
Week Date Sections 
from FS2009

Part/ References Topic/Sections Notes/Speaker

1 Sept 7 I.1, I.2, I.3 Combinatorial 
Structures
FS: Part A.1, A.2
Comtet74
Handout #1
(self study)

Symbolic methods

2 14 I.4, I.5, I.6 Unlabelled structures

3 21 II.1, II.2, II.3 Labelled structures I

4 28 II.4, II.5, II.6 Labelled structures II

5 Oct 5 III.1, III.2 Combinatorial 
parameters
FS A.III
(self-study)

Combinatorial 
Parameters Asst #1 Due

6 12 IV.1, IV.2 Multivariable GFs

7 19 IV.3, IV.4 Analytic Methods
FS: Part B: IV, V, VI 
Appendix B4
Stanley 99: Ch. 6
Handout #1
(self-study)

Complex Analysis

8 26
IV.5 V.1

Singularity Analysis

9 Nov 2 Asymptotic methods Asst #2 Due

10
9 VI.1 Sophie

12 A.3/ C

Random Structures 
and Limit Laws
FS: Part C
(rotating 
presentations)

Introduction to Prob. Mariolys

11
18 IX.1 Limit Laws and Comb Marni

20 IX.2 Discrete Limit Laws Sophie

12
23 IX.3 Combinatorial 

instances of discrete Mariolys

25 IX.4 Continuous Limit Laws Marni

13 30 IX.5 Quasi-Powers and 
Gaussian limit laws Sophie

14 Dec 10 Presentations Asst #3 Due

Dr. Marni MISHNA, Department of Mathematics, SIMON FRASER UNIVERSITY
Version of: 11-Dec-09

 

f acul ty of  sc ience   MATH 895-4 Fall 2010
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Due: Friday, November 22nd (11:59 p.m.)

The final exam will take place Friday, December 6th at 3:30 p.m. in SUR 5100.

Reading

Chapter 8 through Section 8.2

Chapter 4 of Applegate, Bixby, Chvátal and Cook reviews some topics that we have seen in class, and a few
that we haven’t, in their historical context.

Problems for Math 408 and Math 708

Solutions to be submitted Crowdmark.

1. Returning once more to your personal knapsack problem, or your amended personal knapsack problem in
case your personal knapsack relaxation was integer, you should see that your relaxed optimal solution has
exactly one non-integer coordinate.

a. Explain why in this situation, the cover inequality corresponding to the non-zero terms in your solution
will cut your relaxed optimal solution.

b. Add this new cover cut to your formulation and resolve.

c. What is the dimension of the new face that you have found?

2. Consider the following 0-1 knapsack polyhedron:

X = {x ∈ {0, 1}6 | 5x1 + 3x2 + 8x3 + 9x4 + 11x5 + 8x6 ≤ 14}.

a. What is the cover inequality corresponding to variables {1, 2, 3}?

b. What is the dimension of the face of PI = conv(X) represented by this cover inequality?

c. Lift the inequality you found in part (a) in variable 6, and then lift the resulting inequality in variable 5.

d. Lift the inequality you found in part (a) in variable 5, and then lift the resulting inequality in variable 6.

3. If C is a cover for a 0-1 knapsack inequality, the extended cover E(C) of C is C ∪ {j | aj ≥ ai for all i ∈ C}.

a. Show that if C is a cover for a given 0-1 knapsack inequality, then the extended cover inequality given by∑
i∈E(C)

xi ≤ |C| − 1 is valid for conv(S), the set of integer solutions to the 0-1 knapsack problem.

b. Can your cover inequality from question 1 be replaced by an extended cover inequality?

c. For each variable that is not in your extended cover inequality (or simply your cover inequality if it did
not extend), try to lift the inequality in that variable. If you succeed in lifting a variable, if you like, you
can work with the new inequality for subsequent liftings. This will lead to stronger cuts, but requires
solving more complicated knapsack subproblems.

d. Compute the dimension of any new cuts you have found.
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4. List the feasible (integer) points (~x, ~u) to the Miller-Tucker-Zemlin formulation of the TSP (pages 62-63 of
the text) on the complete directed graph with 4 vertices. You should take the variables ui for i = 2, 3, 4 to be
integers between 2 and 4.

5. Write an integer programming relaxation of the asymmetric travelling salesman on 6 vertices with degree
constraints and a single subtour elimination constraint corresponding to vertices 1, 2 and 3. Then find an
integer point satisfying these constraints that does not represent a tour.

Additional Problems for Math 708

6. Textbook Exercise 3.13.

7. Consider the problem of finding a maximum stable set of a graph (a maximum set of vertices with no two
vertices sharing an edge). Formulate this problem as:

max
∑
v∈V

xv subject to xv1 + xv2 ≤ 1 ∀(v1, v2) ∈ E and x ∈ {0, 1}|V |

Show that for any complete subgraph (clique) W of G, you can obtain the clique inequality
∑

v∈W xv ≤ 1 by
repeatedly applying rounding cuts.

8. Compute the Chvátal closure of P := {(x, y) ∈ [0, 1]2 | 2x+ 2y ≤ 3}.

Graduate projects and presentations

We will have graduate student presentations on Monday, December 2nd and possibly on Wednesday, November
27th.

For graduate students who are doing option B (writing introduction and review of a recent research paper).
This should include a brief review of any necessary background beyond what is covered in this course. You
should explain the main results of the paper, framing them in terms of recent results, and mention potential
future research directions (which may already be past research directions if the paper is a few years old).

Try to do this within 10 pages, with reasonable spacing and margins. You should include a bibliography.
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