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Answer as much as you can. This paper carries 75 marks. The maximum you can score is

60 marks. Marks alloted to each question are indicated within square brackets near the right margin.

1. Use a combinatorial argument to show that (7) = 2(77}). 5]

2. Consider binary strings of length (m + n) with exactly m 1’s and n 0’s. Count the number of
these strings with exactly & runs, where a run is a maximal substring of consecutive 1’s. For
example, 1011100110 has 3 runs. [5]

3. Prove each of the followihg statements, explicitly mentioning the method of proof:
(a) If k is odd, then 2712 divides k%" —1 for all natural number n.
(b) 6 — /35 < 1/10 (assume that a calculator is not available). [6+4==10]

4. Given any 9 integers whose prime factors lie in the set 3,7,11, prove that there must be two

whose product is a square. (5]
5. Show that for any integer a > 2, the diagonal Ramsey number R(a,a) < 447! . (5]

6. Let P,,(n) = ZZ;}k’” denote the sum of the m!* powers of the integers from 0 to n - 1. Find
the exponential generating function P(z,n) for P, (n). Verify your answer for m = 2 and
m = 3. (10]

7. Solve or give tight bounds for the following recurrences:
(a) an = 9an_1 — 30an_2 + 44a,_3 — 24an_q, and ag = 5, a1 =12, az = 38, az = 126
(b) @n = Tan—1 —12an_2 + 3n4™, and gy =0, a3 = 2.
(¢) T(n) =2T(n/4) + /n, and T(1) =1 [8+7+5=20]

8. How many integers between 1 and 500 inclusive are divisible by none of 2, 3, and 57 (5]

9. What is the significance of S(n, k), the Stirling’s number of the second kind? Express it as a
recurrence relation. ' (5]
10. Write the generating function for the number of partitions of a positive integer n in which each

part is at most 5. [5]
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1. Multiple Choice Questions {(More than one may be correct) 2X5=10

(a) In Static RAM
o Norefreshing is needed when powered
e Bits are stored as on/off switches
e Bits are stored as charges in capacitors
e None of the above

(b) Which of the following is the correct order according to increasing speed of
access?
e Registers < Cache < Main memory < Secondary Memory
e (Cache < Main Memory < Registers < Secondary Memory
e Secondary Memory < Main Memory < Cache < Registers
e Registers < Cache < Secondary Memory < Main Memory

(c) In DRAM
e Bits are stored as on/off switches
e Bits are stored as charges in capacitors
e Refreshing is needed when powered
e None of the above

(d) The idea of cache memory is based on
* Locaiity of Reference
e Main memory access is slow
e Factthat references tend to cluster
+ None of the above

(e) In Memory mapped I/O

Devices and memory share an address space
1/O looks just like memory read/write

There are no special commands for 1/0

None of the abave
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a) Compare the approaches of programmed /O and interrupt-driven 1/0. (5]

b) When a device interrupt occurs, how does the processor determine which device
issued the interrupt? (3]

c) In virtually all systems which include DMA modules, DMA access to main memory
is given higher priority than CPU access to main memory. Why? (2]

a) Consider 4 GB, byte-addressable main memory. £ach word is 32 bits wide. Assume
that cache block size is 4 words and it contains 64 KB data. What is the total storage
needed for the cache? (4]

b) Assume the performance of 1-word wide primary memory organization is
e 4 clock cycles to send the address
e 56 clock cycles for the access time per word
e 4 clock cycles to send a word of data

Given a cache block of 4 words, calculate the miss penalty. 2]
Re-compute the miss penalty if we have Main memory width of 2 words. 2]

c) Can a direct mapped cache sometimes have a higher hit rate than a fully
associative cache with LRU replacement policy (on the same reference pattern
and with the same cache size)? If so, give an example. If not, explain why not? [2]

a) State and explain Amdahl’s law. [2]

b) It is found that in a typical execution of a circuit simulation program 80% of all
instructions do floating point operations. If we add the fastest available floating
point co-processor to the system, what is the upper bound on the achievable
speed up? (4]

c) Consider a program execution profile where in 1000 memory references there
are 40 misses in the first level cache and 20 misses in the second-level cache.

e What are the local and global miss rates? {2]
e Assume the miss penalty from L2 cache to Memory is 100 clock cycles, the hit
time of L2 cache is 10 clock cycles, the Hit time of L1 is 1 clock cycles, and
there are 1.5 memory references per instruction. What is the average
memory access time per instruction? Ignore the impact of writes. [2]
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. Two people toss a fair coin n times each. Find the probability that they will see the same
number of heads. [8 points]

. Let Bi,..., By be a partition of the event B. For an arbitrary event A show that:
P(A|B)=P(A|B1)P(B1|B)+ ...+ P(A| B,)P(B, | B).
[7 points]

. An airport bus deposits 25 passengers at 7 stops. Assume that each passenger is as likely to
get off at any stop as another and that they act independently. FInd the expected number
of stops the bus will make. [8 points]

. Suppose X and Y are independent exponential random variables with parameters A and p.
Find P(X <Y). [7 points]

. A person takes four tests in succession. The probability of his passing the first test is p.
Then, the probability of his passing each succeeding test is p or p/2 according as he passes
or fails the preceding one. He qualifies provided he passes at least three tests. Given that
he qualified, what is the probability that he passed the first test? [12 points]

. Let ¢(z) > 0 for z > 0 be monotonically increasing and suppose that for some random
variable X, E(¢(| X |)) = M exists. Prove that,

P(IX|2t) < (8 points]

M
o(t)



INDIAN STATISTICAL INSTITUTE

Mid-semester Examination (2011-2012)
M.Tech. (CS) — First year
Switching Circuit and Logic Design

Maximum marks: 80

Date:5.9.11 Time : 2 hours 30 mins

Answer all the questions

1.a). A multiple-output function is given below.
X=A'C+AB'C+A'B
Y=BC'D+ B'D'+ A'B
Z=A'C + BD'+C'D’
1). Implement the functions by using ROMs.
it). Implement the functions by using PLAs

iii). Implement the functions by using PALSs

iv). Compare the size of the ROM implementation with that of PLA implementation.

P

[5+5+5+3]

2 a). What is the condition for two columns of a PLA to be compatible?

b). Applying that condition find the compatibility matrix for the input variables of the
problem given in question 1.

¢). From the matrix find the first companion pair.
d) what are the different types of faults possthle in a PLA
[. 2+10+5+5]

3. Realize the function given below
F (x1, X2, X3,X4) =2, m(1, 4,5,6,7,12,13,15).

O T M



i) with an 8-to-1 multiplexer

ii) with some 4-to-1 multiplexers [5+5]

4a). Define Boolean Difference of a function. How Boolean difference is used for
finding all test sets for a line stuck-at-fault?
(5]

b) Apply Boolean difference to find test vectors for detecting line X3 stuck- at-1 for
the function,
F=( X+ X2) X ¢ + X3 X4 (10]

5a). What is a self dual function? How many distinct self dual n-variable functions can
occur?

b).Determine if the function F=), (0,3, 5,6,8.11,12,13) is self dual or not?
[10+5]
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1. (a) If A and B are countable sets, show that A U B is countable.
(b) Find the multiplicative inverse of 53 modulo 275.

(5+ 5= 10)

2. Let G be the set of all formal products of the form z*¢y’ for i = 0,1 and j = 0,1,...,n — 1
satisfying the following relations:

riy = ¥y’ if and only if 4 = 4’ and j = j'; 2% = y™ = e for some n > 2; and zy = y~z.
(a) Find the form of the product (z'y?)(z*y%) as z%y”.
(b) Show that G is a non-abelian group of order 2n.
(4+6=10)
3. (a) If G is a group such that (ab)? = a?b? for all a,b € G, then show that G is abelian.
(b) Express as a product of disjoint cycles: (1,2, 3)(4,6)(1,5,7,9,8)(5, 6, 3).
(446 =10)

4. (a) Show that if G is a group having no non-trivial sub-groups then G must be finite and of
prime order.

(b) Let U, = {i: 1 <i< n,ged(¢,n) = 1}. Show that Us is not a cyclic group.
(6+4=10)

5. (a) If N and M are normal sub-groups of G, prove that NM is also a normal subgroup of
G.
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{ (b) Let G be a group and g € G. Define a map ¢ : G — G by ¢(z) = gzg'. Show that ¢ is
an isomorphism.

(545 = 10)

6. Let G be a finite cyclic group of order 7. Show that the automorphism group of G is ismorphic

to U,.
(10)

7. (a) Let G be a finite group and T an automorphism of G with the property that T'(z) = =
if and only if z = e. Show that every g € G can be written as g = 71T ().

(b) Suppose that in (a) we further have T2 = ], where [ is the identity map on G. Then
show that G is abelian.

(545 =10)
8. Let G be a finite group, X be a finite set and ¢ : G x X = X such that

for g,h € G, and x € X, ¢(gh,z) = ¢(g, ¢(h, T));
dle,z) =z forall z € X.

Define a relation ~ on X as follows: for z,y € X, the relation  ~ y holds if there isa g € G
such that ¢(g,z) =y.

(a) Show that ~ is an equivalence relation.
(b) For z € X, define G(z) = {g € G: ¢(g,z) = z}. Show that G(z) is a sub-group of G.

(¢) Let B(z) be the equivalence class of ~ containing z. Show that the index of G(z) in G
is equal to the number of elements in B(x).

(4+3+8=15)
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‘1. Write an efficient algorithm that compute the height of a binary tree T (8]

. You are given an array of infinite length contining zeros followed by one. How fast can

you locate the first one in the array. (8]

. A linked list has exactly n nodes. The elements in these nodes are selected from the set

{0,1,...,n}. There are no duplicates in the list. Design an O(n) worst case time algorithm
to find which one of the elements from the above set is missing in the given linked list
using only a constant amount of additional storage. [10]

Let A be an array of size n, containing positive or negative integers, with A[l] < A[2] <

. < A[n]. Design an efficient algorithm (should be more efficient than O(n)) to find
an i such that Ali] = i provided such an ¢ exists. What is the worst case computational
complexity of your algorithm? [12]

+

. Given a tree T, how efficiently can you verify whether T is a binary search tree. [10]

. Consider a binary heap containing n numbers (the root stores the greatest number). You

are given a positive integer £ < n and a number z. You have to determine whether the
kth largest element of the heap is greater than z or not. Your algorithm must take O(k)
time. You may use O(k) extra storage. 12]

. An array A[l..n}is unimodal if it consists of an increasing sequence followed by a decreasing

sequence, or more precisely, if there is an index m € {1,2,...,n} such that A[i] < Afi + 1]
for all 1 < i < m, and A[i] > A[i +1] for all m < ¢ < n. In particular, A[m] is
the maximum element, and it is the unique locally mazimum element whose neighboring
elements A[m — 1] and A[m + 1] have valuesless than it. Give an algorithm to compute

the maximum element of a unimodal input array A[l..n] in O(logn) time. [10]

. Design an O(n)-time algorithm that, given a real number z and a sorted array S of n

numbers, determines whether or not there exist two elements in S whose sum is exactly
z. [10]
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Describe (not just diagrams) two sets that are not convex. Justify your answer.

Give example of two real-valued functions that are not convex. Justify your
answer.

Define a convex programming problem with an example.
Prove that for a convex programming problem, a local optimum is also a global
optimum,.

[4-+4+4+8 = 20]

For an LPP, define: basic solution and feasible solution. Give example of a basic
solution which is not feasible and a feasible solution which is not basic.

[10]

State the optimality criteria for the Simplex Algorithm. Prove that when the
algorithm stops satisfying the criteria, cost function has been optimized.

[3+12=15]
Solve the following LPP using the two-phase method.
maximize X+y
subject to
x-y21
x—y<0
x,y20
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Consider the following transportation problem.

utlet { 2 3 4
warehouse

1 2 5 1 4 |20

2 3 1 2 5 160

3 4 3 2 1 | 40

(a) Find abfs.

(b) Find another bfs that has less cost than the previous one.

% %k %k

[5+5=10]
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1. (a)

(b)

(c)

Consider the following simple language. In this language a and b represent
names of integer variables. Each statement may have a label as a prefix. State-
ments in the language include:

Statements . Meaning of the statements
a=hb Assign a the value of b
a=a+1 Add1toa

a=a-1 Subtract 1 from a

if a=0then goto L 1fa=0 transfer control to statement L
if a>0then goto L Ifa> 0transfer control to statement L
goto L Transfer control to statement L

halt Stop execution

Write the following program in this language using the combination of state-
ments above:
Given a and b, compute z = a * b. (3]

Give an example of an operation in C that has a side-effect and is self modifying
t00. 2]

Explain the meaning of static (i.e. compile-time) and dynamic (i.e. run-time)
type checking. Compare the advantages and disadvantages of these two ap-
proaches to type checking from the point of view of the language implementer,
and the programmer. 2+ 2]

Suppose the declaration of a vector V is given using an enumeration type as
the subscript range. For example, the following is a typical declaration of a
vector in Pascal.

Class=(Fresh, Soph, Junior, Seninr, Graduate);

V: array[Class] of real;

Show the storage representation (including descriptor) that would be appro-
priate for V' and give the accessing formula for computing the location of a
component V[z]. [3+2]

Briefly discuss the appropriate storage representation for an unordered set for
the cases where the size of the underlying universe of values that may appear
in the set data object is known to be large. 2]

What is binding time? What is the trade-off involved with early versus late
binding? [1+1]



3.

(a)
(b)

(c)

(d)

(a)

What is garbage collection? 12]

Discuss the comparative advantages/disadvantages of reference counts and
mark-and-sweep collection as a means of garbage collection. [4]

If a language has garbage collection, must it necessarily be compiled or can it
be interpreted? Explain briefly. 2]

Give an example of an overloaded operator in a language you are familiar with.

1]

What is a dangling reference? Are the following C statements creating any
dangling reference? What about garbages? Explain briefly. 2+ 2+ 2]
int *p,*q;

p=malloc(sizeof(int));

q=p;

free(p);

What are the dangers in allowing memory deallocation to be under the direct

control of the programmer? [2]
What does type equivalence mean? 1]
What distinguishes declarative languages from imperative languages? 2]
Differentiate records from variant records with suitable examples. 2]

In order to remove the overhead of a function call, a programmer decides to
replace all calls to a function f with the macro F, where f and F' are defined as
follows:

int f(int x)

{

return (x+x);

;édeﬁne F(X) (X)+(X)

Give two valid C expressions involving f which produce different results when
F is substituted for f. Justify your answer. 2]

Draw the runtime stack, showing the activation records that would be pushed
as a result of the call factorial(3) (using the recursive version of factorial as
shown below). Just show the value of N in each activation record (don’t worry
about the return address). Also indicate the value that is returned as the result
of each call. 3]

int factorial{int N)

{

if (N ==0)
return (1);
else

return (N*factorial(N-1));

}
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Answer all questions from Part A and any four from Part B.

Part-A: Answer all questions

1.

Each question below carries 2 marks. More than one option may be correct. You will get full

credit only by choosing all the correct answers. Clearly write the answers chosen by you on

the answer sheet. 2X5=10

a)

D)

d)

The number of cycles required to complete n tasks in a k stage pipeline is
i. kK+n-1
i nk + 1
ili. k
iv. None of these

Register Indirect Addressing mode is usefut for
i. Procedure Returns
ii. Case / switch statements
iii. Virtual functions
iv. All of the above
A 16 bit address bus implies an address space of
i 64K
i 16K
iii. 8K
iv. None of the above

Consider the following snippet of C code:

for (i O; 1 < 20; i++)
for {) 0; 7 < 10; jv)
alii alil *

The code above exhibits.
i. Spatial Locality
if. Temporal Locality
ii. None of the above

A byte addressable computer has memary capacity of 2™ KB and can perform 2"
operations. An instruction involving 3 operands and one operator needs a maximum
of
i 3m bits
if. 3m +n bits
. m + nbits
V. 3n + m bits



2. True/ False questions 2X5=10

For each of the following statements, state which are true and which are false. Provide a one-line
explanation wherever needed.

a) Pentium and IBM 370 are both big endian machines.

b) In twos complement arithmetic, if the exclusive-OR of the carry bits into and out of the
leftmost column is 1, then there is an overflow condition, otherwise, there is no overflow.

¢) The wider the data bus, the greater the number of bits transferred at one time.
d) A micro-operation consists of one or more instructions.

e) An arithmetic left shift always produces the same result as logical left shift on an unsigned
operand.

Part-B: Answer any four questions:

1. [6+4+5]=15
A. Consider the pipelined execution of these instructions for the MiPS 5-stage pipeline.
DADD R1,R2, R3
LD R4,0(R1)
SD R4,12 (R1)
OR R8, R1, R4
XOR R10,R1, R11

Explain how the above execution may generate data hazards. Can all the data hazards
be handled using data forwarding?

B. Explain the concept of structural hazards in a pipeline and the associated resolution
mechanisms.

C. Compare zero, one, two and three address machine codes in terms of number of
instructions for the computation below:

X=(A+BXC)/(D-E+F)

for each of the four machines. The instructions available for use are as follows:

0 address 1 address 2address | 3 address
PUSH M LOAD M MOVE (X< - Y) MOVE (X¢- Y)
POP M STOREM ADD (X ¢ X+Y) ADD (X « X +2)
ADD ADD M SUB (X« X-Y) SUB (X «- X~2)
MUL MUL M MUL (X < X*Y) MUL (X « Y *2)
SuB SUBM - DIV (X< X/Y) DIV (X < Y /2)
DIV DIV M




[6+5+2+2]=15

A For the following data structure, draw the big-endian and little-endian layouts. The value
of each variable is written as a comment beside the variable. For example, the initial
value of a is 0x1112. Note that there is no initial value for c.

struct {
short. a; //0%x1112
int b; //0x11121314
int. <

char *d; 7/0x%x31323334
int. *o //0x41424344
char 7] // “Ar, B, Cr, YD, W, Y, G, “HY

}S];

B. An address field in an instruction contains decimal value 14. Where is the corresponding
operand located for

¢ Immediate addressing
+ Direct Addressing

e Indirect Addressing

¢ Register Addressing

e Register Indirect Addressing

C. Suppose a stack is to be used by a processor to manage procedure calls and returns.
Can the program counter be eliminated by using the top of the stack as a program
counter? ’

D. Is there any possible justification for an instruction with two opcodes?

[6 + 5+ 4]=15

A. Consider a library of books as a cache system with practically infinite levels of hierarchy.
Smaller libraries can borrow books from larger libraries, which can buy them from stores.
Similarly, smaller stores can buy books from larger stores. Assume that the time to
borrow a book from the nearest library is one unit and the probability of finding a book
there is h. Given that a larger library or store serves the demands of more users and at
the same time have a bigger stock, we assume that the probability of finding a book in
the local stock is h for all libraries and stores. We also assume that these libraries and
stores process media electronically and the access time between any two consecutive
levels remains one unit. What will be the average access time for retrieving a book from
the nearest library?

B. A processor runs a variety of programs, some with heavily clustered data localities in the
memory and others with highly fragmented data. Assuming that the cache size is fixed,
suggest a miss-guided dynamic scheme for the cache that will attempt to keep the hit
rate high.

C. How does SDRAM differ from ordinary DRAM?



[6+9]=15

Explain the concept of dedicated and multiplexed bus types. Contrast the centralized and
distributed bus arbitration approaches.

Write the sequence of micro-operations required for a CPU with a standard internal bus
structure to add a number to the accumulator AC when the number is:

¢ An immediate operand

e A Direct-address operand

* An Indirect-address operand

[3 +6+6]=15

Represent the following decimal numbers in both binary sign-magnitude and twos
complement form using 16 bits: *

a. +40

b -14

Use the Booth algorithm to multiply 25 (multiplicand) by -13 (multiplier), where each
number is represented using 16 bits.

Divide -119 by 11 in binary twos complement notation, using 12-bit words.
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1. (a) Let a and b be positive integers and d be their greatest common divisor. Show that there

are integers z and y such that d = az + by.
(b) Let G be a group and define

Z={2€G:zx=zzforallz € G}.

i. Show that Z is a normal subgroup of G.
ii. If T is any automorphism of G show that T(Z) C Z.

(8+5+7=20)

. (a) If D is an integral domain and if na = 0 for some a # 0 in D and some integer n # 0
prove that D is of finite characteristic.

(b) Prove that any field is an integral domain. .

- (¢) Prove that any homomorphism of 4 field is either injective or takes each element to 0.

(d) Let U,V be ideals of a ring R and UV be the set of all elements that can be written as
finite sum of elements of the form uv where u € U and v € V. Prove that UV is an ideal
of R.

(¢) Let F and K be two fields with F C K and suppose that f(z), g(z) € Fz] are co-prime
in F[z]. Prove that they are co-prime in K [z].

(f) Prove that when F is a field, F|z;,z,] is not a principal ideal ring.

(T+5+5+7-+6+5=35)

(a) Prove that the kernel of a vector space B"omomorphism is a subspace.
(b) If A and B are subspaces of V, prove that (A + B)/B is isomorphic to A/(AN B).

(¢) If T is an injective homomorphism of a vector space V onto a vector space W, prove
that T maps a basis of V onto a basis of W.

(d) Let F be a field. Is F[z] a vector space over F? If so, is it finite dimensional? Justify.
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(¢) Let V be a finite dimensional inner product space and B = {ws,...,wm} is an orthonor-
mal set in V such that

> wi0)? = ol®
‘ i=1
for every v € V. Prove that B is a basis of V.

(5+8+47+5+10= 35)

4. (a) Find a polynomial of degree 3 which is irreducible over GF(5).

(b) Suppose that F is a finite extension of GF(p) which contains all the zeros of the poly-
nomial 27" — z. Show that these zeros form a field.

(5+5= 10)

5. Let F = GF(2) and 7(z) be an irreducible polynomial of degree d in F'[z].

(a) Let K be an extension of F such that there is an a € K satisfying 7(a) = 0. Show that

the zeros of 7(z) are
a,et,e? ... a7,
(b) Show that 7(z) = 7(1 + z) if and only if 7(x)|(z¥ + z + 1) for some 4.

(7+13 = 20)
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1. (a)
(b)

(c)

Discuss the implementation of recursive subprogram control. 5]

How many asterisks in terms of k will be printed by the following C function
if it is called by count(2*)? Justify your answer. 3+ 2]

void count(int n)
{
printf(”*”);
if(n > 1)
{
count(n/2);
count(n/2);
}
}

What will be the return value of the following C function if it is called by
£(0,1,0,n)? Justify your answer. [3+72]
int f(int i, int j, int k, int m) !

{

if(k ==m)
return(j);
else

return(f(j, i+j, k+1, m));

}

What are coroutines? In what way are the coroutines different from conven-
tional subprograms? [2+2]

Suppose a language allows initial values to be specified for local variable decla-
ration. Discuss the implementation strategies that such an initialization might
take in the cases where (i) local variables are retained between calls and (ii)
local variables are deleted between calls. [3+ 3]

What is polymorphism? What makes a polymorphic object different from other
objects? Can the following two C++ functions having the same name be
considered as overloaded?

int f(int a); '

float f(int a); 2+2+1]

What is dynamic scope rule? What will be the output of the following program
under dynamic scope rule? 2+2]



(b)

(c)

(a)

(c)

Program dynamic_scope;
var n : char;
procedure W();
begin
write(n);
end;
procedure D();
var n : char;
begin
n:= "X’
W();
end;
begin
n:="Y}
W();
D();
end.

What are the differences between the eager evaluation and lazy evaluation
methods for evaluating an expression? Provide a Boolean expression that will
produce different results under lazy and eager evaluation. [3+2]

Define abstract data type. Discuss the relative advantages and disadvantages of
direct encapsulation and indirect encapsulation models for abstract data object.
2+ 4]

Suppose that the call by name method is used to pass parameters to the pro-
cedure swap below.

procedure swap(var x, y : integer);
procedure g() : integer:
var z : integer;
begin
7z 1= X, X ;= y; return z;
end;
begin
y = g();
end.
Consider that an assignment By := E is implemented as follows:
compute the location of Ey;
compute the value of E;
place the value of E; into the location of Ey;
Will the call swap(i, Ali]) be able to exchange the values of ¢ and Ali]? Justify
your answer. 2+ 2]

Define exception, exception handler, and “raising an exception”. Give the
names of two different places where the control can be transferred back af-
ter processing of an exception is finished. 3+ 2]

What will be the output of the following program if call by reference method
is used to pass parameters to the procedure f? Will there be any change in



(c)

v

the output if call by value result is used instead of call by reference to pass
parameters to the procedure f? Justify your answer. 2+2+2
Program test;
var i, j : integer;

procedure f(var x, y : integer);

begin
L=y
end;
begin
ii=2:j:=3;
£(i, j);
write(i, j);
end.
Outline the key features that an “object-oriented” language must have. Discuss
to what extent the programming language C++ has these features. [4+73]
What is a virtual function? What is the purpose of having a null virtual
function in C++. 2+ 2]
What will be the output of the following C+-+ program? Justify your answer.
2+ 2]

class Base {
public:
virtual char f() { return 'X’;}
char g() { return 'X’;} ‘
char testF() { return f();}
char testG() { return g();}
h
class Derived : public Base {
public:
char f() { return 'Y’;}
char g() { return "Y’;}

};

int main()

{
Base B;
Derived D;
printf(” %c %c” ,B.testF(), B.testG());
printf(”%c %c”,D.testF(), D.testG())
return 0;

bl

Outline four key concepts that must be addressed in order to consider paral-
lelism in a programming language. Suppose a programming language provides
the following “and construct” for allowing parallel execution:

statement; and statement, and - - - and statement,



(b)

The “and construct” has the semantics that each of the various statement;
execute in parallel; the statement following the statement containing the “and
construct” does not begin until all the parallel statements terminate. Discuss
one possible implementation of such an “and construct”. What are the pos-
sible values of y that may be printed on execution of the following program
statements, depending on different order of execution of the statements in the

“and construct”? [4+4+3]
x =1
x:=2and y 1= X+X;
print(y);

What does the following C function do if unsigned int uses 32-bit representa-
tion? 2]
int fun(unsigned int n)

{
}

return (((n | (~n + 1)) >> 31) & 1);

What will be the output of the following C program? 2]

int main()
{
inti=0, n=0;
while (i <= 6)
{ | s
1+ +;
if (1 ==2)
continue;
n=mn+71,
printf(” %d” ,n);
if(n >=12)
break;
}

return(0);

}
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1. (a) The king of Bombagarh had 4 sons, 10 of his male descendants had 3 sons each, 15 had 2
sons each, and all others died childless. How many male descendants did the king have?

(b) Show that the block graph of any connected graph is a tree.

(c) For a graph G = (V.E) and a positive integer k > 1; G*) is defined as the graph with
vertex set V(G) and two distinct vertices have an edge between them if and only if their
distance in G is at most k. Prove that for any tree T, the graph T® has a Hamiltonian
cycle.

(54 74+8=20]
2. (a) Let G be a graph with minimum degree § > 3 and girth g > 3,

(i) Prove that if g is odd, then G has at least 1+ s%5((d < 1)(9~1/2 — 1) vertices.

(il) Further, if the graph G above is also 6—reguTar, then what is its diameter?

(b} For the wheel graph W,,, determine the number of fundamental cut-sets.

[10+5+5=20)

3. (a) Let G be a graph with vertices a and b, and let X ¢ V — {a, b} be an a-b separator in G.
Show that X is minimal as an a-b separator if and only if every vertex in X has a neighbour
in the component C, of G — X containing a, and another in the component Gy of G — X
containing b.

(b) Show that the edges of K4 can be partitioned into exactly two edge-disjoint spanning
trees. Generalize that the edges of Ky, where n is even, can be partitioned into exactly n/2
edge-disjoint spanning trees.

., [10-+(4-+6)=20]

(P.T.O.)



4. (a) Prove that every outerplanar graph is 3-colorable.
(b) Derive the chromatic polynomial for the graph G = K3 U K.
{¢) Let the vertices of the cycle graph Cy4 be labeled as 0,1,2,...,13. Consider the graph
H, called Heawood graph, obtained from Cy4 by adding the edges (i,i + 5) for i =
0,2,4,6,8,10,12. Prove that H is bipartite.
[6+4-+10=20]

5. (a) What should be the criterion for which a digraph has an Eulerian directed tour? Justify
your answer.
(b) Define (i) a vertex cover, and (ii) an edge cover of a graph. Can their cardinalities be
same? Give an example or a counterexample.
{c) Prove that if a digraph is a tournament. then Loev (din(v))? = Lyev (dowt (v))

[6+(4+4)+6=20] »

2

6. (a) A uniform 1od of length 1m, is to be decorated by dividing its surface into five 20cm bands
and coloring each band red or blue. In how many distinct ways can this be done?

(b) Two switching functions f and g of three Boolean variables are considered equivalent
if f(z1,22,23) = g(m(x1, T2, x3)), where the permutation 7 on a bit string of length 3 comple-
ments a string by interchanging 0 and 1. For example, 7 (xy, 22, 23) = (&1, T2, 23).

(i) Derive the cycle index of the group consisting of identity and permutation 7 above.

(ii) Find the number of distinct three-variable switching functions that have exactly four 1s in
the range.

- [8+(6+6)=20]

7. (a) Write any one of the following symbolicdlly as a formulae:
(i) The handshaking lemma for undirected graphs;
(ii) The Ramsey number R(3.3) = 6.

(b) Express the following argument as a propositional formulae and establish its validity by
the tablean method:

“If it has snowed, it will be poor driving. If it is poor driving, I will be late unless I start early.
Indeed, it has snowed. Therefore, I must start early to avoid being late.”

(c) Briefly state the implications of soundness, completeness and compactness of a proof pro-
cedure.

(d) Let N={0,1,2,3....} and AV be the model with universe N in which the predicate symbols
=, <, < and the expression x + y = z, all have their usual meanings. Establish whether the
following are true: : “,

(a) dyVa(y < z)

(b) VaIylz < y » 3 < y).

[5+6+3+(3+3)=20]
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Answer GROUP A and GROUP B in separate sheets
GROUP A

1. Consider the following LPP.

Minimize 21+ T2+ x3+ T4+ 25
subject to 321 +2z9+ 23 =1
5c1 +xo+x3+x24=3
2x1 + 5xy +x3+x5=4
z; 2 0,i=1,2,...,5
a) Solve the above problem using simplex algorithm.

b) Write down the dual of the above problem.

c) Using complementary slackness conditions, solve the dual problem.

[8+4-+8=20]
2. Prove that the North-West corner rule gives a basic feasible solution to any transportation
problem. 15]
GROUP B
3. Consider the problem:
Maximize A P
subject to 1 +29 < 8
-z +x2 <2
T —x0 < 4
9 2> 0 and integer, 21 = 0,1,4, or 6
Reformulate the problem as an equivalent integer linear program.
[15]



4. Consider the following integer programming problem:
Maximize 1 + Sz
subject to —4x1 +3z2 56
3r; + 222 <18
x1,22 > 0 and integer.
a) Derive the LP relaxation of the above problem.

b) Generate the optimal tableau for the relaxed LP.

c) Solve the above integer programming problem using the branch-and-bound technique.
You may graphically solve each linear programming problem that is encountered.

d) Derive cuts from each of the rows in the optimal linear programming tableau.
[44+8+12+6=30]

5. Consider a flow network represented by a directed graph G = (V, E') where each edge e
is associated with a capacity c., and the vertices s and ¢ represent source and sink nodes
respectively. If all capacities in the flow network G are integers, prove that the Ford-
Fulkerson Algorithm can be implemented to run in O(mC) time, where m represents the

cardinality of set E and C is the sum of capacities of all the edges coming out from s.
(10]

6. Prove that a matching M in a graph G is maximum if and only if there is no augmenting
path in G with respect to M. [15]

7. Define the undirected chinese postman problem. Present a high-level description of an
algorithm generating the optimum path for the postman. [4+8=12]



1

o

INDIAN STATISTICAL INSTITUTE /
e

Semestral Examination /
M. Tech (CS) - I Year (Semester - I)

Data and File Structures

Date ﬂs 1111 Maximum Marks : 100 Duration : 3 Hours

Note : You may answer any part of any question. but maximum you can score is 100.

. Recall that a multiway tree T can be represented as a binary tree B by using the firstChild

and ncztSibling pointers. Here firstChild pointer of a node v in B points to the first child
of node representing v in tree T and nextSibling pointer of node v in 3 points to a sibling
of node representing v in tree T. For any node in B, the left link represents firstChild
and the right link represents nextSibling. Inorder traversal of tree T' can be defined as
inorder traversal of subtree pointed by leftmost link of root, followed by the visit of the
root. followed by inorder traversal of subtrees pointed by remaining links of root node of
T in left to right order. Similarly, we can define preorder and postorder traversal analogus

to the preorder and postorder traversal of binary tree.

Justify the statement " an inorder traversal of B is equivalent to preorder or postorder or

inorder traversal of T” with brief explanation or present a counter example. [20]

Suppose that the keys {1,2...., n} are inserted into an empty AVL tree in the sequence
1.2,....n. Find the key values where the rotation is not required while inserting them.

Justify your answer. K 20]

Recall that in B-tree of minimum degre? t, each non-leaf node other than root has at least
t children and at most 2¢ children. Suppose that the keys {1,2,....n} are inserted into an
empty B-tree with minimum degree 2 in the sequence 1.2.....n. How many nodes does

the final B-tree has? Justify vour answer. 20]

What is the largest possible number of internal nodes in a red black tree with black height

k7 What is the smallest possible number? [10+5]

. Prove that for any «, 1/3 < o < 1/2, WB[a] = W B[1/2]|, where W B[a] is the set of

binary trees with weight balance a. (15]

‘ [P.T.0]



/

6. Design a data structure and a search algorithm to solve the following problem. It should be

able to answer the query in O(log?n) time. A high-level description of your data structure,
the search algorithm and its running time are sufficient.

You have to store a set of n vertical segments, where each segment extends from a point
pi = (r;,y;) down to the r-axis. You may assume that all coordinates are positive. The
query consists of a single point ¢ = (g, ¢,). Imagine that you shoot a bullet horizontally

to the left from ¢. Return the first vertical line segment in the data structure that is hit
by this bullet path. If no segment is hit, then return null.

y

~—@

Figure 1: xxx

20}
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Answer any four questions
la).A logic circuit has five inputs : X; Xz X3 X4 X5. Output Zy is to be 1 when the
majority of the inputs are 1. Output Z,; is to be 1 when fewer than four of the inputs are

1,provided at least one of the inputs is 1. Output Z, is to be 1 when two, three or four of
the inputs are 1. Design a minimal sum-of- products realization of the described circuit.

b)let F=X (5,6,13) and G=X(0,1,2,3,5,6,8,9,10,11,13) :
Find H such that F= G . H". [15+10]

2. The state-table for a sequential machine is given below.

- Nex'twsitrét'e,Output'
Presentstate | X=0 = x=l
A Al B,0
Bjeo jao '
¢ B0 Jcr |

a)Find a homing sequence for the above sequential machine.

b)Check if this machine has a distinguishing scquence with the help of a successor tree.
¢) The circuit is initially provided with an input sequence @1 to which it responds by
producing an output sequence 10. Itis next provided with the input sequence
101010101001.. Find the correct output sequence for this input  sequence.

[5+ 10+10]
3.a)Why internal variables assignment for fundamental-mode sequential circuits is
difficult? What are critical races and cycles”? [10]

b) Determine all the races in the following state table. Indicate which of them are
critical and which are not. ind a race free assignment for the given state table.
[5+ 2+ 8]
P.T.O.



Next State

Input Combinations

4. For an incompletely specified machine, whose state table is shown below, determine
a minimum state reduced machine for the given state table. Draw the merger table. State
[12 + 8+ 5]

Present State 00 01 11 10
00 00 01 11 11
01 01 01 11 10
10 00 10 11 10
11 _ 11 10 11 11

if this minimization is unique.

"1 Nextstate,Output B
Present X=0 x=1

| state | e
A |E,1l F.-

B | DO -

- C i A— E.1
D |F1 E.0
E o ALl

 F |BO D.-

| — B A -

5.1) Determine a minimum-row state table for a clock mode sequence detector with one
input and one output line, which produces an output 1 for cvery fourth 1 input ( not

necessarily consecutive).

i1) Design the above circuit using D flip-flop.
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Note: Answer all questions. Maximum you can score is 100.
You may use any result proved in class after stating the results clearly in the proper place.

Notations are as used in class.

1. Customers arrive at a computer store in a given day following a Poisson distribution with
paramter ), and purchases a computer with probability p independently of other customers.
Find the probability

(a) that the store sells no computer in a given day.

(b) that the store sells exactly k computers in a given day. [10+ 10]
2. Suppose X and Y are independent exp(}) random variables, W = min(X,Y’), and Z =max(X,Y).
(a) Find E(W) and V(W). 5]
(b) Find E(Z) and V(Z). [10]
3. Consider a discrete time Markov Chain with state space S and transition matrix P.
Prove that P71 < 1 + P * P? — max(P, P%). [10]

4. Consider a discrete time Markov Chain with state space S = {0,1,2, 3,4, 5}, and the tran-

sition matrix

(10 0 0 0 0]
111
i 5 7 000
0¥ 2200

pP= D R
000 5 3 3
000 1 03}
(000 3 0 3]

{a) Determine which states are recurrent and which states are transient. 5]

(b) Find the statioﬁary distribution concentrated on each of the irreducible closed sets.
[10]
5. Suppose in a branching chain, the probability that an individual produces k offsprings is
given by the probability mass function f(k), for k > 0.
(a) If f(1) < 1, show that every state other than 0 is transient. [5]

(b) If f(k)=p(1 — p)¥, for k > 1and 0 < p < 1, then show that the extinction probability
p=1ifp2:%,andp:—1-§;ifp<%. [10]

[P.T.O]



6. Customers arrive at a bank following a Poisson Process with rate A.

(a) If three customers arrive by the first hour, find the probability that
i. all of them arrived within the first half an hour
ii. at least one of them arrived within the first 15 minutes. B+ 7]

(b) If N(t) denotes the number of customers arriving within time t, for s < t, show that
the distribution of (N(s)|N(t) = n) is Binomial(n, ). 8]

7. Suppose in a queueing process, customers arrive at a Possion rate A, and are served at a
Possion rate p.

(a) Given that a single server is currently serving a customer, find the probability that

during his service period, at least two more customers will arrive. 5]

(b) Suppose there are 5 servers who are all currently busy and no customer is waiting in

the queue. Find the probability that the next customer upon arrival finds exactly 2 servers
free. (10]
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. Let m and n be positive integers such that ged(m,n) = 1. Show that given any two integers

a and b, there exists an integer r such that x = a mod m and z = b mod n.

Let S3 be the group of all permutations of the set {a,b,c}. In S3 show that therc are two
elements z and y such that (i« - y)? # 1% y% ‘

Let G be any group and ¢ a fixed element of G. Define ¢ : G — G by ¢(z) = grg '. Prove

that g is an isomorphism of ¢ onto G.

Given an example of an integral domain which is of positive characteristic, but. has an infinite
number of elements.

If R is a ring with identity 1 and o is a homomorphism of R onto R', prove that o(1) is the
identity of R'.

Find the greatest common divisor of the following polynomials over the field of rational num-

bers.
P2irland 2+ 22+ + 1

Let F' be the field of real numbers and let V be the set of all sequences (ay,as.....ay,, .. .),
a; € F, where equality, addition and scalar multiplication are defined componentwise. Prove

that V' is a vector space over /.

If F is the field of real numbers, prove that the vectors (1,1,0,0), (0,1, —1,0) and (0.0,0.3)
in F* are linearly independent over F.

Let V be an inner product. space and {wy.....wy,} is an orthonormal set in V'. Show that
-
m Vs
- 2
> H{wi o) < of? for any ve V.

o

Show that the polynomial 7(x) = r® +z + 1 is irreducible over F3, the field of two clements.
Write down the elements of F5[x]/(7(r)).
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1.

(a)

(b)

(c)

(c)
(d)

Consider a multi-channel communication network where packets are arriving for chan-
nel i according to a Poisson distribution with a mean arrival rate of \; packets/sec.
Let the probability density function for packet size in bits be pue "#* with a mean of
1/p bits/packet. Assume that the capacity of channel i is C; bits/sec. Derive an
expression for T; in terms of u, C; and A; where T; is the mean delay including both
queueing and transmission time for channel 4. [5]

Consider a link of rate R = 1 Mbps. Suppose packets of size L = 1250 bytes arrive
according to Poisson distribution to the link at an average rate of 1 packet/second.
The total delay is the queuing delay plus the transmission delay. Find the average
queuing delay and average total delay. [2]

Two networks each provide reliable connection-oriented service. One of them offers
a reliable byte stream and the other offers a reliable message stream. Are these
identical? If so, why is the distinction made? If not, give an example of how they
differ. [2]

What is Ey/N,? Express Ey/N, in terms of SNR. [1+2]

What is the difference between circuit switcling and packet switching? (2]

Consider sending a packet of F bits over a path of @ links. Each link transmits at R
bps. Assume that propagation and queuing delays are negligible.

i. Suppose the network is a packet-switched datagram network and a connection-
oriented service is used. Suppose each packet has h x F bits of header where
0 < h < 1. Assuming ¢, setup time, how long does it take to send the packet?
B3]

il. Suppose that the network is a circuit-switched network. Furthermore, suppose
that the transmission rate of the circuit between source and destination is R/24
bps. Assuming ¢, setup time and no bits of header appended to the packet. how
long does it take to send the packet?|[3]

Both Shannon and Nyquist theorems place an upper limit on the bit rate of a channel
based on two different approaches. How are the two related? [2]

What are the advantages and disadvantages of a ring topology? [2]
Briefly explain the principle of pulse code modulation (PCM). Compare the perfor-
mance of PCM with delta modulation (DM) for voice signals. {2 + 2].

A signal is quantized using 8-bit PCM. The bit rate of the system is equal to 50 x 10°
bits/sec. What is the maximum bandwidth for which the system operates satisfacto-
rily? (3]

For the bit stream 00110100010, sketch the waveforms using BFSK and BPSK. {3]

Derive an expression for baud rate as a function of bit rate for multilevel PSK. [2]
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1. (a) List and briefly describe (in 2-3 sentences each) the 7 major constituents of a process’
context. Which of these items need to be copied when saving a process’ context? Justify

your answer.

(b) Draw a clearly labelled diagram that shows how proc structures are linked to each other
to form three data structures. (The purpose of the data structures and the relationship
between the proc structures should be clear from your diagram.)

(c) When a process P calls exit (), how are the parent and children of P affected?

[(14+2)+10+6=32]

2. (a) Explain whether starvation can happen under the following scheduling strategies: (i) FCFS;
(ii) non-preemptive priority-based scheduling. Clearly statc any assumptions that you
make.

(b) What is the difference between turnaround time and response time?

(c) Let P., P; be two conventional processes that are computation-intensive and interactive,
respectively. Using appropriate excerpts from the code, explain how the Linux 2.4 scheduler
tries to give more importance to F; than F..

(d) With reference to the Linux 2.6 scheduler, what is the base time gquantum? How is it
calculated? What are the minimum and maximum values that the base time quantum can

take for conventional processes?

[8+2+5+(2+4+4)=25]

3. Consider a stack implemented as a linked list. The pop function is given below.

NODE #*pop(STACK *s)
{ NODE =*tmp;
if (s->top == NULL) return NULL;
tmp = s->top;
s->top = tmp->next;
tmp->next = NULL;

return tmp;

(a) Suppose two processes P; and P share a stack. Show how inconsistent results may be

obtained if the two processes execute the pop function concurrently on the shared stack.



(You should show the initial state of the stack, the intended result of the two pop operations', the interleaved

execution of the two processes, and the actual results obtained.)

(b) Show how you would re-design pop to prevent such a possibility if the hardware provided

support for an atomic TestAndSet operation.

[9+4=13)
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1. In a university, students belonging to different courses can participate in two types of

courses: a fixed number of credit courses and any number of audit courses. The marks
obtained in the credit courses contribute to the overall grade of the student. The student
must also score a minimum marks in each of the audit courses. The overall marks in a par-
ticular subject consists of the marks obtained in the Assignments, Mid-Term examination
and Semester examination. The weightage of these three parts may vary depending on the
subject.
After the completion of the examinations, the concerned teacher submits the marks before
a given deadline. The students can view their marks after each of the examinations. The
final score is calculated by the system, given the weightage of the assignments, mid-term
and semester examinations. The system then calculates the final marks and decides if the
student has to take any supplementary examination. The system should be so designed
that the students are allowed to view their marks by entering his/her name and a secret
password.

(a) Draw a DFD corresponding to the above problem.
(b) Prepare an SRS for the same.

(c¢) Provide a brief description of what kind of software, hardware and networking plat-
forms are required to implement this project.

[10 + 10 + 10 = 30]

2. (a) What is FILE in C?
(b) An ASCII text file “aa.txt” contains “1 2” (there is a blank space between 1 and 2).
What will be the output of the following program? Explain.

#include <stdio.h>
main(){
int i;
FILE *fp;
fp = fopen("aa.txt", "r");
while (!feof (fp)){
fscanf (fp, "%d", &1i);
printf ("%d\n", i);
}
fclose(fp);
}

(¢) Explain the “fread” and “fwrite” functions with examples.
(5 + 10 + 10 = 25)
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Answer all questions. All parts of a question must be answered in the same place. The maximum
marks you can score is 60. The question paper consists of questions carrying total marks of 70.

1 Answer with short justifications (example or counterexample as the case maybe), whether the

following claims are true or false. No credit will be given for answers without justification.

Assume that the alphabet is = = {0, 1} unless specified otherwise. [6*4=24]

(a)

(b)

(c)

(d)

(e)

4]

A c I*is said to co-finite if T* - Ais finite.
Claim: The size of 2% comie = {AC =* . A is co-finite} is uncountably infinite.
Let Ly clepc &

Claim: If L., is not a regular set, then L, can never be a regular set.

Let Ly={1": n < 1000 and n is a prime}
Claim: A DFA accepting Lymay have less than 900 states.

Claim: If we restrict the production rules of a CFG to thefoom A — cB or A »> Bo or
A - o, where 6 € X and A B are Aon-terminals, then the generated language of the

grammar is regular.

Claim: The following grammar (S is the start symbol, § and A are non-terminals,
while a and b are terminals) is not ambiguous

S->SAS|a

A->ASA|b
Claim: If M is a NFA that recognizes a regular language G, then swapping the accept

and non-accept states in M yields a new NFA that recognizes the complement of G.

-

’
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Note: Answer all questions. Marks on each part of a question are indicated in the right margin within
parentheses. '

1. Consider a user program which consists of 10 Giga of machine language instructions. If this
program is executed on a computer which has an average cycle per instruction (CPl) of 1.2 and a1
GHz clock, then calculate the time needed to execute this program.

Consider a user program which is compiled on a Computer A, generating an object code having 10
Giga instructions with a mix of 40% ALU instructions, 30% load-store instructions and 30% branch
instructions. The same user program, when compiled on another Computer B (with a different
architecture), was translated to an object code in which the number of ALU instructions was
reduced by a factor of two, while the number of all other instructions remained the same as that in
case of Computer A . Assume that on both these computers, the CPl values for ALU instructions,
load-store instructions and branch instructions are 1, 3 and 2, respectively. Now compute the
following :

i) MIPS value for Computer A, ii) MIPS value for Computer B, iii) execution time of the
program on Computer A and iv) execution time of the program on Computer B.

What conclusion can you draw from these computed values? (4+3+4+3+ 4+2=20)

2. Consider a 5-stage pipelined execution of instructions on a given computer. Assume that this
pipeline structure is static and linear. Output of Stage i ( 1 <=1 <= 4} of this pipeline is fed to the
input of Stage (i + 1) of the pipeline. If the execution time of the Stages 1, 2, 3, 4 and 5 are 10ns, 5
ns, 7 ns, 16 ns and 4 ns, respectively, then calculate the maximum possible speed-up by this
pipeline structure over the unpipelined execution of the instructions.

if the above pipeline structure is made non-linear by providing two units of Stage 4 (which takes 16
ns to complete its execution) and suitably using them in the pipeline, then will there be any
improvement in the speed-up factor? If yes, then by how much ? (4+6=10)

3. Consider an instruction pipeline with five phases as instruction fetch, instruction decode/resister
fetch, execute/address calculation, memory access and write back, respectively. Referring to this
pipeline structure, explain the terms ‘Structural hazards’ and ‘Control hazards’, if any, in executing
the instructions on this architecture. (6+4 =10)

Is it possible to eliminate structural hazards altogether in the above pipeline structure? If so, then
how? If not, then what are those cases. (6)



If both branch address computation and branch condition evaluation are performed in the
execute/address calculation phase of the above pipeline structure, then how many stall cycles are
needed after every branch instruction? Can it be improved by any means? If so, then how?

(242 = 4)

Show how control hazards can be eliminated by rescheduling of instructions from different parts of
the user program. What are the limitations of this approach? {6+4=10)

Consider the execution of the following machine language instructions on the above pipelined
architecture as mentioned in Q.3 :

ADD R1,R2,R3; R1 € R2+R3
SUB R4,R1,R5; R4 € R1-R5
MUL R6,R7,R1; R6 € R7*R1
OR R8, R1,R9; R8 < R10RR9
DIV  R10,R11,R1; R10<R11/R1

Indicate the possible data hazards that may be encountered in executing the above code section.
Briefly mention any possible means to eliminate such data hazards. (6+6=12)

Represent the numbers below in floating-point form, following IEEE 754-1985 single precision
standard :

i) 250 ii) 0 i) (-3)/2 v) 18.75 x 2 13°
(4x3 =12)

Describe how the product of two floating point normalized numbers can be generated in the
rounded form, rounded to the nearest value. Can there be any situation that this product becomes
a denormal? If so, then how that can be tackled ? (12+4=16)
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1. You are given two sorted lists of size m and » stored in two arrays. Give an O(logm + log n) time
algorithm for computing the £th smallest element in the union of the two lists. 15

2. You are going on a long trip. You start on the road at mile post 0. Along the way there are n
hotels, at mile posts a, <a, < ... < a,, where each a, is measured from the starting point. The
only places you are allowed to stop are at these hotels, but you can choose which of the hotels
you stop at. You must stop at the nal hotel (at distance a,), which is your destination.

You'd ideally like to travel 200 miles a day, but this may not be possible (depending on the spacing
of the hotels). If you travel x miles during a day, the pernalty for that day is (200 - x)*. You want
to plan your trip so as to minimize the total penalty.that is, the sum, over all travel days, of the
daily penalties.

Give an efcient algorithm that determines the optimal sequence of hotels at which to stop.
15

3. Aserver has » customers waiting to be served, The service time required by each customer is
known in advance: it is # minutes for customer /. So if, for example, the customers are served in

. . , . . f .
order of increasing i, then the ith customer has to wait ) j=1 f minutes.

‘We wish to minimize the total waiting time 7=} i=1" (time spent waiting by customer I):

Give an efcient algorithm for computing the optimal order in which to process the customers.

4. Anarray A/] ... n] is said to have a majority element if more than half of its entries are the
same. Given an array, the task is to design an efcient algorithm to tell whether the array has a
majority element, and, if so, find that element. The elements of the array are not necessarily
from some ordered domain like the integers, and so there can be no comparisons of the form "is
A/[i] > A[j]7”. (Think of the array elements as GIF files, say.) However you can answer questions
of the form: “is Afi] = A[j]?” in constant time.

15

5. For two problems prl and pr2, prl<<<,, pr2 means that every instance of pr/ of size n can be
solved using a constant number of instances of pr2, plus O(f{n)) additional time.

Show that, given two sorted arrays X and ¥ containing » elements each, finding sorted sequence of
the elements of X+ = {x+y| xe X, y ¢ '} is 3SUM hard. 15
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" Note: Answer any five questions. Marks on different parts of a question are shown in the right margin
- within parentheses. Precise answers will fetch more credit.

1. a) Consider the following assemly language code for a certain instruction-pipelined computer
system where LW stands for load word', SW stands for 'store word', ADD stands for 'addition’ and
SUB stands for 'subtraction’ operations.

LW  RI1,0R2) /*1oad word from memory location given by R2 in register R1*/
LW  R3,0(R4)

ADD R5R1,R3 /* R5<----R1 + R3 */

SW  R5,0(R6) /* store R5 in the memory location given by R6 */

LW  R7,0(R8)

LW  R9,0(R10)

SUB R11,R7,R9

SwW R11,0(R12)

Considering data hazards, how many clock cycles will be needed to execute the above code?
Can it ever be possible to reduce the number of cycles for completing the execution of the above
assembly language code by rescheduling the instructions? If so, then how, and what will be the
resulting number of cycles needed to execute the rescheduled code segment? (2+6+2=10)

b) Consider the following program segment in some high level language:

for (j = 0; j<101; j++) {

a[j}= blj] + clj}; /%S1*/
b[j+1]= a[j] + b{jl +d[jl;  /*S2*/
a[j+1]= b[j] + e[j}; [*S3*/

}

Are there any loop carried dependencies in the above program segment? If so, find
those out. Rewrite the above program segment tovextract some kind of parallelism, if it exists, in
executing the instructions of the program. Assume that you will be provided with multiple ALUs for
such a situation. (5+5=10)

2. Consider the following assembly language program segment for a loop executed on an
instruction-pipelined computer, where LD stands for load double word ( 8 bytes) instruction, ADD
stands for addition of two double word floating point numbers, SD stands for a double word store
instruction, SUBI stands for subtract an immediate operand from a register and BNEZ stands for
branch on not equal to zero. Assume that each data element is stored in the memory as a double
word.



Loop: LD FO, O(R1)
ADD F4, F0, F2
SD O(R1),F4
SUBI R1,R1,#8
BNEZ R1,Loop

Assume that there is a stall of one cycle needed after the LD instruction and a stall of two cycles
following the ADD instruction (as the data computed is required in the immediate next instruction).
Also, a stall of one cycle is needed after the SUBI instruction as the BNEZ instruction computes the
branch address and the condition for branching in the ID phase.

How many cylces per data element are needed for the above program segment and how can it be
reduced by rescheduling the instructions? Give at laest one specific example for such a
rescheduleed code segment with the corresponding number of cycles needed per data element.

Can it ever be possible to reduce the number of cylces needed per data element to i) exactly 3, ii) a
value less than 4? Justify your answer with proper illustrative examples and appropriate reasoning
in each case. (3+5 +12=20)

3. a) Explain how the branch penalty can be reduced by increasing the accuracy of branch
prediction in loops of a program. How many prediction bits could be used for such prediction and

why?

b) Consider the following high level program segment:

if(d==0)

:]_,
if(d==1) {
b

The typical assembly language code segment corresponding to the above program segment may
look as follows, assuming that register R1 stores the initial value of d :

BNEZ R1,L1 ; branch to L1 (d !=0)
ADDI R1L,RO,#1 ; d==0,s0 d=1
L1: SUBI R3,R1,#1
BNEZ R3,L.2 ; branch to L2 (d !=1)
-

L2:

Assume that d repeatedly assumes the values 0 and 2 alternately , i.e., d assumes the values 0, 2, 0,
2,0,2,... '

Show that one prediction bit per loop does not work satisfactorily for accurate prediction of
branches in this situation. Hence, explain how one correlation bit and one prediction bit cad
improve the accuracy of branch prediction for this specific example situation.

(8+12=20)



E4 a) Explain the disadvantages of static re-scheduling of codes by compilers in order to avoid
pipeline stall cycles. Can these disadvantages be removed by dynamic scheduling? Illustratre your
- answer by a suitable example.

'b) Describe the basic features of Scoreboarding technique for dynamic scheduling with specific
~ discussions on the following items :

i) dealing with structural hazards, ii) dealing with RAW hazards, WAR hazards and WAW hazards,

}if) pipeline stages and their broad functions, iv) different information to be kept for controlling the

“total operation, and v) the required control logic. (4+16=20)

* 5. a) Consider a program of multiplying two n x n matrices Y and Z. Assuming that we have a cache
memory just large enough to hold only (n’ +n) elements of the matrices, compute the total number

of cache misses encountered thereof.

Now, assume that the cache size is further reduced, just large enough to hold B’+2B matrix
elements (B<n). Under this scenario, rewrite your code for matrix multiplication (using any high

level language) and then re-compute the total number of cache misses involved in executing your
code. (3+8+4=15)

b). Consider a computer having 16KB instruction cache with a miss rate of 0.60% and another
16KB data cache with a miss rate of 6.40%. Assuming that about 75% of the memory accesses are
for fetching the instructions, calculate the effective cache miss rate for this system.

If, instead of such a split cache, one unified-cache of size 32KB were considered for both
instructions and data , then the cache miss rate were observed to be only 2.00%. Assuming that one
cycle is spent on resolving the structural hazards on this unified cache (with instruction being
fetched in first cycle and data being accessed in the second cycle), calculate the overall effective

memory access time for both the split-cache system and the unified-cache system.
(1+4=5)

6. a) What are the basic pipeline stages of a GPU? Explain briefly the functionality of each stage in
the pipeline. (3+10=13)

b) Indicate the different kinds of registers used in GPU and write down their functionality in the
pipeline. How many cores are there in the Tesla Fermi GPU? (2+4+1=7)
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Answer any 4 questions. Please try to write all the part answers of a
question at the same place.

1. Consider a scenario where Indian Statistical Institute wishes to completely revamp

2.

the institute web site and replace it with a fully featured portal.

(a) List the different tools that may be used during this project mentioning the
purpose of using the tools and the project task in which the tool would be
used.

(b) What would be the deliverables of this project?
[15+10=25]

Consider a software that can be downloaded to a mobile phone from a website.
The software will be able to transfer all the contents of the address book of the
mobile phone to another web server.

(a) Provide a brief outline of the development process for this software.

(b) What are the resources required for this software?

(c) What are the security issues to be considered in this project?
[15+5+5=25]
. In a large industrial complex, 10 lifts serve 50 floors. There are a few constraints.

(a) More than 7 lifts cannot move in the same direction. A lift can change its
direction only when there is no more floor to serve moving in that direction.

(b) At any point of time a lift can accommodate a maximum of 10 people.
To control the operations of these lifts, explain each of the phases of the software

development process. Make any reasonable assumption that you may need and
state the same with justification. - [25]

4. Consider a Ticket Booking System for soccer matches where the spectators can

reserve the tickets using Internet facility. The system should provide the particulars
of the matches on entering the name of the team. The number of available seats for
different class of tickets (position in the gailery, cost etc.) should be displayed. The
user then enters the number of spectators with their details and seat preferences
after which the system calculates the total cost and displays the particulars of the
tickets. The user can buy the ticket online using credit cards. For this a card
number is asked for. The system checks the validity of the credit card through a



third party banking system. The user can print the tickets on any printer and those
printed tickets, along with the passports of the spectators, will be considered to be a
valid document. The system also prepares a list of spectators for a particular match
with relevant details. It should be noted that the spectators of two competing
teams cannot be accommodated in the same gallery.

Draw a DFD and prepare an SRS for this system. [10 + 15 = 25]
5. Suppose you are the Product Manager of a software company that operates in

the Education domain. Assume a product that can take care of the complete
examination process.

(a) Briefly describe the features and capabilities of this product.

(b) Explain the issues related to the product in terms of (i) licensing model, (ii)
support plan, and (iii) installation mechanism.

[10-+(5+5+5) = 25]
6. (a) Describe the differences between White box and Black box testing.
(b) Briefly explain (i) Unit Testing, and (ii) Integration Testing.
(¢) Explain the roles of (i) verification, and (ii) validation in software testing.
(10+(4+4)+(4+3) = 25]

7. What would be the differences in approach for verification and validation in two
different situations:

s for a mass marketed software product, and

o for very large custom software development project done for a single customer.

[15+10=25]
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Answer question 1 and any 4 questions from questions 2 to 7.

Answer with short justifications whether the following claims are true or false. No credit will
be given for answers without justification. Assume that the alphabet is = = {0, 1} unless
specified otherwise. [4*6=24]
a) LisaCFL, xel and a proper prefixof x is also in L.
Claim: L cannot be accepted by a DPDA in empty stack.
b) Claim: If L = {17 p is a prime}, then there is no context-sensitive language L’ so that
LL" is a regular language.
¢) L is the language consisting of encodings of all Turing machines that accept nothing
Claim: Both L and its complement are recursively enumerable
d) Claim: Even if P# NP, every NP-complete problem can be solved using polynomial
space.
e) L is the language consisting of encodings of all PDAs that accept everything
Claim: Both L and its complement are recursively enumerable.
f) Turing machines do nat support recursion. Therefore, Turing machines are not as
powerful as ordinary programming languages.,
aim: Church-Turing thesis is false.

2. [8+6 =14 marks]
{a) Let a be a string (over some alphabet 3). By odd(a), we refer to the string obtained by
deleting symbols at ail even positions of a. For example, if a = a;a;a;....a,, then odd(a) =

a13;33s....8y Where n’ is n or n — 1 according as whether n is add or even. For a fanguage
L ¢ Y* define odd(L) = {odd(a) | a  L}. Prove if L is regular, then odd(L} is regular too.

(b) Determine whether Regular sets are closed under each of the operations below. Provide
a proof or a counterexample (as the case may 'Eoe) for each of them.
i Even(L) is the set of all strings x in L such that {x| is even.
ii. Triple(L) = {x | x=uvw, such thatu, v, w are in L, and {u| = Jv| = [w]}.



(2)

(b)

(@)

(b)

(a)

(a)

(b)

[8+6 =14 marks |
Prove that the foliowing language over ¥ = {a,b,c} is not context-free.
Ls={ab/d |ijz0andi2j.

A 2-way PDA is a machine that is just like a deterministic PDA except that it can move
either left or right on seeing a particular symbol in a particular state. It accepts if it moves
off the right end of the input in a final state.

Show that the set {0"1"0" | n > 0} is accepted by a 2-way PDA. Assume that there is a #
symbol at the end of the string and a § symbol at the beginning to mark the end points.
To draw a 2-way PDA, just add R (right) or L (left) to each transition (so each arrow now
will have an input symbol, a stack symbol, a push/pop command and an L or an R).

[(5+6)+ 3= 14 marks ]

For each of the following languages over the alphabet {0,1}, construct a context-free
grammar and a pushdown automaton. Give a brief explanation for your construction.
Assume x, y and w given below are strings over {0, 1}.

i L= {wyw” | the length of y is even }
i.  Ly={xy|Ix]=|yland x#y}

Let G be a CFG in Chomsky normal form that contains b variables. Show that, if G
generates some string using a derivation with at least 2° steps, then L(G) is infinite.

[(4 +8)+ 4 =14 marks ]
For each of the following languages, provide a high level description of a Turing machine.
i Ly={a%aa" nz0}, ¥ ={a#
il. L, = {a#b#c. ab,c € {0,1}*anda + b ='c, where a b and ¢ are interpreted as
positive binary numbers}, 3. ={0,1, #},
Prove that the halting problem is decidable for LBA.

[4 + 10 = 14 marks ]
In the Silly Post Correspondence Problem, SPCP, in each pair the top string has the
same length as the bottom string. Show that the SPCP problem is decidable.
There are five languages (or equivalently, problems) A, B, C, D, and E. Ail we know
about them is the following:
AisinP. '
BisinNP. K
C is NP-complete.

D is Recursive.
E is Recursively Enumerable but not Recursive.

Consider the five statements below.



I, There is a reduction from E to D.
ii. There is a polytime reduction from C to B.
iii. There is a polytime reduction from A to B.
iv. There is a polytime reduction from B to the complement of C.
V. There is a reduction from D to C.

For each statement, comment with brief justification whether it is:

» CERTAIN to be true, regardless of what problems A through E are and
regardless of the resolution of unknown relationships among complexity
classes, of which "is P = NP?"is one example.

« MAYBE true, depending on what languages A through E are, and/or
depending on the resolution of unknown relationships such as P = NP?

o NEVER true, regardless of what A through E are and regardless of the
resolution of unknown relationships such as P = NP?

[8 +6 =14 marks ]
{a) Suppose A and B are Turing recognizable languages. Which of these are guaranteed to
be Turing recognizable? Briefly justify your answer in each case.
i. Unionof A and B
ii. Complement of A
fi. Concatenation of Aand B
v. Intersection of A and B
(b) Consider the problem of determining whether a two-tape Turing machine ever writes a
non-blank symbol on its second tape when it is run on input w. Formulate this problem as

a language and show that it is undecidable.
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