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Midterm Total Time: 1.5 hours October 28, 2013
(each problem has 20 points)

1 a. Describe Topological sort algorithm in a directed acyclic graph (CAG) (English
1 bullet by bullet). (10 pts)
v b. Analyze its time complexity. (5 pts)
c. Prove its correctness. (5 pts)
i) Show that given a DAG, your algorithm will output a Topological sort.
ii) Show that if your graph is not a DAG, then your algorithm will not find a
Topological sort.
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2 a. We are given a set of activities l1... |,: each activity |; is represented by its left-point
L; and its right-point R;. Design a very efficient algorithm that finds the maximum
number of mutually overlapping subset of activities. (In the example below the

answer is 2 as indicated by the dotted vertical line). Write your solution in English,
bullet by bullet. (15pts)

b. Analyze the time complexity of your algorithm. (5pts)
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3. Suppose that you are given n red and n blue water jars, all of different shape and
sizes. Every red jar potentially holds a different amount of water (has a different
capacity) than all other red jars. Similarly, every blue jar potentially holds a different
. amount of water (has a different capacity) than all other blue jars. For each red jar, there
/] A\ is ablue jar that has the same capacity.

Group the jars into pairs of red and blue that can hold the same amount of water. You
can do the following basic operation: pick a red jar, fill it with water, and pour into a blue
jar. This will tell you if the red jar has more, less, or same amount of water as the blue
jar.

a. Describe an O(n?) algorithm for solving the problem. (15pts)

b. Explain why your algorithm is O(n?). (5pts) | |
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4. Consider a DAG (directed acyclic graph) with the longest path having k edges in it.
a. Design an algorithm that partitions the vertices into exactly k+1 groups such
that there are no edges between any two vertices in the same group. (10pts)
b. Prove the correctness of your algorithm. (10pts)

A~ \,e‘\' 1= 0. | |
wii\e hovk O wodes W e PAG, R -
Take o\l Ahe sauvees and pt eyt 11 ?av‘kﬁ“(an, 1.

/' Reynwie these souvces and eir ovtgoing edges from the DAG,
\viovewment L oy 1.

fove nove avR wo edges between vevhies (4 o pavtriton. .

b, ' |
W, eada Q{L\r‘(l’{'lm oS on

%\l ‘\'\nq 0\0}0

X A c ;
A (awn i 2d0rS, only ovtyeing eadel, e ad had an edge
“/‘0 é;v'('\?.es A and B e ™ the Lo ?(”’h ; lhave a
\Je %Wo ) L e V‘C/V‘Cibt—s s A 4 Wu’)’f ‘

A ot s
\0’6’\'\/\4‘6@\!\ wm,éﬁo P} H T _tlb\‘; AR A s V“")( a feouvviee MO(
w B Yo

Zh;.ﬁ. al B . ™S ( a Cp;fruci\t}fbéw)
w @ ?0«4(\' Teow .

ly fouvvieesf, T‘AQSE CorvViedS 'AﬁV'C

.\/\ (ﬂvv\(f\ﬁ‘ faart.
lodd WK e in fhe s ame povT

co Theac ak o ed(ey et vetiies

Aleve ave e\ c)wupi'. S | .
Qm ?g'ﬂn s K Qéq—es, theve ave k4l wnodes s)('av\\mj ’E\W:\ l M‘%
- ) .
lﬂ\) Wt \oe & Souvie, Sthev i £ 2 theve \$ Soe o thev Va w (= e ve
\

e a1 Ave Sttt & e \ovyert patir 1n the DAG,
e sowves Lo~ the PAG, so

e Move bt be at
WL"J‘J/\. {,ov“'{"ntfujj ‘tha—{"
oo €S Ly all 4w

(owv LB when

v, W thwe ?G‘Ur\-,
Eadn  revaken & Ko wiile leop
Vo, w\\ than be o Souvze , \f Vi
leosX Yo un ond Vi wme befot o oa gath,
Ny, O A\ S*\’Ub"* & T W‘\'\nfso Vo \$ & Sowte, T Savne
stWer Vg .., Vea e bongest patin o e6M Niey VRewus
N s eved Browe Ane DAG, By A aldethm eadn v, o Vi vl be
|, k<, and thue Cannd e Fewer o e partrhions becavse

AV 2 Y all

1S wok a sew

W pavirtiong




ot wold conbradiLY Vi, Ve boeing the lovgert poath, co fbre,
a'clov'\“w“m P [;,W‘f(:["



Name(last, first);

-

5. Consider a sorted sequence a, ..., a, of distinct integers. Design an efficient
algorithm that decide whether there is an integer a; such that a; =i (for example, if the
sequence is -1, 3, 4, 5, 7, 9 then the answer is NO. if the sequence is —1,2,4,5,7,8 the
answer is yes for i=2) — note that an O(n) time algorithm would be trivial.

a. Describe your algorithm in English bullet-by-bullet. (15pts)
b. Analyze the time complexity of your algorithm. (5pts)
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