
COT5405: ANALYSIS OF ALGORITHMSMidTerm Exam II
Date: Nov 1, 2007, Thursday
Time: 1:55pm { 3:55pm
Professor: Alper �Ung�or (OÆ
e CSE 430)This is a 
losed book exam. No 
ollaborations are allowed. Your solutions should be 
on
ise,but 
omplete, and handwritten 
learly. Use only the spa
e provided in this booklet, in
ludingthe even numbered pages. Feel free to give referen
e to the algorithms, de�nitions and 
on
eptsdis
ussed in 
lass rather than des
ribing them in detail. There are no bonus points.

GOOD LUCK!

::::::

Your
::::::::::

name:
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Credit MaxProblem 1 20Problem 2 20Problem 3 20Problem 4 20Problem 5 20Total 100

1



2



1. [20 points = 4+4+4+4+4℄ True/False Questions (no need for justifi
ation)(a) True/FalseBellman-Ford algorithm presented in 
lass for 
omputing shorthest paths is a dynami
programming algorithm.(b) True/FalseDijkstra's algorithm determines whether a negative 
y
le exists in a graph.(
) True/FalseFra
tional 
as
ading is a method that uses similarities between substru
tures to speedup sear
hes in Range Trees.(d) True/FalseLet G = (V, E) be a dire
ted graph with weights on edges, and γ(p, q) denote the lengthof the longest simple path between p and q. Then, we have the triangle inequality,i.e., γ(p, q) + γ(q, r) ≥ γ(p, r) for every p, q, and r in V .(e) True/FalseConsider the following pseudo
ode whi
h des
ribes a greedy algorithm that takes anundire
ted graph G = (V, E) and a weight fun
tion w on its edges as input and returnsa set of edges T . The output T of the algorithm is a minimum spanning tree of G.Maybe-MST(G,w)Sort the edges of G into nonde
reasing order of edge weights w

T ← E

for ea
h edge e, taken in nonde
reasing order by weight
do if T − {e} is a 
onne
ted graph

then T ← T − e

return T
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2. [20 points = 3 + 3 + 5 + 4 + 5℄ Maximum FlowThe Figure shows a 
ow network on whi
h an s−t 
ow has been assigned. The two numberson ea
h edge shows the 
ow and the 
apa
ity values, respe
tively. For instan
e, the edge ab
arries a 
ow of 2, while its 
apa
ity is 6.
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(a) What are the values of x, y, and z that make the assigned 
ow feasible?
(b) What is the value of this 
ow? Is this a maximum s − t 
ow in this network?
(
) Draw the residual graph for this 
ow.
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(d) Find a minimum s− t 
ut in this network. What is the 
apa
ity of this minimum 
ut?
(e) Start with a zero flow in this 
ow network, and illustrate that the number of augmen-tations performed by the Edmonds-Karp algorithm 
an be more than the number ofaugmentations performed by the Ford-Fulkerson algorithm. (Note that this is 
oun-terintutive, as we have have established an upper bound of O(VE) on the number ofaugmentations performed by the Edmods-Karp algorithm, but showed that no su
hbound exists for the Ford-Fulkerson algorithm.)
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3. [20 points = 10 + 10℄ Amortized AnalysisRe
all the amortized analysis of a sequen
e of n insertions into a dynami
 tables whose
apa
ity is doubled every time it be
omes full. We used three di�erent te
hniques in 
lass toshow that the amortized 
ost of ea
h operation is O(1). Here, we 
onsider a modi�ed versionof the dynami
 table.(a) Instead of doubling the table, suppose we in
rease its 
apa
ity by only 50% everytime itbe
omes full. That is, the table 
apa
ity goes from C to 3C/2, when it is full. Consider asequen
e of n insertions into this table. Prove (using aggregate, a

ounting, or potentialmethod) that the amortized 
ost of ea
h insertion is O(1).(b) In addition to the insertion operation and the expansion rule des
ribed in part (a),suppose we also implement a deletion operation. Moreover, after a deletion, wheneverless than two thirds of the table is full, we shrink the table 
apa
ity from C to 2C/3.Consider a sequen
e of n operations (an arbitrary mix of insertions and deletions).Argue that the amortized 
ost of ea
h operation 
an be Ω(n).
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4. [20=10+10 points℄ Minimum Spanning Trees/Shortest PathsGiven two graphs G and G ′ that have the same sets of verti
es V and edges E, howeverdi�erent weight fun
tions (w and w ′ respe
tively) on their edges. Suppose for ea
h graphthe weights on the edges are distin
t and satisfy the following relation: w ′(e) = w(e)2 forevery edge e of E. De
ide whether ea
h of the following stements is true. Give either a shortproof or a 
ounter example.(a) The minimum spanning tree of G is the same as the minimum spanning tree of G ′.(b) For a pair of verti
es a and b in V , a shortest path between them in G is also a shortestpath in G ′.
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5. [20 points = 10 + 10℄ Computational GeometryIn this problem we want to determine whether a given sequen
e < p0, p1, . . . , pn−1 > of npoints froms the 
onse
utive verti
es of a 
onvex polygon.(a) Consider an algorithm that applies the orientation test at every vertex to see if it is a
onvex vertex (
ounter
lo
kwise turn). Then, the algorithm 
on
ludes that the sequen
eforms a 
onvex hull if and only if all verti
es are 
onvex. Argue that this algorithm takes
O(n) time, however, does not always produ
e a 
orre
t answer.(b) Modify the algorithm given in part (a) so that it always produ
es a 
orre
t answer in
O(n) time.

13



14


