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Algorithm Design and Analysis
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T Classes of Problems
[ a R 1 [ 1
2anaINULUNTU 2 ngu
2 Polynomial-time algorithm : dana3#uifitaanlunisvireundu o
- On inputs of size, their worst-case running time is O(n) for
some constant k
- 29819 Polynomial time: O(1) , O(log n), O(n), O(n log n),
0(n?), O(n*)
1 Exponential-time algorithm dana3fiuffitnanlunisviraulasauiu
Aafdunum
- 0(27), o(n"), O(nY
e e Comp science O

CS 204451 2

uni

1 Classes of Problems

TayylagiialudauTugianaunsauflély Polynomial time

ayn 1IAINIINIIRYDIBANDINN

Search O(log n)

Sorting O(n log n)

Minimum Spanning Tree = O(E log E)

0O/1 knapsack 0o(2"
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1 Tractable or Intractable Problems

0 Ugwidnewsasenda Tractable Problem

-l Polynomial-time algorithm wAtsynuula

0 UJymennusasendn Intractable Problem

- Wgadlddndasld Exponential-time algorithm TunisuidAnau
vasilywiy 1y JgyvmsmFsiauvanngnlvvue  dyvanis
vgnineuveslusunsy (Halting Problem) dadutlaywmiitlsid
danasfiulng wmamauld (noncomputable Problem)
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T Tractable or Intractable Problems o Decision Problem
I ——
fana : dygvmilanuinsisanasiiuiilénanTunsudtgmidy 20 wezaguld Walisanguilymliinetu asaulaanenguilymnisingula (Decision

aolidniymduduigmen Problem) wintiu
Decision Problem : {]iuummﬁﬁ’maui’l yes %38 no
iao : Lild wans Jymiidiaesmmauin wu Tovielalld fvielidl Tavielily
wdrdaguusndsliianansann Polynomial-time algorithm 31 BWitaia 1wy
uwhtymiuldiay uifdsliaunsaRgadldinlifisanasfuuuy

i P “Is x a multiple of y?”
Polynomial-time Tun1suiAinauvasdeyimil

1 input A8 x=45 uaz y=15 AIMDUAD yes

1 input AB x= 45 War y=13 AIMOUAD no
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| | | |

n&u Decision problem fanusemmnaulddae Polynomial-time algorithm na:u Decision problem fanunsanugauy (Verify) l@lutian

§i9at14 Decision problem Polynomial-time

win Q Wulgylungu P Iy Q azaglungu NP dremszdeynlu
ngu P Julgymiiudldnielu Polynomial Time dsuuazanunsa

. 14 . . 1 [}
verify 16nelu Polynomial Time Lyuiu

Uy Minimum Spanning Tree (#1 MST 31An5 G)

5 G §i Spanning Tree fifiAkas 1y weight laiu K w3alsi

Usyn1 Single Shortest Path

~ o o ~ ' a Colorin
A5 G fidumeanisuduainlun s Wdadum t wardinasauszeznielaiiu k 8

ol

Traveling Salesman

Independent

Set
Satisfiability

(SAT)

MST

Search

Sorting

Shortest Path
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11 Verify Algorithm

Uy Single Shortest Path (SSP) 2n S U t

sl G HdumsiiGuduainiua s Wiivua t wdrlinasuszeznidliihu k uiel
Foslyndinau(solution) MidBens verity 19U LU <5V, V.. t>
Verify_SSP(G=(V,E),s,t, k, solution) {

- psvdeulvuausnvaudunishe s nuagarinevadduniedoe t

- asvdaudmniduluye solution WudueuiduauBnvasduou E lunswl G
nanunnsalyl

- ASIVFDUNATINTTUTNSADY < k

%1 Time Complexity W polynomial time w3al3i?
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11 Practice :Traveling Salesman Problem

fivun G=(V,E) Wunsuuuiiwinuagliszyiianis
a 2 ' a & % % K
f7995Tuns M G Feruluaudazluaiies 1 AS9 LABNATINUINUNVD 935U

Aty k wsaly

o =
Armauda (u, w, v, x, u)
TneNasINUINLNAD 1 + 2+ 1 + 3 =7

ANDY:

Yayvnildu NP u3olai 2
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11 Verify Algorithm

19 Decision Problem va3lgyin Search
Prolem1: “x agluwaddiau A vsaly”

#7984 verify algorithm

Search_VerifyProblem1 (A[], x) {
for i=1 to size(A)
if Alil= x return true
return false
}
Time = O(n)
Fathu Problem1 1y NP problem
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11 Reduction

nauna1aneleyn NP complete azasunenisangudymnniau

nvuA Decision Problem A uaz B
winanusaangulamn A lidullywn B Ausasinsii3swaeu instances (00
vasdgym A 1y Instances (B) vesdeym B Ihaelu polynomial time
A<pB
vniuldsanasfiuiuidam B ilemenouvaa B

Anauiilasilufinauves A a8 (Yes/No)

a p

Polynomial Reduction e —

Algorithm for B

Algorithm for A
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11 Reduction
|
winausa reduce Yy A 1Ugs Ugynn B anelu polynomial time
(A <p B) agulad

Ugymn A lignnndndsymn B

viselgyn B laddrendnleym A

nuRansaaslgymendrewinny
windgyvn A Julgymdneg Jgywn B Aldudywndnedog

wndgy A Dulgmenn Jgyn B Ailudyvnendae
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1 Vertex Cover

Vertex Cover : fivun G (V,E) agfiiwndos V. < V #1 cover Nniduidau

ool

aglddn (1,4} {1,2} w30 {2,3,5} asidungas (v, )d i

¥y
cover V!ﬂLﬁULGUE]N
@/ ©

usi {1,3} Wildndos v, vaslguil o
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11 Reduction

Decision Problem

Vertex Cover : fivun G (V,E) asiiwndos V. C V 1 cover iy
= = " a - '
woau Tned |V, | Ly k wialyi

Independent Set : iviun G (V,E) azdiiwnges V, < V lagazlifidu
waulaq Tu E Mweuszwineluualu v, laedn |V, | Litiu k wials
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11 Independent Set
| |
Independent Set: finua G (V,E) aziiiwngos V, < V Tngazlsifiiduidon

Taq Tu E Mdauszvindluuly v,

= P

=1

aglddn {2,3,5 2,5} w3m {1,4} sinailuandon v, 16 7

o

@)

L ULIBUTENIN U LR ae

ud {2,3,4} Wilawngas v,
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® \ O
© @

V={2,3,5} wae |V|=3 V. ={1,8} |V, =2

iV, = V - v, Wesnkifidudeulas Tunswifideussuindduualu v,
' y A 1l =

\ag uansdmniduion (B) lunswl G azagiwnvadlvualu V - V, faudns

IENWNTARIAINBUVDY Vertex Cover 1RAMNLUAAINBUVDY Independent

Set

syl GV,E) 7% | V. |= k nsaid 98l |V, |= V| -k
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11 Reduction : VC <p IS

V={2,5}
O e O
©

wud1 Vi={2,3,4} uaz |V|=3 lae v, lilddmauvasdam IS

V=11, 3, 4}
wag [V, |=3

V, =V-V={1,5} uaz |V, =2 Tae V_ lilduneuvasdym Ve wuiu

e e & &

* Wui1 V={2,5) uwaz [V|=2 Wudinauves IS agld V_ =v-v, @i
wun |V|-2 Wusnauvesdgym VC dae
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Reduction : VC <p IS

18

o ¥ o @ a v ° @ o
muuﬂ'm’e)‘uaanaiﬂmla\?ﬁm”w] VC W'ﬂ;ﬂﬁ]qnﬂqmauaanaiwquQﬂﬁqu IS

a3Uldd1 VC <p IS uuda IS ldrenda vC

//Reduce VC To IS by Changing parameters

return IndepentSet(G,|V|-k)

CS 204451

uni

1

Assignment#7 : Clique Problem

viun G=(V,E) Wunsiwuuliiszyfiams uaz k Aodruauda
Clique : G fin@n (clique) vunatsiion k wial
aanAansgasiu complete graph (ynlwuniidudendeiu)

YuInvasnan (V) Aednuaulualunsvdes
Clique wun 5

ANRIY:
YgymiUu NP wisaki 2
au1sa reduce Jgymilluilulgmlaldlu polynomial time

20

Clique vua 4
Vc={B,C,D,E}



