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(10 pts) 1. (a) State three properties for a weighted selection problem to dddesolpti-
mally by the greedy selection algorithm.

(b) You are gren a hpartite graph and aski to find the matching with largest number of
edges. Can this be sely by the greedy selection algorithm? Eithemsitcsatisfies the
three properties in (a), ong an example to sha how one of the properties fails.

(c) Suppose on awgn day at Trudeau airporhy airplanes arvie and leave. It is suspected

that illegd luggage is being loaded onto some of the planes. There is one inspection team,
and it wants to obseevthe maximum number of plane3hey can only obser ane

plane at a time, and thenust obserg it from its arrval time to its departure timeAlso

it takes 10 minutes to mae the inspection team from one plane to anotl@éve a geedy
algorithm that can be used togian optimum solution to their problem.
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(10 pts) 2. In the partition problem you argegi a €t of n integer weightsy, a,, ... ,a,,
and are asked to partition them intootaubsets each weighing exactly half the total sum
of the weights, if such a partition is possible. Suppose yow kmadvance that the total
of all the weights is less than or equainfo Design a dynamic programming algorithm
that runs inO(n%) time to sole this problem, and state it in pseudo codeuryalgorithm
should explicitly output the partition when one exists.

(b) lllustrate your algorithm on the 5 weights: 3, 2, 4, 4, 7
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(10 pts) 3. Find a maximum—t flow and minimums —t cut in the network bele, gart-
ing from the g¥en flow. Each edge is labelled with a pair (flocapacity). Your answer
should contain:

(a) The residual graph for thevgn network.

(b) The augmenting flo.

(c) The residual graph for the updated network.

(d) The minimum capacitg—t cut.
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(10 pts) 4.(a) Pnee that if all capacities in a network ¥loare integers then there is a
maximum flav f for which esery flow value f (e) is an nteger (You may male use of
the Ford-Fulkerson algorithm without proving it is correct.)

(b) Gve an example to she that the original Brd-Fulkerson algorithm can run irxgo-
nential time as a function of the input siZzBescribe hw to use scaling to modify the
algorithm to run in polynomial time{You need not pre the modified algorithm runs in
polynomial time.)
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(10 pts)5. Consider the following linear program in standard form:

maxz = 4x; — X, + X3, ubject to:
Xp—Xo+ X354
—2X + X, = X3<6
X +2X + X3 <7
X1 20,% 20,320

(a) Write down the dual linear program.

(b) State one method of verifying that aegi solution to a linear program is in fact opti-
mum.

(c) Verify that the solutiorx; =5, X, =1, andx; =0 is an g@timum solution to the prob-
lem abae wsing the method you described in part (b). (Hpt=3,y, =0,y; =1 is a kea-
sible dual solution.)
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(10 pts) 6. The 3-OF-4 SAproblem is stated as follows:

Input: n logical variablesxy, x,,- -, X, and a set o clauses each containing 4 terms (ie.
X; or X;) for 4 distinct variables;.

Question: Can you assign truth values to the variables satthedst one and at most
three of the terms in each clause are true.

(a) Formulate the 3-OF-4 SAoroblem as an integer linear program. lllustrate your for

mulation on the following 3-OF-4 SAinput: (here "+" is "or"* and "." is "and")
(X + X+ X3+ X5) . (X2 + X3+ Xg+ Xg) . (Xg + X2+ X3+ Xs) . (X2 + X3+ X4 + Xg)

(b) Shav that if a 3-OF-4 SA instance has a 86" answer then there arevays at least
two distinct truth assignments to the variables thatega 'Yes" answer Also gve an
example of a 3-SAinstance that hasly one truth assignment satisfying all the clauses.



