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CO Intro

Common Data for Q1 Q2 and Q3 is given below

Consideramachinea2-waysetassociative datacache of size 64 kbytes and block size 16 bytes. The
cacheismanagedusing 32 bitvirtualaddressedandthe pagesizeis 4 Kbytes. Aprogramtoberunon
this machine begins asfollows.

double APR[1024] [1024]

inti,j;

/*initalizearray APRt0 0.0*/

for[i=0;i<1024;i++)

for (j=0; k <1024;j++

ARR [i][j]1=0.0;

Thesizeof double 8 bytes. Array APRisin memorystarting atthe beginningofvirtualpage 0 x FFO00
and

stored in row major order. The cacheis initially empty and no pre-fetching is done. The only data memory
references made by the program are those to array APR..

D) Thetotal size ofthetagsinthecachedirectory is
2 Marks GATE-CSE/IT-2008,GATE-CSE/IT-2008, GATE-CSE/IT-2008, GATE-CSE/IT-2008( )

[A] 32kbits [B] 34kbits
[C]64kbits [D]68kbits

2)Which of the following array elements has the same cache index as APR[0] [0]?
2 Marks GATE-CSE/IT-2008( )

[A]APR[0] [4] [BIAPR[4] [0]
[CIARR[O][5] [DIAPR[5][0]

3) The cache hit ratio for this initialization loop is
2 Marks GATE-CSE/IT-2008,GATE-CSE/IT-2008( )

[A] 0% [B]25%

[C]150% [D]75%
Common Datafor Q4 and Q5is given
below

Consider a machine with a byte addressable main memory of 21 6bytes. Assume that a direct mapped
data cache consisting of 32 lines of 64 bytes each is used in the system.
A 50 x 50 two-dimensional array of bytes is stored in the main memory starting from memory location 1100

H.Assume thatthedatacacheisinitiallyempty. Thecompletearrayisaccessedtwice. Assumethatthe
contents of the data cache do not change in between the two accesses.

4)How many data cache misses will occur in total ?
2 Marks GATE-CSE/IT-2007( )

[A]40 [B]50
[C]56 [D]59

5)Which of the following lines of the data cache will be replaced by new blocks in accessing the array
2 Marks GATE-CSE/IT-2007,GATE-CSE/IT-2007( )

[Alline4toline 11 [B]line 4 to line 12
[CllineOtoline?7 [Dlline O to line 8

Common Data for Q7 and Q6 is given below



CO Intro

ACPUhasa32KBdirect mappedcachewith 128-byteblocksize. Suppose Aisatwo dimensional array
of size 512 x 512 with elements that occupy 8-bytes each/ Consider the following two C code segments,
P1 and P2.

P1:for(i=0;i<512;i++) {
for(j=0;j<512;j++) {
x+ = Al [j];
}
}
P2:for(i=0;i<512;i++) {

for(j=0;j<512;j++) {
}{x + = A[j] [i;}

}
P1andP2areexecutedindependentlywiththesameinitial state,namely,thearrayAis notinthecache
and i,j, x are in registers.
Let the number of cache misses experienced by P1 be My and that for P2 be M>.
6)The value of My is

2 Marks GATE-CSE/IT-2006( )

[A]O [B]2048
[C]l16384 [D]262144
7)The value of the ratio M1/ M5 is
2 Marks GATE-CSE/IT-2006,GATE-CSE/IT-2006( )

[A]O [B]1/16
[Clh/8 [D116

Common Datafor Q8 and Q9is given

below

Considertwocacheorganizations: Thefirstoneis 32 KB2-waysetassociativewith32-byteblocksize.
The secondoneis ofthe samessize butdirect mapped. The size ofanaddressis 32 bitsinboth cases A
2-to 1 multiplexer has latency of 0.6ns while a k-bit comparator has alatency of k/10-ns. The hitlatency of
the set associative organization is h1 while that of the direct mapped one is h>.

8)The value of h1is

2 Marks GATE-CSE/IT-2006,GATE-CSE/IT-2006( )

[A]2.4ns [B] 2.3ns
[C]1.8ns [D]1.7ns

9 The value of hyis

2 Marks GATE-CSE/IT-2006( )

[A]2.4ns [B] 2.3ns

[C]1.8ns [D]11.7ns
Common Data for Q10 and Q11 is given
below

Consider two cache organizations : The first one is 32 KB 2-way set associative with 32-byte block size.
Thesecondoneis ofthe samessize butdirect mapped. The size ofanaddressis 32 bitsinboth cases A
2-to 1 multiplexer has latency of 0.6ns while a k-bit comparator has alatency of k/1-ns. The hit latency of
the set associative organization is h1 while that of the direct mapped one is h2.

10) The value of h1is

2 Marks GATE-CSE/IT-2006( )

[A]2.4ns [B] 2.3ns
[C]1.8ns [D]1.7ns

1) The value of h2is

2 Marks GATE-CSE/IT-2006( )
[Al2.4ns [B] 2.3ns
[C]1.8ns [D]1.7ns
12) Consider a small two-way set-associative cache memory, consitsting of four blocks. For choosing the

blocktobereplace, usetheleastrecentlyused (LRU) scheme. The number of cache misses forthe
following sequence of block addressesis 8,12,0, 12,8
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2 Marks GATE-CSE/IT-2004( )

[A]2 [B]13
[Cl4 [D]5

13)Increasing the RAM of acomputer typicallyimproves performance because
1 Marks GATE-CSE/IT-2005( )

[A] Virtual memory increases [B]Larger RAMs are faster
[C]Fewer page faults occur [D]Fewer segmentation faultsoccur

14) Consider a direct mapped cache of size 32 KBwith 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 respectively.
2 Marks GATE-CSE/IT-2005( )

[A]10,17 [B]10,22
[C]15,17 [D]5,17

15) A CPU has a cache with block size 64 bytes. The main memory has k banks, each bank being c bytes
wide. Consecutive c-byte chunksare mappedonconsecutive bankswithwarp-around. Allthek banks
canbeaccessedin parallel, buttwo accesses tothe same bank mustbe serialized. Acache block access
ayinvolve multipleiterations of parallel bank accesses dependingontheamountofdataobtained by
accessingallthekbanksinparallel. Eachiterationrequiresdecodingthe banknumberstobeaccessed
inparallelandthistakesk/2ns. Thelatencyofone bankaccessis 80 ns.lfc=2andk=24,thenlatencyof
retrieving a cache block starting at address zero from main memory is

2 Marks GATE-CSE/IT-2006( )
[A]92ns [B] 104ns
[C]1172ns [D]184ns

16) Consider a small two-way set-associative cache memory, consitsting of four blocks. For choosing the
blocktobereplace, usetheleastrecentlyused (LRU) scheme. The number of cache missesforthe
following sequence of block addresses is 8, 12,0, 12, 8

[A]2 [B]3
[C]4 [D]5

17)Increasing the RAM of acomputer typicallyimproves performance because

2 Marks GATE-CSE/IT-2004( )

1 Marks GATE-CSE/IT-2005( )
[A] Virtual memory increases [B]Larger RAMs are faster

[C]Fewer page faults occur [D]Fewer segmentation faultsoccur

18) Consideradirect mapped cache of size 32 KBwith 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 respectively.
2 Marks GATE-CSE/IT-2005( )

[A]10,17 [B]10,22
[CI15,17 [D]5,17

19) A CPU has a cache with block size 64 bytes. The main memory has k banks, each bank being c bytes
wide. Consecutive c-bytechunksaremappedonconsecutive bankswithwarp-around. Allthek banks
canbeaccessedin parallel, buttwo accessestothe samebank mustbe serialized. Acache block access
ayinvolvemultipleinterationsof parallelbankaccessesdependingontheamountofdataobtained by
accessingallthekbanksinparallel. Eachiterationrequiresdecodingthe banknumberstobeaccessed
inparallelandthistakesk/2ns. Thelatencyofone bankaccessis 80 ns.lIfc=2andk=24,thenlatencyof
retrieving a cache block starting at address zero from main memory is

2 Marks GATE-CSE/IT-2006( )
[A]92ns [B]104ns
[C1172ns [D]1184 ns

20) Consider 4-way setassociative cache consisting of 128 lineswith aline size of 64 words. The CPU

generatesa20-bitaddressofawordinmainmemory. The numberofbitsinthe TAG,LINEand WORD
fields are respectively

[A]9,6,5 [B]7,7,6
[C]7,5,8 [D]9,5,6

1 Marks GATE-CSE/IT-2007()
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2D For inclusion to hold between two cache level L1 and L2 in a multilevel cache hierarchy, which of the
following
are necessary ?
1. L1 must be a write-through cache
2. L2 must be write-throughcache
3. The associativity of L2 must be greater that of L1

4. The L2 cache must be at least as large as the L1 cache.
2 Marks GATE-CSE/IT-2008( )

[A]4 only [Bland 2 only
[C]1,2and 4 only [D]11,2,3 and 4

22)How many 32K x 1 RAM chips are needed to provide a memory capacity of 256 K-bytes ?
1 Marks GATE-CSE/IT-2009( )

[A]8 [B]32
[Cl64 [D]128

23)How many 32K x 1 RAM chips are needed to provide a memory capacity of 256 K-bytes ?
1 Marks GATE-CSE/IT-2008( )

[A]8 [B]32
[Cle4 [D]128

24) Consider a 4 way set associative cache (initially empty) with total 16 cache blocks. The main memory

consists of 256 blocks and the request for memory blocks is in the following order :
0,255, 1,4,3,8,133, 159, 216, 129, 63, 8,48,32,73, 92, 155

Which one of the following memory block will NOT be in cache if LRU replacement policy is used ?
2 Marks GATE-CSE/IT-2009( )

[A]3 [B]8
[C]129 [D]216

25)The main memory of acomputer has 2 cm blocks while the cache has 2 cblocks. If the cache uses the set

associative mapping scheme with 2 blocks per set, then block k of the main memory mapstotheset
1 Marks GATE-CSE/IT-1999( )

[A] (k mod m) of the cache [B](k mod c) of the cache
[Cl(k mod 2c) of the cache [D](k mod 2 cm) of the cache

26) Which of the following devices should get higher priority in assigning interrupts?
1 Marks GATE-CSE/IT-1998( )

[A]Hard disk [B] Printer
[Clkeyboard [D]Floppy disk

27) Locality of reference implies that the page reference being made by a process
1 Marks GATE-CSE/IT-1997( )

[A]will always be to the page used in the previous [B] islikelytobetooneofthe pagesusedinthelast
page reference few page references
[Clwill always be to one of the pages existing in .
memory [Dlwill always lead to a page fault
28) AROM is sued to store the table for multiplication of two 8-bit unsigned integers.The size of ROM required
is
1 Marks GATE-CSE/IT-1996( )
[A]256* 16 [B]64 k * 8
[Cl4k*16 [D]64k * 16

29) Both’s algorithm for integer multiplication gives worst performance when the multiplier patternis
1 Marks GATE-CSE/IT-1996( )

[A]101010.....1010 [B] 100000 .....0001
[CIT111171 ... 1111 [DIOTT111 ..... 1110

30)The principle of locality justifies the use of
1 Marks GATE-CSE/IT-1995( )

[A] interrupts [B] DMA
[Clpolling [Dlcache memory
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31) A computer system has a 4k word cache organized in block set associative manner with 4 blocks per set,
64 words perblock. The numberofbitsinthe SETandWORD fields of the main memoryaddress format

IS:

2 Marks GATE-CSE/IT-1995( )
[A]15,40 [B]6,4
[C]7,2 [D]4, 6

32) Consider 4-way setassociative cache consisting of 128 lines with aline size of 64 words. The CPU
generatesa20-bitaddressofawordin mainmemory. The numberofbitsinthe TAG,LINEand WORD

fields are respectively
1 Marks GATE-CSE/IT-2007()

[A]9,6,5 [B]7,7,6
[C]7,5,8 [D]9,5,6
33)For inclusion to hold between two cache level L1 and L2 in a multilevel cache hierarchy, which of the

following are necessary?

1. L1 must be a write-through cache

2. L2 must be write-throughcache

3. The associativity of L2 must be greater that of L1

4. The L2 cache must be at least as large as the L1 cache.
2 Marks GATE-CSE/IT-2008( )

[A]4 only [Bland 2 only
[C]1,2and 4 only [D]1,2,3 and 4
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Memory interface

Common Data for Q1 and Q2 is given below

AcomputersystemhasanlLl1 cache,anlL2 cache, andamain memoryunitconnectedas shownbelow.
The block sizein L1 cacheis 4 words. The block sizein L2 cacheis 16 words. The memory access
times are 2 nanoseconds. 20 nanoseconds and 200 nanoseconds for L1 cache, L2 cache and main
memory unit respectively.

Data Bus Data Bus ;
L1 == >|12 e Main
Cache | "4 Jords | Cache | 4 Qords |M1eMOTY

1)WhenthereisamissinL1 cacheandahitinL2 cache, ablockistransferred fromL2 cachetoL1 cache.

What is the time taken for this transfer?
2 Marks GATE-CSE/IT-2010,GATE-CSE/IT-2010( )

[A] 2 nanoseconds [B]20 nanoseconds
[C]122 hanoseconds [D]88 nanoseconds

2)WhenthereisamissinbothL1 cacheandL2cache,firstablockistransferred from main memorytolL2
cache,andthenablockistransferred fromL2 cachetoL1 cache.Whatisthetotaltimetakenforthese

transfers?

2 Marks GATE-CSE/IT-2010( )
[A]222 nanoseconds [B]888 nanoseconds
[C1902 nanoseconds [D]1968 nanoseconds

Common Data for Q3 and Q4 is given below

Consider the following data path of a CPU
AR MDR

[

GPR=

ALU

The, ALU, the busandall theregistersinthe data path are of identical size. All operations including
incrementation of the PCand the GPRs are to be carried outinthe ALU. Two clock cycle are needed for
memoryreadoperation-thefirstoneforloadingaddressinthe MARandthe nextoneforloadingdata
from the memory but into the MDR.

3) The instruction “add RO, R1” has the register transfer in terpretation RO <= R0 + R1. The minimum

number of clock cycles needed for execution cycle of this instruction is
2 Marks GATE-CSE/IT-2005( )

[A]2 (B]3
[Cl4 [DI5

4)Theinstruction “call Rn, sub “is a two word instruction. Assuming that PCis incremented during the fetch
cycle of the first word of the instruction, its register transfer interpretation is
Rn<=PC+1;
PC <=M [PC];

The minimum number of CPU clock cycles needed during the execution cycle of this instruction is
2 Marks GATE-CSE/IT-2005,GATE-CSE/IT-2005( )

[A]2 (B]3
[Cl4 [D]5

Common Data for Q5 and Q6 is given below
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Consider the following program segment for a hypothetical CPU having three user registers R1, R2 and
R3

Instruction operation Instruction size (inwords)
_MOV R1,5000 ; R1T «—Memory[5000] 2
_MOVR2,(R1) :R2:Memory[(R1)] 1
_ADD R2, R3 ; R2 +R2R3 1
_MOV 6000, R2 ;Memory[6000] «R2 2

HALT : Machine halts 1

5) Consider that the memory is byte addressable with size 32 bits, and the program has been loaded starting
from memory location 1000(decimal). If an interrupt occurs while the CPU has been halted after executing

the HALT instruction, the return address(in decimal saved in the stack will be
2 Marks GATE-CSE/IT-2004( )

[A]1007 [B]11020
[C]1024 [D]1028

6) Let the clock cycles required for various operations be as follows:
Registerto / from memory transfer: 3 clock cycles
ADD with both operands in register: 1 clock cycle
Instruction fetch and decode: 2clockcycle perword

The total number of clock cycles required to execute the program s
2 Marks GATE-CSE/IT-2004,GATE-CSE/IT-2004( )

[A]29 [B]24

[C]23 [D]20
Common Datafor Q7 and Q8is given
below

Consider the following assembly language program for a hypothetical processor. A, Band C are 8 bit
registers. The meanings of various instructions are shown as comments.

MOV B, # 0 : B O
MOV C, # 8 : C 8z
CMPC,#0 : Compare C with0
JZX : Jump to X if zero flag is set
SUBC, #1 : CcC-1
RRCA, # 1 : right rotate A through carry by one bit. Thus :

;iftheinitialvalues of Aandthecarry
Flag are a7...a0and
; 0 respectively, their values after the execution of this

; instruction will be c0 a7...al1 and a0 respectively.
JCY ; JumptoYifcarryflagis set

JMPZ : Jump to ZY
ADDB, # 1 ) BB +1
JMPZ : Jump to ZX:

7)If the initial value of register A is A0, the value of register B after the program execution will be
2 Marks GATE-CSE/IT-2003,GATE-CSE/IT-2003( )

[Althe numberof O bitsinAg [B]the number of 1 bits in AO
[ClAg [D]8

8) Which of the following instructions when inserted at location X will ensure that the value of register A after

program execution is the same as its initial value?
2 Marks GATE-CSE/IT-2003( )

[A]RRCA, # 1 [BINOP ; no operation

[CILRCA#1, ;leftrotate Athrough carry

flag by one bit [DJADDA, # 1

9) Normallyuserprogramsare preventedfromhandlingl/Odirectlybyl/Qinstructionsinthem.For CPU
having explicitl/Oinstructions, such /O protectionis ensured by havingthel/Oinstructions privileged. In
a CPU with memory mapped 1/0, thereis no explicit I/ O instruction. Which one of the following is true fora
CPU with memory mapped|/O?

1 Marks GATE-CSE/IT-2005( )
[A]l/Oprotectionisensured by operatingsystem [B] I/O protection is ensured by a hardware trap
routine(s)
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[C]1/0 protection is ensured during system

configuration [D]I/0O protection is not possible

10)A low memory can be connected to 8085 by using
1 Marks GATE-CSE/IT-2001( )

[A]INTER [BIRESET IN

[CIHOLD [DJREADY

11)Normallyuser programsare prevented fromhandlingl/Odirectlybyl/Qinstructionsinthem.ForCPU
having explicitl/Oinstructions, such|/O protectionis ensured by having thel/OQinstructions privileged. In
a CPU with memory mapped /0O, thereis no explicit1/O instruction. Which one of the following is true for a
CPU with memory mapped|/0O?

1 Marks GATE-CSE/IT-2005( )
[A]l/Oprotectionisensured byoperating system
routine(s)

[C]l/O protection is ensured during system
configuration

[B] I/O protection is ensured by a hardware trap

[D]I/O protection is not possible
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Storage manager

Common Data for Q1 and Q2 is given below

Ahard disk has 63 sectors pertrack. 10 platters each with 2 recording surfaces and 1000 cylinders. The
aFdre s PicserebnTia AINER. 4TI O - se stoMRUEdPbgeayifIder numberihelg Beagfbrea number

< ,0,1 = < 0,0.0 >

and so on.

: TS
1)The address™ *00- 16:20 > corresponds to sector number :
2 Marks GATE-CSE/IT-2009( )

[A]505035 [B] 505036
[C]505037 [D]505038
2)The address of 1039thsectoris
2 Marks GATE-CSE/IT-2009,GATE-CSE/IT-2009( )
[A]<0.15.31 > [B]<0.16.30 =
[C]<0.16.31 > [D]=0.17.31 =

3) The minimum number of record movements required to merge five files A (with 10 records), B (with 20

records), C (with 15 records), D (with 5 records) and E (with 25 records) is:
2 Marks GATE-CSE/IT-1999( )

[A]165 [B]90
[C]75 [D]65

4)What is the swap space in the disk used for?
1 Marks GATE-CSE/IT-2005( )

[A] Saving temporary html pages [B]Saving process data
[C]Storing the super-block [D]Storing device drivers

5)Consideradisk drive with the following specifications. 16 surfaces, 512 tracks/surface, 512 sectors/track,
1 KB /sector, rotation speed 3000 rpm. The disk is operated in cycle stealing mode whereby whenever one
bytewordisreadyitis senttomemory;similarly, forwriting, thediskinterfacereads a4 bytewordfrom
thememoryineach DMAcycle. Memorycycletimeis40nsec. The maximum percentage oftimethatthe
CPU gets blocked during DMA operation is

2 Marks GATE-CSE/IT-2005( )
[A]l10 [B]25
[C]40 [D]50
6) Consideradisk packwith 16 surface, 128tracks persurfaceand 256 sectors pertrack. 512 bytes ofdata

arestoredinabitserial mannerinasector. Thecapacityof thedisk pack andthe number of bits required

to specify a particular sector in the disk are respectively
1 Marks GATE-CSE/IT-2007()

[A] 256 Mbyte, 19 bits [B]256 Mbyte, 28 bits
[C]I512Mbyte, 20 bits [D]164 Gbyte, 28 bits

7)Foramagnetic disk with concentric circular tracks, the latency is not linearly proportional to the seek

distance due to
2 Marks GATE-CSE/IT-2008( )

[A] non-uniform distribution of requests [Blarm starting and stopping inertia

[C] higher capacity of tracks on the periphery of the

platter [D] use of unfair arm scheduling policies.

8)What is the swap space in the disk used for ?
1 Marks GATE-CSE/IT-2005( )

[A] Saving temporary html pages [B]Saving process data
[C]Storing the super-block [D]Storing device drivers

9) Consideradisk drive with the following specifications. 16 surfaces, 512 tracks/surface, 512 sectors/track,
1 KB /sector, rotation speed 3000 rpm. The disk is operated in cycle stealing mode whereby whenever one
bytewordisreadyitis senttomemory;similarly, forwriting, thediskinterfacereads a4 bytewordfrom
thememoryineachDMAcycle. Memorycycletimeis 40 nsec. The maximum percentage oftimethatthe
CPU gets blocked during DMA operation is

2 Marks GATE-CSE/IT-2005( )
[A]T10 [B125
[Cl40 [D]50
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10) Consideradisk packwith 16 surface, 128tracks persurfaceand 256 sectors pertrack. 512 bytes ofdata
arestoredinabitserialmannerinasector. The capacityof thedisk packandthe number of bits required

to specify a particular sector in the disk are respectively
1 Marks GATE-CSE/IT-2007()

[A] 256 Mbyte, 19 bits [B] 256 Mbyte, 28 bits
[C]I512Mbyte, 20 bits [D]164 Gbyte, 28 bits

11)Foramagnetic disk with concentric circular tracks, the latency is not linearly proportional to the seek

distance due to
2 Marks GATE-CSE/IT-2008( )

[A]l non-uniform distribution of requests [Blarm starting and stopping inertia

[C] higher capacity of tracks on the periphery of the

platter [D] use of unfair arm scheduling policies.
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Addressing modes

1) Which of the following addressing modes are suitable for program relocation at runtime ?
1.Absolute addressing
2. Based addressing

3. Relative addressing 4. Indirectaddressing
2 Marks GATE-CSE/IT-2004( )

[A]l1 and 4 [B]1 and 2
[C]12and 3 [D]1, 2 and 4

2)considerathreeword machineinstruction
ADD A[RO], @B
The first operand (destination) “ A[R0]” uses indexed addressing mode with RO as the index register. The
secondoperand(source) “@B” usesindirectaddressingmode. Aand Bare memoryaddress residing at
thesecondandthethirdwords, respectively. Thefirstwordoftheinstructionspecifiestheopcode,the
index register designation and the source and destination addressing modes. During execution of ADD
instruction,the two operands are added and stored in the destination (first operand).

The number of memory cycles needed during the execution cycle of the instruction is
2 Marks GATE-CSE/IT-2005( )

[A]3 (B] 4
[CI5 [D]6
3)Match List-Iwith List-1l and select the correct answer using the codes given below the lists :
LIST -I LIST-1I
A. A[1]=B[JI; 1. Indirect addressing
B. While[*A++]; 2. Indexed addressing
C. inttemp="*x; 3. Auto increment
Codes :
A B C
2 Marks GATE-CSE/IT-2005( )
[A]l3 2 1 [B]1 3 2
[C]2 3 1 [D]1 2 3

4)Which of the following is/are true of the auto increment addressing mode ?
1. Itis useful in creating self relocating code
2. Ifitisincludedinan Instruction Set Architecture, then an additional ALU is required for effective address
calculation.

3. The amount of increment depends on the size of the data item accessed.
2 Marks GATE-CSE/IT-2008( )

[A]1 only [B]2 only
[C]3 only [D]2 and 3 only

5) consider a three word machine instruction
ADD A[Rql, @ B
The first operand (destination) “ A [R0]” uses indexed addressing mode with RO as the index register. The
secondoperand(source) “@B”usesindirectaddressingmode. Aand Bare memoryaddress residing at
thesecondandthethirdwords, respectively. Thefirstwordoftheinstructionspecifiestheopcode,the
index register designation and the source and destination addressing modes. During execution of ADD
instruction, the two operands are added and stored in the destination (first operand).

The number of memory cycles needed during the execution cycle of the instruction is
2 Marks GATE-CSE/IT-2005( )

[A]3 (B] 4
[CI5 [D]6
6) Match List-1with List-Il and select the correct answer using the codes given below the lists
LIST -I LIST-II
A. A[1]1=B[]; 1.Indirect addressing
B. While[*A+ +]; 2.Indexed addressing
C. inttemp =*x; 3.Autoincrement
2 Marks GATE-CSE/IT-2005( )
[A] A-3 B-2 C-1 [BJA- 1 B-3 C-2
[CIA- 2 B-3 C-1 [D]A- 1 B- 2 C-3



Addressing modes

7)Which of the following is/are true of the auto increment addressing mode ?
1. It is useful in creating self relocating code
2. Ifitisincludedinan Instruction Set Architecture, then an additional ALU is required for effective address
calculation.

3. The amount of increment depends on the size of the data item accessed.
2 Marks GATE-CSE/IT-2008( )

[A]1 only [B]2 only
[C]I3 only [D]12and 3 only

8)In the absolute addressingmode
1 Marks GATE-CSE/IT-2002( )

[Blthe address of the operand is inside the

[A]lthe operandisinside the instruction instruction

[C] Theregistercontaining the address of the
operand is specified inside theinstruction

9) The main differences(s) between a CSIC and A RISC processor is/are that a RISC processor typically
2 Marks GATE-CSE/IT-1999( )

[A]lhas fewer instructions [B]lhas fewer addressing modes

[Dlis easiertoimplementusing hard-wired control
logic

[Dlthe location of the operand is implicit

[Clhas moreregisters

10) A certain processor supports only the immediate and the directaddressing modes. Which of the following

programming language features cannot be implemented on this processor?
2 Marks GATE-CSE/IT-1999( )

[A]Pointers [B]Pointers
[C]Records [D]Recursive procedures with local variable

11)Which ofthefollowing addressing modes permits relocationwithoutany changewhatsoeverinthe code?
1 Marks GATE-CSE/IT-1998( )

[Allndirect addressing [B] Indexed addressing
[C]Baseregisteraddressing [D]IPC relativeaddressing

12)Relative mode of addressing is most relevant to writing
1 Marks GATE-CSE/IT-1996( )

[Alcoroutines [Blposition-independent code
[C] shareable code [Dlinterrupt handlers

13)Adevice employing INTR line for device interrupt puts the CALL instruction on the data bus while
1 Marks GATE-CSE/IT-2002( )

[A]/NTAjs active [BJHOLD is active
[CIREADY is active [DINone of the above
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DMA

1)Ahard disk with a transfer rate of 10M bytes/ second is constantly transferring data to memory using DMA.
The processorruns at 600 MHz., and takes 300 and 900 clock cycles toinitiate and complete DMA
transferrespectively. Ifthesize of thetransferis 20 Kbytes, whatis the percentage of processortime

consumed for the transfer operations ?
2 Marks GATE-CSE/IT-2004( )

[A]5.0% [B] 1.0%
[C]0.5% [D]0.1%

2)Which one of the following is true for a CPU having a single interrupt request line and a single interrupt

grant line?
1 Marks GATE-CSE/IT-2005( )

[A] Neither vectored interrupt nor multiple interrupting  [B] vectored interrupts are not possible but multiple

devices are possible interrupting devices are possible,
[C]Vectored interrupts and multiple interrupting [D]Vectored interrupt is possible but multiple
devices are both possible interrupting devices are not possible

3)Adevicewithadatatransferrate 10KB/secis connectedtoaCPU.Dataistransferred byte-wise. Letthe
interrupt overhead be 4 sec. The byte transfertime betweenthe device interfaceregisterand CPU or
memoryisnegligible. Whatisthe minimumperformancegainofoperatingthedeviceunderinterrupt

mode over operating it under program controlled mode ?
2 Marks GATE-CSE/IT-2005( )

[A]15 [B]25
[CI35 [D]45

4)The use of multiple register windows with overlap causes a reduction in thenumber of memory accesses
for

1. function locals and parameters
2. register saves and restores

3. instruction fetches
2 Marks GATE-CSE/IT-2008( )

[A]1 only [B]2 only
[C13 only [D]1,2 and 3

5)A CPU generally handles an interrupt by executing an interrupt service routine
1 Marks GATE-CSE/IT-2009( )

[A] as soon as an interrupt is raised [B]by checking the interrupt register at the end of

fetch cycle
[C] by checking the interrupt register after finishing [D] bycheckingtheinterruptregisteratfixed time
the execution of the currentinstruction intervals

6) A hard disk with a transfer rate of 10M bytes/ second is constantly transferring data to memory using DMA.
The processorrunsat600 MHz., and takes 300 and 900 clock cycles toinitiate and complete DMA
transferrespectively. Ifthe size of the transferis 20 Kbytes, whatis the percentage of processortime

consumed for the transfer operations ?
2 Marks GATE-CSE/IT-2004( )

[A]5.0% [B] 1.0%
[C]0.5% [D]0.1%

7)Which one of the following is true for a CPU having a single interrupt request line and a single interrupt

grant line?
1 Marks GATE-CSE/IT-2004()

[A] Neither vectored interrupt nor multiple interrupting  [B] vectored interrupts are not possible but multiple

devices are possible interrupting devices are possible,
[C]Vectored interrupts and multiple interrupting [D]Vectored interrupt is possible but multiple
devices are both possible interrupting devices are not possible

8) Adevicewithadatatransferrate 10 KB/secisconnectedtoaCPU.Dataistransferred byte-wise. Letthe
interrupt overhead be 4 sec. The bytetransfertime between the device interface registerand CPU or
memory is negligible. Whatis the minimum performance gain of operating the device under interruptmode

over operating it under program controlled mode ?
2 Marks GATE-CSE/IT-2005( )

[A]15 [B]25
[CI35 [D]45



DMA

9) The use of multiple register windows with overlap causes a reduction in the number of memory accesses

for
1. function locals and parameters
2. register saves and restores

3. instruction fetches
2 Marks GATE-CSE/IT-2008( )

[A]1 only [B]2 only
[C13 only [D]1,2 and 3
10) The correct matching for the following pairs is
(A) DMAI1/O (1) High speed RAM
(B) Cache (2) Disk
(C) Interruptl/O (3) Printer
(D) ConditionCodeRegister (4) ALU
2 Marks GATE-CSE/IT-1997( )
[A]A-4B-3C-1D-2 [BIA-2B-1C-3D-4

[CIA-4B-3C-2D-1 [DIA-2B-3C-4D-1
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Instruction pipelining

Common Data for Q1 and Q2 is given below

Delayed branching can help in the handling of control hazardous

1)Foralldelayed conditional branchinstructions, irrespective of weatherthe conditionevatotrue orfalse, A

[Althe instruction following the conditional branch
instruction in memory isexecuted

[Clthefirstinstructioninthe taken pathis executed.

2 Marks GATE-CSE/IT-2008( )
[B] the firstinstruction in the fall through path is
executed
[Dlthe branchtakeslongertoexecutethananyother
instruction

2) The following code is to run on a pipelined processor with one branch delay slot

11: ADDR2 «+ R7 +R8
12: SUB R4 “R5 -R5x
13: ADR1 " R2 +R3

14 : STORE Memory [R4} + R1
BRANCH to Label if R1T= =0

Which oftheinstruction 11,12,13 or 14 can legitimately occupy the delay slot without any other program

modification ?

[Al11

2 Marks GATE-CSE/IT-2008,GATE-CSE/IT-2008( )
[B]12
[D]14

Common Data for Q4 Q3 and Q5 is given below

[C]13

Instruction Operation
MOV  R1, (3000) R1 ¢ M[3000]
LOOP:

MOV R2,RI1 R2 + M[R3]
ADD R2,RI1 R2 « RT +R2
MOV  (R3), R2 M(R3] - R2
INC R3 R3 « R3 +1
DEC RI1 R1 « R1 -1
BNZ LOOP Branch on not zero
HALT Stop

Instruction size (no. of words)

Assume that the content of memory location 3000is 10 and the content of the register R3is 2000. The
contentofeach ofthe memorylocationsfrom2000t02010is 100. The programisloadedfromthe
memory location 100. All the numbers are in decimal.

3) Assume that the memory is word addressable. The number of memory references for accessing the data

in executing the program completely is

[A]10
[C]20

2 Marks GATE-CSE/IT-2007,GATE-CSE/IT-2007,GATE-CSE/IT-2007( )
[B]11
[D]21

4)Assume that the memory is word addressable. After the execution of this program, the content of memory

location 2010 is

[A]T100
[C]102

2 Marks GATE-CSE/IT-2007, GATE-CSE/IT-2007( )
[B] 101
[D]110

5) Assume that the memory is byte addressable and the word size is 32 bits. If an interrupt occur during the
execution of the instruction “INC R3”, what return address will be pushed on to the stack ?

[A]1005
[C]1024

2 Marks GATE-CSE/IT-2007( )

[B] 1020
[D]1040

Common Data for Q6 and Q7 is given below



Instruction pipelining

Consider thg followina data path of a CPU
& MDR

]

GPRs
ALU

The, ALU, the busandalltheregistersinthe data path are ofidentical size. All operationsincluding
incrementation of the PCand the GPRs areto be carried outinthe ALU. Two clock cycleare needed for
memoryreadoperation-thefirstoneforloadingaddressinthe MARandthe nextoneforloadingdata
from the memory but into the MDR.

6) The instruction “add RO, R1” has the register transfer in terpretation RO <= R0 + R1. The minimum

number of clock cycles needed for execution cycle of this instruction is
2 Marks GATE-CSE/IT-2005( )

[A]2 [B]3
[Cl4 [D]5
7) Theinstruction “ call Rn, sub “is a two word instruction. Assuming thatPCis incremented during the fetch
cycle of the first word of the instruction,its register transfer interpretation is
Rn<=PC+1;
PC <= M[PC];

The minimum number of CPU clockcycles needed during the execution cycle of this instruction is
2 Marks GATE-CSE/IT-2005( )

[A]2 (B]3
[Cl4 [D]5

8) A 4-stage pipeline has the stage delays as 150, 120, 160 and 140 nanoseconds respectively. Registers
that are used between the stages have a delay of 5 nanoseconds each.Assuming constant clocking rate,

the total time taken to process 1000 data items on this pipeline will be
2 Marks GATE-CSE/IT-2004( )

[A] 120.4 microseconds [B] 160.5 microseconds
[C]165.5 microseconds [D]590.0 microseconds

9) A5 stage pipelined CPU hasthefollowing sequenceof stages
IF - Instruction fetch from instruction memory.
RD- Instruction decode and register read,
EX- Execute: ALU operation for data and address computation,
MA - Datamemoryaccess - forwrite access the registerread at
RD- Stage itused,
WB- Register write backConsider the following sequence of instructions :
I1: L RO Locl; RO <= M[Locl]

I> : ARO, RO; RO< = RO + RO
I3: AR2,RO; R2< = R2-ROLet each stage take one clock cycle

Whatis the number of clock cycles taken to complete the above sequence of instructions starting from the
fetch of I77?



Instruction pipelining

2 Marks GATE-CSE/IT-2005( )
[A]8 [B]10
[C]12 [D]15
10)A CPU has 24 - bitinstructions. A program starts at address 300(in decimal). Which one of the following

is a legal program counter (all values in decimal) ?
2 Marks GATE-CSE/IT-2005( )

[A]400 [B] 500
[C]600 [D]700

11)ACPU hasfive-stages pipelineandrunsat 1 GHzfrequency. Instructionfetch happensinthefirststage
of the pipeline. A conditional branch instruction computes the target address and evaluates the condition
inthe third stage of the pipeline. The processor stops fetching new instructions following a conditional
branchuntilthe branch outcomeis known. A programexecutes 109 instructionoutofwhich20%are
conditional branches. If each instruction takes one cycle to complete on average, then total execution time

of the programis
2 Marks GATE-CSE/IT-2006( )

[A] 1.0second [B] 1.2second
[C]1.4second [D]1.6second

12)Considerapipelined processorwith the following four stages
IF : Instruction Fetch
ID: Instruction decode and Operand Fetch
EX: Execute
WB: Write Back
ThelF, 1D and WB stages take one clock cycle each to complete the operation. The number of clock
cyclesforthe EXstage dependsontheinstruction. The ADDandSUBinstructions need 1 clock cycleand
the MUL instruction need 3 clock cycles inthe EX stage. Operand forwardingis used inthe pipelined
processor What is the number of clock cycles taken to complete the following sequence of instructions?.

ADD EFZ, El, E0 F2 4= FEI1+E0
WL E4, E3, R2 F4 #+— E3*R2
SUR R4, RS, R4 Rt4—FR5-R4
2 Marks GATE-CSE/IT-2007( )
[A]7 [B]18
[C]10 D114

13)Which of the following are NOT true in a pipelined processor?
(a) Bypassing can handle all Raw hazards
(b) Register renaming can eliminate all register carried WAR hazards

(c) Control hazard penalties can be eliminated by dynamic branch prediction
2 Marks GATE-CSE/IT-2008( )

[A]1 and 2 only [B]1 and 3 only
[C]2 and 3 only [D]1,2 and 3

14)Inaninstruction execution pipeline, the earliest that the data TLB

(Translation Lookaside Buffer)can be accessed is
2 Marks GATE-CSE/IT-2008( )

[A] before effective address calculation has started [Blduring effective address calculation

[Clafter effective address calculation has completed [D]after data cache lookup has completed
15)For a pipelined CPU with a single ALU, consider the following situations

1. Thej + 1- stinstruction uses the result of the j-th instruction as an operand

2. The execution of a conditional jump instruction

3. Thej-thandj+ 1-stinstructions require the ALU at the same time

Which of the above can cause a hazard?
1 Marks GATE-CSE/IT-2003()

[A]1 and 2 only [B]2and 3 only
[C13 only [D]Allthethree



Instruction pipelining

16) The microinstructions stored in the control memory of a processor have a width of 26 bits. Each
microinstructionis divided into threefields: amicro- operation filed of 13 bits, anextaddress field (X), and
a MUX select field(Y). There are 8 Status bits in the inputs of the MUX.

Load Cantrol
[ Address Register
Increment
Control
ML Memary

13
i

Micro-operations

[m]

Status Bits

X

HowmanybitsarethereintheXandYfields,andhatisthesize of the controlmemoryin numberof
words ?

2 Marks GATE-CSE/IT-2004( )
[A]10,3,1024 [B]8,5,256
[C]5,8,2048 [D]10,3,512

17)A4-stage pipelinehasthestagedelaysas 150,120,160and 140nanoseconds respectively. Registers
thatareusedbetweenthe stages haveadelayof5nanosecondseach. Assumingconstantclockingrate,

the total time taken to process 1000 data items on this pipeline will be
2 Marks GATE-CSE/IT-2004( )

[A]120.4 microseconds [B] 160.5 microseconds
[C]1165.5 microseconds [D]590.0 microseconds

18)A5 stagepipelined CPUhasthefollowing sequenceofstages
IF - Instruction fetch from instruction memory.
RD- Instruction decode and register read,
EX- Execute: ALU operation for data and address computation,
MA - Datamemoryaccess - forwrite access the registerread at
RD- Stage itused,
WB- Register write back
Considerthefollowing sequenceofinstructions:
I1T: L RO Locl; RO <= M[Locl]
12 : ARO,RO; RO< =R0O + RO
13: AR2,R0; R2< =R2-R0O
Let each stage take one clock cycle
Whatis the number of clock cycles taken to complete the above sequence of instructions starting from the
fetch of I1?

2 Marks GATE-CSE/IT-2005( )
[A]8 [B]10
[C]12 [DI15

19)A CPU has 24 - bitinstructions. A program starts at address 300(in decimal). Which one of the following

is a legal program counter (all values in decimal) ?
2 Marks GATE-CSE/IT-2006( )

[A]400 [B] 500
[C]600 [D]700

20)ACPU has five-stages pipelineandrunsat 1 GHzfrequency. Instructionfetch happensinthefirststage
of the pipeline. A conditional branch instruction computes the target address and evaluates the condition
inthe third stage of the pipeline. The processor stops fetching new instructions following a conditional
branchuntilthe branch outcomeis known. A programexecutes 109instructionoutofwhich20%are
conditional branches. If each instruction takes one cycle to complete on average, then total execution time
of the programis



Instruction pipelining

2 Marks GATE-CSE/IT-2006( )

[A]1.0second [B]1.2 seconds
[C]1.4 seconds [D]1.6seconds

21)Considerapipelined processorwith the following four stages
IF : Instruction Fetch
ID: Instruction decode and Operand Fetch
EX: Execute
WB: Write Back

TheIF, 1D and WB stages take one clock cycle each to complete the operation. The number of clock
cyclesforthe EXstage dependsontheinstruction. The ADDandSUBinstructions need 1 clock cycleand
the MUL instruction need 3 clock cyclesinthe EX stage. Operand forwardingis used inthe pipelined
processor Whatisthenumberofclockcyclestakentocompletethefollowing sequenceofinstructions?

ADD B2, BRI, RO 24— RI:RO
ML R4, B3, R2 Rd4— R3*R2
SUB 73 3, 2} R6a— 5 R2
1 Marks GATE-CSE/IT-2007( )
[Al7 [B] 8
[C]T0 [D]14

22)Which of the following are NOT true in a pipelined processor?
(a) Bypassing can handle all Raw hazards
(b) Register renaming can eliminate all register carried WAR hazards

(c) Control hazard penalties can be eliminated by dynamic branch prediction
2 Marks GATE-CSE/IT-2008( )

[A]1 and 2 only (b) (o) (o) [B]1 and 3 only
[C]2 and 3 only [D]1,2 and 3
23)Consider a 4 stage pipeline processor. The number of cycles needed by the four instructions 11,12, 13, 14
in
stagesS1-52.- 53 S4ds-shown below-
> S1 52 s3 sS4
11 2 1 1 1
12 1 3 2 2
13 2 1 1 3
14 1 2 2 2

What is the number or cycles needed to execute the following loop ?

For (i=1to 2) { I11; 12;13; 14;}
2 Marks GATE-CSE/IT-2009( )

[A]l16 [B]23
[C]28 [D]30

24)Consideraninstruction pipelinewith four stages (S1,52,53 and S4) each with combinational circuitonly.
Thepipelineregistersarerequiredbetweeneachstageandattheendofthelaststage. Delaysforthe

stages and for the pipeline registers are as given in the figure.
o o Pipeline State Pipeling|
State S1 E\epelme gtzate |F:’{lepe\me | ggate . Repg A Rgg L
Dela — — — — | Delay —|Dela
Shs A m— De?ay A Delay ] De?ay | Delay 1D§Lay Sns Y ins Y
ins éns ins lins

What is the approximate speed up of the pipeline in steady state under ideal conditions when compared to

the corresponding non-pipelineimplementation?
2 Marks GATE-CSE/IT-2011( )

[A]4.0 [B]2.5
[Cl1.1 [D]3.0
25)A micro instruction is to be designed to specify

(a) none or one of the three micro operations of one kind and
(b) none or upto six micro operations of another kind

The minimum number of bits in the micro-instruction is




Instruction pipelining

2 Marks GATE-CSE/IT-1997()
[A]9 [B]5
[C]8 [DINone of the above
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Data & Control modes

1)Consideranewinstructionnamed branch-on-bit-set(mnemonicbbs). Theinstruction“bbsreg, pos, label”
jumpstolabelifbitswideandthebitsarenumbered0to 31, bitinposition 0beingtheleastsignificant.
Considerthe following emulation of this instruction on a processor that does not have bbs implemented.
Temp reg and mask
Branch to label if temp is non-zero

Thevariabletempisatemporaryregister. For correctemulation, thevariable mask must be generated by
2 Marks GATE-CSE/IT-2006( )

[A]mask <-- Ox1 <<pos [Blmask <-- Oxffffffff >>pos
[Clmask <-- pos [Dlmask <--  Oxf

2) The microinstructions stored in the control memory of a processor have a width of 26 bits. Each
microinstructionis divided into three fields: a micro- operationfiled of 13 bits, anextaddress field (X), and
a MUX select field(Y). There are 8 Status bits in the inputs of the MUX.

Load Caontraol
[ Address Register
Increment
Contral
hALLK MWlernary

13
i

Status Bits(8 - .
Micro-operations

HowmanybitsarethereintheXandYfields,andhatisthesize ofthe control memoryin numberof

words ?
2 Marks GATE-CSE/IT-2004( )

[A]10,3,1024 [B]8,5,256
[C]5,8,2048 [D]10,3,512

3) Consideranewinstructionnamed branch-on-bit-set(mnemonicbbs). Theinstruction“bbsreg, pos, label”
jumpstolabelifbitswideandthebitsarenumbered Oto 31, bitin position Obeingtheleastsignificant.
Considerthe following emulation of this instruction on a processor that does not have bbs implemented.
Temp “ reg and mask
Branch to label if temp is hon-zero
Thevariabletempisatemporaryregister. For correctemulation, thevariable mask must be generated by

2 Marks GATE-CSE/IT-2006( )

[A] mask + Oxj << pos [B] mask +«  Oxffffffff >>pos
[Clmask «  pos [Dlmask  « Oxf

4)Which of the following must be true for the RFE (Return from Exception) instruction on a general purpose
processor.
1. It must be a trap instruction
2. It must be a privileged instruction

3. An exception can not be allowed to occur during execution of an RFE instruction
2 Marks GATE-CSE/IT-2008( )

[A]1 only [B]2 only
[C]1 and 2 only [D]1, 2 and 3only

5) Arrange the following configuration for CPU in decreasing order of operating speeds: Hard wired control,

vertical microprogramming, horizontal microprogramming.
2 Marks GATE-CSE/IT-1999( )

[AlHard wired control, vertical micro-programming,  [Bl Hard wired control, horizontal micro-
horizontal micro- programming. programming, vertical micro- programming.

[C] horizontal micro-programming, vertical micro- [D]vertical micro-programming, horizontal micro-
programming, Hard wired control. programming, hard wired control.



Data & Control modes

6) Which of the following is true?
1 Marks GATE-CSE/IT-1998( )

[AlUnless enabled,aCPUwill notbeableto [B] Loop instructions cannot be interrupted till they
process interrupts. complete.

[C]Aprocessorchecksforinterrupts before [D] Onlyleveltriggeredinterruptsare possibleon
executing a new instruction. microprocessors

7) The address space of 8086 CPU is

2 Marks GATE-CSE/IT-1998( )
[A] One Megabyte [B]256 Kilobytes
[C]1 KMegabytes [D]64 Kilobytes

8)If aninstruction takes i microseconds and a page fault takes an additional j microseconds, the effective

instruction time if on the average a page fault occurs every k instruction is:
2 Marks GATE-CSE/IT-1998( )

[Ali +j/k [Bli +j*k
[Cli+j /k [DIG+))*k
9) Amicro program control unitis required to generate atotal of 25 control signals. Assume that during any

microinstruction, at mosttwo control signals are active. Minimum number of bits required in the control

word to generate the required control signals will be
2 Marks GATE-CSE/IT-1996( )

[A]2 [B]2.5
[Cl10 [D]12

10) The performance of a pipelined processor suffers if
2 Marks GATE-CSE/IT-2002( )

[B]consecutive instructions are dependentoneach

[A]the pipeline stages have different delays other

[C] the pipeline stages share hardware resources [D]AIl of the above
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