
OR 705 Large Scale Linear Programming Systems

Take-home Exam

Due: 11:45 AM, November 15, 2018

Problem Possible Actual

1 40 points

2 40 points

3 20 points

Total 100 points

* I have neither given nor received help on this exam.

Print Name Sign Pledge



Problem 1: [ 40 points]

Consider the following linear programming problem (LP-1):

min 5x1 +4x2 +3x3 +2x4 +x5

s.t 5x1 +6x2 +7x3 +8x4 +9x5 = 10

x1, x2, x3, x4, x5 ≥ 0.

(1) [5 points] Find the optimal solution of problem (LP-1) by solving its dual
problem.

(2) [15 points] Although problem (LP-1) has only 5 variables, it is not difficult
to imagine a similar case with 1 billion variables of the same structure. Now,
you are asked to apply the column generation method for solving problem
(LP-1) (as if you were treating a problem with 1 billion variables). Be sure
to adopt the “smallest index first” rule for pattern generation to introduce
new basic variables in the process. Starting from x0 = (2, 0, 0, 0, 0)T , show
your work step-by-step to find the optimal solution of problem (LP-1).

(3) [15 points] This time, you are asked to apply the cutting plane method for
solving problem (LP-1). Show the corresponding steps of the cutting plane
method on the dual side to reach the optimal solution of problem (LP-1).

(4) [5 points] Compare the complexity of your efforts in (2) and (3), which
method is preferred for solving problem (LP-1) with 1 billion variables of the
same structure? Why?



Problem 2: [ 40 points]

Consider the following linear programming problem (LP-2):

min −x1 −2x2 −3x3 +4x4

s.t x1 +x2 +x3 +x4 = 10

x1 +x4 = 3

x2 +x4 = 3

x3 +x4 = 4

x1, x2, x3, x4 ≥ 0.

(1) [5 points] Can you figure out an optimal solution to problem (LP-2)?
Why?

(2) [15 points] You are asked to provide a “best” decomposition procedure to
solve problem (LP-2) by using the Dantzig-Wolf’s and/or Bender’s decom-
position methods. Please state your procedure step by step.

(3) [10 points] Follow your procedure step by step to find an optimal solution
of problem (LP-2).

(4) [10 points] Why your procedure is the “best” one, please discuss in details.



Problem 3: [ 20 points]

A company is planning to invest up to $500, 000 to the stock market. There
are three stocks (A, B and C) to choose from. For each share of stocks A, B
and C, the annual expected return (r), standard deviation of return (σ) and
price (p) in dollars ($) are given below:

XXXXXXXXXXXXXXX
Stock x

Parameter
rx σx px

A 5 2 20

B 8 6 25

C 10 10 30

The correlation coefficients of the annual returns between each pair of stocks
A, B and C are ρA,B = 5/24, ρA,C = −1/2 and ρB,C = −1/4, respectively.

(1) [5 points] The risk of taking a collection of stocks is usually measured
by its co-variance matrix [cov(x, y)]x,y∈{A,B,C} with cov(x, y) = ρx,yσxσy. The
company is expecting to receive an annul return that is no less than 20% of
its investment. Please build a model to select a collection of stocks for the
company to achieve its goal with the minimum risk involved.

(2) [10 points] Please provide a second-order cone reformulation of your mod-
el in (1).

Hint:

 4 5/2 −10
5/2 36 −15
−10 −15 100

 = BTB with B =

 1.71 −0.05 0.17
0.05 5.58 1.25
1.04 −2.21 9.92

.

(3) [5 points] Please write down the dual problem of your second-order cone
model in (2).


