
CSE 203B W20 Homework 3

Due Time : 11:50pm, Fri Feb. 07, 2020 Submit to Gradescope
Gradescope: https://gradescope.com/

In this homework, we work on exercies from text book. Problem
4.1, 4.8, 4.12 and 4.15 are related to LP. Problem 4.21 and 4.39 are
related to QCQP and SDP, respectively.

Total points: 25. Exercises are graded by completion, assignments
are graded by correctness.

I. Exercises from textbook chapter 4 (6 pts, 1pt for each problem)

4.1, 4.8, 4.12, 4.15, 4.21, 4.39.

II. Assignments (19 pts)

II. 1. Linear Programming (6 pts)

For the Maximum Flow problem, the input is a directed graph G = (V,E)
with two special vertices, a “source” s ∈ V , and a “sink” t ∈ V . Moreover, each
edge < u, v > has capacities c(u, v) ∈ R+. The target is to find a flow f in G
from s to t of maximum value.

(1) Prove: This problem can be expressed as a linear program. (Hint: find
the constraints on edges and nodes for a flow to be valid.) (3 pts)

(2) Find the maximum flow in the graph shown in Figure 1 using any convex
optimization tools (e.g. CVX). You can also implement an LP solver on your
own. Provide your code and the solution for the maximum flow. (3 pts)

Figure 1: Max flow problem

ps: CVX is a Matlab-based modeling system for convex optimization created
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by Professor Stephen Boyd. For more details, please refer to the tutorial for
CVX: https://web.stanford.edu/class/ee364a/lectures/cvx_tutorial.

pdf

II. 2. Semi-definite Programming (7 pts)

Given a matrix R � 0 and a point z we can define an ellipsoid in Rn:
ER,z := {y|(y − z)>R(y − z) ≤ 1}. One can prove that the volume of ER,z

is proportional to
√

det(R−1). Suppose we are given a convex set X ∈ Rn

described as the convex hull of k points c1, . . . , ck. We would like to find an
ellipsoid circumscribing these k points that has minimum volume.

Figure 2: Illustration of the circumscribed ellipsoid problem

This problem can be written in the following form:

minR,z vol(ER,z)

s.t. ci ∈ ER,z, i = 1, . . . , k

which is also equivalent to:

minR,z − log detR

s.t. (ci − z)>R(ci − z) ≤ 1, i = 1, . . . , k

R � 0

(1) Convert this problem to SDP. (4 pts)

(2) Given 6 points in 3D space:
{(1.4, 0.83, 1.3), (1.4, 1.0, 0.7), (0.9, 0.3, 0.6), (0.7, 1.2, 0.4), (1.4, 0.8, 1.1), (1.5, 0.7, 1.3)}.
Find R, z for the minimum volume ellipsoid ER,z := {y|(y−z)>R(y−z) ≤ 1}.

(You can use any convex optimization tools). (3 pts)

II. 3. Prove: LP ⊂ QCQP ⊂ SOCP ⊂ SDP (6 pts)
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