A Name:
Math Models of Operations Research, MATP 4700/ DSES 4770.
Third Exam, Friday, December 9, 2005.
You may use any result from your notes or a homework that is clearly stated. You may use one sheet

of handwritten notes, but no other sources. The exam consists of five questions, and lasts one hundred
and ten minutes.
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Math Models of OR, Exam 2A, Fall 2005 1

1. (40 points) Consider the standard form LP

min 10x; + x4
s.t. Ty — Ty + 223 = 3
Ty — Ty = 2

r1,2L9,23 > 0

(a) (7 points) Show that (¥ = (4,3, 1) is an appropriate point to start the affine scaling algorithm.

(b) (6 points) Derive the associated scaled standard form corresponding to the solution (0,

(
(¢) (7 points) The move direction for the affine scaling algorithm is Az = 7.669(—1,1,1). Show
that this direction is improving and feasible at z(%.

(d) (6 points) Compute the maximum possible steplength An.x in the direction Az.

(
(e) (7 points) For this problem, why must a log barrier method give a direction from (@ that is a
multiple of Ax?

(f) (7 points) The logarithmic barrier subproblem is

min 10z, + x93 — uZ?len(fci)

s.t. Ty — Top + 2z3 = 3
Lo — Iy = 2
Ty, 29,23 =2 0

What equations would you solve to verify that Z = (1,6, 4) solves the barrier subproblem for 1 = 1{}@?
(Note: you do not need to actually solve the equations.)
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2. (10 points) Express the following fixed charge problem as an equivalent integer programming problem:

min ¢;(z1) + coxg)

s.t. ry + 21L’2 Z 10
21‘1 -+ 9 Z 10
0 S T1,To S 10
where

o(z) = 0 ifz; =0
sy = 2+ 2z, otherwise
0 ifze=0

CQ(SCQ) = 2

1+ 3z otherwise
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3. (20 points)

Consider the integer program

max 1 + 29

s.t. 1 + Sz < 20 ([P)
4331 + o < 16
r1,T2 = 0, integer
The optimal solution to the linear programming relaxation of this problem is 7 = (3%7 31%) The

problem is illustrated here:

0 €Ty

(a) (6 points) Show that the constraint z; + 3z, < 12 is a valid constraint (that is, the constraint
Is satisfied by all feasible solutions to (I P))

(b) (6 points) Solve graphically the LP relaxation with the extra constraint Ty + 3xg < 12,

(¢) (8 points) Find a valid constraint that is violated by the point you found in part (b). Add the
constraint to the LP relaxation and graphically solve it again.
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4. (15 points)

Use Dijkstra’s algorithm to find the shortest path from vertex 1 to vertex ¢ in the following graph,
where the edge lengths are given on the graph:
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5. (15 points)
Burgess Fuel is planning its purchases of heating oil for the next four months. The forecasted demands
and purchase costs per gallon are contained in the table:

} month 1 month 2 month 3
demand 7000 8000 3000
price per gallon $2 $3 $4

It they purchase a gallon of oil for use in a later month, they pay an inventory cost of $1.20 per
gallon per month in storage. Each order incurs a fixed delivery cost of $2000, regardless of the
amount ordered. Burgess Fuel currently has no fuel on hand.

A (5 poimtsiExptairwhy [his problem can be approached by dynamic programming, with states

inventory on hand.

th)~{5-points) Sketch the digraph corresponding to the dynamic program -structare—of-part—{a).

Include costs on all arcs.

(e)=5=points) Explain why the feasible production plans correspond exactly to the paths from node
k =1 to node k = 4 in your digraph.

T a0 4 AEo0 T L00+3600
T » Y - [ e -~ 1 3‘/} {i}
7 (0 T o — — Sk o

7
/
z‘/‘/%/
/m"/
Mlm R
3000 43660+ L00C




