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B.Tech. - IV SEMESTER 

Design & Analysis of Algorithms (PCC-CS-404/PCC-CSH-404) 

~~rl!icp1 q;'J ~Gtl~-1 ¥R ~'<cl~or c~hfl~-~-404/ lfl~~-~~~~'a-404) 

Time(~: 3 Hours(3 ti?:) Max. Marks(~ 3fq;) :75 .:, 

Instructions: 1. It is compulsory to answer all the questions (1.5 marks each} of Part -A in short 

~T: fflll'..lti cl; mfi 1il1i!l (~ 1.5 ff) lfiT 3tR ~ ~ ~ ~ t 
2. Answer any four questions from Part -8 in detail. 

fflll'-t.r t ~ m{ ~on cl; 3tR ~ t ~I 

3. Different sub-parts of a question are to be attempted adjacent to each other. 

l:cfi 1il1.t' t-~ ~-mm ~ l:cfi ~ t-~ m lfiT t.nrra f.f;.rr aim t1 
PART-A (3ITTT-cn) 

Ql (a) What is the time complexity of the following code? Justify your answer. 

inti, j, k = 0; 
for (i = n / 2; i <= n; i++) { 

for (j = 2; j <= n; j = j * 2) { 
k = k + n / 2; 

} } 

(1.5) 

('cfl) fa.:t.hrlffimM cRs c:.f;)-~ 3iR.('ic11 cRTT 6°? JTT9of ~ ctiT ~ ~ (1.5) 

<R'I 
inti, j, k = 0; 
for (i = n / 2; i <= n; i++) { 

for (j = 2; j <= n; j = j * 2) { 
k = k + n / 2; 

} } 

(b) Sort the following functions in the decreasing order of their asymptotic (big-0) (1.5) 

complexity: f1(n) = nv'n, f2(n) = 211, fa(n) = (1.000001) 11 , f4 (n) =·n10 • 2(11/2) 

8l() ~chrlffirulc1 cfi1<TT cfi)' ~ Q,HJ.te.)R.cfi (~-3-TI) .JtR.<'lc1I ~ ~ sf)J=I" ~ (1.5) 

• i;f1J.tisfc._tr <fit: 
f1(n) = nv'n, f2(n) = 2°, f3(n) = (1.000001) 11 , f4(n) = nlO • 2(n/Z) 

(c) Differentiate Greedy algorithm and Dynamic programming. 

(11) ~ Qc>-Jl)~GcH 3ffi" Sl~crll/1cfi >1'ic1J1rnaJ~~ .3-RR cfiZI 

(1.5) 

(1.5) 

(d) State Job Sequencing with Deadline Problem. Write down time and space (1.5) 

complexity if problem solved by Greedy approach. 

(U-) "1Tij" fi1ctaffia1 fcrc; ~s<>tl$cr1 -HJ.lf-lll ~ qOla, ~ I ~ ~f?c,ct,~01 c;:_qm (1.5) 

,HJ.tf~I ~ ~ q{ ~ 3ffi" FIB '31R.<'lc1I ~I 

(e) Define Principle of Optimality with suitable example. (1.5) 

(~ $1St<1cHc1I· ~ ~ cfi)' 3q.1_;cfc1 3GltHUI ~ 'B'm ~ ~I (1.5) 

(f) Draw state space tree of 4-Queens problem. (1.5) 



(g) Why does Dijkstra's algorithm fail on negative weights? 

(u) s I .!fol «;1 cfil Q <"a 1W~e.J-l a-1 cfil ,( lc-J.l cfi 3-lR 9"{ ~ cRTI" ~ t? 
(1., 

(1.5) 

(h) Draw binary search trees for the given set of keys and their corresponding (1.5) 
frequencies and find the Optimal among them. keys[] = {10, 12, 20}, freq[] = 
{34, 8, 50} 

(~) tf81.Q~ ~ ~ 'JN & 31R ~ ~ jll'{ffi41 ~ ~ isll$cri.ft ~ ~ (1.5) 
~ 3m 3a=m ~ $iscc1J-J ~I ~[] = {10, 12, 20}, 3TT~l] = {34, 8, SO} 

(i) Explain Least Cost Search function fo r branch and bound algorithm ·design (1.5) 
technique. 

(~ ~ 3m m"3s ~ ~'511$oi <1cficr1lcfi ~Tm"~ cfiTR' ~ q:;q:~ra, ~ (1.5)' 
um.sll I cfit I 

Ci) What is the importance of approximation algorithm? 

(3f) .fifa-.Acficoi Q<",11',~c:;J-J cfiT ~ cRrT t, 

PART -B (ffl1T- lg'] 

Q2 (a) Solve the following recurrence relation. 
(i) T(n) = 2T(n/2) + logn . with T(l)=l 
(ii) T(n) = 2T(✓ n) + 1 if n >2 and T(n) = 2 ifO<n<=2 

(cfi) ~J-.a-tffirulc1 ~a-1,(lcp?I ~ cfiT ~ cfit I 

(i) T(n) = 2T(n/2) + logn with T(l)=l 
(ii) T(n) = 2T(✓ n) + 1· if n >2 and T(n) = 2 ifO<n<=2 

(1.5) • 

(1.5) 

(10) 

(10) 

(b} How are time and space trade-offs used to optimize the performance of an (5) 
algorithm? Provide an example of an algorithm that optimizes time at the 

(N) 

expense of space and vice-versa. · 
Qc>-a,~~c',.J-J ~ m'ra, ~ jfa1cfiffic1 cfi{at ~ Tm" "ffJ-J<f 31T',(" m ~ ~ cfiT C5J • 

,.:) ·" 
3q.!fldl ~ ~ ~ 6? Ven C!<"Jrl~c',.J-J cfiT 3e.lt,,(UI ~ cfi't -;;tT m ~ 
~ 9"{ ~ cfiT 3-ta-tcfi<>loi cfiB"T 6 31R ~ ruqf!c1 I · . 

,.:) " 
Q3 (a) Give a dynamic-programming solution to the 0-1 knapsack problem that runs in (10) 

O(n/W) time, where n is the number of items and W is the maximum weight of 
items that the thief can put in his knapsack. 
Consider the weights and values of items listed below. The task is to pick a 
subset of these items such that their total weight is no more than 5 · Kgs and 
their total value is maximized. 
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: ,, 
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.Item No. Weight (Kg) Values (Rs.) 

(3TTfGf ml} ~(~ JfJrf (~.) 

2 3 

2 3· ' 4 

. 3 4 5 

4 5 6 

O(n/W) . ~ . ~ ~ ~ 0-1 ~q~q; t1"1t-"'II cfiT 514cil~cf,-Sflcl,llf.A'JI (lO) 

~ a-.~ n~JTT ~ ~ t; 3ftt W3-a ~Jfl cfiT ~ ~ 
-~ ~ ~ ~ ~q~cfi ~ s1<'T ~ ~I 

~ t(iflil~' ~ ~ cra;r 3tn" ~ CR" ~ tfR"I ~ ~.m cfiT Qq; 

~ ~ t ~ ~ 3iiefiJ' cfic-1' crar;:r S ~C'fld)IJl ~ .3ifttcf; 01 ITT 3-ttz 
~ ~ 

3vrcfir~~~~I 

(b) Consider th~ given graph. In what order will the !)Odes be visited using a (5) 
Breadth First Search and Depth First Search? (Assume starting vertex A) 

Note: If a node ·has multiple neighbors then select which _is alphabetically near 
to node. · 

(~ ~ 7N -mq; · "CR" ~ cfitl ~ ~ m ~ ~ ~ ~ ~ . (5) 

3q4la1 ffl' ~ ~ ~ ~ cJiT c;'m ~ '1!1QJII? (~ ~ fcl:; _~~3-ffifr 
~ Q" ~ . 

(. iftc: ~ -'Qcn ~ ~ ~ ~ ~. m qo,,ojsfitA * aTis ~ ~ cfiT ~ 

cITT"I 
Q4 (a) · The N-Queen problem is a classic problem in computer science, where the goal (12) 

is to place N queens on an N x N chessboard so that no two queens attack each 
~~ ' 

(i) Write a brute-force algorithm to solve the N-Queen problem. Analyze the 
time complexity of your algorithm, and explain why it is not efficient for large 
values of N. · 
(ii) Write a backtracking algorithm to solve the N-Queen problem. Analyze the 
time complexity of' your algorithm, and compare it with the brute-force 
~~riilim __ ___ . 

(qi) cfi.C<(U -~ ~ 'Q'ii'-cfcfiiT ttJlf<.1( vq; q-t'jffl!cfi ttJ-1-RII 6, ~ -N~<l 1@' (12) 

~ ~ 'Q'ii'x"Q'vl' ~~~ tR" mm t ·~ ~aft~~ lT<F-~ 
m' ~ 01 cfit1 . . 

(i) "Q'o=r-cfcfrar tlJ-tf41 ~ ~ ~ ~ ~ ~-~ Q<"'ai'1~t.i~ ~I ~ 
: , } 

:1: 
I 

, ,. 1· 

:, i'· , . 



Q~Jl)~c:.J.l ~ ~ -:ilR.&fril cfiT ~~~ <R", 3-tR' tlJ.i$-llQ fcf;" ~ lTai ~ ~ . 
~ 

~ ~ fi;rlr cn~TN cFm o,ffe ·t1 
~ ~ . 

(ii:) ·v;:f-~ f1J.if~I tliT ~ ~ t° ~ ~i:fi~fc¼ia1 ~ fc;ra-1 ~ 
rj.'~an~c:.J.l ~ ~ ;,iR.<>1c11 cfiT ~~~ <R", 3-tR' ~ ~ ~-m 
Q:~~ ,)~c:.cl-l ~ cfitl 

(b) · Q~·scribe the Traveling Salesman Problem and explain why it is NP-complete. {3) 
(N) ~~µ4·a1 fl~tl~oi tiJ-lflll cfiT cl-utcrl" cfit 3ttz tlcl-l$-IIQ fcf;° ~ ~-~ cRn" ~I (3) 

· . I· 
; •U 
,·= t 

Q5 (a) J\ 11cielivery truck travels between multiple.destinations. The truck starts at city (8) 

(b) 

(N) 

Q6 (a) 

(b) 

(N) 

A" and visits cities B, C, D, and E before returning to A Design an algorithm to 
find the shortest path for the truck to travel while minimizing cost. Use . ,. 
following distance matrix to solve the problem. 

AG!) . B(al) C8lD D~ E® 
A(Q) 0 10 20 15 30 

Bctr) 10 0 25 30 · 20 

crft) 20 25 0 35 15 

D~ 15 30 35 0 10 

E® 30 20 15 10 0 

~ ffiJ,afl 0fi ~ zjcm ~ ~ <Trn ~ 61 0fi ~~ 'Q' ~ ~~ ~ ~ (8) 
~ 

~ 'Q' * ~ ~ ~ ~~ ~.~,gt,Jttz t cfi'I' ~ ~ 61 ~ qi)-
¥# m ~ <lnIT ~ ~ ~ ~ ~ ~ m mer m-ctr ~ ~ fi;l'Q' 
. ~ Q ~a fl~ C:.J-1 ffi -;ii I$~ cfit I ti J-1 flll cFl" ~ ~ ~ ~ f.-1 J-o-i Q@ c1 ~ 

• \, ( \ 

filltcf.fi cfiT m-ar cfit I 
. i : 
Write a short note on Randomized algorithms. 

41i·Ru.cfi Q~a1)f{c:;c1-1 ~ 'Q'cn ~ R,cqo~ ~I . , 

(7) 

(7) ' ) 

D~fine spanning tree. Write Kruskal's algorithm for finding minimum cost (10) 
spanning tree. Describe how Kruskal's algorithm is different from Prim's 
algorithm for finding minimum cost spanning tree. 
f~fiia I tJ" qiT qft°3TT"fit, ~ I o-4oic1J-I ~ ......,f~~fa) ........ JI tr ~ ~ ~ ~ (10) 

" 
~fcfic>I Q~an~c.._cl-l ~, q-ota, cfit fcl:; ~fcf,<4 cfiT Q~a,'il~c:.J-1 o-~oic1cl-l ~ 
f~Fvfa, tr ~ ~ ~ m ~ Q~a,~f{c:.J-1 fl" :,,c;m" ~ 61 

I 
Wn~t is Topological Sorting? Explain with example. 

, \ v,;::::., ~ ~ ~.....,. ~ C::lYlc>l lfuicfic>I '(111Cdl cf4'T t> 7 3<;1e\{01 '("llt,(l flJ-1$-11$Q I 

(5) 

(5) 

Q7 (a) What is the relationship among P, NP, NP-Hard and NP-Complete problems? (8) 
Show with the help of a diagram. 

(qi) tfr. ~. ~-m JtR ~~~ flJ-lfll,m ~ ~ cf4'T ~ t? 3ITT""@ ~ (8) 

tl til 4 c1 I fl" c:.'~ ll'$1! I 

! ' , 

., 
• • 11( 
, I l 
' I . 



(b) 

(~) 

, I 

i'in, a given directed graph with source s t' !, , 

.\s; and sink t, where each edge in the 
;;ijfaph has a non-negative capacity. 
;~ d the maximum flow that can be 
: ~-fnt from s to t. 
. f :~ • 

~ s 3ffi" ~ t c):; ~ ~ mr 
.:~ ~*. ~ ~<Ti~ 

·: I. 

_:;~ ~ 'Qcfi' 1R'-•-lchl{kJ4cfi aiJ:R'TT 

:
1
~ t1 s t t (i'cfi" 3ti' ~ ~ 

' I 

~ ~ ~ cfiT 9cTT ~I 

3 

6 

************** 

3 
I--.------~ B 

3 
4 

2 

F I------~ 
9 

(7) 

(7) 

J 

~ (1.5) 
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