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Analysis of Algorithms (1)

e asymptotic performance of an algorithm
orst-case analysis

(from O(1) to exponential)

ence relations

Viastes ), Unrolling, Recursion Trees

uing correctness of >orithm

ction, Swapping, Case Analysis (e.g., DP Recurrences) etc...

ental algorithm design techniques

ide and Conquer, Greedy, Dynamic Programming,
ductions

5 Effective use of data structures
= Graph algorithms and graph explorations
= DEFS, BES, Top Sort, Shortest paths, mspt, max flow (min-cut)



‘of Algorithms (2)

ow, Max-Flow Min-Cut

ng NP-completeness reductions
ng with NP-completeness



jout the exam

he questions and start with ones you feel most

5 No running time given for a question, determining the
best one is part of the problem.

We can only grade what is written, not what you were thinking



Which relationships are true?

1. n! =0(n2")

2. 23loen=0Q(n)

3. nl=0((n+1)!)

n

4. n°% = O(log n) A.3

B.1and 2
< C.3and 4>

D.2 and 3

E.All are false



T(n) = 4T(n/2) + 4n
with T(1)=1 and n a power of 4.

Its solution is ...

A.O(n?/2)
Master Theorem: B. O(n)
a=4, b=2, c=1 CO(n |0g n)

log, a > ¢ > 0(n'8»4) @O(nZD

E.O(n%)




A and B are two decision problems.

* Alice shows that both A and B are in class NP.
 Bob shows that problem B is NP-complete.

* Charlie shows thatA< . B.

Which of the following claims can be concluded?

A. A polynomial time solution for problem A implies a
polynomial time solution for problem B.

B. A polynomial time solution for problem A implies
P=NP.

C. Pro ' - lete.

D. Problem B is NP-Complete.

E. None of the above.




Which of the problems listed below can be verified in
polynomial time?

P1: Verify that a given graph G has a clique of size k
P2: Verify that a given graph G contains a simple
path of length n-1

P3: Verify that a given number is not prime.

A.P1
B. P2
C.P3

DAL D




Independent Set on Trees

Independent set on trees. Given a tree, find a maximum cardinality subset of
hodes such that no two share an edge.

Hint. A tree on at least two nodes has

at least two leaf nodes. (
(;Egree =1 %
Greedy Algorithm: &u

0) Initialize Indep Set S = {}
1) While G is not empty

a) find a leaf node v

b) update S:=Su {v} (add v to S)

c) update G:=G-v-N(v) (delete v and neighbors of v)
2) Return S

Claim: S is an independent set
Proof: whenever add v then we remove all incident nodes from G
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Independent Set on Trees

Greedy Algorithm:
0) Initialize Indep Set S := {}

1) While G is not empty (
a) find a leaf node v >\)
b) update S:= S U {v} (add v to S) J>
c) update G:=6-v-N(v) (delete v and neighbors of v) e

2) Return S O%

Claim: S is maximum cardinality independent set
Proof: Let v,,..,v, be nodes in S and suppose (for contradiction) S* = wy, ..., wy is
a larger maximum cardinality independent set ---
Tiebreak: maximize match with Si.e., wy,...,w, = v, ..., v, for maximum r.

We have v,,; € S*, but v, is incident to some node w; in S~

(otherwise we can simply add v,,; to S*)
Swap: S’ = {v, 11} U (S"\{w;})
Observation: S'is an independent set (since v, 4 is leaf in G — U;.,.(v; UN(v;)) )
(Contradicts choice of S*)
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G is a directed, weighted graph representing a
flow network.
All edge weights are unique.

The maximum flow one can push from s to t is
M.

The flow over the edges for achieving M is
always unique.

A.True



G is an undirected graph.
You need to determine whether G contains
two vertex disjoint cliques of size 4?

What class does the problem belong to?
Give the most precise class.

B.' I-Comple‘re

C.NP



o Ol ph W N -

Which problems are in P?
2-SAT

. 3-SAT

. Longest path in a dag

. Hamiltonian path in a graph with at most 4n edges
. Vertex cover in tree

. Partition problem on n elements having identical value

A.land 3
B.3and 4
C.1 3.4and b

E.! ”!u !-SAT
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Every problem in class NP can be solved in exponential time.

B.False
C.True for most, unknown for
some
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3SAT: Decision vs Search

Suppose that we have an oracle O which solves the decision version of
the 3SAT problemi.e., 0(¢) =1 if ¢ is satisfiable otherwise O(¢) = 0.

Develop an algorithm to find a satisfying assignment after making
polynomially many queries to O.

Set o, = ¢
If 0(pq) = 0 print "No Satisfying Assignment” and QUIT
For (i=1to n)

If O(pi-1 ACx; Vi vx)) =1 Running Time?
@i = Qi1 N(x; V x; V x;)
print "x; = 1" Correctness?
Else

0ii= @1 N(X; VX; V X;)
pr'in‘l' “Xi = Q"
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