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GATE Computer Science Engineering Sample papers Paper-5
 1 The order of an internal node in a B+ tree index is the maximum number of children it can have. Suppose that a child pointer takes 6 bytes, the search field value takes 14 bytes, and the block size is 512 bytes. What is the order of the internal node?A) 24B) 25C) 26D) 27Answer : (C)
 2 The Boolean function x, y, + xy + x, yA) x, + y,B) x + yC) x + y,D) x, + yAnswer : (D)
 3 In an MxN matrix such that all non-zero entries are covered in a rows and b columns. Then the maximum number of non-zero entries, such that no two are on the same row or column, isA) £ a + b B) £ max {a, b}C) £ min {M-a, N-b}D) £ min {a, b} Answer : (A)
 4 The relation scheme Student Performance (name, courseNo, rollNo, grade) has the following functional dependencies: A) name, courseNo -> gradeB) rollNo, courseNo -> gradeC) name -> rollNoD) rollNo -> name The highest normal form of this relation scheme isAnswer : (A)5 The minimum number of page frames that must be allocated to a running process in a virtual memory environment is determined byA) the instruction set architectureB) page sizeC) physical memory size D) number of processes in memoryAnswer : (D)
 6 Let G be a simple graph with 20 vertices and 100 edges. The size of the minimum vertex cover of G is 8. Then, the size of the maximum independent set of G isA) 12 B) 8 C) Less than 8 D) More than 12Answer : (A)
 7 What does the following algorithm approximate? (Assume m > 1, Î > 0).x = m;

Page 2
                        

y-i;while (x - y > Î){ x = (x + y) / 2 ;y = m/x ;}print (x) ;A) log m B) m2C) m1/2 D) m1/3Answer : (C)
 8 Consider the following C programmain (){ int x, y, m, n ;scanf ("%d %d", &x, &y);/ * Assume x > 0 and y > 0 * /m = x; n = y ;while ( m ! = n){ if (m > n)m = m — n;elsen = n - m ; }printf("%d",n); }The program computesA) x + y, using repeated subtractionB) x mod y using repeated subtractionC) the greatest common divisor of x and yD) the least common multiple of x and yAnswer : (C)
 9 The best data structure to check whether an arithmetic expression has balanced parentheses is aA) queueB) stackC) treeD) listAnswer : (B)
 10 A Priority-Queue is implemented as a Max-Heap. Initially, it has 5 elements. The level-order traversal of the heap is given below: 10, 8,5,3,2 Two new elements 1 and 7 are inserted in the heap in that order. The level-order traversal of the heap after the insertion of the elements isA) 10,8,7,5,3,2,1B) 10,8,7,2,3,1,5C) 10,8,7,1,2,3,5D) 10,8,7,3,2,1,5Answer : (D)
 11 An organization has a class B network and wishes to form subnets for 64 departments. The subnet mask would beA) 255.255.0.0B) 255.255.64.0 C) 255.255.128.0D) 255.255.252.0
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Answer : (D)
 12 Suppose the round trip propagation delay for a 10 Mbps Ethernet having 48-bit jamming signal is 46.4 ms. The minimum frame size is:A) 94B) 416C) 464D) 512Answer : (C)
 13 The following numbers are inserted into an empty binary search tree in the given order: 10, 1, 3, 5, 15, 12, 16. What is the height of the binary search tree (the height is the maximum distance of a leaf node from the root)?A) 2B) 3C) 4D) 6Answer : (B)
 14 Consider the following C function:int f (int n){ static int i = 1;if (n >= 5) return n;n = n + i;i ++;return f (n);}The value returned by f(1) is
 A) 5B) 6C) 7D) 8Answer : (C)
 15 The minimum number of page frames that must be allocated to a running process in a virtual memory environment is determined byA) the instruction set architectureB) page size C) physical memory size D) number of processes in memoryAnswer : (D)
 GATE Computer Science Engineering Sample papers Paper-4
 1 The address resolution protocol (ARP) is used forA) Finding the IP address from the DNSB) Finding the IP address of the default gatewayC) Finding the IP address that corresponds to a MAC addressD) Finding the MAC address that corresponds to an IP addressAnswer : (D)
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2 Consider the following relation schema pertaining to a students database:Student (rollno, name, address)Enroll (rollno, courseno, coursename)where the primary keys are shown underlined. The number of tuples in the Student and Enroll tables are 120 and 8 respectively. What are the maximum and minimum number of tuples that can be present in (Student * Enroll), where '*'denotes natural join?A) 8, 8B) 120, 8C) 960, 8D) 960, 120Answer : (C)
 3 Consider a direct mapped cache of size 32 KB with block size 32 bytes. The CPU generates 32 bit addresses. The number of bits needed for cache indexing and the number of tag bits are respectivelyA) 10, 17 B) 10, 22C) 15, 17 D) 5, 17 Answer : (A)
 4 The goal of structured programming is to A) have well indented programsB) be able to infer the flow of control from the compiled codeC) be able to infer the flow of control from the program textD) avoid the use of GOTO statements Answer : (C)5 The tightest lower bound on the number of comparisons, in the worst ease, for comparison-based sorting is of the order ofA) nB) n 2C) n log n D) n log2 nAnswer : (B)
 6 Let G be a simple graph with 20 vertices and 100 edges. The size of the minimum vertex cover of G is 8. Then, the size of the maximum independent set of G isA) 12 B) 8 C) Less than 8 D) More than 12Answer : (A)
 7 WA and B are the only two stations on an Ethernet. Each has a steady queue of frames to send. Both A and B attempt to transmit a frame, collide, and A wins the first backoff race. At the end of this successful transmission by A, both A and B attempt to transmit and collide. The probability that A wins the second backoff race isA) 0.5 B) 0.625C) 0.75 D) 1.0Answer : (A)
 8 Let A be a sequence of 8 distinct integers sorted in ascending order. How many distinct pairs of sequences, B and C are there such that (i) each is sorted in ascending order, (ii) B
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has 5 and C has 3 elements, and (iii) the result of merging B and C gives A? A) 2B) 30C) 56D) 256Answer : (D)
 9 In a network of LANs connected by bridges, packets are sent from one LAN to another through intermediate bridges. Since more than one path may exist between two LANs, packets may have to be routed through multiple bridges.Why is the spanning tree algorithm used for bridge-routing? A) For shortest path routing between LANsB) For avoiding loops in the routing pathsC) For fault toleranceD) For minimizing collisionsAnswer : (B)
 10 A Priority-Queue is implemented as a Max-Heap. Initially, it has 5 elements. The level-order traversal of the heap is given below: 10, 8,5,3,2 Two new elements 1 and 7 are inserted in the heap in that order. The level-order traversal of the heap after the insertion of the elements isA) 10,8,7,5,3,2,1B) 10,8,7,2,3,1,5C) 10,8,7,1,2,3,5D) 10,8,7,3,2,1,5Answer : (D)
 11 An organization has a class B network and wishes to form subnets for 64 departments. The subnet mask would beA) 255.255.0.0B) 255.255.64.0 C) 255.255.128.0D) 255.255.252.0Answer : (D)
 12 Suppose the round trip propagation delay for a 10 Mbps Ethernet having 48-bit jamming signal is 46.4 ms. The minimum frame size is:A) 94B) 416C) 464D) 512Answer : (C)
 GATE Computer Science Engineering Sample papers Paper-3
 1 The problems 3-SAT and 2-SAT areA) both in PB) both NP-completeC) NP-complete and in P respectivelyD) undecidable and NP-complete respectivelyAnswer : (C)
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2 Consider the following relation schema pertaining to a students database:Student (rollno, name, address)Enroll (rollno, courseno, coursename)where the primary keys are shown underlined. The number of tuples in the Student and Enroll tables are 120 and 8 respectively. What are the maximum and minimum number of tuples that can be present in (Student * Enroll), where '*'denotes natural join?A) 8, 8B) 120, 8C) 960, 8D) 960, 120Answer : (C)
 3 Consider a relation scheme R = (A, B, C, D, E, H) on which the following functional dependencies hold : (A -> B, BC -> D, E -> C, D -> A). What are the candidate keys of R?A) AE, BE B) AE, BE, DEC) AEH, BEH, BCHD) AEH, BEH, DEH Answer : (D)
 4 The goal of structured programming is to A) have well indented programsB) be able to infer the flow of control from the compiled codeC) be able to infer the flow of control from the program textD) avoid the use of GOTO statements Answer : (C)5 The tightest lower bound on the number of comparisons, in the worst ease, for comparison-based sorting is of the order ofA) nB) n 2C) n log n D) n log2 nAnswer : (B)
 6 A circuit outputs a digit in the form of 4 bits. 0 is represented by 0000,1 by 0001,..., 9 by 1001. A combinational circuit is to be designed which takes these 4 bits as input and outputs 1 if the digit ³ 5, and 0 otherwise. If only AND, OR and NOT gates may be used, what is the minimum number of gates requiredA) 2B) 3 C) 4 D) 5Answer : (C)
 7 WA and B are the only two stations on an Ethernet. Each has a steady queue of frames to send. Both A and B attempt to transmit a frame, collide, and A wins the first backoff race. At the end of this successful transmission by A, both A and B attempt to transmit and collide. The probability that A wins the second backoff race isA) 0.5 B) 0.625C) 0.75 D) 1.0Answer : (A)
 8 If 73x (in base-x number system) is equal to 54y (in base-y number system), the possible
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values of x and y are A) 8, 16B) 10, 12C) 9, 13D) 8, 11Answer : (D)
 9 In a packet switching network, packets are routed from source to destination along a single path having two intermediate nodes. If the message size is 24 bytes and each packet contains a header of 3 bytes, then the optimum packet size is A) 4B) 6C) 7D) 9Answer : (D)
 10 A Priority-Queue is implemented as a Max-Heap. Initially, it has 5 elements. The level-order traversal of the heap is given below: 10, 8,5,3,2 Two new elements 1 and 7 are inserted in the heap in that order. The level-order traversal of the heap after the insertion of the elements isA) 10,8,7,5,3,2,1B) 10,8,7,2,3,1,5C) 10,8,7,1,2,3,5D) 10,8,7,3,2,1,5Answer : (D)
 11 Consider an operating system capable of loading and executing a single sequential user process at a time. The disk head scheduling algorithm used is First Come First Served (FCFS). If FCFS is replaced by Shortest Seek Time First (SSTF), claimed by the vendor to give 50% better benchmark results, what is the expected improvement in the I/O performance of user programs ?A) 50%B) 40% C) 25%br> D) 0%Answer : (D)
 12 How many distinct binary search trees can be created out of 4 distinct keys?A) 5B) 14C) 24D) 42Answer : (B)
 GATE Computer Science Engineering Sample papers Paper-2
 Q-1 Select the one true statement. A) Every binary tree is either complete or full.B) Every complete binary tree is also a full binary tree.C) Every full binary tree is also a complete binary treeD) No binary tree is both complete and full.
 Q-2 Which data structure has the fastest insertion procedure? A) Binary search tree
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B) Ordered arrayC) HeapD) Unordered linked listE) Ordered linked list
 Q-3 What are the complexities of the insert, remove and search methods of a binary search tree in the worst case? A) insert is O(n), remove is O(n), search is O(n)B) insert is O(log n), remove is O(log n), search is O(n)C) insert is O(log n), remove is O(log n), search is O(log n)D) insert is O(log n), remove is O(log n), search is O(1)E) These methods can't be defined on a binary search tree Q-4 This Ethernet frame type is characterized by its use of the code AA in the SAP fields. A) Ethernet IIB) Ethernet RAWC) Ethernet 802.2D) Ethernet SNAPQ-5 Which of the following are examples of routed protocols? (Choose all that apply) A) IPB) IPXC) RIPD) OSPFE) AppleTalkQ-6 If switches are used to replace hubs on a network, which of the following statements is true? A) The number of broadcast domains will decreaseB) The number of collision domains will increaseC) The number of collision domains will decreaseD) The number of broadcast domains will be zero
 Q-7 Full duplex Ethernet communication is only possible when:
 A. Systems are connected to same LAN segmentsB. Systems are connected to a bridged portsC. Systems are connected to their own switch portD. Systems are running over a fiber optic connection
 Q-8 SQL is the combination of
 A ) DDL and DQLB ) DDL , DML and DQLC ) DDL,DML,DQL and DCLD ) None of these
 Q-9 Which of the following applications may use a stack?
 A) A parentheses balancing program. B) Keeping track of local variables at run time. C) Syntax analyzer for a compiler. D) All of the above
 Q -10 Consider the implementation of the Stack using a partially-filled array. What goes wrong if we try to store the top of the Stack at location [0] and the bottom of the Stack at the last used position of the array?
 A) Both peek and pop would require linear time. B) Both push and pop would require linear time. C) The Stack could not be used to check balanced parentheses. 
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D) The Stack could not be used to evaluate postfix expressions.
 Information Technology - Sample Paper
 Information Technology
 1 A subnet has been assigned a subnet mask of 255.255.255.192. What isthe maximum number of hosts that can belong to this subnet?A) 14B)30C) 62D) 126Answer : (C)
 2 Which one of thefollowing is NOT shared by the threads of the same process ?A) Stack
 B) Address SpaceC) File Descriptor TableD) MessageQueueAnswer : (A)
 3 Let G be a weighted undirected graphand e be an edge with maximum weight in G. Suppose there is a minimum weightspanning tree in G containing the edge e. Which of the following statements isalways TRUE?A) There exists a cutset in G having all edges of maximumweight.B) There exists a cycle in G having all edges of maximumweight.C) Edge e cannot be contained in a cycle.D) All edges in G havethe same weight.Answer : (C)
 4 A software organization hasbeen assessed at SEI CMM Level 4. Which of the following does the organizationneed to practice beside Process Change Management and Technology ChangeManagement in order to achieve Level 5 ?A) Defect DetectionB)Defect PreventionC) Defect IsolationD) Defect PropagationAnswer: (B)
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5 Suppose that two parties A and B wish to setup a commonsecret key (D-H key) between themselves using the Diffle-Hellman key exchangetechnique. They agree on 7 as the modulus and 3 as the primitive root. Party Achooses 2 and party B chooses 5 as their respective secrets. Their D-H key is
 A) 3B) 4C) 5D) 6Answer : (C)
 6Consider the following message M = 1010001101. The cyclic redundancy check (CRC)for this message using the divisor polynomial x5 + x4 + x2 + 1 is :A)01110B) 01011C) 10101D) 10110Answer : (C)
 7Which of the following statements is FALSE regarding a bridgeA) Bridgeis a layer 2 deviceB) Bridge reduces collision domainC) Bridge is usedto connect two or more LAN segmentsD) Bridge reduces broadcastdomainAnswer : (D)
 8 What is the availability of a softwarewith the following reliability figures?Mean Time Between Failure (MTBF) = 25daysMean Time To Repair (MTTR) = 6 hoursA) 1%B) 24%C) 99%
 D) 99.009%Answer : (B)
 9 A channel has a bit rate of 4kbps and one-way propagation delay of 20 ms. The channel uses stop and waitprotocol. The transmission time of the acknowledgement frame is negligible. Toget a channel efficiency of at least 50%, the minimum frame size shouldbeA) 80 bytesB) 80 bitsC) 160 bytesD) 160 bitsAnswer: (D)
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10 In a depth-first traversal of a graph G with n vertices,k edges are marked as tree edges. The number of connected components in G is
 A) kB) k+1C) n-k-lD) n-kAnswer : (C)
 11Which of the following statements is TRUE about CSMA/CDA) IEEE 802.11wireless LAN runs CSMA/CD protocolB) Ethernet is not based on CSMA/CDprotocolC) CSMA/CD is not suitable for a high propagation delay networklike satellite networkD) There is no contention in a CSMA/CD network
 Answer : (C)
 12 Which one of the following regularexpressions is NOT equivalent to the regular expression (a + b + c)* ?
 A) (a* + b* + c*)*B) (a*b*c*)*C) ((ab)* + c*)*D) (a*b* +c*)*Answer : (C)
 GATE 1996 CS Computer Science Question Paper
 GATE CS - 1996
 SECTION - A1. Write in your answer book the correct or the most appropriate answer to the following multiple choice questions by writing the corresponding letter a, b, c or d against the sub-question number.
 c c 1.1 Let A and B be sets and let and A B denote the complements of the sets A and B. the set (a œ b) (b-a) (a n b) is equal to.
 c c  c c (a) A B (b) A B (c) A n B (d) A B n
 1.2 Let X = {2,3,6,12,24}, Let = be the partial order defined by X = Y if x divides y.Number of edge as in the Hasse diagram of (X, = ) is
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(a) 3 (b) 4(c) 9 (d) None of the above
 X Y and 1.3 Suppose X and Y are sets and are their respective cardinalities. It is given that there are exactly 97 functions from X to Y. from this one can conclude thatX Y = = 1, 97 (b) 97, 1 X Y = = (a)(c) 97, 97 X Y = = (d) None of the above
 1.4 Which of the following statements is false?(a) The set of rational numbers is an abelian group under addition.(b) The set of integers in an abelian group under addition.(c) The set of rational numbers form an abelian group under multiplication.(d) The set of real numbers excluding zero in an abelian group undermultiplication.
 1.5 Two dice are thrown simultaneously. The probability that at least one of them will have 6 facing up is1 1 25 11(a) (b) (c) (d)36 3 36 36
 1.6 The formula used to compute an approximation for the second derivative of a function f at a point X is.0( ) ( ) ( ) ( )f x h fx h + + - f x h fx h + - -0 0 0 0 (b) (a)2 2 h( ) ( ) ( ) ( ) ( ) ( )f x h f x f x h + + + - 2 f x h f x f x h + - + - 2(c) 0 0 0  0 0 0 (d)2  2 h h
 1.7 Let Ax = b be a system of linear equations where A is an m × n matrix and b is a m × 1 column vector and X is a n × 1 column vector of unknows. Which of the following is false?(a) The system has a solution if and only if, both A and the augmented matrix [A b] have the same rank.(b) If m < n and b is the zero vector, then the system has infinitely manysolutions.(c) If m = n and b is non-zero vector, then the system has a unique solution.(d) The system will have only a trivial solution when m = n, b is the zero
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vector and rank (A) = n.
 1.8 Which two of the following four regular expressions are equivalent? ( e is theempty string).(i) (00) * ( e + 0)(ii) (00)*(iii) 0*(iv) 0(00)*(a) (i) and (ii) (b) (ii) and (iii) (c) (i) and (iii) (d) (iii) and (iv)
 1.9 Which of the following statements is false?(a) The Halting problem of Turing machines is undecidable.(b) Determining whether a context-free grammar is ambiguous is undecidbale.(c) Given two arbitrary context-free grammars G and G it is undecidable1 2whether L(G ) = L(G ).1 2(d) Given two regular grammars G and G it is undecidable whether L(G ) =1 2 1L(G ).2
 1.10 Let L S * where S = {a, b}. which of the following is true?{ }(a) L x x = has an equal number of a's and b's is regular{ }n n L a b n = = 1 is regular (b){ }(c) L x x = has more a's and b's is regular{ }m n (d) L a b m n = = = , 1 is regular
 1.11 Which of the following is false?n n ( ) ˜ '(a) log 100 log 100 n = (b) log 0 loglog n n = ÷«( ) ( ) x y (c) If 0 then 0 < < = x y n n (d) 2 0 n nk
 Join discussion of this test paper at http://forum .gatem entor.com
 1.12 Consider the following statements:(i) First-in-first out types of computations are efficiently supported by

Page 14
                        

STACKS.(ii) Implementing LISTS on linked lists is more efficient than implementing LISTSon an array for almost all the basic LIST operations.(iii) Implementing QUEUES on a circular array is more efficient thanimplementing QUEUES on a linear array with two indices.(iv) Last-in-first-out type of computations are efficiently supported by QUEUES.(a) (ii) and (iii) are true (b) (i) and (ii) are true(c) (iii) and (iv) are true (d) (ii) and (iv) are true
 1.13 An advantage of chained hash table (external hashing) over the open addressing scheme is(a) Worst case complexity of search operations is less?(b) Space used is less (c) Deletion is easier(d) None of the above
 1.14 In the balanced binary tree in Fig.1.14 given below, how many nodes will become unbalanced when a node is inserted as a child of the node —g"?(a) 1 (b) 3 (c) 7 (d) 8
 1.15 Which of the following sequences denotes the post order traversal sequence of the tree of question 1.14?(a) f e g c d b a (b) g c b d a f e (c) g c d b f e a (d) f e d g c b a
 1.16 Relative mode of addressing is most relevant to writing(a) coroutines (b) position œ independent code(c) shareable code (d) interrupt handlers
 1.17 The pass numbers for each of the following activities(i) object code generation(ii) literals added to literal table(iii) listing printed(iv) address resolution of local symbols that occur in a two pass assemblerrespectively are(a) 1, 2, 1, 2 (b) 2, 1, 2, 1 (c) 2, 1, 1, 2 (d) 1, 2, 2, 2
 1.18 The process state transition diagram in Fig.1.8 is representative of
 TERMINATEDNEW
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RUNNING READY
 BLOCKED(a) a batch operating system(b) an operating system with a preemptive scheduler(c) an operating system with a non-preemptive scheduler(d) a uni-programmed operating system.
 1.19. A critical section is a program segment(a) which should run in a certain specified amount of time(b) which avoids deadlocks(c) where shared resources are accessed(d) which must be enclosed by a pair of semaphore operations, P and V
 1.20. Which of the following is an example of spooled device?(a) A line printer used to print the output of a number of jobs.(b) A terminal used to enter input data to a running program.(c) A secondary storage device in a virtual memory sytem.(d) A graphic display device.
 1.21. A ROM is sued to store the table for multiplication of two 8-bit unsigned integers.The size of ROM required is(a) 256 × 16 (b) 64 K × 8 (c) 4 K × 16 (d) 64 K × 16
 1.22. Number of machine cycles required for RET instruction in 8085 microprocessor is(a) 1 (b) 2 (c) 3 (d) 5
 1.23. Both's algorithm for integer multiplication gives worst performance when the multiplier pattern is(a) 101010 …..1010 (b) 100000 …..0001(c) 111111 …..1111 (d) 011111 …..1110
 1.24. For the daisy chain scheme of connecting I/O devices, which of the following statements is true?(a) It gives non-uniform priority to various devices.(b) It gives uniform priority to all devices.(c) It is only useful for connecting slow devices to a processor device.(d) It requires a separate interrupt pin on the processor for each device.
 1.25 Consider the following floating-point number representation.
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31 24 23 0
 Exponent Mantissa
 The exponent is in 2's complement representation and mantissa is in the sign magnitude representation. The range of the magnitude of the normalized numbers in this representation is(a) 0 to 1 (b) 0.5 to 1( )-23 - 2 3 (c) 2 to 0.5 (d) 0.5 to 1-2
 2. Write in your answer book the correct or the most appropriate answer to the following multiple choice questions by writing the corresponding letter a, b, c or d against the sub-question number.
 2.1 Let R denotes the set of real numbers. Let f:R × R ‰ R × R be a bijective function defined by f(x,y)=(x+y,x-y). the inverse function of f is given by˜ ' ( ) ( ) ( ) 1 11 - (a) f x y x y x y , , = (b) f x y x y x y , , = - + - 1 ÷+ - «( ) ( ) ( ) ( ) ˜ ' x y x y + -» ÿ f x y x y x y , 2 ,2 = - + - 1 (c) f x y , , = (d) - 1 / ÷2 2 «
 2.2. Let R be a non-empty relation on a collection of sets defined by A R B if and only if A n B = f . Then, (pick the true statement)(a) R is reflexive and transitive(b) R is symmetric and not transitive(c) R is an equivalence relation(d) R is not reflexive and not symmetric
 2.3. Which of the following is false? Read as AND, as OR, ~ as NOT, as one way ‰implication and as two way implication.( ) ( ) ( ) ( ) ( )(a) x y x y (b) - - - x y x y x( ) ( ) ( ) ( ) ( )(c) x x (d) x y x y - -
 2.4. Which one of the following is false?(a) The set of all bijective functions on a finite set forms a group under function composition.(b) The set {1,2, ……., p œ1} forms a group under multiplication mod p where p is a prime number.
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(c) The set of all strings over a finite alphabet forms a group underconcatenation.(d) A subset s f of G is a subgroup of the group if and only if for anypair of elements a, b s, a* b s. - 1
 2.5. Newton-Raphson iteration formula for finding 3 , c where c > 0 is,2 3 x c + 2 3 x c - 3  3(a) x x = (b) x x = n nn n + 1 2 3 + 1 2 3n n2 x c + 2 x c - 3  3(c) x x = (d) x x = n nn n + 1 2 3 + 1 2 3n n
 - a » ÿ » ÿ2.6. The matrices cos sin 0 and commute under multiplication … Ÿ … Ÿsin cos 0 b / /
 (a) if a = b or = n p , is an integer (b) always(c) never (d) if a cos b sin
 2.7. The probability that top and bottom cards of a randomly shuffled deck are both aces in
 (a) 4 4 (b) 4 3 (c) 4 3 (d) 4 4 × × × ×52 52 52 52 52 51 52 51
 2.8. If L and L are context free languages and R a regular set, one of the languages below is not necessarily a context free language. Which one?(a) L , L (b) L L (c) L R (d) L L n n1 2 1 2 1 1 2
 2.9. Define a context free languages L {0,1} init (L) = {u/uv L for some in ={{0,1}} (in other words, init(L) is the set of prefixes of L)Let L {w/w is nonempty and has on equal number of 0's and 1'sThen init (L) is(a) the set of all binary strings with unequal number of 0's and 1's(b) the set of all binary strings including the null string(c) the set of all binary strings with exactly one more 0's than the number of 1'sor one more 1 than the number of 0's.(d) None of the above
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2.10. The grammar whose productions areif id then ‰if id then else ‰id:=id ‰is ambiguous because(a) the sentenceif a then if b then c:=d(b) the left most and right most derivations of the sentenceif a then if b then c:=dgive rise top different parse trees(c) the sentenceif a then if b then c:=d else c:=fhas more than two parse trees(d) the sentenceif a then if then c:=d else c:=fhas two parse trees
 2.11. The minimum number of interchanges needed to convert the array89, 19, 40, 17, 12, 10, 2, 5, 7, 11, 6, 9, 70(a) 0 (b) 1 (c) 2 (d) 3
 2.12. The recurrence relationT(1) = 2˜ ' nT(n) = 3 4 T n + ÷«Has the solution T(n) equal to(a) O(n) (b) O (log n)˜ ' 3(c) O n (d) None of the above ÷ 4÷«2.13. The average number of key comparisons done on a successful sequential search in list of length n isn n (d) 1 n - +(a) log n (b) 1 (c) 22 2
 2.14. A binary search tree is generated by inserting in order the following integers:50, 15, 62, 5, 20, 58, 91, 3, 8, 37, 60, 24The number of nodes in the left subtree and right subtree of the root respectivelyis
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(a) (4, 7) (b) (7, 4) (c) (8, 3) (d) (3, 
 2.15. Quick-sort is run on two inputs shown below to sort in ascending order(i) 1,2,3 ….n(ii) n, n œ 1, n œ 2, …. 2, 1Let C and C be the number of comparisons made for the inputs (i) and (ii)1 2respectively. Then,(a) C < C (b) C > C (c) C = C1 2 1 2 1 2(d) we cannot say anything for arbitrary n.
 2.16. Which of the following macros can put a macro assembler into an infinite loop?(i) MACRO M1, XIF EQ, X: if X=0 then ….M1 X + 1ENDCIF NE, X: if X O then ……WORD X: address (X) is stored hereENDCENDM(ii) MACRO M2,XIF EQ, XM2 XENDCIF NE, XWORD X + 1ENDCENDM(a) (ii) only (b) (i) only(c) both (i) and (ii) (d) None of the above
 2.17. The correct matching for the following pairs is
 (A) Activation record (1) Linking loader(B) Location counter (2) Garbage collection(C) Reference counts (3) Subroutine call(D) Address relocation (4) Assembler
 (a) A œ 3 B œ 4 C œ 1 D - 2 (b) A œ 4 B œ 3 C œ 1 D - 2(c) A œ 4 B œ 3 C œ 2 D - 1 (d) A œ 3 B œ 4 C œ 2 D - 1
 2.18. A 1000 Kbyte memory is managed using variable partitions but to
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compaction. It currently has two partitions of sizes 200 Kbytes and 260 Kbytes respectively. The smallest allocation request in Kbytes that could be denied is for(a) 151 (b) 181 (c) 231 (d) 541
 2.19. A solution to the Dining Philosophers Problem which avoids deadlock is(a) ensure that all philosophers pick up the left fork before the right fork(b) ensure that all philosophers pick up the right fork before the left fork(c) ensure that one particular philosopher picks up the left fork before the rightfork, and that all other philosophers pick up the right fork before the left fork(d) None of the above
 2.20. Four jobs to be executed on a single processor system arrive at time 0 in the + order A, B, C, D. their burst CPU time requirements are 4, 1, 8, 1 time units respectively. The completion time of A under round robin scheduling with timeslice of one time unit is(a) 10 (b) 4 (c) 8 (d) 9
 2.21. Consider the circuit in Fig.2.21 which has a four fit binary number b b b b as3 2 1 0input and a five bit binary number, ddddd as output. b b b b3 2 0 4 3 2 1 0 1" f '(a) Binary of Hex conversion(b) Binary to BCD conversion(c) Binary to grey code conversionC in " f ' C out(d) Binary to radix-12 conversion.Binary adderd4d d d d0 3 2 1
 2.22. Consider the circuit in Fig.2.22 f implements
 (a) ABC ABC ABC (b) A + B + C + +(c) (d) AB+BC+CA A B C
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2.23. Consider the following state table in Fig.2.23 for a sequential machine. The number of states in the minimized machine will be(a) 4 (b) 3 (c) 2 (d) 1
 2.24. What is the equivalent Boolean expression in product-of-sums form for the Karnaugh map given in Fig.2.24.AB00 01 11 20CD (a) BD BD +( )( ) 00 1 1(b) B C D B C D + + + +( )( ) 01 1 1(c) B D B D + +( )( ) 1 1 11(d) B D B D + +1 1 10
 2.25. A micro program control unit is required to generate a total of 25 control signals. Assume that during any microinstruction, at most two control signals are active. Minimum number of bits required in the control word to generate the required control signals will be(a) 2 (b) 2.5 (c) 10 (d) 12
 3. Let f be a function defined by
 2 x x for 1 =( )f x ax bx c x = + + = for 1 2 2x d x + > for 2Find the values for the constants a; b; c and d so that f is continuous anddifferentiable everywhere on the real line.
 4. A binary search tree is used to locate the number 43. Which of the following probe sequences are possible and which are not? Explain.
 (a) 61 52 14 17 40 43(b) 2 3 50 40 60 43(c) 10 65 31 48 37 43(d) 81 61 52 14 41 43(e) 17 77 27 66 18 43
 5. A logic network has two data inputs A and B, and two control inputs C and C . It implements the function F according to the following table.
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C C F1 20 0 A B +0 1 A + B1 0 A BImplement the circuit using one 4 to AB Multiplexor, one 2-input Exclusive OR gate, one 2-input AND gate, one 2-input OR gate and one Inverter.
 6. An 8085 based system has an output port with address 00H. Consider thefollowing assembly language program.ORG 0100HMVI A, 00HLXI H, 0105HPCHLHLT(a) What does the program do with respect to the output port ff H?(b) Show the waveforms at the three least significant bits of the port ff H.
 7. A demand paged virtual memory system uses 16 bit virtual address, page size of 256 bytes, and has 1 Kbyte of main memory. LRU page replacement isimplemented using list, whose current status (page numbers in decimal) is
 17 1 63
 LRU pageFor each hexadecimal address in the address sequence given below,00FF, 010D, 10FF 11B0indicate,(i) the new status of the list(ii) page faults, if any, and(iii) page replacements, if any.
 SECTION BAnswer any TEN questions from this section. All questions carry equal marks.
 8. Let F be the collection of all functions f:{1,2,3} ‰ {1,2,3}. If f and g F, define an equivalence relation ~ by f ~ g if and only if f(3) = g.(a) Find the number of equivalence classes defined by ~(b) Find the number of elements in each equivalence class.
 { }> 9. The Fibonacci sequence f f f f , , is defined by the following recurrence:
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1 2 3 nf f f n f f = + = = = , 1; 1 : 1 :n n n 2 1 2 1 + +Prove by induction that every third element of the sequence is even.
 » ÿ » ÿ a a b b11 12 11 12 10. Let A B = = and be two matrices such that … Ÿ … Ÿa a b b / / 21 22 21 22
 AB = I. Let 1 0 C A» ÿ = and CD = 1. Express the elements of D in terms of the … Ÿ1 1 /elements of B.
 11. Let G be a context-free grammar where G = ({S, A, B, C}, {a, b, d}, P,S) with the productions in P given below.S ‰ ABACA ‰ aA| eB ‰ bB ‰ eC ‰ d
 ( e denoted the null string). Transform the grammar G to an equivalent context-free grammar G that has no e productions and no unit productions. ( A unitproduction is of the form x ‰ y, and y are non terminals).
 12. Given below are the transition diagrams (Fig.12) for two finite state machines M1and M recognizing languages L and L respectively.2 1 2(a) Display the transition diagram for a machine that recognizes L L , obtained1 2from transition diagrams for M and M by adding only and transitions and no1 2new states.(b) Modify the transition diagram obtained in part (a) obtain a transition diagramfor a machine that recognizes (L L ) by adding only e transitions and no new1 2 states.(Final states are enclosed in double circles).
 13. Let Q = (q , q ) (a,b), (a, b, Z) d , qi, Z, f ) be a pushdown automaton
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accepting1 2by empty stack for the language which is the set of all nonempty evenpalindromes over the set {a,b}. Below is an incomplete specification of thetransition d. complete the specification. The top of stack is assumed to be at the right end of the string representing stack contents.{ } ( ) ( )d (1) q a Z q Za , , , =1 1{ } ( ) ( )d (2) q b Z q Zb , , , =1 1( ) { }d >> >> (3) q a a , , , =1( ) { }d >> >> (4) q b b , , , =1{ } ( ) ( )d e (5) q a a q ,, , =2 2{ } ( ) ( )d e (6) q b b q , , , =2 2{ } ( ) ( )d e e (7) q Z q ,, , =2 2
 14. A two dimensional array A[1- n] [1 œ n] of integers is partially sorted ife - - < + ij n A i j A i j , 1 1 1 and » ÿ » ÿ » ÿ » ÿ » ÿ / / / / /
 » ÿ A i j A i j » ÿ» ÿ » ÿ» ÿ < + 1 / / / / /Fill in the blanks:(a) The smallest item in the array is at A[i] [j] where i =and j = …………(b) The smallest item is deleted. Complete the following O(n) procedure to insertitem x (which is guaranteed to be smaller than any item in the last row orcolumn) still keeping A partially sorted.procedure insert (x integer)' var j j:integer;begin(1) i: =1; j:=A[i] [j]:=x;(2) while (x > or x >) do
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(3) if A[ i + 1] [j] n [i] ]j] then begin(4) A [i] [j]:= A[i +1] [j]; i: =i + 1(5) end(6) else begin(7)(8) end(9) A [i] [j]:=end
 15. Insert the characters of the string K R P C S N Y T J M into a hash table of size10.Use the hash funtionH(x) = (ord (x) œ ord ("a') + 1) mod 10And linear probing to resolve collisions.(a) Which insertions cause collisions?(b) Display the final hash table?
 16. A complete, undirected, weighted graph G is given on the vertex {0, 1 …., n œ 1}for any fixed "n'. Draw the minimum spanning tree of G if(a) the weight of the edge (u, v) is |u œ v|(b) the weight of the edge (u, v) is u + v
 17. Let G be the directed, weighted graph shown below in Fig.4
 We are interested in the shortest paths from A.(a) Output the sequence of vertices identified by the Dijkstra's algorithm forsingle source shortest path when the algorithm is started at node A.(b) Write down sequence of vertices in the shortest path from A to E.(c) What is the cost of the shortest path from A to E?
 18. Consider the following program that attempts to locate an element x in an array a [ ] using binary search. Assume N > 1. The program is erroneous. Under what conditions does the program fail?var i.j.k:integer; x:integer.a:=array; [1 … N] of integer.begin i:1;=n;repeat k:(i+j) div 2;if a [k] < x then i:=kelse j:=kuntil (a/ =x) or (i n =j);if (a [k] = x) thenwriteln ("x is not in the array')
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elsewriteln ("x' is not in the array')end;
 19. Consider the following program in pseudo-Pascal syntax. What is printed by the program if parameter a is procedure test 1 is passed as(i) call-by-reference parameter?(ii) call-by-value-result parameter?program Example (input, output)var b: integer;procedure test 2;begin b: = 10 endprocedure test 1 (a:integer);begin a:5;writeln ("point 1: "a,b);test 2;wrote;m("point: "a,b);end;begin (*Example*)b:=3; test ] (b);writeln ("point 3: "b)end
 20. Consider the syntax-directed translation schema (SETS) shown below:E ‰ E + E {print —+"}E ‰ E * E {print —."}E ‰ id {print id.name}E ‰ (E)An LR œ parser executes the actions associated with the productions immediately after a reduction by the corresponding production. Draw the parse tree and write the translation for the sentence.(a + b)* (c + d), using SDTS given above.
 21. The concurrent programming constructs fork and join are as below:fork which creates a new process executing from the specified labeljoin which decrements the specified synchronization variable (by 1)and terminates the process if the new value is not 0.Show the precedence graph for S1, S2, S3, S4 and S5 of the concurrent programbelow.N = 2M = 2fork L3fork L4
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S1L1 : join NS3L2: join MS5L3:S2goto L1L4:S4goto L2next:
 22. A computer system uses the Banker's Algorithm to deal with deadlocks. Its current state is shown in the tables below, where P0, P1, P2 are processes, and R0, R1, R2 are resoures types.
 Maximum Need Current Allocation AvailableR0 R1 R2 R0 R1 R2 R0 R1 R2P0 4 1 2 P0 1 0 2 2 2 0P1 1 5 1 P1 0 3 1P2 1 2 3 P2 1 0 2
 (a) Show that the system can be in this state.(b) What will system do on a request by process P0 for one unit of resource type R1?
 23. A file system with a one-level directory structure is implemented on a disk with disk block size of 4 K bytes. The disk is used as follows:Disk-block 0: File Allocation Table, consisting of one 8-bit entry per dateblock, representing the data block address of the next dateblock in the file
 Disk block 1: Directory, with one 32 bit entry per file:Disk block 2: Data block 1;Disk block 3: Data block 2; etc.(a) What is the maximum possible number of files?(b) What is the maximum possible file size in blocks?
 24. Consider the synchronous sequential circuit in Fig.5.
 Fig.5
 (a) Draw a state diagram, which is implemented by the circuit. Use the following names for the states corresponding to the values of flip-flops as
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given below.
 Q1 Q2 Q3 State0 0 0 S00 0 1 S1- - - -- - - -- - - -1 1 1 S7(b) Given that the initial of the circuit is S , identify the set of states, which are 4 not reachable.
 25. A hard disk is connected to a 50 MHz processor through a DMA controller. Assume that the initial set-up of a DMA transfer takes 1000 lock cycles for the processor, and assume that the handling of the interrupt at DMA completion requires 500 clock cycles for the processor. The hard disk has a transfer rate of 2000 Kbytes/sec and average block size transferred is 4 K bytes. What fraction of the processor time is consumed by the disk, if the disk is actively transferring 100% of the time?
 Level 1 (Cache memory) Level 1 (Cache memory)Access time = 50 nsec/byte Access time = 200 nsec/byteSize Hit ratio Size Hit ratio8 Kbytes 0.80 4 Kbytes 0.9816 Kbytes 0.90 16 Kbytes 0.9964 Kbytes 0.95 64 Kbytes 0.995
 Size Hit ratio250 M bytes 1.0
 26. A computer system has a three level memory hierarchy, with access time and hit ratios as shown below:
 Level 1 (Cache memory) Level 2 (main memory) Level 3Access time = 50 nsec/byte Access time = 200 nsec/byte Access time = 5 sec/byte Size Hit ratio Size Hit ratio Size Hit ratio8 M byte 0.80 4M byte 0.98 260 Mbyte 1.016 M byte 0.90 16 M byte 0.99
 64 M byte 0.95 64 M byte 0.995
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(a) What should be the minimum sizes of level 1 and 2 memories to achieve an average access time of less than 100 nsec?(b) What is the average access time achieved using the chosen sizes of level 1 and level 2 memories?
 27. A library relational database system uses the following schemaUSERS (User #, User Name, Home Town)BOOKS (Books # Book Title, Author Name)ISSUED (Book #, User #, Date)Explain in one English sentence, what each of the following relational algebra queries is designed to determine(a) s User #=6 (11 User #, Book Title ((USERS ISSUED) BOOKS))(b) s Author Name (BOOKS ( s Home Town) = Delhi (USERS ISSUED)))
 Gate 1993 CS Computer Science Question Paper
 Gate 1993 CS Computer Science Question Paper
 Gate 1993 CS Computer Science Engineering M.tech Admission Question PaperSECTION - A1. In questions 1.1 to 1.7 below, one or more of the alternatives are correct. Write the code letter(s) a, b, c, d corresponding to the correct alternative(s) in theanswer book. Ma rks will be given only if all the correct alternatives have been selected and no incorrect alternative is picked up.
 1.1 The eigen vector(s) of the matrix0 0 a ˜ '÷ ( ) 0 0 0 , 0 is are a  ÷÷ 0 0 0 «( ) ( ) ( ) ( ) (a) 0,0, a (b) a , 0,0 (c) 0, 0,1 (d) 0, , 0 a
 1.2 The differential equation d y dy y 2+ + = sin 0 is:dx dx2(a) linear (b) non-linear (c) homogeneous (d) of degree two
 ( )1.3 Simpson's rule for integration gives exact result when f x is a polynomial
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of degree(a) 1 (b) 2 (c) 3 (d) 4
 1.4 Which of the following is (are) valid FORTRAN 77 statement(s)?(a) DO 13 I = 1 (b) A = DIM ***7(c) READ = 15.0 (d) GO TO 3 = 10
 1.5 Fourier series of the periodic function (period 2 ) defined by pÀ 0, is - < < p x ( ) f x x x p = Ã, 0 < < Õp n nx n nx » ÿ 1 1 ƒ ( ) p p + - - cos 1 cos cos sin … Ÿp 4 n n / 2
 But putting x = p , we get the sum of the series.1 1 11 is + + + + >3 5 7 2 2 2p p p p 2  2  2  2(a) (b) (c) (d)4 6 8 12
 1.6    Which of the following improper integrals is (are) convergent?
 ( ) 1.7 The function fx y x y xy y x , 3 2 has = - + + 2(a) no local extremum(b) one local minimum but no local maximum(c) one local maximum but no local minimum(d) one local minimum and one local maximum
 2. In questions 2.1 to 2.10 below, each blank ( _____) is to be suitably filled in. In the answer book write the question number and the answer only. Do not copy the question. Also, no explanations for the answers are to be given.
 ( ) ( ) x e x - + - 1 2 cos 1x2.1 lim is _______( ) x x 1 cos -x 0
 2.2 The radius of convergence of the power series( ) 3 ! m x ƒ 8is: ______________ 3 m( )
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m ! 3
 gd2.3 If the linear velocity is given by Vgdä V x yi xyz j yz k = + - , 2 2gdThe angular velocity at the point (1, 1, -1) is ________
 ( ) ' = - 2.4 Given the differential equation, y x y with the initial condition y 0 0 = . The  ( ) value of y calculated numerically upto the third place of decimal by the 0.1second order Runga-Kutta method with step size h = 0.1 is ________
 2.5 For X = 4.0, the value of I in the FORTRAN 77 statement5.0 * 3 X1 2 * *2 is _____ = - + +X * 3 4
 2.8 Given ä V x y i x e j z y k = + + cos sin 2 2 2 zcorner at the origin and edges parallel to the coordinate axes, the value ofintegral
 2.9 The differential equation 0 y y + = is subjected to the boundary conditions. n( ) ( ) y 0 0 = y = 0In order that the equation has non-trivial solution(s), the general value of ……..
 2.10 The Laplace transform of the periodic function f t described by the curve below,
 SECTION II œ AINSTRUCTIONS: There are THREE questions in this Section. Question 6 has 8 parts, 7 has 10 pa rts, and 8 has 7 parts. Each part of a question carries 2 marks. There may be more than one correct alternative the multiple-choice questions. Credit will be given if only all the correct alternatives have been indicated.
 6.1. Identify the logic function performed by the circuit shown in figure.
 (a) exclusive OR (b) exclusive NOR (c) NAND(d) NOR (e) None of the above
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6.2. If the state machine described in figure, should have a stable state, therestriction on the inputs is given by(a) . 1 a b = (b) 1 a b + = (c) 0 a b + = (d) . 1 a b =(e) 1 a b + =
 6.3. For the initial state of 000, the function performed by the arrangement of the J-K flip-flops in figure is:
 Clock
 (a) Shift Register (b) Mod-3 Counter (c) Mod-6 Counter(d) Mod-2 Counter (e) None of the above
 6.4. Assume that each character code consists of 8 bits. The number of characters that can be transmitted per second through an asynchronous serial line at 2400 baud rate, and with two stop bits, is(a) 109 (b) 216 (c) 218 (d) 219(e) 240
 6.5. Convert the following numbers in the given bases into their equivalents in the desired bases.) )(a) 110.101 x =2 1 0) )(b) 1118 y H =1 0
 6.6. A ROM is used to store the Truth table for a binary multiple unit that will multiply two 4-bit numbers. The size of the ROM (number of words × number of bits) that is required to accommodate the Truth table is M words × N bits. Write the values of M and N.
 6.7. A certain moving arm disk storage, with one head, has the followingspecifications.Number of tracks/recording surface = 200Disk rotation speed = 2400 rpmTrack storage capacity = 62,500 bitsThe average latency of this device is P msec and the data transfer rate is Qbits/sec.Write the value of P and Q.
 6.8. The details of an interrupt cycle are shown in figure.
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Given that an interrupt input arrives every 1 msec, what is the percentage of the total time that the CPU devotes for the main program execution.
 7. Note: For sub-questions 7.1 to 7.3, refer to the PASCAL program shown below.Program PARAM (input, output);var m, n : integer;procedure P (var, x, y : integer);var m : integer;beginm : = 1;x : = y + 1end;procedure Q (x:integer; vary : integer);beginx:=y+1;end;beginm:=0; P(m,m); write (m);n:=0; Q(n*1,n); write (n)end
 7.1. The value of m, output by the program PARAM is:(a) 1, because m is a local variable in P(b) 0, because m is the actual parameter tha t corresponds to the formalparameter in p(c) 0, because both x and y are just reference to m, and y has the value 0(d) 1, because both x and y are just references to m which gets modified inprocedure P(e) none of the above
 7.2. The value of n, output by the program PARAM is:(a) 0, because n is the actual parameter corresponding to x in procedure Q.(b) 0, because n is the actual parameter to y in procedure Q.(c) 1, because n is the actual parameter corresponding to x in procedure Q.(d) 1, because n is the actual parameter corresponding to y in procedure Q.(e) none of the above
 7.3. What is the scope of m declared in the main program?(a) PARAM, P, Q (b) PARAM, P (c) PARAM, Q(d) P, Q (e) none of the above
 7.4. What does the following code do?var a, b : integer;
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begina:=a+b;b:=a-b;a:=a-bend;(a) exchanges a and b (b) doubles a and stores in b(c) doubles b and stores in a (d) leaves a and b unchanged(e) none of the above
 7.5. For the program segment given below, which of the following are true?program main (output);type link = ^data;data = recordd : real;n : linkend;var ptr : link;beginnew (ptr);ptr:=nil;.ptr^.d:=5.2;write ln(ptr)end.(a) The program leads to compile time error(b) The program leads to run time error(c) The program outputs 5.2(d) The program produces error relating to nil pointer dereferencing(e) None of the above
 7.6. A simple two-pass assembler does the following in the first pass:(a) It allocates space for the literals.(b) It computes the total length of the program(c) It builds the symbol table for the symbols and their values.(d) It generates code for all the load and store register instructions.(e) None of the above.
 7.7. A part of the system software, which under all circumstances must reside in the main memory, is:(a) text editor (b) assembler (c) linker (d) loader(e) none of the above
 7.8. The root directory of a disk should be placed(a) at a fixed address in main memory (b) at a fixed location on the disk(c) anywhere on the disk
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(d) at a fixed location on the system disk (e) anywhere on the system disk
 7.9. Consider a system having m resources of the same type. These resources are shared by 3 processes A, B and C, which have peak demands of 3, 4 and 6 respectively. For what value of m deadlock will not occur?(a) 7 (b) 9 (c) 10 (d) 13(e) 15
 7.10. Assume that the following jobs are t o be executed on a single processor systemJob Id CPU Burst time
 p 4q 1r 8s 1t 2
 The jobs are a ssumed to have a rrived at time 0 and in the order p, q, r, s, t. + calculate the departure time (completion time) for job p if scheduling is round robin with time slice 1.(a) 4 (b) 10 (c) 11 (d) 12(e) None of the above
 8.8.1. Consider a simple connected graph G with n vertices and n-edges (n>2). Then,which of the following statements are true?(a) G has no cycles.(b) The graph obtained by removing any edge from G is not connected.(c) G has at least one cycle.(d) The graph obtained by removing any two edges from G is not connected.(e) None of the above.
 ( )8.2. The proposition P p q ~ is:(a) a tautology (b) logically equivalent to p q(c) logically equivalent to p q (d) a contradiction(e) none of the above
 8.3. Let S be an infinite set and S S > be sets such that , S S S S = > Then, .1 n  1 2 n(a) at least one of the set S is a finite set
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i(b) not more than one of the set S can be finitei(c) at least one of the sets S is an infinite seti(d) not more than oen of the sets S can be infinitei(e) None of the above
 8.4. Let A be a finite set of size n. The number of elements in the power set of(e) None of the above
 8.5. The less-than relation, <, on reals is(a) a partial ordering since it is asymmetric and reflexive(b) a partial ordering since it is antisymmetric and reflexive(c) not a partial ordering because it is not asymmetric and not reflexive(d) not a partial ordering because it is not antisymmetric and reflexive(e) none of the above
 8.6. Let A and B be sets with cardinalities m and n respectively. The number of one-one mappings (injections) from A to B, when m < n, is:(a) m (b) P (c) C (d) C n  n  m  nm  n  m(e) P(e) O n 1.5 2
 SECTION II - B
 INSTRUCTIONS: There are TEN questions in this section. Each question carries 5marks. Attempt all questions.
 9. Assume that only half adders are available in your laboratory. Show that any binary Boolean function can be implemented using half adders only.
 10. The instruction format of a CPU is:
 OP CODE MODE RegR
 One Memory word
 Mode and RegR together specify the operand. RegR specifies a CPU register and Mode specifies an addressing mode. In particular, Mode = 2 specifies
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that "the register RegR contains the address of the operand, after fetching the operand, the contents of RegR are incremented by 1'.An instruction at memory location 2000 specifies Mode = 2 and the RegR refers to program counter (PC).(a) What is the address of the operand?(b) Assuming that this is a non-jump instruction, what are the contents of PCafter the execution of this instruction?
 11. In the three-level memory hierarchy shown in the following table, p denotes theiprobability that an access request will refer to . Mi
 Hierarchy Level Access Time Probability of access Page Transfer time( ) ( ) ( ) ( )M t p Ti  i  i  iM  0.99000 0.001 sec 10 - 610.00998 0.1 sec M 10 - 520.00002 –M 10 - 43
 If a miss occurs at level M , a page transfer occurs from M to M and thei   i + 1 iaverage time required for such a page swap is . T Calculate the average time ti  A required for a processor to read one word from this memory system.
 12. The following Pascal program segments finds the largest number in a two- > > » ÿ dimensional integer array 0 1, 0 1 A n n - - using a single loop. Fill up the / boxes to complete the program and write against , , and A B C D in your answer book. Assume that max is a variable to store the largest value and i,j are the indices to the array.beginmax:= A , i:=0,j:=0;
 while B dobeginif A[i,j]>max then max:=A[i,j]if C then j:=j+1
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else beginj:=0;i:= Dendendend.
 > 13. Consider a singly linked list having n nodes. The data items d d d , , are stored1 2 nin these n nodes. Let X be a pointer to the j-th node (1 = j = n) in which dj is stored.A new data item d stored in node with address Y is t be inserted. Give analgorithm to insert d into the list to obtain a list having itemsd d d d d , , , , , , > > in the order without using the header.1 2 1 j j n -
 14. An ISAM (indexed sequential) file consists of records of size 64 bytes each, including key field of size 14 bytes. An address of a disk block takes 2 bytes. If the disk block size is 512 bytes and there are 16 K records, compute the size of the data and index areas in terms of number of blocks. How many levels of tree do you have for the index?
 15. Consider the recursive algorithm given below:procedure bubblersort (n);var i,j: index; temp : item;beginfor i:=1 to n-1 doif A[i] > A [i+1] thenbegintemp : A[i];A[i]:=A[i+1];
 A[i+1]:=tempend;bubblesort (n -1 )endLet a be the number of times the "if…then….' Statement gets executed when the  n algorithm is run with value n. Set up the recurrence relation by defining a in  n terms of a . Solve for a .n - 1 n
 16. Prove by the principal of mathematical induction that for any binary tree, in which every non-leaf node has 2 descendants, the number of leaves
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in the tree is one more than the number of non-leaf nodes.
 17. Out of a group of 21 persons, 9 eat vegetables, 10 eat fish and 7 ea t eggs : 5 persons eat all three. How many persons eat at least two out the three dishes?
 18. Show that proposition C is a logical consequence of the formula( ) ( ) ( )A A B C B A ~
 Using truth tables.
 SECTION: II - CINSTRUCTIONS: There are TEN questions in this section. Each question carries 5 marks. Attempt any FIVE questions. In case more than five questions are attempted, the first five answers alone will be evaluated.
 19. A control algorithm is implemented by the NAND œ gate circuitry given in figure below, which A and B are state variable implemented by D flip-flops, and P is control input. Develop the state transition table for this controller.
 20. Given that the following is an 8085 program segment:(a) Identify the function performed by it, and(b) List the roles of the registers used and the address referred to by it.LHLD 5000MVI B, 5GET: IN 20MOV M, AINX HDCR BJNZ GET
 21. The following page addresses, in the given sequence, were generated by aprogram:1 2 3 4 1 3 5 2 1 5 4 3 2 3This program is run on a demand paged virtual memory system, with mainmemory size equal to 4 pages. Indicate the page references for which page faults occurs for the following page replacement algorithms.(a) LRU(b) FIFOAssume that the main memory is empty initially.
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22. Write a concurrent program using parbegin-parend and semaphores to represent the precedence constraints of the statements S S as shown in figure below. to ,1 6
 6
 For questions 23 and 24:The following relations are used to store data about students, courses, enrollment of students in courses and teachers of courses. Attributes for primary key in each relation are marked by "*'.
 Students (rollno*, sname, saddr)courses (cno*, cname)enroll(rollno*, cno*,grade)teach(tno*,tname,cao*)(cno is course number, cname is course name, tno is teacher number, tname is teacher name, sname is student name, etc.)
 23. Write a SQL query for retrieving roll number and name of students who got A grade in at least one course taught by teacher named Ramesh for the above relational database.
 24. For the relational database given above, the following functional dependencies
 hold:  rollno ‰ sname,sdaddr cno ‰ cnametno ‰ tname rollno, cno ‰ grade(a) Is the database in 3 normal form (3NF)? r d(b) If yes, prove that it is in 3 NF. If not, normalize, the relations so that they are in 3 NF (without proving).
 25. A simple Pascal like language has only three statements.(i) assignment statement e.g. x:=expression(ii) loop construct e.g. for i:=expression to expression do statement.(iii) sequencing e.g. begin statement ;…; statement end(a) Write a context-free grammar (CFG) for statements in the above language.Assume that expression has already been defined. Do not use optionalparentheses and * operator in CFG.(b) Show the parse tree for the following statement:for j:=2 to 10 dobegin x:=expr1;y:=expr2
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end
 26. A stack is used to pass parameters to procedures in a procedure call.(a) If a procedure P has two parameters as described in procedure definition:procedure P (var x :integer; y: integer);and if P is called by ; P(a,b)State precisely in a sentence what is pushed on stack for parameters a andb.(b) In the generated code for the body of procedure P, how will the addressing of formal parameters x and y differ?
 27. Draw the state transition of a deterministic finite state automaton which accepts  { }all strings from the alphabet a b , such that no string has 3 consecutive ,occurrences of the letter b.( { { )28. Let p q be a semigroup where * . , , * p p q = Show that:(a) * * p q q p = and(b) * q q q =
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