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2. (20%) Single selection. |Each 2%

1. (20%) True or False. Please answer "T" or "F" for the following question. Each 2%

(1) Both insert and delete operations of a stack take O(1) time.

(2) f(n) = O(g(n)) if and only if g(n) =2 (f(n)).

(3) Adjacency-list representation is suitable for dense graph.

(4) The complexity of parent operation of each element in a binary heap is O(1).

5) Bx)+012")=0(12").

(6) A complete binary tree having 2 nodes haved®8n levels

(7) A greedy algorithm always leads to globaloptimal solution;

(8) Merge sortisa “in place” sort algofithm,

(9) Any problem in P 1s also NP,

(10) The class NP consists/0f those problems thatare solvable.n non-polynomial time.

(1) Which of the following"sorting algorithm takes theleast number of comparisons for sorting of the following
sequence of data (2, 1%,06,80,985.123, 170, 200)?
(@) quick sort  (b) insertiPr/SOFt ™, (6) merge sort (d) heapsortf’ (€)S€leCtion sort

(2) Solve the following prefixic XDICSSION: iy, - Humdeed™ * AN 11
@0 M1 ©4 n 12

(3) Which of the following formula 18*he.time complexitysin term of€0omparison operations for merge sort of n '
records?
(@) T(m) =TW/2) +cn
(b) T(n) = 2T(nl2) +c n?
©) Tn) =T(n-1) + cn
(d) T(n) = 2T(al2) + cn

(4) The worst case time complexity of finding the maximum in a N-key AVL tree
@O0() ®O(logN) (©)O(N) (d)O(NlogN) () O(N?*) (£ O(N*logN )

(5) The minimum edges need for a n-node connected undirected graph.
@n O n (@ n-1(d) logn
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(6) A cycle in a graph that visits every vertex us called as
(a)Euler circuit  (b)Hamiltonian circuit  (c)Connected cycle  (d)Hamiltonian cycle (e)Euler cycle

(7) Which of the following are max-heaps?

1 2 3 4 5 6 7 8 g
(@) 1 3 2 7 9 8 14
(®) 16 14 10 8 7 2 2 4
© 17 10 14 7 8 3 11
(d) 18 8 9 14 5 6 1

(8) The worst case time complexitysof-finding the minimum Oor maximum™a a Binary Search Tree with N

elements is
(@ 0() () O(logN)  (©) O(V )/ “(d) ~O( N logN') (e) O(N?)

(9) What is the time complexity of T = 5T@/ 2) + O(n")
@ O(®?) () eW'%) (€ ©(’ logn) d) o)

(10) The maximum height of the fecursion. tree for the recutrence T(=TCa3)+T(2n/3)+cn will be

(a) log n (b) log,,n (¢) 3logn (d) 2"
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3. (10%) Procedure Q3 takes a n-element integer array p{1..n] and an integer 2 as input. Let T(z2) denote the total
number of calls made to Q3(p, ). Please analyze the complexity of T(z) in following pseudo code, and propose

a better pseudo code

Q3(, n)

1ifn==10

2 return O

3g=-®

dfori=1ton

5 g=max(g A1+Q3®, 1-))
6 return g

ok
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4, (10%) What is an optimal Huffman code tree for the following set of frequencies, a:33 b:4 ¢:5 d:12 e:6 8
g:13 . The result of each pass must be listed.

5. (10%) A=(a,) and B=(d,) are square n x 1 matrices, write a recursive pseudo code to compute their

multiplication C=(¢, ), and analyze the complexity of the pseudo code.

6. (10%) Describe an algorithm that, given n'intégers in the range ¢ to &, preprocess the input and then answers any
query about how many integers fall ifitofa range [as=*b] in O@)‘time, where a,b €{0,l,...,k}. The preprocess

algorithm should be linear tume complexity.

7. (10%) Give the definition of residual nettwork and augmenting path'in a flow network, and draw the residual
network and augmenting jpath of the following flow'network G and flow.  (note: flow/capacity )

P
(S
\O¥ 414 R

8. (10%) The Fibonacci numberstare defined by recurrence: Fo=0, Fi=1, AFi-——Fi-l'*'Fl»Z for i=2. Write an O(n)-time
dynamic-programming algorithm ‘te compute the 7 th.1bonacci number,
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1.1 Which of the following statements is true regarding the Interprocess communication?
(A) Shared memory is typically faster than (C) Message passing is most useful for
message passing. exchanging large amounts of data.
(B) Message passing is typically faster (D) Shared memory is far more common in
than shared memory. operating systems than message

passing.

1.2 Which one of the followings is true of multilev€] gueneseheduling?
(A) Process can move between queues, (C) A queue catinothave absolute priority
over lower-priority queues.
(B) Each queue has its own$Cheduling (D) It is the most general. CP U-scheduling
algorithm. algorithm®
1.3 Suppose that the following processes arrive for execution at-the times indicated. Each process will run for

the amount of time listed.

Process Arrival Time Burst Time
Pl 0.0 8
2 0.4 4
P3 150 1

Which one of the followings is correct?

(A) The average turnaround time with the (C) The average turnaround time with the
FCFS scheduling algorithm 1S711. preemptive SJF (shortest remaining
timéfirsty'schedulmg algorithm is 4.33
(B) The average turnaround time with the™ (D) None of the'dbove.

non-preemptive SJF scheduling

algorithm is 9.53

1.4 When using semaphores, a process invokes the wait( ) operation before accessing its critical section, followed
by the signal() operation upon completion of its critical section. Consider reversing the order of these two
operations — first calling signal( ), then calling wait(). What would be a possible outcome of this?

(C) Mutual exclusion is still assured.

(D) Deadlock is possible.

(A) Starvation is possible
(B) Several processes could be active in

their critical sections at the same time.
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1.5 Consider a system with 5 processes Py through P4 and 4 resource types A, B, C, and D.  Suppose that the
system has the following resource allocation status:

Allocation Max Available
A B C D A B C D A B C D
Py 0O 0 1 2 0 0 1 2 1 5 2 0
Py 1 0 0 O 1 7 5 0
P, 1 3 5 4 2 3 5 6
Ps 0 6 3 2 0 6 5 2
Py 0 0 1 4 0 6 5 6

Using the Banker’s algorithm, which one of the following statements is incorrect?
(YT T Tequest from process P; arrives for

(A) The matrix Need is

A B C D
Po 0 0 0 O
Py 0 75 0
P, 1 0 0 2
P3 0 0 250
P, 0 6 4 2

(B) The system is in a safe state.

(0,4,2,0)athe tequest can be granted
immediately.

(D)=None,of the above:

1.6 Which one of the following statements is correet?
(A) Consider a logical address space’of 64 (C) Consider a computer system with a

pages of 1024 words each, mapped
onto a physical memory of 32 frames,
there are 15 bits in the logical address.

(B) Consider a logical address space of 64
pages of 1024 words each, mapped
onto a physical memory of 32 frames,
there are 16 bits in the physical

32-bit logical addressand 4:KB page
size. The systemisupports up to
51T2MB o1 phiysical memory: Using a
conventional single-level page table,
there'are 2219 (2 to thespower of 19)

éntricSunthe pagestable.

(D) Consider a computer system with a

32-bit logical address and 4-KB page
size. The system supports up to

512MB of physical memory. Using

address. an inverted page table, there are 2”17
(2 to the power of 17) entries in the
page table.
] = 8 H K5 # =R
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1.7 Consider a two-level page table scheme. A 32 bit logical address is divided into a 12 bits of outer page
number and 12 bits of inner page number and 8 bits of page offset. If we trace a particular process and
record the following address sequence with hexadecimal representation:
0x07EF9812, 0x07EF9823, 0x07EF98DE, 0x00000012, 0x00000045, 0x00000089, 0x01AABB99,
0x01AABB54, 0x01 AABB77, 0x02989876, 0x00000078, 0x03DFDF89, 0x03DFDF77, 0x00000098,
0x048890FF, 0x048890EE, 0x02989874, 0x03DFDFDE, 0x00000099, 0x03DFDF78, 0x03DFDF24,
0x02989822, 0x02989845, 0x01 AABBSES, 0x01 AABB70, 0x02989899, 0x02989845, 0x00000011,
0x01AABB23, 0x07EF9888, 0x00000099, 0x01AABB34, 0x01AABB37.

Which of the following statements is incorrect?
(A) The number of page faults for the LRUAC)_lEwe set Werking-set window to AN

replacement algorithms, with four page 10 memoryicferences, the working set
frames is 8. size at the 10®memory references is 5.

(B) The number of page faults for.the (D) The number of page faultsufor the
optimal replacement algorithms, with FIFO replaccment algorithms, with
three page frames is 9. five page frames 15 9.

1.8 Consider a disk queue holding requests/to the following eylinders in the listed order: 116, 22, 3, 11, 75, 185,
100, 87. Using the SSTF scheduling algorithm, wheat is'the order that the requests are serviced, assuming the
disk head is at cylinder 88,and moving upward through the cylinders?

(A) 116-22-3-11-75-185-100-87 (C) 87-75-100-116-185-22-11-3
(B) 100-116-185-87-75-22-11-3 (D) 100-116-185-3-11-22-75-87

R [12%)]

Consider a multiprocessor system anda multithreaded program written using.the many-to-many threading model.
Let the number of user-level threads in thewprograth be moresthansthe number of processors in the system.
Discuss the performance implications of the following scenarios.

(a) The number of kernel threads allocated to the program is less than the number of processors.

(b) The number of kernel threads allocated to the program is equal to the number of processors.

(c) The number of kernel threads allocated to the program is greater than the number of processors but less than

the number of user-level threads.




Bagcsr® 101 SREEHARA ETHEBAF XXM

LR # 4R

814
KA A £ M 28 25805 % = &

<

# X # BEEAS o5

E=/& [12%]
The following algorithm is proposed for trying to solve the critical-section problem for only 2 processes, PO and
P1. Shared variables flag[2] of Boolean data type are initially set to false; i.e., flag[0]=flag[1]=false. If variable
flag[i] is set to true, then process Pi is ready to enter its critical section. The algorithm for Process Pi is as

follows: (wherei=0 or 1, and j = (i+1) %2 )

do {
flag[i] = true;
while (flag[j]) ;
critical section
flag[i] = false;
remainder sectign
}while(1);

Does the above algorithm satisfy all threc_requirements(@uutual exclusion, progress, bounded waiting)?

Justify your answer.

SSVURE [16%]

Consider a demand-paging system with the following time-measured utilizations:

CPU utilization 20%
Paging disk 0TI %
Other I/O devices 5%

For each of the following, say whether it will (or is likely. to) improve CPU utilization. Explain your answers.
(a) Install a bigger paging disk.

(b) Increase the degree of multiprogramming.

(c) Install more main memory.

(d) Increase the page size.

FOE [12%)
Consider a file system on a disk that has both logical and physical block size of 512 bytes. Assume that the

information about each file is already in memory. For each of the three allocation strategies (contiguous, linked,

and indexed),
How is the logical-to-physical address mapping accomplished in this system? (For the indexed allocation,

assume that a file is always less than 512 blocks long.)
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(1) EIFE (10%)

1.1. f(n) = O(n?) implies f(n) = O(n’).

1.2. If A ,B and C are sets of strings, then (A N B) C=AB nAC.

1.3.The logical expressions ~(p=>q) and ~p = ~q are logically equivalent.

1.4. Every complete lattice is bounded.

1.5. There are regular languages which are not context-free.

1.6. If G is a simple graph with 10 vertices and 35 gdfes, itamust bé*egnnected.
1.7. There exists a Eular circuit in a complete simpie graph Kg with 6wertices.
1.8. A binary tree of height n > 0 has no more than 2° leaves.

1.9. A tree has more vertices than edges. :

1.10. If G is a digraph with 20 Vertices and has a path.ef1ength K>20, then it must have also a path of length 133.

(2)- BEFERE (20 %51 29%) ¢

2.1. If we randomly construct a simple graph G with 5 vertices. Let Br be the probability of G having more than 5 edges. If
Pr = g/p where p and q arénon-negative integers and ged(p,'q)= 1. Then p+q =

2.2. There are _____ different Boolean functions f(xy,...,x,) of degree n > 0, among/which there are ____ different
Boolean functions satisfying théicondition that f(x;,....X,) = f(¥1.....Yn) I H+aae X, FY ...y,

2.3. The rooted Fibonacci tree Ty are defined recursively in the following way: T; and T, are both rooted tree

consisting of a single vertex, and for n = 3, the tree T, is constru€teddfrom a root with T, as its left subtree

and Ty, as its right subtree. Then Tighas __ vertices andifs height is

2.4. Let f be an increasing function satisfies the divide-and-conquer relation f(n) =5 f(n/2) + 2n’and the initial
condition f(1) = 1. Then f(n) has the ‘asymptotic order @ A

2..5 The equation X +y + z < 20 has non-negative solutions.

2.6. Thereare ____ ways to assign 5 different jobs to 4 different employees if every employee is assigned at least one jobs.

2.7. Let Mg given below be the matrix representation of a relation R. Find the matrix Mg representing R-R and the matrix

Mg representing the transitive closure R+ of R.

101
Mg= |110 |, Mpr = , and Mg+ =
010

pat
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(3). [10%] Solve the following recurrence relation:

an=2 ap1 —2 an2
with the initial conditions that a; = 1 and a; = 2. Note your solution expression may contain complex numbers.

(4). [10%] Prove by induction that for all integer n

e (1B yE 4. 58 (15
‘ 10 2 10 2
is a non-negative integer.
B X1X2:X3500 such that X1 > X >

(5) [10%] A poset (S, <) is se

X3 ...., Where X; > X1 m idedness is called the minimal

condition which the pose mal element. Show that both|

definitions ‘are indeed equiva
(a) if (S, <) in not well-founded,
(b) if (S, <) does not satisfy the 11
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(10%) 1. Let
11 ~1
A=12 3 &
1 k 3

Find the values of & for which det 4 = 0 and hence, or otherwise,
determine the value of k for which the following system has more than
one solution:

¥k y =gyl
2x+3y+hkz=3
T, e A

Solve the system for this value of & and determire the solution for which
XX+ Z* has least value.

(10%) 2. Let

- {
TR A © o] (3 -2 | )
J b A_SfAN
U = HAe s e L gd VE [ OL oA \ 2 1.
O N, 2 ,
o3 . 7B -3

(a) Find UV using block multiplication (b) Are Uand V' block diagonal
matrices? (¢) Is UV bloek diagonal?

(10%) 3. Determine whether or not W is a subspace of R’ where W
consists of all vectors (g, b, ¢) in R’ such that:

(A)a=3b (b)as<b=<c (c)ab=0

(Da+b+c=0 (e)b=d (Ha=2b=3c

(10%) 4. Suppose v = (1, 3, 5, 7). Find the projection of v onto ¥ or, in
other words, find w € W that minimizes || v — w ||, where W is the
subspace of R? spanned by:

(@)u;=(1,1,1, ) and u; = (1, -3, 4,-2)

(b)yv;=(1,1,1, )andv,=(1, 2,3, 2)

% R MM A MR




