
CS ��� 6 Fall ����

Practice Final Exam
December ��, ����

Name:

NetID:

• Don’t panic!

• You have ��� minutes to answer six questions. The questions are described in more detail
in a separate handout.

• If you brought anything except your writing implements, your hand-written double-sided
�z"⇥ ��" cheat sheet, and your university ID, please put it away for the duration of the
exam. In particular, please turn o� and put away all medically unnecessary electronic
devices.

• A page of potentially useful definitions and formulas appears on the back of this cover
sheet.

• Please clearly print your name and your NetID in the boxes above.

• Please also print your name at the top of every page of the answer booklet, except this
cover page. We want to make sure that if a staple falls out, we can reassemble your answer
booklet. (It doesn’t happen often, but it does happen.)

• Do not write outside the black boxes on each page. These indicate the area of the page
that our scanners will actually scan. If the scanners can’t see your work, we can’t grade it.

• The answer booklet includes several blank pages for overflow/scratch work. If you run out
of space for an answer, please use the overflow pages at the back of the answer booklet,
but please clearly indicate where we should look. If we can’t find your work, we can’t
grade it.

• Only work that is written into the stapled answer booklet will be graded. We will
provide scratch paper to anyone who asks, but we will not grade anything written on that
scratch paper. Similarly, we will not grade any overflow pages that you separate from the
answer booklet.

• Please return all paper with your answer booklet: your question sheet, your cheat sheet,
and all scratch paper. Please put all loose paper inside your answer booklet.
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• The World’s Most Useful Inequality: 1+ x  ex for all x

• The World’s Most Useful Limit: limn!1
�
1+ 1

n

�n
= e

Some Useful Probability Bounds
Suppose X is the sum of random indicator variables X1, X2, . . . , Xn.

For each index i, let pi = Pr[Xi = 1] = E[Xi], and let µ=
P

i pi = E[X ].

• Markov’s Inequality:

Pr[X � x] µ
x

for all x > 0, and therefore. . .

Pr[X � (1+�)µ] 1
1+�

for all � > 0

For example: P[X � 3µ] 1
3

• Chebyshev’s Inequality: If the variables Xi are pairwise independent, then. . .

Pr[(X �µ)2 � z]<
µ

z
for all z > 0, and therefore. . .

Pr[X � (1+�)µ]< 1
�2µ

for all � > 0

For example: P[X � 3µ] 1
4µ

• Cherno�’s Inequality: If the variables Xi are fully independent, then. . .

Pr[X � x] ex�µ
⇣µ

x

⌘x
for all x � µ, and therefore. . .

Pr[X � (1+�)µ] e��µ/2 for all � � 2

For example: P[X � 3µ] e�µ

Hashing Properties
H is a set of functions from some universe U to [m] = {0,1, 2, . . . , m� 1}.

• Universal: Pr
h2H
[h(x) = h(y)] 1

m
for all distinct items x 6= y

• 2-uniform: Pr
h2H
[h(x) = i and h(y) = j] =

1
m2

for all distinct x 6= y and all i and j

• Strongly universal: Same as 2-uniform.

• Ideal Random: Useful fiction.

Flow Algorithms

• Given a flow network with integer capacities, Ford-Fulkerson computes an integer maximum
flow in O(E · | f ⇤|) time, where | f ⇤| is the maximum flow value.

• Given a flow network with real capacities, Orlin’s algorithm computes a maximum flow in O(V E)
time. If all edge capacities are integers, the algorithm computes an integer maximum flow.

• Any flow can be decomposed into a weighted sum of paths and cycles in O(V E) time.
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Hint Don't try to solve this problem exactly It's NP hard

Variables x 1 if i is invited O if not

minEIY.fi1foreainteamEi.jitTYi.xic0,13 O Xi 1 for all i

Let be optimal fractionalsolution to LP
1 OPT be itsobjective value OPT ExY troubleit

Define 1 s
IOPTE.TL

qgg0 otherwise

for any team i.j.ES Max xf x 57
max xixjxk3 1
xitxi.tk 1

For alli 3 x OPT 3 0PT
3 OPT
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