Solve the following (/] knapsack
problem using least cost branch and
bound method.

n=4, (pl, p2, p3, p4) = (10, 10, 12, 18),
(W1, w2, w3, wd) = (2, 4, 6, 9), knapsack
Capacity m=135,

Apply Least cost branch and bound
method to solve the TSP for the
following cost matrix
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Note: 1. This question paper contains two Parts A and B.

2. Part-A contains 10 short answer questions. Each Question carries 2
Marks.

3. Part-B contains 5 ©§say questions with an internal choice from each unit.
Each Question carries 10 marks,

4. All parts of Question paper must be answered in one place,
BL - Blooms Level CO - Course Outcome

PART - A
-N
m What is meant by an algorithm? m
mm

l.c) |Differentiate between adjacency matrix ang 2 |C
adjacency list.
- Co1
What are the advantages and disadvantages of

o o

h
=

S
e

L2 | CO1
divide and con quer method? .
III
1.g) | What is the Time complexity of optimal binary | L2 | CO1
it T compits oo iy

L.h) | State one merit and ona demerit of Bellman ford CO1

algorithm.
Li) |What are the general  steps  followed in| L2 [CO1

backtrackin?
__1.j) |Explain the classes of P and NP, | L2 [cor1|

Page1of4q




PART - B

xplain characteristics of an| L2

algorithm.
b) | Explain about the asymptotic notations
with suitable examples.

L2

OR

Write an algorithm to find sum of first
n natural numbers.

b) | Explain non recursive algorithm for | L2

finding first n terms of Fibonacci

sequence  and analyze its time
complexity.

UNIT-II
4 | a) |Construct min-heap for the followingﬁ
data 50,80,40,60,45,30,35
b) lWrite an algorithm for simple union. 1.3
OR
a) | Define Graph. Explain how graphs are
I represented.

b) | Explain Depth
L example.

! UNIT-III
Explain in detail the average case analysis of | L3 |CO2| 10 M
quick sort.

page 2 0f4

7 [Explain Prim’s and Kruskal’s algorithms with | L3 coz2| 10M
an example.

UNIT-1V
8 |Find an optimal tour for the travelling sales | L3 |CO2 10M
person problem in the following graph by
using dynamic programming.

=1 1‘. 5 S /"/
b k n,fﬁ\ - B 1€
i e g
."-/ e
i tfff' 2 \Q“

OR
9 [Using algorithm OBST compute w(i, j), r(i, j) | L4 | CO3 10M
and c(i, j), 0 i< j< 4 for the identifier set
(al, a2, a3, a4) = (end, goto, print, stop) with
p(1)=3,p2)=3.p3)=1Lp@#=10a0)= 2,
q)=3,q@ =193 =1a#=14d06)= 1.
Using r(i, j), construct the optimal binary
search tree.

UNIT-V
10] a) | Apply Backtracking method to solve the| L3 [CO4| 5M
following sum of subsets problem
s={2,3,5,8, 10, 15} , n=6, m=20.
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Note: 1. This question Paper contains two Parts A and B.

2. I}:;:r;:: contains 10 short answer questions. Each Question carries 2

3. Part-B cunt'flins 5 essay questions with an internal choice from each unit.
Each Question carries 10 marks,
- ;]. All parts of Question Paper must be answered in one place.
oqms Level CO — Course Outcome

Part A

1.a) What is meant by an algorithm. (2M)
Definition/description - 2M

1.b) Define Time complexity of an algorithm (2M)
Definition - 2ZM

1.c) Differentiate between adjacency matrix and adjacency list. (2M)
Adjacency matrix-1M
Adjacency list-1M

1.d) What are disjoint sets? (2M)
Definition/explanation - 2ZM

1.e) What are the advantages and disadvantages of divide and conquer method? (2M)
Any one advantage- 1M
Any one disadvantage- 1M

1.f) Define minimum cost spanning tree. (2M)
Definition/explanation - 2M

1.g) What is the Time complexity of optimal binary search tree? (2M)
Time complexity - 2M

o]



1.h) State one merit and one demerit of Bellman ford algorithm. (2M)
Any one merit - 1M
Any one demerit - 1M

1.i) What are the general steps followed in backtracking? (2M)
Steps/explanation of backtracking - 2M

1.j) Explain the classes of P and NP. (2ZM)

P definition- 1M
NP defintion-1M

Part B

Unit-1
2. a) List and explain characteristics of an algorithm (5M)
5 characteristics - 5M
2.b) Explain about the asymptotic notations with suitable examples. (5M)
5 asymptotic notations - 5M

OR
3. a) Write an algorithm to find sum of first n natural numbers. (5M)
Algorithm - 5M

3. b) Explain non recursive algorithm for finding first n terms of Fibonacci sequence and
analyze its time complexity. (5M)

Algorithm - 3M

Analysis-2M

----------------------------------------------------------

Unit -2
4.a) Construct min-heap for the following data: 50, 80, 40, 60, 45, 30, 35 (5M)
Construction - 5M

4.b) Write an algorithm for simple union (5M)
Algorithm - 5M

OR
5.a) Define Graph. Explain how graphs are represented (5M)
Graph definition - 1M
Any two representations-4M

5. b) Explain Depth first Search with an example. (5M)
Any example with proper explanation - 5M



Unit -3

6. Explain in detail the average case analysis of quick sort. (10M)
Answer - 2M
Explanation-8M

OR
7) Explain Prim's and Kruskal's algorithms with an example. (10M)
Any example for Prim's algorithm with proper explanation -5M
Any example for Kruskal's algorithm with proper explanation -5M

.................................................................

Unit -4
8. Find an optimal tour for the travelling sales person problem in the following graph by
using dynamic programming. (10M)

Calculation of values/Procedure-8M
Optimal tour with cost-2M

...........................................................

OR
9. Using algorithm OBST, computer w(i, j), r(i, j) and c(i,j),0<i<j<4forthe
identifier set (al, a2, a3, a4)=(end, goto, print, stop) with p(1)=3, p(2)=3, p(3)=1,
p(4)=1, q(0)=2, q(1)=3, q(2)=1,q(3)=1,q(4)=1,q(5)=1. Using r(j, j), construct
optimal binary search tree. (10 M)
Calculation of values/Procedure-8M
OBST with optimal cost-2M



Unit -5
10.a) Apply Backtracking method to solve the following sum of subsets problem

$ ={2,3,5,8,10,15},n = 6,m = 20.(5M)

State space tree— 4M
Answer-1M

10.b) Solve the following 0/1 knapsack problem using least cost branch and bound
method n=4, (p1, p2, p3, p4) = (10, 10, 12, 18), (w1, w2, w3, w4) = (2,4, 6,9),
knapsack capacity m=15. (5M)

State space tree- 4M

Answer-1M

OR
11.a) Apply Least cost branch and bound method to solve the TSP for the following cost
matrix(5M)

N o8
o ® 8
8 ooy w

8
3
o0
3

State space tree/Calculation - 4M
Answer/Optimal tour-1M

11.b) Explain the classes of NP hard and NP complete (5M)
NP hard -2M
NP complete-Z2M
Relation between NP hard and NP complete-1M
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Part A
1.a) What is meant by an algorithm. (2M)

Definition/description - 2M
An algorithm is a finite set of instructions that, if followed, accomplishes a task.

An algorithm is composed of a finite set of steps, each of which may require one
or more operations

1.b) Define Time complexity of an algorithm (2M)

Definition - 2M
The amount of time that is needed to execute an algorithm is called

time complexity. In general, time complexity of an algorithm is measured in
terms of the number of basic operations performed by the algorithm.

1.c) Differentiate between adjacency matrix and adjacency list. (2M)

Adjacency matrix-1M

Adjacency list-1M
Let G = (V, E) be a graph with |V| = n.

Let the vertices are numbered 1,2, ....., n.
The adjacency matrix represented of a graph G consists of a n X n matrix.

A = [aij]lnxn  ,where i {:(l) lgtgé_:‘)ldffsf



Adjacency matrix: Example

Adjacency list representation of a graph G = (V, E) consists of
an array Adj of |V| lists, one for each vertex in V.

e == =S
OR O o W
_ O = O A
O = O ==

1

1710

5 s
Adjacency matrix A= 3 |

410

SiL

For each u € V, the adjacency list Adj[u] contains
all the vertices v 5 there is an edge (u, v) € E.

L.e., Adj[u] consists of all the vertices adjacent to 1 in G.

Adjacency list: Example
(D (2) :
e 2
(5 @ 3

e Ha

188 /

FENEERE
28088 B
N

1.d) What are disjoint sets? (2M)

Definition/explanation - 2M

* A Disjoint set S is a collection of sets ,,......S, where V. .S,"S, =¢

* Each set has a representative which is a member of the set (Usually the
minimum if the elements are comparable) .

1.e) What are the advantages and disadvantages of divide and conquer method? (2M)
Any one advantage- 1M
Any one disadvantage- 1M
Advantage (one point):
e Breaks a large problem into smaller subproblems, making it easier and faster
to solve.
Disadvantage (one point):
o Uses more memory due to recursive calls and storage of intermediate results.



1.f) Define minimum cost spanning tree. (2M)
Definition/explanation - 2M

Spanning tree with the minimum sum of weights is called
minimal spanning tree or minimum cost spanning tree.

1.8) What is the Time complexity of optimal binary search tree? (2M)
Time complexity - 2M

Time complexity of optimal binary search tree=0(n3)

o]

Lh) State one merit and one demerit of Bellman ford algorithm. (2M)
Any one merit - 1M
Any one demerit - 1M
Merit: Works for graphs with negative weights also
Demerit: Will not work when the graph is having cycle of negative length

1.i) What are the general steps followed in backtracking? (2M)
Steps/explanation of backtracking - 2M

Steps followed in backtracking
1. Choose a possible option and proceed recursively.
2. Ifthe chosen option leads to a dead end, backtrack by undoing the last step.
3. Continue exploring other options until a valid solution is found.

1j) Explain the classes of P and NP. (2M)
P definition- 1M
NP defintion-1M

Class P:

Class P is the set of all decision problems solvable by deterministic
algorithms in polynomial time

Class NP:

Class NP is the set of all decision problems solvable by non-deterministic
algorithms in polynomial time



Part B

Unit -1
2. a) List and explain characteristics of an algorithm (5M)
5 characteristics - 5M
An algorithm is a finite set of instructions that, if followed,

accomplishes a task. An algorithm is composed of a finite set of steps, each
of which may require one or more operations

The following are the characteristics of an algorithm
1. Input: An algorithm takes zero or more inputs
2. Output: An algorithm produces at least one output or result based on the
provided inputs
3. Definiteness: Each step or instruction in an algorithm must be clear,
unambiguous, and precisely defined
4. Finiteness: An algorithm should terminate after a finite number of well-
defined steps or instructions
5. Effectiveness: Each instruction must be feasible and very basic so that it
can carried out, in principle, by a person using pencil and paper

2.b) Explain about the asymptotic notations with suitable examples. (5M)
5 asymptotic notations - 5M
Notations which are used to describe or represent asymptotic

complexity of an algorithm are called asymptotic notations.

They describe the running time/ space requirement of an algorithm for
large values of n (n — ).

In asymptotic notations, we abstract away low-order terms and constant
factors.

There are 5 types of asymptotic notations. They are
1. Big-oh Notation (0)
2. Big-omega Notation (2)
3. Theta Notation (@)
4, Little-oh Notation (o)
5. Little-omega Notation (w)
1. Big-oh Notation (0):

f(n) is 0(g(n)) means there exist positive constants ¢ and ny,
such that

f(n) € egln) v n = ng



g(n) has larger or equal
order of growth as f(n)

€9 (772._ g{n) is an asymptotic upper bound for f(n)

,f”“fﬂji;?

Example: 2n? + 5n = 0(n?)

2. Big-omega Notation (£2):

f()isn (g (n)) means there exist positive constants ¢ and n,,
such that

0 <cg(n) < f(mMvn = n,

g(n) has smaller or equal order
of growth as [ (n)

g(n) is an asymptotic lower bound for f(n)

Example: 2n? 4+ 5n = Q(n?)

3. Theta Notation (0):

f(n) is ©(g (n)) means there exist positive constants c;, ¢, and ny,
such that

Scign)Sf(n)<cag()vn = nyg

f(n) grows with same order as g(n).

f(n) ~
</J

g{(n) is an asymptotically tight bound for f(n)

Example: 2n? + 5n = @(n?)




4, Little-oh Notation (0):

: e NG
() 1e o(g@u)if Jim ey =

0

Example: 2n? +5n = o(n?)

5. Little-omega Notation (w):

- g(m)
f(@)is w(g(n)) if :1]-{?07(}1_) =0

Example: 2n? + 5n = w(n)

OR

3. a) Write an algorithm to find sum of first n natural numbers. (5M)

_ Algorithm - 5M
Algorithm Fun(n)

{
sum:=0;
for i:= 1 to n do
sum:=sum+i;
return(sum);
}



3. b) Explain non recursive algorithm for finding first n terms of Fibonacci sequence and
analyze its time complexity. (5M)

Algorithm - 3M
Analysis-2M
Algorithm /Pseudo code s/fe| freq | total
Algorithm Fibonacci(n) 0 = 0
{ 0 = 0
afEnE>E1epeint Lo v 1 2
IfnE e printiil 2 1 2
a:= 0, b:=1 2 1 2
for i « 3 to n do 2 n=>=2"12n—4
{ 0 - 0
c:=a+b 2 n—2 [2n—4
print c T =2 S
a:=b 1 =2 in =2
b :=c 1 n—2 |n-—-2
} 0 - 0
} 0 - 0
Time Complexity =7n—8
= 0(n)

Il'\Io'te: A‘ny analysis, which will number of operations is proportional to 0(n)

Unit -2

4.a) Construct min-heap for the following data: 50, 80, 40, 60, 45, 30, 35 (5M)
Construction - 5M

We can construct min-heap by using any one of the following 2 methods
Method 1: Construction by inserting elements one by one and adjusting heap property

: o, B5
Diecda.” 50, a0, LD, Lo, ‘1’5/ B,

!~ rngex) 5D

2. gndent &P

&9



B0 4 goap =
(@25 F = 20 50

Yy ENBenr LU
T 2
5»?@ ? €9

5 Tnsenr 45
pd )
Q.2 7R =
§5 @@

ey g:f),e@’lﬁ- 20

08 1p=r
/@2%;@%# 2
¥ Bl i
=0

7. msent 35
@ e

= (5

o e
w) @) @ é =

L M —Weop L&t the givens Azs Fe

(50
@/




Method 2: Construction by inserting elements one by one and adjusting heap property
D8l 902 ol ySeof 22fL Mayd roitl

o7 £77 }797017577&7- T ro& 5726?72&’46&/71' écxj
=22 s bt /' 399”7 e Fo )T vnde




. Miv hady é%7 Az 3?\/@,4 Aata 1’3

V7% 35
o p @
4b) erte analgonthm for simple union (5M)

Algorithm - 5M
//Returns root of the tree which contains x

Algorithm Union(x, y)

{
u=Find(x); //Finding root of tree which contains x
v=Find(y); //Finding root of tree which contains y
if(ul=v)
parent[v]=u;//Attaching tree v to tree u
}

OR
5.a) Define Graph. Explain how graphs are represented (5M)
Graph definition - 1M
Any two representations-4M
A graph is a pair (V, E) of sets. The elements of V are called vertices and the elements of
E are called edges.

Example:

V ={ab,cde}
E ={ej, e; €3 €456}

E = {{a,c}.{a, b}.{b,c},{c,d},{b,d}, {b,e}}

+ theve  on l3 St&ndmdu ::xulds to Tﬂemmt g ﬂ’“f"" G=(v,€)
1. Prdjacmud matiix
Q. A—dqu_nua tist

3- Anctdence  mati®t

10
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vhet G- (V e) be o amrh with [vl =71

w0

Ad 'cu*.mu? mai:rh'—

o et e vewtfeee are numbeved 1, 2,...
o he adjacmud malwit TEFTwn'tEd oﬁ o faYO-rffL G conststs sﬁ *
A= [O‘:}']mln ! wheve Ofd' = io ptherafee

e i) 3de
| 1 TOS 0005
3 3 e
Adjacency matrix A= D0t 150
o afpfEA s 0
Sgle] s () sl 0

A8 2 s a3 saed e G

o o o 1(010100'

2HOZ 05 0500 #1020

Adjacency matrixA= 30 0 0 0 1 1

A= OL A S 00 E0 )

eI 0050

o o 610 0 0 0 0 o

*In bt Tefnesentatf’on we Ccreate an ayr of Sfze n wheve
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.K m [-) ) .
dncidence mafafx R
¢« An fnctdence  matrix s a mahfr where TOWS cm'res])on
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. Eoach  elount am the matrfx

Sndfates whether o Fa.&b'c,u.{av vertex

-t ey ey & Eg"\
t] " 10 0 0 o
2 0 1 1 0 | \
35|00 o.0 D ¢
y| 't o 1 1y 0 O
51 0-% @ 1 | OJ
B & 23 ey & ¢
i e o} - n -\ O O
é/ é/ee =1l 6 0O + + 0 0O
3 0 + | -\ 0 =1 o
y| o o o -0 ¥ %)
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E LB O 0 0O o ©

5.b) Explain Depth first Search with an example. (5M)
Any example with proper explanation - 5M
Seascin

dhe Shatew foltowed ba 'DePtCL - Byst Seasch fS Ao
denfu i afaru wheneves Fomﬁu-

Moo el
Mask ¢ an  vistted . Auh S on Ao the  Stack.
| Rtfmt the d\oltow&a.(a] HUt dhe Stack fe cmPlra

Po(a o vertex (Saﬂ w) ‘fwm Jhe  stack.
For  each M’ﬂm . 5{’? w Hhat 7
Hosk o os  visited.

Add 2 4o the Stack:
Maak W as  processed:

not ch visthd
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Example: Consider the following graph

S BrsS Travevsal

Sk _
') [_,_l B ]
&)L} 5 0) }
woe
| 4 (&)
"‘7 E} 9 1,245
3

5) \i,] < ;2,513

B U A &

- S

:G) MH ) (12 $123,Y
A @ ®

! 9

:D Lg 0 125131416

‘ 3 ® |

Note: We can follow any strategy which the follows the DFS principle “ Search the graph
as deeper as possible whenever possible”

13



Unit -3
6. Explain in detail the average case analysis of quick sort. (10M)
Answer - 2M
Explanation-8M

e PP bo( trez com Pexity ofy «¥echBovr & Fiven by
5T W iarey

- T(_h)—r "T'LY) "H'-f)‘i*‘ﬂ fb: 2z

The Obwé FR «n be uled o ‘Evnd the Hme C‘O""?P'l?vhb d&

} coge, eveveg e dis

the guekgolt in thmee < hpahong * Koaase, bes

]

e
{-\\/8\’6&3@ _@8 .

. n-1
Tin) = L == (T8 4 Tin-p-] 4+
b7

\)

‘r% EPDJJ“ Tin-1) = TUI) = T -2+ T(D+TN-3)~+ - -

-+ - o T -2) T T TioaJ +7?

Tl - —-r'TLY')-I_)j - N
o o> U )

i S -r’T(Q-_)-ﬁ-- 3 ‘T(n—f")_j__j"vi’ l——a @

er=4 have

—
=y

”

A T T
Nn% et @, ’Th@ﬂ

o »
- -f-rtn-:-)j + (N l"‘)@

Rep lace n
\n - g Tin-1) = 9_["1’)0)’7' TR -

paso. Q) el), FE 8! ) )
vy TLMD - =) Tl = 8 Tin-)ox "N ~(n-1)

= nN7Tn) = -+ TIn-1)+ 2n-t

= i TUO-E) L AL
n—+ ! A3 nw+1)
> am, T 2
‘;:T n n-+1 n{n+n
L= /) Ly
- '_T.-Z»Q = i l")‘r) [
n-l g

- “TU‘),. TIn-1) -3 -—J..l
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b = TEO

ASSum e n
: i/
by=b + 3 _ __L
=t .m-J
b a 2
L h—l- r) J‘l“ ['n-g—f r>
b -+ ‘3_ ..___J'_ _1__? _
n=-2> N n-/ ! ﬂ]
32
P R Ry
b' ¥ n-I h{-n" (@]
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|
22 2lggn |
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T — a2+l loggm

=7 n-)
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7) Explain Prim's and Kruskal's algorithms with an example. (10M)
Any example for Prim's algorithm with proper explanation -5M
Any example for Kruskal's algorithm with proper explanation -5M
Prim'’s algorithm:
Consider the following example

\Q
a] k-—,::;-—m b

a \

é ~ !

| Staat  with  vertex “a

&

- F'r{’ncat edaes: c%/b, od,ae
Add ab 4t M™MST

3 Frfn%L edﬁa&s : ad,ae,bc,%,ba
Add bdf to ST
@ 10 B

25

(&)
y. Fﬁnfae ed.aes: ad.,ae,bc , bc,old;bc,k
Add &c 40 MST
= B

16



5: Fifnge edtjes.' ad,ac, be, be, (d; fe,ce
Add &d t0  MST
10

(b)

G' F'ﬂ’ﬂﬂ( X u:ag’ O-«Q, bf-}b&%t/5|
e

ad [orms el
add ce <o MST
H——)

25

°° J s

2 the cost af 4w mﬁni’mfaf S[)o,nnf'na +ee T

— 0+ 254 20 1S +35
= 10§

Note: Any procedure of Prim's algorithm can be explained
Kruskal’s algorithm:
Consider the following example

o TS o
(_ ‘\ml / 5 "‘({! /\\"«-‘__‘A. 6

- .
o) = ~
./
3 -
Ao (Y
o Pahtk
g-m:m«ae -the edcaeg fn non - dccremmg ovcla og . u:e'ah
edae bd ac ab cd ce de
a 3 s G ) &
weﬁdht
SGratws )

17



| Tnih’athd sFann?nea dree T=0 e »
9. the edtae ‘bd' 1S hcw?na N dmum uaefahf- )
edﬂc tpd' o T
by it o o}
3 ﬂdd +Hne edﬂe’ ot N |
o) ——
By g B ’
\ » onal  welght odd ‘tab
4- ab fs  H4he edae with meat mintm a
to T b 55 2
CE
c
a z 8

ed  but rHhe addition ‘ﬂﬂ

s-The mext minimold u)daht edat 25 . *
"t e nNe

it o T &mms a

mintmum w e'f(a ht

Cadl-s(: don't add
w o T

b
S

Ed-ﬂf, 1S ce . SD, ouid
o

—

o.

we ﬂbt n -\

s the  eost af o

- 2% 2+

e

5 e

edges

mfnfmfa_f SPannfn 4ee T
A =3

Note: Any procedure of kruskal algorithm can be explained
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Unit -4
8. Find an optimal tour for the travelling sales person problem in the following graph by
using dynamic programming. (10M)

L0

Calculation of values/Procedure-8M

Optimal tour with cost-2M
The cost matrix of the given graph is

o] 10 IS 2D

B motnin  C = 5 o 9 v
G 13 (] 12

g " 9 o

Let g(i,$) be the length of a shortest path starting at vertex i, going through all vertieces
ef §.

190 hnor thaot !3 C',S):_— Té"gf s - 3("!’8']%5)5’/)’@
and 90 @) = <, 12140
2 Py= € .78
g3, ¢ = G =
b, $) = Sy ° B
Now by v8mq @, re beve
gz. 3= € +J (3, 9)7 £= T4b=15
dlz, Pus)= g, FQtn D =10 +8 =18
. 1Y) e I @)= 13 +5-18
gz, f48) = csfrauh p)= 1>¥8= 20
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9Ly, §5%) = S, —rgaz,da— g+ 5713
- 94 b= 15

»)=

3[.‘1:'?33):: CI;B“I’SLB, D s o
\})@ 8(; SJH’ =2-_1 ,

Je} vs <coMpP ‘

Noyr
F2, f38) = om ] 4T B T, g ra r25 )
= royn ¥ 9420, 1018Y
=mind 29, 283 25
. ¢ T8lh{x)
2L3, §5,u3)= m;n.lv £ }—rg (2,64 . - 249
B mm)P 38, jo+139
. mwn 81,2857 25
An, §2,34 = rnmz(' st 8t 33, an—!-ge, £21)
= rf)m)?g—,‘—!g} q*,gﬁ '
= mnnf;s, 2% = 23
hove
2l ke
Finolly !T’Om D {‘3 W) 03,,3(3,?1,11531 C;H‘f'allyjfa.,_;v&)&

3(1, {':,3,1,};) zMin ZV 0:.»"“3("

—-M‘;ﬁfao—f-.ﬁ—ff 15435, JD’}':-‘-afj

=min { 35, 49, 43%

=35
An optimal tour of the given graph has length 35. A tour of this length can be
constructed if we retain with each g(i, S) the value of j that minimizes the right-hand
side of equation 1.
be 4hig Molwe. Theh
Lék 1.8 2%

; " —
3.45) Thwg Abe Hovn SaPs pro | P9 g
, = 2.
T Joum con be oblainedt 15{0"” CIERERLS

= ’ja’-nln
ey, :2118 Hhe mnexy @92 05 Cah). he

Je T2, '{‘3,'-;3_) = . ) .
‘ning dovn 18 ‘bﬂ gt f'SEJ) 8o I (4, -f’g )=
Demeining e s Y

- The DP'}"rnaJ. HSoum IS
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OR
9. Using algorithm OBST, computer w(i,j),r(i,j) and ¢(i,j),0 < i < j < 4 for the
identifier set (al, a2, a3, a4)=(end, goto, print, stop) with p(1)=3, p(2)=3, p(3)=1,
p(4)=1, q(0)=2, q(1)=3, q(2)=1,9(3)=1,9(4)=1,q9(5)=1. Using r(i, j), construct
optimal binary search tree. (10 M)
Calculation of values/Procedure-8M

OBST with optimal cost 2M
a - - d< ondt E e, !

éLel— t,. be #hz BST containing L LR e Eui= & ?
: 1
REi, > - reght ol e 1xee +-".J'

s ok e pombobilkes ol e nutes i ki

b= PITA@ARGED  ab A

— g d=j T 0¥
(D i
Lek (:(I/_';) - cog¥ o{r BST -b._ . Then
R R e ey
\ . ‘
4 . - mMmin C‘(H ) "t‘"o(’,.J) ‘
\\C(J.-J) 'i c (i, g-0+ ) 3) ’9@

<K&
0”0‘\,_9"(":5):’.0 e, oEpsw e
Let nGj) - ba the b Volue g sohich a, H5e ook ol tij

~ the valwe dr B Hhat minimizes @

and (5, i) =0 DL LN

leen values are p(1) = 3,p(2) = 3,p(3) =1, p(4) =1,q(0)=2,q9(1)=3,q9q2) =
1,q(3) =1,q(4) = 1.

It is clear that w(i,i) = q(i),c(i,i) =0and r(i,i) =0,0<i < 4.

By using above equations, we can do calculations as follows

w(0,1) = p(1)+ q(1) +w(0,0) =8

c(0,1) = w(0,1) + min{c(0,0) +¢(1,1)} = 8
r(0,1) = 1

w(l,2) = p(2)+q(2)+w(,1) = 7

c(1,2) = w(1,2) +min {c(1,1) +¢(2,2)} = 7
r(0,2) = 2

w(2,3) = p@B)+493)+w(2,2) = 3

c(2,3) = w(2,3) +min {c¢(2,2) +¢(3,3)} = 3
r(2,3) = 3

w(3,4) = p4)+49H4) +w(3,3) = 3

c(3,4) = w(3,4) +min {¢(3,3) +c(4,4)} = 3
r(3,4) = 4
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Knowing w(i,i + 1) and ¢(i,i + 1),0 < i < 40, we can again use above equations to
compute w(i,i + 2),c(i,i + 2),and r(i,i + 2),0 <i < 3.This process can be repeated
until w(0,4)c, (0,4) and r(0,4)are obtained. The following table shows the results of this

computation.

0 1 2 3 4
woo =2 | Wy =3 | wa=1|wiy=1|wy=]I
0| coo = i = €22 =0 | ¢33 = cqq =0
r00=0 rii = r22=0 ?"33:0 r44=0
wor =8 | wyp = W3 = wiq =3
1| co = Ciz2 = €y3 =3 c3q =3
rop =1 | ri2=2 | r;3=3 | r3y =4
W02:12 Wiz = 9 W24=5
2 C02=19 C13"—‘12 C24=8
roao= 1|ri3= 2| ry=3

W3 = 14 Wig — 11
3 C03=25 Cl4=19

Foz = 2 Yia4 = 2
4 C04=32
Yoga = 2

The computation is carried out by row from row 0 to row 4. From the table
we see that ¢(0,4) = 32 is the minimum cost of a binary search tree for
(a1,a2,a3,a4). The root of tree to4 is as. Hence, the left subtree is to; and
the right subtree ¢,4. Tree tp; has root a; and subtrees tpg and ¢11. Tree ty4
has root ag; its left subtree is t2 and its right subtree t34. Thub \Vlth the
data in the table it is possible to reconstruct ty5.

The optimal binary search tree is as shown below

) (goro)
= 2%
/ \\ '1/‘ I\". e
' B \
—( = 1{'J?'i;\ K (P ?7_"7\”/'
(ol) ‘.G':.\ oA N
: ud b B,
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Unit -5
10.a) Apply Backtracking method to solve the following sum of subsets problem

S ={2,3,5,8,10,15},n = 6,m = 20.(5M)

State space tree- 4M
Answer-1M

Giiven 3e? 15 3—"9‘2_,3,5}8130,75‘3 ™ 2D

T /Om}ivm ot Pz SHat= Space S BT
oy 53\/4;4 pﬁc'b?m 5 as éﬂpf’bmﬁ
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10.b) Solve the following 0/1 knapsack problem using least cost branch and bound
method n=4, (p1, p2, p3, p4) = (10,10, 12, 18), (wl,w2,w3,w4) = (2,4, 6,9),

knapsack capacity m=15. (5M)
State space tree- 4M

Answer-1M

Given values are
(p1, p2,p3,p4) =(10,10,12,18), (w1, w2, w3, w4) = (2, 4, 6,9), m=15

Ay vad

U(1) = o +10F12= 3%

AN
2 _ !6(2—')”_"_38'
8(9_'):_ b4 Lo .{—q2+ -q.-—(ls)—- g\g

O(x) = po+o4t2 =32

Node 2t~
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2 - -32 |
Modle 3:~ 2(3'3: I0+I'1~"f-—§(l‘6)=_ 3z IO(E’/)‘ >

O = g +12= 11>

Amvna nod;z,}, )3 node @ s having Jeant cost . So efxrnndf

M"r’ g(q')-;ro-ﬂo—rla{-_%_(m):gs (__g
-32
V() < lptloA12 =32 :)Iu(u)= :

node 61~ é(ﬁ):lb"f[lf%(lg)cg@ D
U(Q-: 10412=22 = !u(-;):-z?_l

‘Pﬁmr\& 3/4; 8 noda @ 'S ha.u?n% Jeast— ost -$o ez(rard

. o (@)=

3 -
%ﬁl” 3(@): (o404 12+ -—al—(us)-
v(6) = 1wo+0Ot12 =3% 2

node A:~  A(3)- wro+1BE3B D

ol

of3) = otto+HIB =38 =
A—moﬂ& nodys 3, $,6,+ node 6, IS
§o Cnl-fm.nd it -
__7;)

nods 91— E(q)s o+lo412 = 3L
>

U(a) = 1oeioAl = 3%

node 101~  Afp) =p+i0t (8 =38
oe 2 ¢ (o) =101

v— A _ 9o A .
node i {(n) < o > 600 =

v(u) ctotlo=20 D
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o fc tobution mode (%) =(U101Y)

?L_.—laageoﬁu.mnu dfur-&n?am@@ @@@Sﬁ

A=l and O])h'rna..l
t o\ «0 RATR

Yno it ¢ 2R .

11.a) Apply Least cost branch and bound method to solve the TSP for the following cost
matrix(5M)

0 4 8 37
|2 o 3 6
& 5 8 o 2
.7 6 3 oo

State space tree/Calculation - 4M
Answer/Oé)timal tour-1M
R A

Giiven cegl wiotria s A - ljeO h 8 2
2 0 B L

B0, fhe oS8k oé a2tk vz = )OO =4y



ey

PB"O’HDW aé d}'aJé‘f‘PaCd HAoiez 15 ad
b<e/pro
path 1-2;
’ A
a.) 1Blaew, 2 col &b A, Fo oo
Bt A [2.0T =et ot b8 o]
3 & oo O
oG (D p
Kz oex c2 Phe 01O 2- b‘_lj ]
o pto v 2 i oo oo oo O
7 3 o0 06 p = 2 3 0 o0 O
b 2 D po le oo O ©°
Roltens -/17.:." a’."r.:)uwyn { hj 3
s 0O o0 K 00T =) oD O AT
2 [0 O 3 [nfod g £ 3
F o 0?9 D O od o 2o
oo SO = A ) s0 B w0
-3 ] s
e rvé mexlegg 2 /5 9/9_”);?(1.’)+,q,[),2:7-r77
= 1) Fio il = (5
ol 1-3.
.ﬁe‘; 3& =7l :31(1 faz cé ,4‘ 40 00
A=) A, 132,17 -0 2 ol o o
Thema e -'J’?.:'.-fu/uc'w:’ WIS 2 TrH IS %: 5w gl &
Reockercs e 77000 - 2)5 2. o 5 00 D
ol WD b 2 0b o0
B 5 ol o o K 0 oD &2 7
= A= [P T
e R L B | 50 D
2 D D o

Q. oh 00/-2
cvet o Mt 3 55 ?(’57 = A1 D%a, o377
= 11 +5+r2=17
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coéd 06
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11.b) Explain the classes of NP hard and NP complete (5M)

NP hard -2M
NP complete-ZM
Relation between NP hard and NP complete-1M

doss P class P fs the set cf au decfsfon Prob!.nms

: 8 fal  tme -
Solvable bli detaaministic a.lam-fhms n ?oudnnmul e
cloxy WNP:
class NP fs +the g o{ all  decisfon frrobh.ms Solvable

ka mon- detaaministc cd;aoﬁ-ihms n Fobanomfa_‘ +Hme -

clous NP- Comgldl .
A decision ‘nobLun s Sn  NP- CDmPu,tc fJ o s Tn
e ' {
NP and eveny mem °n Np s veducible w & N
pe nomial Hme. y
’--)hap\ NP- com‘)ut& ?mbum %  Solved bxa o ‘Jo nomfal me
| ] ey NP-Com lete
detexministic aﬂam‘iﬂ\m 'i& ond mhd & all  othe P
: detumfn?sh' c
onbums oar  Solved b\a o ‘nhdnorma,l‘ Hme
cloyy  NP- toud: | V &
A dectsion ‘m')btn.m s °n  Np-haad ‘5 e w& Pm
h NP T8 veduclole 10 %t In Poudnom:a} Hme .
omdal
=3 f[} o NP —hmd ‘nnbum s Solved b‘ﬂ a [»kan ¢

-~ Lt roblems
detamfnistic alaovithm | hen ot other NP Comp e F

L4 i't{'\ ”
ave Solved b\a o [)obdnom?o.l Hme  deteaministic anaof ™

Hme

rl?elaﬁonskff amom} P, NP, NP-“:’f“Putp' NP — haad domes  Fs

, N
il , ap-complele
SEER VI

v4

NP-hard

-------------------------------------
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= o0 00 09 <)
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