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CS180 Spring 2017 - Midterm —
Monday, May 1, 2017

You will have 110 minutes to take this exam. This exam is closed-book and closed-notes. There are 6
questions for a total of 100 points. Please write your name and student ID on every page of your
solutions. Please use separate pages for each question.
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1. [10 points]
(a) Prove formally that 2" =A0(n!).

(b) You work for a company and one of your colleagues claims that he (or she) invented a new

sorting algorithm whose running time is f(n) = 16 /(%) + 3n where n is the size of input to the
algorithm and that this algorithm is way better than all existing comparison based sorting

algorithm (which is nlogn at best) in terms of asymptotic running time. Is he or she right or
wrong? State your answer and prove it formally.
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2. [20 points] Your millionaire-friend decide to open pizza-parlors on a particular stretch of highway
from Los Angeles to Las Vegas, since he knows that there are no pizza restaurants on this deserted
highway stretch, and many driver a go through it. He wants to open at least one
pizza-parlor within 10 mile distance of each gas-station on the highway in order to dominate the
inferior food quality6iferings at gas stations, and he wants to dommate that particular highway stretch
with high quality pizza offerings. Since he heard that you are taking an algorithms class at UCLA, he
asks you for an algorithm to places as few p1zza—parlors as possible to cover each gas station.
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Explain the algorithm that you would use to decide where on the highway to place pizza restaurants
for your rich friend. He says that he will accept your solution only if you could prove to him that it is
an absolute mmlmum number of restaura.nts to cover all gas stat1ons so you should prove th_ﬁt&as well.

So—

" 0 K& i D
i-a%«‘g TR~ o W N Ca A &gh \Mf?’@:j E_’? & '-;\J
WS Ceisy

et TN e ﬁ“"?’ L2 mydenvruny |

2 . * oo dogn l:"{""g L N
A Z}“’Gcglg/ Q‘aw‘?‘?"rm d"c:: m,“.m?!‘wﬂ?‘& C,.@“.’?&‘%% e ml@t beo ? e el ©

Pie2e, Wes tewre e KR i B wsesr b @st *Sﬁ‘s“w%?vé ab D nalee

do die @ast o dre west pnesk Sas  Stuben Thet 7€ apt tovers,
L owesk =% engy

o> ‘- g 3
for exumaple. 4 Sugpe e, Ns e Roms A/Eb, C,0 =St Atala (o

‘ N iy P ) ' . A
e f‘a_ngg and € 20 art N Trha’ Ouo= mwaﬁ. ‘N‘i elces -\-9\"%?@

&m eg‘gé‘ &,.;\‘{‘ ﬁ %‘ﬁ";ﬁ %“’ ’,‘;’)ﬁ“‘ faé &wz:l &/ qj}rm €Q e LY ﬁﬁﬁ:éf Q‘P CA’

thew [0 etey  fenp Wl D SO Dby Y (eftancents oy A @mgé?}uwsw

Jongnis g . i 7 '
1o o e dige 18 The best g oeit r, Wl Com ust an Blue s Sy

Onl e A b W’@m%’\’{ wh - Av’\ ;:; ITher ol e:a o Thina  witl nok Oud e MShacenay
[ ' = - : oo atn
LD anileg o ﬁ- gesl m( we by i BledSownm quc.&.&.ﬁ\) € @W'ﬁ”l : Ji‘u ._S‘je]%a Ve

» o 4“: . :‘ % Y,
Kﬁ&‘&;} ?“mm tpd T Cowe v V@ 4 Aﬁxemag&v& @A s Sy {“ W v g? L e i@@ﬁntsfx %r,a:}“;g” et b
ved taveav™ dur’ B . Meem =10

5 et \ Bley ¥ @? = A SRR reed  Onalhes ; '
18 poSv ovel e 'GF'

gehe Lkl 80 Yhatr Then

y wTmnA ol s
ouv UMMVJ 0\@9 “44 @3&‘“"""5 d ¢ tef s of 0ha,

dfja& Sl wens. WL et w%&ﬁ Corered ¥ (jms

st adivie, o
: Ay g Wt P ¢ v actugtig o nge
WER sy Sk Thep ds Tres Lo e Yhias WP O1 fredily i

B
PP ol ok SR e SR T 2N 'C te o - ‘S?S ggl ta %ﬂg%ﬁ‘f"}? (gﬁ be Ean "\—::SM'@; & 9!)@ m\ﬁyg, Wﬁwg



To Yephwse dhe previous A guipmert latty Vm‘o Fagr wet,  PLane Same

Otwr olgorifin Thar  Triudes W gen Stufns 1 Fhrsugn o wire e
: ’ @y xpeoggn @)

Claemer of dung Ves RurentS, TF wat asiunee e b T bess o

gic) _

» 7 do &QNM fq’;.,“ whlte 79 (otaled

‘émﬂﬁm
Then # ot Aged QnoTiar 108 Mozt

‘a&tj@»& Ghe cocen of Th&  \asr €05 teravanr (Q"‘mg» no 28 Dty e 45 ‘oL z{,&g

.Migu '5%3' W USe ouy aﬂ«é»oa h“jﬁ‘ﬂ\ﬁ'w\ ek 3 R/; /ML Cea Cover

a}’m . This Wadd Mean Thar 2aSed on The o dher Glyondhin(8) (e
{‘eo"} ! & M;L{, . .

. ) % v

pf@t.ccé Ri so het g, I — (j’han The @,@fﬁ@’"&ﬂl&, JThe

. ~ : __~  lo4 (wnx. o et
reg duavgur Coveved (&. <to) <o 3@»; RA AN aQrM

!« 1N
T Ouv O\\aﬁf‘;h‘wz) W wWouly @lm a’; Q@ Iz Lo se d'ho»\"

9 ‘ ~2 olS$
jw,,,\{..o (.9;.\.%2. ok o. find Se e F aw’} g &l\So

Q M N \

’ /
f+]

bepv
o € Q"\n O Yher ubomfﬁm b al £ r



3. [20 points] Often, there are multiple shortest paths between two nodes of a graph. These shortest

paths may share edges between them. That iss — a —b — t ands — a — d — t are two distinct
shortest paths, even though they both use the edge s — a. Give : 1me, algonthm for the
following problem: C R

Input: An undirected graph G = (V,E) with unit edge length, nodes s and t.

Output: The number of dxstmct shortest b paths f from s to t.
Give a outline of a.lgonthm 1tsmproof of correctness, and the running time analysis.
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4. [10 points] Your high-school buddy goes to lunch with you one day, and confidentially tells you that
he made an amazing discovery: that he can reduce in polynomial time the Minimum Spanning Tree
(MST) problem to Traveling Salesman Problem (TSP). That is, MST <, TSP. He plans to write up
his solution carefully and send it to the most prestigious journal in computer science, but he does not
want to share with you any details of his intricate solution.

Assume that he did not make any mistakes, and proved correctly that MST <, TSP. Do you feel that
this result is important enough to be published in prestigious journal in computer science? Explain

your answer in detail.
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5. [20 points] Recall the Traveling Salesman problem, TSP:

Input: A matrix of distances D (all distances are positive integers), a budget B.
Output: A tour which passes through all the cities and has length less than or equal to B, if such a

_tour exists...

The optimization version of this problem asks directly for the shortest tour

SP-OPT)

RELE et

Input: A matrix of distances D(all distances are pgsitive integers).
Output: The shortest path which passes throg;gh

ni ARLR au%\.n Fte, Do
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Show that if TSP can be solved in polynomial time, then so can TSP-OPT.
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6. [2“(’)_Igoints] Show that for any problem Q in NP, there exists an algorithm which solves Q in time
@Where n is the size of the input and p(n) is a polynom1a.1 dependent on input 7.
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