CIS 2166 Name:

Dr. Longin Jan Latecki

TA: David Dobor

TUN (last 4 digits):

Midterm Exam, Spring 2016

This exam consists of 9 questions. You must do questions | and 2.

You need to answer 5 out of the remaining 7 questions, i.e., delete two questions from 3 —9.

Hence you should answer the total of 7 questions.

Good luck.

Question Points Out of
1 10
2 10
Subtotal
3 10
4 10
5 10
6 10
7 10
8 10
9 10
Total 70
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1. For the given graph below complete the table with Dijkstra’s algorithm for finding the shortest
path from 4 to all other vertices. Extend the table if needed.

Finish the table
A B C D E F S
0 o0 0 e o0 o0 A
X %\ A | ~< > | >< [Z
X | XX |5 juce) |aws)| < D
X | A5 < A W] &
X > > e e A4 =
X | > | X | A | He |
X
X
X

Draw a tree representing the shortest distances from A to each of the other vertices. Indicate the
distance next to each vertex.
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2. Determine whether each of following is possible for a simple graph G = (V, E)
with |V| = 8, |[E| = 13, (G can be different for each question). Justify your answers.

(a) has a component isomorphic to Ks impossible

Kz s T verbins § 10 gl e

(b) is a bipartite @ impossible
(] 8

) 0
q
§ 0

(c) has a simple path of length 5 impossible

OAAD‘-—'&——'-@—-\_.&___\O

(d) has a simple circuit of length 14 possible @

M(N\,(/L% | W o hwe (/\M(j [%wyp&
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3. Provide a pseudo code of an algorithm that takes a list of n integers (n > 1) and finds the
average of the largest and smallest integers in the list. What is its worst case time complexity in
the terms of the number of comparisons? Justify your answer.

prrovaelury W(o&.,c\“q%}
Pdhp 2 BT ek = 6
L =22 te m
x‘f Mmnn. <OV + hewe A= O
C% sk o than A = e
i for

o\\r@vm% =

W%/\mx )
2 )

ke VA
O(n)
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4. Prove that the function fix) = (x + 2) log(x2 +1) is O(x log x).

T 205 O(old) & L () s @(91(“0;

%Z\W 7?,/)0#‘7&2()() Is 0(91{%\)&?2{)(7)

e shos Hhok %2 25 O(%)
xt2 { R¥ o Xyl L322
Thow X422 18 0(7()
W hory Fhok ('”j (x% +l) (s O“””?X)

w2l < Zx* for % 4

uﬂﬁ(x2+/) < ﬁ/o?(zxz): U;yZ + (/‘99()(2 =
=)t Dl £ Loyt Zlgx = 5 Loy
WE Shaind oy (x241) £ Zlogx  fon Xy K22
Yo Loy (x24]) 75 0(tyx)

LerxiyZ
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5. Provide a pseudo code for the algorithm to compute M? (the regular matrix power of 2) for a
matrix M of size n x n. Determine the worst case time complexity of this algorithm in the terms
of the number of additions and multiplications.

PWW’[ANK PBWZ(mm\
= [t
P j= | to n
C(i))=0;
ﬁwk—“l%o n
C(eq) = Claf+ M{ak# 1 i ) ;
ndfr

tud fer
Lt

it C
@(rv@‘) Sl V;b%/wﬁ 3wﬂlwﬁ7l%,«r Lw/w
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6. Give a recursive algorithm for finding the string w', the concatenation of i copies of w, when
w is a bit string.

p/v’bw:lwrb powvr(w,i>
L%E:Ol%"“«v{w)\}
d 20 the
mdwm W e Fou/&r(w,l~]>)"

New Section 1 Page 14



7. Determine whether the given pair of graphs is isomorphic. Exhibit an isomorphism or provide
a rigorous argument that none exists.

g uy

ug g Uy

W Vg Vio

TLﬂy ot wnk [sbwp}w'c/ Locause s b i, in G-
hoove both @\,@?LF poad O MLI'Q,W;;@—'
TLH/V'L (5 mo Swdn PW (Pf moile S (/w‘é/,
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8. Consider the graphs Ks , K;5, and W .
(a) Which of these graphs has an Euler circuit? Justify your answers.
(b) Which has an Euler path? Justify your answers.

o) 1<5 s, stwar vy adtr has M‘emo(Lf &
§lnce %Lcjv heve 5ot vtoces of edd oLe7

Ki(% b WS o

b> Kg Yes
)(.2/3 \j&j [ hg ust A e &“«O{j
[/\fg NN | [t st vmmpt Fhowe 2 M[as b’fmf,( Jﬂj

I

tiro anotles v’/ odd O('Qj
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9. (a) Show that 2" < n! whenever n is an integer with n > 4.
(b) Give a recursive definition of the set of positive integer powers of 5.

&) @(xg(:é S{'{f\% ]<:L,l, Zq:l@< L}’,[:ZQL
ZMDIMV@M/ 57%{;
’%Mz;é'wbhyp@{mis 2k< k!
A oneids e Py that 20 < (lew 1]
(
gl 2. gk Z 7- k! L (eel)k i :(w).

ta> B&f’('s }((;fk geg

Racursi e §+q,>: f me S, thm Sneb
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