FACULTY OF ENGINEERING
CHULALONGKORN UNIVERSITY
2110327 Algorithm Design
YEAR lll, First Semester, Final Examination, December 4, 2017, Time 8:30 - 11:30

Fo-UUana aYUszdmn CR58

NU1BLYG)
1. dodeuiiiiun 12 Felunszanumonudmey i $1uu 9 wih  Azuudiy 115 Azuuy
2. lisygelidsisuazienansla g whluvesasy

shunavBuBuddas sidu andaeudug Suusiauaeuazmduily

vhdnladuniwesdoasunarayadmeusenaniiesdey

Aidndeuausneananesasuld nanEunsaeululd 45 undl

Wenuananaey giindeusemgan1silisulng viadu

R T

v <

f8ansyindaeaiunisaau mudedsduguinasnsaluminende e Ao Wuanmnislulide wie 45 dyanwal F lu

o

Te319nsEinin wazeananasan asusievndunanuanamzideuldlunianisineni

14 a

nuiidanninsdwiviegunsalfeanslinuidseningeu mnasranuaziiadrlifanssvidanediunisaeu 219

v %3 @ a = v a o a &4 & =] = &
AINUaNINNISIUULER T swﬂﬂi‘U F lag ﬂ"lQW"ﬂ']im']‘IWﬂauiqEJ'J‘U'IQ‘L!VNVIZJﬂﬂaﬂﬂzt‘llﬂulmuﬂqﬂﬂqiﬁﬂwqu

* $IUTUIIANINTLIRN WEanasansaaudududinauzianssumans *
Frdrwonsvlutoriuuaiingnand Smidwduvideasudsenuedaeildsumstemie wielianuemdolunsh

Jadauil

1. (15 Azuuw) nsdeudonnudeluilazyiesosng “v mhdeaungnuazyiaTewmIneg « X7 peidonrudilyl

ALY

The problem of determining whether there exists a cycle in an undirected graph is in NP.

If a new problem is in NP and we can reduce a known NP-Complete Problem to it, then the

new problem is NP -Complete

For all problems X € NP, X can be reduced to 3-Coloring in polynomial time.

If Vertex-Cover € P then Sat € P.

If P = NP then Shortest-Path is NP-complete.

It is possible that Independent-Set € P and Ham-cycle & P

Let X1 and X2 be decision problems in NP, and assume P = NP.
If X1 can be reduced to X2 in polynomial time and X2 can be reduced to X1 in polynomial

time, then both X1 and X2 are NP-complete.

Let S be an NP-complete problem and Q and R be two other problems not known to be in NP.

Q is polynomial time reducible to S and S is polynomial-time reducible to R. R is NP-hard.

Assuming P # NP, then NP-complete M P = (I)

Let X be a problem that belongs to the class NP.

If X can be solved deterministically in polynomial time, then P = NP.

Suppose a polynomial time algorithm is discovered that correctly computes the largest clique

in a given graph. In this scenario, the following represents the correct Venn diagram of the
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complexity classes P, NP and NP Complete (NPQ).

Given a graph where all edge lengths are integers (possibly negative), there is a polynomial-time
algorithm to test whether the graph contains a negative cycle (i.e., a cycle where the sum of

the lengths of the edges in the cycle is negative).

The search problem “Given a graph G with n vertices, find a way to color the graph with n - 1

colors, or report that no such coloring exists” is in P.

In SUBSET-SUM the input is a set S = {x1, x2, . . ., xn} and the integer t. In the COMPOSITE
problem you are given as input an integer y and the question to answer is whether or not y has
a factor besides 1 and itself. If SUBSET-SUM is NP-complete and COMPOSITE is in NP, then
SUBSET-SUM can be reduced to COMPOSITE in polynomial time.

if there is an O (n\/t) algorithr for SUBSET-SUM, then P = NP

2. (10 azwuw) annsmilissyiianadsiuansiiiiivedlugy adjacency matrix iuualidalunsing

°
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a) (5 A¥LUU) 9991A Depth First Search Tree FAnan

M9 DFS 133y 1

1 1 0 0 0 1 0
1 1 1 0 0 0 0
0 1 1 0 0 1 1
0 0 0 1 1 0 0
0 0 0 1 1 1 0
1 0 1 0 1 1 0
0 0 1 0 0 0 1

fMuuali DFS Tree Aadulinssuly

§i9 9 9 dane3niu DFS wazku lagaziidutiou

b) (5 AzuuL) 99919 Breadth First Search Tree 7iiin

q

1NN15Y1 BFS 3ufvy 1

U x 1 y Areldle DFS vinnswagsuls y

Ingldidugonann x ludsy

BFS Tree Aflgnuiusieniu tngld

danes7u BFS wnu
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a) (5 Azuuw) wszydivvesUuigniiansan
b) (5 Azluw) WIrYsTEENEugaludusavUnluwiassounsvinau
50Ul dist[A] dist[B] dist[C] dist[D] dist[E] dist[F] dist[G] dist[H]
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6. (10 AZLUL) 93911 Maximum Flow va9nsassialuinig Ford-Fulkerson Algorithm wWiasueans Residue Graph #83au
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7.

8.

(5 azwu) 198 Matrix WG] iuanuenveadu i Sy j Ing 1<=ij<=n Tlandau Pseudo Code w84 Floyd-

Warshall algorithm Lﬁamigsjwwﬁguﬁqmmﬂ yneevy Talu Matrix DLI(]

(10 Azuuw) Tnfluduwisiudnden awisaetailunndng q fu wdwdnliailudmiduas delafluduas
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1if 5e1avdemhendnladiulviiduduaslusie fvuslviladilu n §u wiazdurfudenuieas 1 89 n wagli
vector<pair<int,int>> v Jusrensvesnstedeiluvensilaed Vil first azifumunoaalailud weduamadn

viil.second azdumaluse

ndeyansndafilufidmvuali seenuuudaneiiinfiduanii wasdesigldlondnlaiiulidududnau
Asslitesiiannase Iadlufivasaunun fmegraduli v = < (2,13, {2,4}, (3,2} > dwswanladlu 3 iaw 3 agluyu 2 1
au uay 2 axluvu 1 uay 4 Tidunu dedy dwsudeyatl isdadniiied 1 AT usii v = <{1,2}, (3,41 1516RawEn 1

way 3 Taumeile ladludearaunaun lunsalidewmay 2

nseenkuUsanasiuty awsasenlddane3fiusing q Alaseunnlulavovun lneazdesey input/output

vaganesiusenldlidnau wiauneszyuszAnsawdanaidae

(10 points) Inheritance Distribution Problem (‘Uiymmmﬂﬂauﬁmﬁlmﬂa’lﬁUﬂﬁuﬁ?jm): One rich man has just
passed away. He has n houses that must be given to his two children. Each house must be given to either
child. We cannot divide any house. The house are labeled by the number 1 to n and the house numbered k
has the value of v[k]. The Inheritance Distribution Problem is to distribute these n houses to the children such
that the summation of the value of the houses given to one child is as close as possible to the value of those

given to the other child. For example, assume that we have 3 houses, valued 2, 6 and 3. The best way to
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distribute these house is to have the first child get the first and the last house with the total value of 5 and let
the other child get the second house valued 6. The different is only 1 which is the best that we could do.

Derive a state space search algorithm to solve this problem by answering the following question

9.1 (2 points) Describe the search space of this problem. What is the member of the search space? What is

the size of the search space with respect to n?

9.2 (5 points) The Branch-and-bound technique can be used to solve this problem. Design a heuristic function

for branch-and-bound. Also, analyze the time complexity of the heuristic.

9.3 (3 points) Regardless of the earlier problem, let us assume that we have h(x) which is a heuristic for this
problem that predicts the “best possible value” of the state x. Write a pseudo-code of the state space

search algorithm that solve the problem using h(x).



Fo-uwana aYUsEden CR58

10. (10 Azuuw) Yy Longest Path Wugisdeluil fvualiiingn G Fadu undirected weighted simple graph wagil s
Wuunlunilsluns il 151eeenism path MFudunuy s Alddudulauinndi 1 a3 Auasauvesihwinly path

fanantuilauniige awitgmildeisnsdululsgiianue lnglineumauselull

10.1 (2 Azuuw) eTUIeUsnlianuzvaslymiil wagsyyruiavesUinlianiusmuruinveini i waylikanuasaundn
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10.2 (3 AzwUL) 958YT3NT backtracking NAvaslaynil

10.3 (5 Azluw) 9958y heuristic Andmsudaymil niounsensdaag input Ingastdenil heuristic AINEIEILITNAA

watunsvihauld Inelvikanddigisaniued heuristic Aanaagliuselovdla
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11. (10 Azuuw) asRansandymnisdndula daneadesiu msmmlszneu uay msneaeuidiaududuanseld
fapelull
11.1 audlsusiafisniioniugoumneuidnnuiu N 3duszneu d sgesaisely Inglideuileidu
IsValid_IntegerFactor(N, M) @sazfuai “True” Areoiile N ffusenoududruiuduiden snnnan 1 ualaihiu M

uazlviAu “False” Tunsaidu 9

11.2 wvenuuudanesfiuwuunmsaululigianius wemlnvessiuaududui gaduld N aguwuuiidululs Taeli
Feuileidu Factor(N) sfugadananvionun feg1agu dusen Factor(12) dedldneulu {12}, {2,6},

{2,2,3} wae {3,4}

11.3 sadsuswadion weansu (reduce) Jgymnssindula N iudunuamendeli Wngliuasymadsnaralutym
IsValid_IntegerFactor(N, M) nanfie liidlsuilasdu IsNotPrime(N) @sag@uen “True” Adewie N “ladidu” $ruau
sty wazliAua “False” Tunsaldu ¢ Ingludlsddud awnsasenldilandy Isvalid_IntegerFactor(N, M)

Feletonliludeo 11.1 14
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12. (10 Azuuw) Jeym Feedback Edge Set Wusswioluil muunliidl undirected weighted simple eraph G Inefiuuusiay

Yuiiumevnea 1 89 n wagld willj] Astmdnvesdudoniidendy i wagly j idudeulunsifimdndu
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1) Avueld S Wuwedng
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a.  fududeniidendhuniiu wethuswiu s uda Lideliian Cycle faziondudeusnardia
wWlulu s
b, uiddudensinanneliin Cycle Alidonondudeusmarudindiluly s Widuiuly
8) fmeuresdymiuiedudeiome “filaing” Tu's Feffodudeniiisduuniomun)

290301971 IBN15AIna awnsauntem Feedback Edge Set lowsali dunlale Tienmednsnsinivinau

waldadnsligndewn urtdanesiiudaunsaudUamild Wesungliiuaie daudeivilafadumulu



