Total | 80 - 110 minutes 100 |
Name
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Problem 1 (23 Points)

As part of the planning process for a new community, it must be decided where to locate two fire stations.
The community has been divided into Tsl:-gé fFacts, and there can be at most one station in each tract. Each
fire station will respond to the fires in its tract as well as any fires that occur in other tracts that are assigned
to the station. Thus the two decisions 1o be made are where to locate the two stations, and which tracts to
assign to each station. The objective is to minimize the overall average response time to fires.

The table below gives the average responses times to a fire in minutes, as a function of the location of ti_le

fire (the columns) and the location of the station (the rows). The bottom row gives the forecasted average
number of fires that will occur in each tract in a year.

Minutes Fire in tract: ] -
o2 3 @ - L
T |3 (12230 20 S
Station 2 20 4 15 10 [ o /
in tract: 3 15 15 6 15 @/
4 25 20 25 4
frequency | 2 1 3 1
of fires

Formulate a complete integer programming model for this problem. Clearly define all variables and

identify which ones (if any) are integer. binary or continuous.
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Problem 2 (28 Points)

Consider the following integer program (IP):

Maximize 10zq -+ 20z9 (1)
subject to  Bxy + 8xp < 60 D (2)
I < 8 & (3)

p<e (P @

ry,ze = 0 and integer. (5)

1. (18 points) Solve the IP using the branch-and-bound method. Use the graph given below to solve
each linear program encountered. The intent of this problem is to demonstrate your understanding of
the branch and bound algorithm. Therefore, points will be deducted for incorrect use of the algorithn_l

even if you ultimately obtain the correct optimal solution. When done showing your Branch-and-Bound
tree on the next page, specify:

A !
(5.4 pvo L1 /

The optimal solutionis: T e

The optimal objective function value is: 32

5x,+8x,=60

L

"10x,+20%,=20




(Working space for Branch-and-Bound)
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2. (10 points) Add one or two clitfs
integer solution. Specify the inequality fo
can solve this without part1).

.\ o 5X,+8%,=60

so that|the LP relaxation of the integer problem gives the optimal
each cut. Also draw the cut(s) in the graph below. (You
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Problem 3 (23 Points)

A firm produces a single product in two locations in each of two time periods. The unit costs and production
limits vary by time period and are given by the following tables:

UNIT COST Time Period: |
| March  April
Production New York | $25 $35
Location: San Franecisco | $30 $42
PROD’N LIMITS Time Period: ‘
‘ March April
Production New York | 6 units 2 units E
Location: San Francisco | 10 units 9 units 1

The product will be shipped (instantaneously) to each of two locations to satisfy specified demands over
the two periods. these demands are as follows:

DEMAND Time Period:

| March  April
Demand Chicago | 3 1
Location: New Orleans ] b 4

The shipping costs for each month are given below:

! MARCH Demand Location:
‘ Chicago New Orleans /
Production New York ‘ §50 $60 Z
Location: San Francisco | %40 $70 l
APRIL Demand Location:
| Chicago New Orleans
Production New York '; $60 880
Location:  San Francisco | %70 $90

Finally. the product may be held in inventory at the production and consumer locations to satisfhv later
period needs. These costs are the same in March and in April. The relevamnt data is:




L7

INVENTORY DATA Inventory:
Cost per item  Capacity
New York §1 2
Location: San Francisco §2 3
Chicago §3 1
New Orleans $4 3

Setup a network flow problem that can be used 1o solve the problem of minimizing the total cost to
satisfy the demand over the two periods.

Please use the link notation (lower bound, upper bound, hnk cost).
HINT: Create a separate node that represents each location at each time period. Shipping ares connect

nodes for the same time period; inventory arcs connect nodes in different time periods. Notice that production
in April cannot satisfy demand in March.
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