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a)

b)

a)

Define an Algorithm.

What is a recurrence relation?

What is the asymptotic notation for Worst-case Analysis?

Write the General Method of Divide and Conquer.

What is the recurrence relation for Merge Sort?

What does Strassen’s algorithm reduce in matrix multiplication? )
Which algorithm solves the single-source shortest path for non-negative
weights?

Define the key idea behind dynamic programming.

Identify the main goal of the reliability design problem.

Explain the term "articulation point".

Highlight a key difference between DFS and BFS.

Write the General Method of Backtracking.

List two example problems solved using Branch and Bound.

Name the class of problems that are the hardest among NP problems.

Unit-1
Define an Algorithm. Explain characteristics of an Algorithm.
Write an algorithm to find factorial using recursion and find its time
complexity.
(OR)
Explain pseudo code for expressing an algorithm with suitable example.
Explain the Master’s theorem and find time complexity of T(n) =2T(n/2) +n

Unit-11
Write an algorithm for Quick Sort and find its Complexity.
Discuss in detail about Strassen’s Matrix Multiplication.

(OR)

Given the jobs, their deadlines (di) and associated profits (pi) as, (pl, p2, p3, p4)
= (100,
10, 15, 27) and (dl, d2, d3, d4) = (2. 1, 2, 1). Calculate the maximum profit
using Greedy Method.
Explain about Krushkal’s Algorithm with an example.

Unit-I11
Solve 0/1 knapsack problem using dynamic programming for n=4, M=6,
profits(pl,p2.p3.p4) = (3.4.5,0) weights(wl,w2,w3,w4) = (2,3.4,5) and provide
an optimal solution.
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APply multistage graph algorithm o the following praph that uses forward
approach using dynamic programming.
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(OR)
In what order will the nodes be visited using BFS and DFS traversals for the
following graph? Explain.

Differentiate Bi Connected Components and Strongly Connected Components
with an appropriate example.

Unit-1V
Draw and analyse the solution tree for the given Sum of Subsets problem using
Backtracking. S = {3,5,6,7} and M = 15.
Draw and analyse the solution tree for the 0/1 knapsack problem using LC
Branch and
Bound method for the following data M=15, n=4, (p1, p2, p3, p4) = (10, 10, 12,
18),
(wl, w2, w3, wd)=(2,4,606,9).

(OR)

Explain the basic concepts of P, NP, NP-Complete, and NP-Hard problems with
examples.
State and explain Cook’s Theorem
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com:gponding 10 wc‘fgh'tﬁ +toen
<t (©0) (312) (4H3) (S54) (6:S) THS) €8.6) () (p9)

St (09D Czy (4,3) (94) (6,9 Hs) C§,L).
now we should apply purging rdle :

Dy e es” and ()W) & sP-then Xi=1 Otheruiise ) =0.




N
(&) e s* and (§g)d s -lalse “then wy -0,
(86 ¢ s and (&6) d > VCE Ahen sy and

(8 6)-(5a)= ()
(512) ¢ ¥ and (s 2) ¢ 8 falee thed %o-6 and
Ceiz)es and Cs2) & SO tue then x~,

NOW '*Em , Xp=O Xz=1 Ond ,fc‘?ff)'\

Wieight = 2+4¢ = G.
Apply mutistage grapb algowtbm “for the -fououing graph that Lses
| Jorwad appioach vsIng Aynam programming

Murtiscage graph using -forwasd approach :-

Vertices 1|2 | 3| 4|5 6 =+ B 9
cost e|lg |3 5| s | F |3 ©
detinoton|3s | 6 |5 (g | © | 8 Al S

stage 5% =5 and j=9
tost (59 = (0,0)

G-taﬂc 4

i=4 ond J- 8
Coct (4, =)= MinY costCHA+ costCmNY
= miD § % +0Y
cost (4F) =7

end  -fov & 8 destination () s 9

cost (498) = MN § costCHA) + cost C_S;Q’)}{
= MmN y3+0Y

ost (4B = 3




SHaqe =+
=3 and 3= HS6

Ot (35,49 = m‘mf cost (4.1) + cost (4) ljf
cost (4q,8) + COst (4 B)

=mn S 3 = D GHJ
fQ“FS fq
ok (3 4-()': .

COSt ((,S) = min § COR (5F) T cost C 4r7t)
O (58) + COA C4) 8)

SR s ]
cost (=5

COst (3,e) = MV fcosi CG,7) + cost™)
COst (g 8)+ TOst C4HD)

=0 {2k g i Sy
COSR(3,6D) =%
SAOgs =
=2 and = &3
(DSt (2 2)= Min f

destnartion wrleyr () -for 4,51 6 s =8,

cost(=4)+ COSt )
st (Be)+ o (38§)

= MO {:félj =H\'ID§’:§SO
o (@) = 8.

cosk (e 5’) MmN f CBS{CSM—) + cost (z3/4)
1 —

CoSt () + COSt (Z%)
Cost (x6) + Cost (x6)

= ™mi O+
f m\j
B+S
= IT'\\Y) 13
(e}
[

cost Ce, S’)b (&Y

)




3

W), )= 1 destination Verties n q e

COSt Ciyh) = M » (0SA CHAHY + coA (o) 1
costchE)+ O

= M 548 1_; mtnf‘e )j’

2410

cost QL) = 2.

perth @ @%@Mﬁ

24540243 = 12.

(OB

Ty hat order wil e podes be Visited vsing BES and DES <vaversals

—ror the —fOIOANMY g‘raph e Explam.

?
By LSING BFSI- C

BES -Follows “the quetie datQ StroctoTe te RAE0 appyach-

Q)

The Sine OF the queve 1S B

\- The Sclected starling vertex 15 1 and that
s T T U1 L]
c enqueve into the quevc

5. The UmisHed adjacency vecleces for | Qte 23, 4,5 then 1 canbe
added <0 vresurt “fiald- Pesult:

(=== 1 1] IRERREEN

=. The Nad Sclecied \erlex 1S 2 and the umicited adjocency vertex i only
& and 2 can be added in euit feld.

L) is{alsls] 1 Pl 1 U] ) 0

4. The Noxt Selected vcotex s 3 and urnisited adjacency weoiex s Odly
Pot there then Simply eroove 3 and add 10 tesutt -ficld-

|| “]slel | ] Cpleisi ) VRV




(1)

e

—

S The next veries \§ A aQnd um\stled adjacency vertiew \s oNy <1 and 4.
can bhe added<to resant -held-

AV PSSl Ml VL1

G THe Next \edlox 1s B and there are no unvisited adjocency vertices “Ihen
Sy remnove 5 and odd o tecult Neid-

HRRRAREERE Qe defefsf LT

- The et vertex 1s 6 and the LMVs)ted adjacen cy \erter IS & & ¢
can be add 1O te suH Hfceld.

AT LT[ [s] Pelslalsls] | ]

®. Tor both = and 8 <thete ho UMASHed Qdjacency vertices then S?'mﬂﬂ
vemove them and they can be added +o tesurl ~field.

AR REE Tels[=]=1e(7 5]

] |
Spanpning tee:

i, By osing PFS appydache-
|- DES “fouons the queue datd stack dataftrocture te  LIFO appOach.
o The S\2e Of the Stacke I§ B

% The Sclected e\ort\'ng vertex 1S 1 and that aan e push 1nto the Stack.

\

Y. T
4 The um\isited od'Jthcncﬂ verer for 1 le e & that can ke posh into

‘the sStccrk-




SY e LNt e meuJ weelex - 2 1S 5 and “that con be push INo
NACch

: V : G i e POSH it
o The umvisiled adjacency verlex -Ton ic = and that can |

StQct

=
s
2
‘ .
ment 3 and another unuisited adjocency veplex For 6 1€ 8.

3 NOW pop clc

I
=

| [ & o
’J

ig. The umvisited cdjacency Vertex for & i5 4 and that canbe push Nt
|

1

0|

AR

~|p

\
E
|

&oes __; . @
g 2 A )
.‘ — ‘—7 @&
(@ The uniisited Adjocency vertex For * s 4 ¢ that canbe place into
&tocts, LT-—

i

1D+ NoWt pop Slement 4- and andther unwisited adjccencey vertex for =is 5
ood —thot can be place iNto  stacu.

Y
N S
= A
5 |vop .
8 ] 8 |
G 1y
2., -—1__
L 1 | I




)

U Ao POP QN the elements ONe

B .g ' :'.‘.\ Pop
= :_:;\ poy
8 7T por

Q) T pop
& T rop
o «:L POp

0

The Spanning itee is

o }—(
>

@ &
N4

Differentiate  Bi- comnected components and strorgly connceted Compo-

neotS arth an appropriale example:

Bi—comnected  comMmponents

sttongly connected  com ponenigs.

I ‘:'TBCSC are the components that nie
can remove any vertices \n the
o\ED gvapb thenthat grapb an
prodoce dfferent No-of bi-comre-
Cted components:

The deleted vertices position is
called articulatdon poinvt:

TAigs can be solwved eitiher 10 tine
divected graph ov undivected graph

. n\aow\ihms like DFS Qre vsed ‘o
Fnd connecied componeNtis
articulciion points

THese are noth‘mg -ut each and evenj
vertices ©f a.gvaph can connected
+Dgcthcr-

D civected graph only we can-ind

out the KIONGY conpected compo-
NEMS -

Tt -follonis KOSPRAPJV's ALGORITHA,

™ is o subswmph wihere cvemj
pair ©F \erctices has a path in
oth divections.




|\

|
|
|
1
|
|
|

fon \De 'fO\‘OlAHD(J gmph.

Bnd out4he acticatiop pont

| ,, U'x
|
|

PR
7 N i
SEIEN "

DFS Sparning +tee -for e chole gtaph (S

Dr< =)

P

vevtices |\ |2 |3 [ & |5 |& [
EStme | 12 |6 | 4 1 5
Jleostccsti | { ' \ 4 4

- . - ) 3 l
| 1o fHd out the ariculation point Vse condition  L(w]z bLo] ¥ gets
tteie then U is  articulahion point W= child V- parent

L5 =z v(z] LCs) = B(4]

B - cornecied cormponente Cbe:
= 20x) 2 >=3 0" '

oo

2 SDIve the graph bl sttongly comnacted eomponents.

4 \s arbiculortion pomt:

—

By LsING Fosarcv's alg?-

wip |-

I According +O this alg- first Wie should soct all the edges |
w the given graph wirth coﬁcgpohdlng nES —"‘:fn]chme “time.

MRS

2. Now tie should teverse the graph '

3 NOW POp the elements, POP clement | ‘

THe cornectcd edgec fov \ Cte R
40 4, +403, 340 2 +then that graph can be taren Os  sce-|

(De—&
e}.@ SCc - |

e taken e sce- 2. @
Sco-2.

A Next |1Op s and for § there Qre nNo connNected eclges +hen only 5 can




S—
ONUT = \V

r
' - : 1 Qe
QD Pvaw and analyse the sotion Alee fon the ghen sum Of SuUPSas rbinn
Ty and mM-1s

ULS‘W\S \3(\0{«\00&\\"\8 &~ €55 E,

C R s one @ the applcation n backthacring
‘ Oﬁ(" 4ANe gi\fCﬂ

appoach:

\ sum Of the objct
® Nere wie take the poof objects Qs ° ! :

valle Qs ‘m“ o
) Qeum \valuc-
= The sum Of OYects Should ot be exceeded  the gren s

Guen D=4 o= §35)6, 7

mM=\S
. Subsct sum goutbon
|
E °-Yy e} Teasile SO
l =Y 0+x =3 Feagble sDI-
P25y B35 =B feaske SOl
£3 568y Bre= Yy teqsible sol
$31516 7Y 4<% =2 Sum cxceeded \S
then 9o bacx to
Previoos Stoge 8
Select other path:
35,3y B tR=Is SOIULION -
|




"
uanO Qs







T S

—

o) Dyaw and analysc the aplution tree for e Ofr
L
LC Byanehs and Reund method for the foloning dato

(1z)

NP <GS Eidelise’ U'ﬂr\(]
F/]7‘ "; ] N- 4'}

CPL- - pay« C10,10,12,18) ,CUH- - WAy = C214, & A

Fifsi— We should OSSiSD the f\C‘gCHl\lC
CP —— PAY = (tO,lO,‘?,\%)
Cnly— W) = C214-,6, SBY

M=1S-2=13-4=9-6=3
Os 10+ T 10)~18=—32
A= o+ COY= T TB|qXC18)

= -20-l8-6
C=-338
casc |,
Xy=1%
M=\5-2=13—-4=9A9-6=3
OG= 1o+ —e=—3=2

= 10+ E1O) -12 + C3lax & 18Y)

C,\: — 3D

)= D1
M=\s-4=U1-6=5
ds 02 = —22

A

C'= —lo-&— 2 « (1
Z ()

«

C:-—SE

¥ Should sclect X=\ path .

case Ji

¥\1=1, Xo=\, Xz =\
M=\5-2=\3-4=9-G=3
d- -0+ GO« (—12) =-32
A

C= -0+ C O+ -12) + (3lg x— tt»)

~
C=- - 3B

&1gn 10 the pFGﬁtg

MN=\S-2= 13— 4=94-6 =3

T 0+ O +tCe)—- =2

U
= —0+ CHO) + CHad+ (S[ax-18)
= —38

¥I1=1, Xe=0}

= —10-12= 22
2
C= -0\ + Cﬂqu—ta)

A
= —36.
¥ Should Select x1=1 and Xo=i path.

=1 Xael 3 Xg-o0.
M=\S-2=13- 4= 9-Q=0
O= —lO+(—10)+ (—18) —— 35
A
C =

—Ot+E N+ 1¥)= -3,

-« Should Select x3=0 pdath.




Case W
= —_ Y = 'rO
X\=\, Ypely ¥g=0, ¥4=) X1=\) Xo=1, X3=0,%)

N=B-2=13-4=9-9=0 m=l5-2= I3-4=9

G 20+ 10) +(-1)=-58
o _10+ C10) + & 18)- ~-38

0= -10-t C-10)=-20
N
c= —-10+Cc-10) = -20.

¥ Should Select g =! perth:

LX'T" Xa=\, ¥g~0, Xa=|

eight = 2+ 4+ 9
Mieight = IS




TR O S P S O PRET T L B e

(OR)
Qv F\'plc{m ihe basic concepis al P, NP, NP complete ,ond NP Alervdd orblns -

At cxamples:

PO\L_]n()m\cx\ 4ime s The 0\qomhm (oY) p\b\m 4hal can be evecuted wWithin a

spacificd “{me*
€g: \ Searching Lechpiques — linear Search, Binary Search:
2. Sorting techmiques = @uick sort; Mcerge sort
The alqouthm ©N prbio that can be execocuted D rmorc

Q. F)CPODCWHG\ e
+than the spectfied time.

egr t ot knapsack prom.
2. N- queens prblm-

P-clagcs »-
- ftic aleo caled as Deterninistic Algomithms.

"a THese are dea€ion proims that can be solved by o determinigtic o\go-ﬁthm;_

'3 This u\goﬁ%hms can be executed WiHhIinD A polgnom|0\ tirmne-
|

!

€xX< S.covch\ng w a SOved Gmacd.

NP-class*~
AN ¢ ig also kpown as  NOn - deterministic o\ﬂcﬁ\thms-

‘2. These aigowthms  can be exectted 1 NON—pOIYNoMIA) time means
1QKcs more it than the $pecified time-

1t

b v
NP PN
36- somectimes NP pYhims  can be executed wirthin oo polynormial Hime then
E-H’)c polynomicy ime ¢p) Wil be NEveaced and \Wce - Versoe

| NP. complete PiOblemes-

I+ Wihenever the gWen  Qigoithms  can be executed witin o polynomial
+ine then thort algorithms  comes under  AIP- com plete:

o. Thege are the “hardest” poblems  1wuithn NP,
3 A prolm e NP- complete I T IS 10 NP, cnd every otber prbim in NP

Tan be redoced to # in PPOYNOmMIal tiMe: ey :Trav efiing Sales pe

i




A ARG 3 L Al & BRI 255 o 28 At 5= e e

—

NP-Havd probieme: -

Whenever {the given aigorithm  docenit evectrte i thin o polgnomial tirne |

thep that proma comes  under NP Havd
2. Tece prbimes Qve atleast  as bavd as aryy NI complete prio\irn:

ENL R as “\O‘d P\b\m aocs ﬁ()\ l'\CCCQS(‘I'ﬂlL) hQU(‘ ta be In NP i-\/gc,r,

> comp\cete
A NP TOM]

= NP Moyl

b

= Sometimes NP- fard  prolms  Can be. exccuted WHDPID O polynomia)
Hme ther NP -Havd sice 1l oe ecreased -

|
|
|
|
’ .~

| state and explain COOK'S Theovem:

| CooK's theovem :- |
: \- '\F,ew;;;(gt “Stephenr cook" W 19 CStoted  thort boolean  SutisFibility |
; prblm i in NIP- complete  proim: ‘
!2« COOk'e theovemn &rcrtes that the saticfbilty (Sat) s » P, 1T cnd

| only if P= NP

Pyoor: Show that eaticfibility prin is o NP- complete:

1+ cook 't atales ihart satisfibiity W P ¥ L= NP

i

i

!

é

é ~ . o) L)

le. Sat i IN NP boecavse G NON- determiniStic Algr con guess an
It

*‘\SS'lsﬂmen‘t tuth values of vomables, an CXpre 25100 s catictiole

¥ # value tesunt is true.
€9% CNF  Coonjugcte normal Form)
Cx) Vo VXD A (V% Rg)
i1 =), X3=0 and Y 3=0"
3. Hence we can prove gcrighibility i W NP— tomyplett becaoge Catlene.

cerain Assuroptions  considered 1n cooke theorm cames

. Execution of 6\9. ‘“ € done Ona word orented System Whetc

length QfF each riord s “lbite-




. s
L

€ AN Vonables W A are defined UsiNg eMner integer N booleon.
3 Toput povded 10 R g only -thY()uSh e argumerits: Cconst):

4 pddiional & cdements ke SUCcess ), -Tailure €Y, 1D the NoON- cletey-
miNMcitc o!govi\hm-




