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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION - A

There are FOUR questions in this section. Answer any THREE.

1. (a) Dream coins are used by the people of the Dreamland. Assume that only the following

coins are available at this land: $1, §7, $11, and $15. (10)
(1) Write an example of an amount where the greedy strategy for the Coin- Change
“problem does not provide an optimal solution. You must mention the optimal solution,

and the greedy solution. '

(i) By using Dynamic Programming, find the minimum number of coins that add up to a

given amount of money of $20.

(b) Write a divide-and-conquer algorithm that finds the Maximum and the Minimum of

an array of n distinct elements. First write the recurrence relation for the running time

T(n) of the algorithm, and then solve it by Recursion Tree Method. (10)
(c) Consider the following instance of the 0/1 knapsack problem. Solve this instance

using dynamic programming. Assume that the knapsack capacity is 7. You have to show

the dynamic programming table and find all solutions using this table. (15)

Item Weight Value

1 1 50
2 3 60
3 5 100
4 2 70
5 2 80

2. (a) Consider a divide-and-conquer algorithm as follows: if the problem size is less than or
equal to 5, then it solves the problem at constant time. Otherwise, it divides the problem
of size n into 4 subproblems, each with a size of n/3. This division takes O(«/E log n}
time. The algorithm then solves the subproblems recursively, and merges their solutions
at time O(n). Write the recurrence relation for the running time T(n) of this algorithm. (10)
Solve the following recurrences by using the Master theorem. f
(i) T(n) =9T(1/3) +5n+/n + 8logn |
(i) T(n) = 3T(/4) + 3n* +4n + 5
(iii) T(n) = 4T(n/2) + 5n® + 7/

(b) Suppose that you run a bus lending business, and each request is at the format: (start
time, end time). A bus can be used by one user at time. Suppose that you have got the

following bus-one requests for the next day. (12)
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{[1, 6), [4, 8), [6, 8),[9, 15), [6, 9), [11, 15), [2, 6)}

Find all solutions of the maximum number of requests that can be satisfied by using

(i) earliest start time,

(i) shortest interval, and

(iii) earliest end time.

(c) Let Ay (1x4), Ay(4xS5), A3(5x3), A4 (3x6), As (6x7), As (7x1) be six matrices.

Compute m[1, 6] by assuming m[1, 3] = 35, m[2, 4] = 132, m[1, 5] = 95, m[2, 5] = 270,

m [2, 6) =95, m [4, 5] =126, m [4, 6] = 60. (13)

3. (a) Briefly explain the steps that are to be followed for solving a problem using dynamic
programming method. (10)
(b) Show that the fractional knapsack problem has the optimal substructure property.
Also show that the 0-1 knapsack problem has the overlapping subproblems property. (10)
(¢c) Write the quick sort algorithm. Analyze the best case and worst case time-

complexities of the algorithm. . (15)

4. (a) Explain, with examples, the union-by-rank and the path-compression heuristics that
are used in UNION and FIND operations of disjoint-set data structures. | (10)
(b) Assume that you are given a Max Priority Queue of n elements. Write a function that
first finds and then deletes the minimum element of the priority queue. (10)
(c) Find all longest common subsequences of X = (TAAGUATU) and Y = (AUAGTUT)
by using dynamic programming method. Also find a shortest common supersequence of
X and Y usingan LCS of X and Y. (15)
The shortest common supersequence problem is defined as: Given two sequences X and
Y, find the shortest éequence that has both X and Y as subsequences. For example, for

two sequences X = (BUET) and Y = (CSE), a shortest common supersequence is

(BCUSET).

SECTION-B

There are FOUR questions in this section. Answer any THREE.

5. (a) You are given two sorted lists of size m and n. Give an O(logm + logn) time
algorithm for computing the kth smallest element in the union of two lists. (12)
{(b) Describe the worst case running time of the following code in "big-Oh" notation 1n

terms of the variable n. You should give the tightest bound possible. (5
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_int f(int n)

O

CAE (n &10),C S o _
o Syépem.ou;.println("j"); return n+3; }.
[elSe. L -
| °{ return £(n-1) + £(n-1); }~

(c) Suppose that you observe that a program takes 30 seconds to complete on inputs of

size 600, 4.5 minutes to complete on inputs of size 1800 and 20 minutes to complete on
inputs of size 2000. Develop a reasonable assumption for the order of growth of the
running time. | (10)
(d) Given two arrays a [ ] and b [ ], each containing N distinct points in the plane, design
an algorithm whose running time is linear under reasonable assumptions and uses at most

linear extra space to determine whether the two arrays contains precisely the same set of

points (but possibly in a different order). (8)

6. (a) Give the algorithm for converting an infix expression to postfix, evaluating a postfix
expression using a stack. (10)
(b) Give a concise accurate description of a good way for quicksort to choose a pivot
element. Your approach should be better than "use the entry at location [0]". (5)
(c) Temary search, like binary search, is a divide-and-conquer algorithm. It i1s mandatory

for the array (in which you will search for an element) to be sorted before you begin the

search. In this search, after each iteration it neglects % part of the array and repeats the
same operations on the remaining % Write an algorithm for ternary search and show its

complexity. (12)
{d) Given a directed graph with N vertices and M edges that may contain cycles, write a
function to find the lexicographically smallest topological ordering of the graph if it

exists otherwise print-1 (if the graph has cycles). (8)
Lexicographycally smallest topological ordering means that if two vertices in a graph do

not have any incoming edge then the vertex with the smaller number should appear first —
in the ordering. - L

Q /R, o A £ 2 ) v
RS . v Py Pt N o oefir Pt - V}, - [Pt e ]

Draw the results of inserting S
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(b) Suppose you have a set of numbers where you do a constant number of insertions and

a linear number of lookups of the maximum over some time period. To maintain your set

of numbers, you can choose between using either a heap or a binary search tree. i)

Assume you are interested in minimizing the average total runtime over the time period.

For each structure, what is the asymptotic upper bound on the average case runtime, and

which of the two structures should you choose? (12)
ii) Suppose you realize that you are actually interested in the worst case. For each

structure, what is the asymptotic upper bound on the worst case runtime, and which of the

two structures should you choose now?

(c) Explain when there is no back edge, if DFS is performed on an undirected graph. (8)
(d) Give the running times of DFS in terms of |V| and |E|, when using adjacency lists and

adjacency malrix to represent the graph, respectively. (8)

8. (a) Write a function int treeHeight () for a Binary Search Tree that computes the height
of the tree. Give a worst-case big-Oh running time in terms of n, where n is the number of
nodes in the tree. (8)
(b) Write functions void deleteMax ( ) for a Binary Search Tree that deletes the
maximum element in the tree (or does nothing if the tree has no elements). Give a worst-
case big-Oh running time in terms of n, where n is the number of nodes in the tree. Do
not assume the tree is balanced. (7)
(c) Suppose you have a graph like the one below. The dots signify some part of the graph
that you don't know exactly, not a straight link. You know however, that there are many
paths from the start to the goal. You also know that they tend to be rather long. Suppose
that you want to implement a program that searches for a path and returns the first one it
can find. You have no need for finding the optimal path in any sense, just any path will
do. Would you want to use BFS or DFS as the basis for your program? Justify your
(10)

answer.

(d) Describe a situation where storing items in an array is clearly better than storing items
on a linked list. (5)

(e) Write a method isHeap( ) which determines whether a particular binary tree is a heap.

What is the big-Oh bound on the running time of this algorithm? (5)
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SECTION - A
There are FOUR questions in this section. Answer any THREE questions.

(a) Design a security lock using PLA which will be opened using the following

combinations.
Alx,y,2)=>(1,3,5,6)
B(x,y,2)=3(0,1,6,7)
C(x,y,z)= 2(3, 5)
Dix,y,z)=>(1,3,4,5,7)

(b) Express f(4,B,C,D)=>(0,4,8,9,10,11,12,14) with the two level forms of
logic "NAND-AND" and "OR-NAND".

(c) Using K-Map minimize f(w,x,y,z)=> (1,2,3,7,10,12,14)+d(0, 6,8,13). Find
the Prime Implicants and Essential Prime Implicants. Write down the responsible
minterm for each Essential Prime Implicants.

(d) Simplify the following expression to POS and SOP.
ACD'+C'D+ AB'+ ABCD

(a) Design a logic circuit which return the smaller value between two 4-bit binary
numbers A and B. Show the operation with input 4 =7, B=9.

{(b) Using 4-bit binary adder and XOR gate design a circuit which takes two 4-bit BCD
inputs 4 and B, and return A +1 if input is 00, 4’ if input is 01, A'+1 when input is 10

and A when input is 11.
(c) Design a circuit with 4-bit binary adder which returns Ax B. A and B are 3-bit

binary numbers.

(a) Design a logic circuit for f(w,x,y,z)=3(0,2,6,7,10,11,12,14), with 2-4 line
decoder which has A4, B as input lines, decoder is enabled by active low enables EN1’
and EN2' (use the minimum number of extra logic gates).

(b) Design a 8 to 3 priority encoder with the priority order of data input is given as, 5,
0,7,4,6,3, 2,1 (5 has the highest priority and 1 has the lowest priority).

(c} Show that a decoder can be used as a demuitiplexer.

(12j

(6)

(12)
()

(12)

(13)

(10)

(14)

(13)
8)
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{a) What are the differences between an odd parity checker and odd parity generator?
(b) Using 4x1 line MUX design a logic circuit for f(w, X, ¥, z): H(O, 2,5,6,7,8,9, 10),
where the MUX has selector bits Sy, S;, input lines fo, /), f2, /3, and enables ENT' is
active low and EN2 is active high. (If $:8, = 00, /o is selected; if S15p = 01, 7} is
selected; $150 =10, f> 1s selected; ......s0 on.)

(c) Design a 1 bit Full Subtractor using 4x1 multiplexer (MUX).

The MUX has selector bits Sy, input lines fy, /), I, I; and active low Enable £N'. (If
S1S0 = 00, Jy is selected; if 5,5, = 01, | is selected; $15, = 10, /5 is selected; §1.5,= 11, f3

is selected.)

SECTION - B
There are FOUR questions in this section. Answer any THREE questions.

(a) Design a sequence recognizer that recognizes the sequence 1101 from an input

sequence. Note that the sequence is overlapping. Design the circuit using S-R flipflops
and draw the circuit diagram.

(b) Draw the circuit diagram of a master-slave J-K flipflop using only NAND gates.

{c) Design a BCD ripple down counter using D flip-flops.

(a) Design a circuit for a digital lock using T latches. The lock has two input push-
button switches A, B and it outputs a single pulse (Z1) for each activation. The two
switches are interlocked mechanically so that simultaneous pulses are not possible. The
lock should have the following features:

(1)  The opening sequence is AABABA.

(11)  Three B pulses should give an absolute reset.

(iii) Any incorrect use of the A switch will cause an output (Z2) to ring a bell

to warn that the lock is being tampered.

(b) Design a serial parity generation circuit. The circuit receives a sequence of bits and
determines whether the sequence contains an even or odd number of ones. The circuit
output p should be 0 for even parity, that is, if the sequence contains an even number
of ones, and 1 for odd parity.
(c) Design a 4 bit Jhonson counter using a shift register and illustrate its operation

using a timing diagram.

Contd .......... P/3

(8)

(15)

(12)

(20)
®)
%

(20)

8)

(7
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7. (a)For the incompletely specified machine shown in Figure for question 7(a),
complete the implication table and determine the maximum compatibles and the

maximum incompatibles. Find the upper bound and the lower bound of the number of

states of the minimal machine. Give the state table of the minimal machine.

|

PS NS, Z
x=0 x=1
A B0 | C1
B Do | C1
C A0 E, 0
D : F, 1
E G,1 F,0

F B, 0 -
G D, 0 E, 0

Tl

. Figure for question 7(a)

(b} For the state-table, in Figure for question 7(b), of a completely specified circuit,

find the equivalent partitions and write the state-table of the minimal machine. Name

the states that are equivalent.

'TPS NS, Z
' 1 J K
A A0 - B,1 E,1
B B,0 Al F,1
C Al D0 E,0
D F,0 C,1 A,0
| E A0 D,1. E,1
ICF [ B0 | DI | FI
j Figure for question 7(b)

(c) Discuss why the condition S = R = 1 leads to an unstable condition for an SR latch.

equal 0 when the two inputs, x; and x,, are equal. z = 1 results when x, = 0 and x;
changes from 0 to 1, and when x; = 1 and x, changes from 1 to 0. No other input

change causes any output change. Determine the reduced flow table containing the

minimum number of rows.

(a) Construct a primitive flow table for a fundamental mode circuit where the output, z,

(20)

(8)

(7

(10+10)
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(b) For the given reduced flow table in the Figure for question 8(b), find a valid

assignment without any critical race and complete the modified flow table. (8)
x2 00 01 11 10 |
a | @ /0 - d/0 @ /1 c/0
‘b @ /0 c/- ® /0 d/-

o

b0 a/l ©10
d | a0 @0 b0 @A

. Figure for question 8(b)

(c) Obtain the Mealy equivalent state table for the Moore machine of the following

state table: . (N
NS
PS A
x=0 x=1
A A B
B C B 0
C - C D i
D A D 0
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SECTION — A
There are FOUR questions in this section. Answer any THREE questions.

1. (a) Draw the circuit of a full-wave bridge rectifier and show the output wave shape for
a sinusoidal input. (16%)
(b) For a full wave bridge rectifier, find the value of peak current through the diode
and PIV for the diode. Given, Vs =12 V (rms), Vpo=0.7 V and R = 100 Q. (10)
(c) Comment on the value of RC time constant for a rectifier circuit. (10)

(d) For a sinusoidal input, draw the output waveshape for the circuit shown in Fig. for

Q 1(d). X ' — (10)
P —y——
'F {Q\ ‘ ’* _

Vg / ' VO . !

T, l i !

WA f

ey, Vi S

2. (a) Draw the éﬁér;cr,y band pfoﬁle ofa—ljhp transistor under zero bias and forward-active

mode bias conditions. (23)

(b) For the common collector circuit shown in Fig. for Q. 2(b) derive the expressions

for Ay, Aj, R; and Ry using T model for the transistor. (23%)

_ v/ h
?—%’ Ue /f’? &,g,!o__f_t(_m
7 R, 77 R,
L Pl L Y Y \ l
| TG ) XNE)
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3. (a) For the circuit shown in Fig. for Q. 3(a), find the value of R, so that R; is five
times the value of Rs. Then using these values find R; Ry, A, and A; for the circuit.

You can neglect early effect. Given, B = 100 and r(T-model) = 40 Q. (26%)

Vee
S

N k0 Yo

E—
T TR =T
b R ,é

S EL e B3(a)

B —_—— e — .

(b) The circuit shown in Fig. for Q. 3(b) is to be fabricated using a transistor type
whose [ can vary from 50 to 150. Design the circuit (find R.), so that all fabricated
circuits are guaranteed to be in the active mode (emitter junction forward biased and
collector junction reverse biased). What is the range of collector voltages that the
fabricated circuits may exhigit?
B

(20)

Fg v Q36)

4. (a) What is the difference between enhancement type and depletion type MOSFETS,
Draw Ip, vs. Vs characteristics and Ip vs. Vpg characteristics for different values of
Vgs for enhancement type and depletion type MOSFETSs. (26%)
(b) For the circuit sown in Fig. for Q. 4(b), find R so that Ip; = 0.4 mA. Also find Vp,,
V2 and Ipz. Q1 and Q2 are identical. Given, V, =2V, n,Cox = 20 uA/Vz, L=10 um

and W = 100 pm. -~ ,HO\/ C 20)
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SECTION-B
There are FOUR questions in this section. Answer any THREE.

5. (a) Find the expression of output voltage, vo in terms of input voltages and resistances

in the circuit shown in Fig. for Q. No. 5(a). Also, calculate the value of output voltage

at t=1 sec given that v) =2V, v, =5V, vy = 1V, and v4 = § sin(100 nt). (20)
T Sk_n._ A5y Svon (k2
Ulka |
T - - T
A \/f A -
> Sk y o—-vv—-—-’ Vo

: —|~ y—Suon—f +

N ) =

Fig for—8—No—&(0)

(b) Design an electronic analog computer using Op Amp that can solve the following
differential equation. Give brief explanation of operation of the designed computer. (26%)

The differential equation is,
d?v  dv _
dt—2+ 4} +5v=-5=0
6. (a) Design a circuit using Op Amp(s) for given input, vi(t) and output, ve(t) in Fig. for
Q. No. 6(a). (16)
55D

Culpur wave ~hapt

__‘.v
Oi}f . o o
¥ rd £_
: ' Img
s
; T ? Inpul___Wave nhape
| .
oV
I
L_.QV, . 2 -+ —*t.
i "% ImS
T
I

Hs! gor 8. no. 6(a)

(b) Design a circuit using 555 IC which results in a square wave with oscillation

frequency of 100 kHz and 75% duty cycle. Also, draw your designed circuit and
output wave shape. : (20)

(c) Write down the Barkhousen criterion. 10%)
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7. (a) For the Colpits oscillator show that frequency of oscillation wy, is given by (20)

y = ]
" | GG
C +C,

(b) Draw the equipment circuit of piezoelectric crystal. Qualitatively draw the crystal
reactance verses frequency and identify inductive and capacitive reactance region. (10%)

(c) Design a circuit using bistable multivibrator which generate triangular waveform
with oscillation frequency of 2 kHz. Given that the triangular wave has a 10-V peak-

to-peak amplitude. (16)

8. (a) Consider the inverter of Fig. for Q. No. 8(a) with a capacitor C connected between
the output node and ground. I; at t=0 goes low to high, find the equation of time for v,

to reach % (VoL + Vou). Also, calculate high-to-low propagation time for R = 25 kQ

and C = 20 pF. | | (10%)
@ ¢ Vop = Sv !
%i'r—ﬂ
! L
B E;. T
. L L
| Fig. fu G No.8(2) :
(b) Implement the function f(4,8,C, D)= m(0,4,8,9,10,11,12) using CMOS. (13)
(c) Calculate transistor % ratios for the logic circuit shown in Fig. for Q. No. 8(c).
Assume that for the basic inverter n = 1.5 and P = § and that the channel length in
0.25 um. — 16
um j Vo (16)
' A o—'d"T @ra |

Y 04[: Bric

2. r'lav TW—@-:—ND—S(“()—'
(d) Implement the followmg function, Y using CMOS transmlssmn gate configuration. (7
Y=AB+AC
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SECTION-A
There are FOUR questions in this section. Answer any THREE questions.

(a) If [z,|=|z2| and amp(z,)+amp(zz)=0, then show that z; and z; are two complex

conjugate numbers.

_; is purely imaginary, then the point z lies on the circle

(b) Prove that if the ratio Z

z -

1 ) . 1
whose centre =(1+i} and radius —.
5 (1+1) 5

(c) Show that the transformation, w= I_HZ, transform the real axis on the z-plane onto

Z+1

a circle in the w-plane. Find the centre and radius of this circle.

(a) Write down Cauchy Riemann eq‘uations in polar form. If f(z)=u(r,8)+iv(r,6)

0
then test the differentiability of the function f(z)= Vre'2,(r>0,a <0 <a+27) in the

indicated domain and hence show that f'(z)= 5f—1(?) :

(b) Show that w=e*cosy is a harmonic function. Find an analytic function
£(z)=ulx, y)+iv(x, ) and express f(z) in terms of z.
(c) Show that the integral of Z along a semi-circular arc |z| =1 from -1 to | has the

value —ri or ni according as the arc lies above or below the real axis.

(a) Use Cauchy integral formula to evaluate 4’ sinb z

cle-2)

in a Laurent series valid in the region 1 < |z| <2.

dz , where C is the circle |z| =1.

(b) Express f(z)= ) 1

+1)lz+2

(¢) Evaluate I ]

! 2(22 — 1)(2 — 4) dz , where C = {z ;|z + 2| + |z —2| = 6, positively 61‘iented}

by Cauchy's residue theorem.

Evaluate the following integral using the method of contour integfation:
2n »
in 2040 dx
@ [+ (b) .
05—3(:039 -!(sz)?

(10)

(10)

(15)

(15)

(10)
(16)
(10)

(13)

(12)

(17+18)
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SECTION-B
There are FOUR questions in this section. Answer any THREE questions.

5. (a) The Shareholder Research Bureau of BD conducted recently 2 research study on
the price behavior of three leading industrial shares A, B and C for the peried 1996 to

1999, the results of which are published as follows in the quarterly journal: ‘ (] 5)
Share | Average price (tk) | Standard Deviation (tk) | Current selling price (tk)
A 18.00 5.40 36.00
B 22.50 4.50 3475
C 24.00 6.00 39.00

(i)  Which share in your opinion appears to be more stable in value?
(ii) If you are the holder of all three shares which one would you like to
dispose of at present and why?

(b) What is Skewness and Kurtosis? Calculate the value of y; and y, from the data

and interpret them. (20)

Class interval 10-20 20-30 30-40 40-50 50-60

Frequency 18 20 30 22 10
6. (a) Find the regression equation of capacity utilisation on production from the data
where r = 0.62 (20)
Average | Standard deviation
Production 35.6 10.5
Capacity utilisation 84.8 8.5

Also estimate the production when the capacity utilisation is 70 percent.
(b) A group of 20 students went on a picnic. Among them S got sun burnt, 8 got bitten
by mosquitoes and 10 returned home safely without any mishap. What is the

probability that (i) a boy, who got sun bumnt was ignored by the mosquitoes? and (ii) a

mosquito bitten boy also got sun bumnt? (15)

7. (a) What is density function? What condition must a density function satisfy? Suppose

that the distribution function of a random variable X is as follows (20)
0, x=0
X 0O<x<2
F(x)= 82
iz, 2<5x<d4
1, x>4

(1)  Find the probability density function of X.
(i) Find p(x>1.5)and p(x21|x<3).
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(b) A lot containing 7 components is sampled by a quality inspector, the lot contains 4
good components and 3 defective components. A sample of 3 is taken by the inspector.

Find the expected value of the number of good components in this sample taken by the

inspector? : (15)

8.  (a) A new factory installed 1000 tube lights with a mean life of 120 days and their
length of life is normally distributed with standard deviation 20 days. (i) How many
tube Jights will expire in less than 90 days? (ii) If it is decided to replace all the tube
lights together, what interval should be allowed between replacements if not more than
10 percent should expire before replacement? - (18)
(b) The mean and standard deviation of GPA scores obtained from a random sample of
40 students of a college were 2.8 and 0.35 respectively. Can we conclude that the
sample has come from the entire group of students, which has a mean score of 2.47 -

Use a 1% level of significance. Compute 99% confidence interval for the mean score

in the population. (Given that, at 1% level of significance; z =+2.58.) (17)
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