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1. Write the dual of the linear program (LP). How will the dual change when we impose
xo > 0. Write the complementary slackness conditions.

7 = max 2z + T
s.t. (LP)
201+ 315 < 3
r1+ 51y <1
201 + a1 =4
dri1+ 29 =5
x> 0.

2. Write the dual of the linear program (LP-2).

Z =miny; — ya + 3y3
s.t. (LP-2)
Y1+ 3y2+ysz <3
Y1+ 5y2 — 6y > 1
ity tys=4
Y1, 92 = 0.
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3. Consider the linear program (SP)

Zlﬁ'jzo V]G{l,,n}

Assume that ¢; > 0 and a; > 0 for all j € {1,...,n}, and b > 0. Write the dual of
(SP). Prove Z = bmaxjcpy,..n} = using linear programming duality.

4. The uncapacitated facility location (UFL) problem is defined as follows. A set of
potential facility locations N = {1,...,n} is given. The set of all clients is denoted
by M = {1,...,m}. Every client needs to be served by exactly one facility. The
cost of opening a facility in location j € N is given by f;. The cost of serving client
i € M by facility 7 € N is given by ¢;;. A facility may serve any number of clients
(uncapcitated) but each client must be served by exactly one facility. The objective
is to serve all clients by minimizing the total cost of opening the facilities
and serving the clients. Note that you have to decide (a) which facilities to open
(b) which clients get served by which (opened) facility. Formulate the UFL problem
as an integer program.

5. Consider the following integer program (IP): min Z?:l c;x; subject to 21’1 — %1’2 +
%:cg — f’—zx4 + %% = % for x; € Z, fori € {1,2,3,4,5}.
(a) Show that the problem (IP-1) min Z?Zl cjz; subject to 3y 4 20+ S5+ 54+
%x5 = % +w for w € Z; and x; € Z; for all j € {1,2,3,4,5} is a relaxation of
(IP).
(b) Show that the problem min 23:1 cjz; subject to 3ay + txo + Lus + Say+ s > 2

for z; € Ry for all j € {1,2,3,4,5} is a relaxation of (IP-1).

6. Consider the constraints of an integer program (IP) with variables x1, ..., x,, and y.
Let Z be the set of non-negative integers.

<y Vie{l,...,m}
xr; € Ly Vie{l,...,m}
y € {0,1}
Show that the LP relaxation of (IP) gives an optimal solution of (IP).



