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i Fig.1.12,

a. Inputunit : This unit is used for entering data and programs into the
computer system by the user for processing.

b. Storage unit: The storage unit is used for storing data and instructions
before and after processing.

c. Outputunit : The output unit is used for storing the result as output
produced by the computer after processing.

d.  Processing unit : The task of performing operations like arithmetic

and logical operations is called processing.

The Central Processing Unit (CPU) takes data and instructions from the

storage unit and makes all sorts of calculations based on the instructions

given and the type of data provided. It is then sent back to the storage unit.

Que 1.2 I Explain the functional units of digital system and their

interconnections.

Answer |

The mam functional units of a digital computer are shown in Fig. 1.2.1.
1. Central Processing Unit (CPU) :
a.

The CPU is the brain of a computer system.
b.

This unit takes the data from the input devices and processes it
according to the set of instructions called program.

¢ Theoutput of processing of the
for use in the outside world.

CPU has two major parts called ALU and Control Unit.

data s directed to the output devices

Storage

Control | I ____ . ;
Unit —p-Indicates flow ©

instructions and data

Arithmetic

1 it (CPU}
Central Processing Urfn: («©  ———
i L1 ol oo ST
 ArithmeticLogie Unit AL e
ALU is responsible for carrying : :
3 1. Arithmetic operations on data by add;.;xg;l Zuthl:‘:cﬁn&
. multiplying and dividing one set:l'x) i
1 i A—l' » »y
jcal operations by using 5 X
z z:ﬁlisive-OR operation which is done by analyzing
and evaluating data. ) ' i
b. ALU of a computer system is tjlm pl;ce_wh;:ce e
. execution of instructions takes place durng
operation.
it (CU) = -
ii Control Unit (C B :
This unit is mainl used for generating ectroni o
* ntrl‘l:lmsil;nnajls fgr the synchronization of varie
col

% .
b. All the re ted functions for program
1a 1 execution such as
memory read, memary HIM,LO read, VO write, execution

A si
of instruction, are synchronized through the control signal

it.
rated by the contrel unif _ .
!l;: ::anages and controls all the operanm?s of the compute

r t unit performs following functions :

a accepts (oT reads) instructions and data from outside world.
It P ( i

i e form.
b. Itconvertsthese instructions and datain comput:r &:;::?m.
- - - oo
It supplies the converted instructions and data tem
< for further processing.

___Indicates the control
exercised by the
control unit

-




b The CPU sends signals on the control bus to enable the outputs

of addressed memory device or port device

Que 1.4, ‘ Describe the architecture of bus.

'_A.IQIWOI' ;.I
]

The computer bus consists of two parts, the address hus and a data bus.
The data bus transfers actual data, whereas the address bus transiers
address or memory location of where the data should go

The bus provides physieal links and the means of controlling the

communication exchange of signals over the bus. Fig. 1 4 1 depicts the
organization of a single shared bua.

[ o

. -
Control

k- System
3 — Address

w——l - _— Pl—v—-—v—-:—“?— f& bus

Data J

CPU Main 'O 'O
memory device ]

deviee n

Fig. 1.4.1. Architecture of 4 single shared bus,

The principle use of the system bus is lugh-speed data transfer between
the CPU and memory

Most /O devices are slower than the CPU or the memory The VO
devices are attached to the system bus through external interfaces

The Input/Output (VO ports are used to connect various devices to the

computer and hence, enable communmication between the device and
the computer
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Que 1.5. ] Discuss the bus arbitration.

OR
AKTU 2014-15, %
Answer

Write a short note on bus arbitration.
1. Bus arbitration is a mechanism which decides the selection of cu
master to access bus. frent
2. Among several masters and slave units that are connected to 5 shareq
bus, it may happen that more than one master or slave units wi]) request
access to the bus at the same time.
3. In. such situation, bus access is given to the master having highest
priority
4. Three different mechanisms are commonly used for this :
i. Daisy chaining :
a. Daisy chaining method is cheaper and simple method.
b. All master make use of the same line for bus request.

c. The bus grant signal serially propagates through each master
until it encounters the first one that is requesting.

ii. Parallel arbitration: The parallel arbitration consists of priority
encoder and a decoder. In this mechanism, each bus arbiter has a

bus request output line and input line.
iii. Independent priority : In this each master has separate pair of
bus request and bus grant lines and each pair has a priority

assigned to 1t.

Que 1.6, I Discuss the advantages and disadvantages of polling
and daisy chaining bus arbitration schemes.

AKTU 2015-16, Marks 10

OR
Explain daisy changing method. Write its advantages and

disadvantages.

Answer

Daisy chaining :

1. In this, all masters make use of the same line for bus request.

2. The bus grant signal serially propagates through each master until it
encounters the first one that is requesting access to the bus.

3. This master blocks the propagation of the bus grant signal, activates the
busy line and gains control of the bus.

4 Therefore any other requesting module will not receive the grant signal
and hence cannot get the bus access.
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Fig. 1.8.2.

The outputs of four buffers are connected together to form 2 single
bus line.

The control inputs to the buffers determine which of the four normal
inputs will communicate with the bus line.
Not more than one buffer may be in the active state at any given ime

To construct a common bus for four registers of n its each using three
state buffers. we need n circuits with four buffers in each

Each group of four buffers recerves one significant bt from the four
registers.
Only one decoder is necessary 1o select between the four registers

Que 1.9, I!xphinvhymodnﬁe-hudh-huwudyu-du

an interconnection medium in both sequential and parallel
computers. What are its main disadvantages ?

rﬁnuur ]

Single shared bus s so widely used as an interconnecton medium 1 both
sequential and parailel computer because of following reasons

1

The shared bus is the simplest and least expensive way of connecting
several processors o a set of memory modules.
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o It allows compatibility and provides ease of operation and high bandy;
it

Disadvantages of single shared bus are :

| The main disadvantage of the shared bus is that its throughp,; ki
the performance boundary for the entire multiprocessor system T;:?"tﬁ
because at any time only one memory access is granted, likely " Pl
some processors to remain idle. To increase performance by r, 3“"3
the memory access traffic, a cache memory is often assignedi UCmg
processor. ? each

2 Another disadvantage of the shared bus design is that, if the b,
catastrophic failure results. The entire system will stop functio ing ﬁ.ﬂ]"
no processor will be able to access memory. 1110g since

Que 1.10. I What is the benefit of using multiple bus architect
compared to a single bus architecture ? e

Answer I

Following are the benefits of usi i
: a > s of using multiple bu: i
single bus architecture : P " architecture compared =

1. Single bus have lon
g control sequence because onl i
transferred over the bus in a clock cycle. Feanstee be

)

To reduce the number of
. . steps needed, most com i
provides multiple internal paths using multiple busesm ol pocemy

3. 1 n 1
”l? ll/tl'OdUCtl() of ncrementer unit ellmmates the I]EEd to add pOl't to

B ;g
" : g;{;‘«r’ld;n? more paths for data transfer, a significant reduction i
of clock cycles needed to execute an instruction is acl:;: mdt n
ved.
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Questions-Answers SRy

. An .
Long Answer Type nnd M‘edi'nm Answer Type Questions

Que 1.11, l E i
11. 1 Explain general-purpose register based organization.

‘M‘w_ er
1. In thj.s 0 i i
TEani; i
zati n, the regmters communicaf.e th each
0! w1 other not

only for direct da
ta
iy transfers, but also while performing various micro

1-12B (CS[]T_sem_‘?')
Introduction

External input

- }SEL
B

Load| SEL
-] MuUXaA MUXB

3t08 iBusA BusBl

decoder p—=
Arithmetic logic —1{ op
{ —— unit (ALU) } R

Output

(a) Block diagram
3 3 3 4
[ seLa [sELB | SELD | OPR |
(b) Control word
Fig. 1.11.1. General-purpose register based organization.

2. Seven registers are used for general purpose, the output of each register
is connected to two multiplexer (MUXs) inputs.

3. Three select lines are used to select any one of the seven registers, and
the contents of selected registers are supplied to the inputs of ALU.
4. ThebusesA andBare used to form the inputs to the common arithmetic

logic unit (ALU).
rmed is selected in the ALU and is determined

5. The operation to be perfo l . ‘
by the arithmeticor logic micro-operation by using function select lines
(OPR).

ailable as output data and also

6. The result of the micro-operation is av
goes into the inputs of all the registers.

7. Any one of the destination register receiv
output bus which is selected by a decoder.

es the information from the
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Que 112, ’ What is stack ? Give the organization of register stack
with all necessary elements and explain the working of pugh and

pop operations.

Answer ’

1 A‘«tmk 18 an ordered set of elements in which only one element can bhe
accessed at a time

2. 'The point of access is called the top of the stack.

3. The number of elements in the stack or length of the stack is variable

4 Items may only be added or deleted from the top of the stack. '

5 ;’:m«k is also known as a pushdown list or a Last-In-First-Out (LIFO),

Organization of register stack :

Consider the organization of - 1
e a 64-word register stack as illustrated in

FULL = 1 Address
when stack is fisl] '
63

when stack is empey

Stack pointer (Sp)
‘corsists of 6 bits )

Holda the data to be pusheq
’ Lo stack or that iy popped
o from, the stack

{he four sepurate registers used in the organization ore

1. Btack Pointer register (S5 ¢ [t cantains a value i bnssy c6 hof 8
bits, which ia the addross of the top of the stack Hern, the stack
potnter SP containg 6§ bits and SP cannot contain a value grestes than
THEEEL ee | value 63

2,  FULL register : [t can store 1 it information t am sel
stack s full

4. EMPTY register : It can store | bt information It 1% wot to | when
stack 18 empty

4. Data Register (DR) ; It holds the data to be written oo or 1006 read
from the stack

working of POP and PUSH :

POP (Performed if stack is not empty i.e., if EMPTY =0)
Read item from the top of stack

to | when the

DR « MISP]
SP« SP -1 Decrement stack pointer
If (SP = 0) then (EMPTY « 1) Check if stack s empty

JLL <0 Mark the stack not full

PUSH (Performed if stack is not full i.e., if FULL = 0} :
SP« SP+1 Increment stack ponter
MI[SP] « DR Write item on top of the stack

If (SP = 0) then (FULL « 1) Check if stack is 1l
EMPTY « 0 Mark the stack not empts

Que 1.13. I What is a memory stack ? Explain its roie in managing
subroutines with the help of neat diagrams.

(AT 776 7, Marks 1
Answer I
that is used in

Memory stack : Mem ry stack is a series of memory spaces
the processes that is done by processor and is temporarily stored in regsiers

Role in managing subroutines :
The stack supports progr:m execution by maintaining automatic

1
process-state data.

9 Ifthe main routine of a program, for example, invoke function a
which in turn invokes function b ( j, function b ¢ ) will eventually
return control to function a ( ), which in turn will return contro! to the
main ¢ ) function as shown in Fig. 1.12.1

3. To return control to the proper location, he sequence of return
addresses must be stored.

4 A stack is well suited for maintaining this information because 1113 a

g w.than

dynamic data structure that can support any level of nestir

merory constraints.
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and memory stack.

MW:B&Q 1.12, Page 1-13B, Unit-1.

Wher sahroutize is called, the address of the next inst;
zx:\':n:u: the calling routine s pushed ento the stack.
mmwmm.thﬁmmmi ‘
m;mmmwmmwﬁdm'#".
mFig 1132

Low memeory

“ Unallocated

! Stack frame
| &l’i- |
= for main (
High memary

The information maintained in the stack reflects the execution stata &
the process at any given instant ]
Iz additien to the return address, the stack is used to store i
arguments to the subreutime as well as local (or automatic) variakie
Information pushed anto the stack as a result of a function call is ¢
2 frame. The address of the current frame is stored in the fi
base pointer register.
m.;madﬂ,m&mmwh&a&
mdnpuhdmmuknmunmhnm-h
subroutine exits.

are
mierna} -
that memory thet » wed
Procemey 8 done by the u-——mu'-a-:
2 rees

Memory stack is on BAM

Accese to memory stack is
alower

PR e Emited in sz, l‘-I!!- iz

-m-mw.—ﬂmﬂ
M“'uh-»

1. ALU : A most generic computer sysiem is composed of a wmt o do
arithmetic, 8 “ﬁ logical M"ﬂyh—-&w
of CPU. 2 A e :

2 Program Counter (PC) : This keeps track of the instruction address
in memery from where the next instruction needs to be fetched The

instructions are stored in memery in 2n order decided by programmer.
- (R1, R2, R3) : |t suggests that the registers
intermediate resaits of

3. General purpose registers |
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g Flags: FLES T o condition on an arithmet} nperatm“-sﬂmeof

clear~d for 8 P
ye most comind!
i, Sign: [s use
result
o Carry s useC iy
" during .\'ubtrm‘twnh'nmp«\.n:-«m e party from b
e set if the panty I8 even. parity ere.
.!il. ?‘“'“‘3']-“; dentify when the result |s‘(-quﬂ| to Zero,
iv. Iﬂ'ro_' tem : Ali the data transfers m-be',_“,e(,n A -
9. Bussub “y’l edi“. tches are carried over bus,
registers Inciu

Que 1.16 Explain various types of processor organization,
ul 10

AKTU 2015-16, Marks 1

) lags are

4o qentify the set/reset of most significant bit of the

2F |d|.*ll“r"- a carry during 'ddditio[]‘ or bol’l'o
. W

g instruction fe

Answer |

f processor organizations H
Ppe(}se‘:xegal-purpose registerbased: Refer Q. 1.11, Page 1-11B, Unit |

d: Refer Q. 1.12, Page 1-13B, Unit-1.
e d: Refer Q. 1.15, Page 1-16B, Unit-1.

3. Accumulator bases

Addressing Modes.

| Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 1.17. | Write short note on relative addressing mode and
indirect addressing mode.

OR

1-18 B (CS/IT-8em-3)

Introduction

Explain the following addressing modes with the help of an example
each :

V.

Direct ii. Register indirect
Implied iv. Immediate
Indexed E\iil’j‘_m_l +1 .5 3 ‘lhr .'.‘.'...l.‘i]

Answer !

Direct :

1. Avery simple form of addressing is direct addressing, in which the
address field contain the effective address of the operand . EA = A
where, EA = Actual (effective) address of the location

containing the referenced operand.
A = Contents of the address field in the instruction.
Instruction

—— Memory

Operand

Fig. 1.17.1, Direct.
2 Adirect address in instruction needs two reference to memory
a. Read instruction b. Read operand
Displacement addressing :
1 Avery powerful mode of addressing combines the capabilities of
direct addressing and register indirect addressing
2 Tt s known by a variety of names depending upon the content of
its use but the basic mechanism is the same.
3. Displacement addressing requires that the instruction have two
address fields, at least one of which is explicit
4 The value contained in one address field (value = Alis used directly.
5. The other address field or an implicit reference based on opcode,
refers to a register whose contents are added to A to produce the
effective addiess.
Instruction
R A
Memory

1]

Fig. 1.17.2. Displacement addressing.

Registers
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I

1-19B (C8
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s lative -dd_rr“il!‘: 4 o e )
iii. :" Relative addressing means that the next instruction to be oy .

ut is an offset number of locations away, relative to the addrﬁed
o S
the current instruction. !
2 Consider this bit of E)svudo-codz e
3 if accumulator ==2
‘lf‘i:inepv;ecuted if accumulator 1s NOT= 2_
Jump +51 unconditional relative jump to avoid the next line st
acc : (code executed if accumulator is = 2)
3 Inthe code, the first line of code is checkug to see if the ——
" has the value of 2 then the next instruction is 3 lines away.
4 Thisis called a conditional jump and it is making use of <
add.resﬂ:g. " .
iv. Register indirect mode : o
iv. 1 pKegis!er indirect mode is similar to indirect addressing.

2 The only difference is whether the address field refers to a me

location or a register.
3 Thus, for register indirect address, EA = (R)
Instruction

Memory

-—I—D (Operand
Registers

Fig. 1.17.3. Register indirect.

v. Impliedmode:

1. Inthis mode, the operands are specified implicitly in the definitiop,
of the instruction.

2. All register reference instructions that use an accumulator are
implied mode instructions.

3.  Zero address instructions in a stack-organized computer are implied
mode instruction since the operands are implied to be on top of the
stack. It is also known as stack addressing mode.

Implicit

L—

Top of stack register

|Fig 1174 Implied mode.
vi. Immediate mode :
;. 'Il!lht;l'ul mode, the operand ie specified in the instruction itself.
: 4 uperand .ﬁeld contains the actual operand to be used in
conjunction with the operation specified in the instruction.

1-20 B (CS/1T-Sem-3) Introduction

Instruction

[T Operand |

Fig. 1.11.5. Immediate mode.
vii. Indexed :

1 The effective address of the operand is generated by adding a
constant value to the contents of a register.

2. The register used may be either a special register for this purpose
or more commonly, it may be any one of a set of general purpose
registers in the CPU.

3. Itis referred to as an index register We indicate the index mode
symbolically as, X(R)
where X denotes a constant and R is the name of register involved.

f The effective address of the operand is given by, EA =X + [R]
5. In the process of generating the effective address, the contents of
the index register are not changed.
Instruction
R] A
Memory
-
Operand
Registers
Fig. 1.17.8. Indexed.
Example :
Address Memory
s [T o
201 Address = 500
R1 - 400 202 Next instruction
399 450
P -
500 800
600 900
702 325
800 300
Fig. 1117,
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i, SIRATAN. <R ‘\\
ey i Effective Co..m T
| Addressing b
Address i ety
sy i, 2
| Direct address 500 800
Wi ———
| Immediate operand 201 500
i Indi;ect address 800 300
15 —
IL Indexed address 7 600 900
E Implied - 400
T Register indirect 400 700 |
L _\\

Que 1.18. | What is difference between implied and immediate

addressing modes ? Explain with an example.

ol §

Implied Immediate .

addressing mode addressing mode :

| L No operand is specified in the Operand is specified in the
‘: instruction. instruction itself,

z The operands are specified | The operands are contained
| implicit in the definition of | in an operands field rather
i instruction. than an address field,
| 3 1 This mode is used in all register | This mode is very useful for
i reference instructions. initializing the registers to a
| constant value.

M e
| & Example : Example :
i The instruction “Complement The instruction :
| Accumulator” written as : MVI 06
ADD 05

Que 1.19, Describe auto increment and auto decrement
addressing modes with Proper example ?

P

Auto increment mode :

1. Inm t.hi'.s mode the Effective Address (EA) of the operand is the content of
aregister specified in the instruction.

2 After accesging the operands, the contents of this register are
ncremented to point to the

next item in the list.
Example ; Adq (R2) +, RO

1-22 B (CAT.go .
T-Sem-3) Introduction

Here the con
11\uto Iﬁ‘:ﬁ:" first used as an EA then these are incremented.
1 dme;:‘:;the contents of 5 register specified in the instruction ave

2. Thesecom@m
Exainiigl are then

1. Thea i mode is significant for referring memory asit is a code
that tells the contro] unit how to obtain the Effective Address (EA)
from the displa

cement,
2. Addressing mode is a rule of calculation, or a funetion that use

displacement as its main argument and other hardware component as

(such as PC, registers and memory locations) as secondary arguments
and produce the EA as a result.

Types of modes : Refer Q. 1.17, Page 1-17B, Unit-1.

ing all
. 1. Draw a block diagram of a computer’s CPU showing
3 the basic building blocks such as program counter,
accumulator, address and data registers, instruction
register. control unit ete., and describe how such an
mmgc'uent can work as a computer, if connected
properly to memory, input/output ete.
Ang ReferQ. 1.1

Q.2. Write a short note on bus arbitration.
Anms: Refer Q. 1.5.

. lling and
the advantages and disadvantages of po!

Q.3. mml ining bus arbitration schemes.

Ans; Refer Q. 16
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n of three state bus buffers and .m

on bus.

Computer Orgnnizntion
[ iy
. 4. Explain the operatio

o its use in design of comm
anx Refer Q. 1.8.
Q.5. What is stack
with all necessary

push and pop operations.

ang Refer Q. 1.12.
memory stack ? Explain its role in man

Q.6. What is a
subroutines with the help of neat diagrams.

? Give the organization of register stack

elements and explain the working ¢ -g
Arithmetic and Logic
Unit

amg Refer Q. 1.13.
Explain various types of processor organization.

Afig Refer Q. 1.16.
Q.8. Explain the following addressing mod
. . ot g modes with the help of
jjjl: m:d 'ii. Register indirect
bl 7 iv. Immediate

Refer Q. 1.17.

Ans.
Q.9. How addressing mode is i rring
. 1 significant fe
List and explain different types of u‘l’;:ee fe' :
s, ssing modes.

Refer Q. 1.20.

©00
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3 The carry look ahead adder caiculate
hick : one or more earry bits before the
;Tuuu.m.*::"‘*' time to caleulate the result of the larger-

x "ll::mvﬂu.uua_humm
. : acarry that o mr-.:mupunm
using proper diagram. g e il 5 C'? H“H“ﬁ”‘mﬂm
Amswer | 6 The addition of two binary numbers in parallel implies that all the bits of

¢ time is an important attribute of the adder because
: added.

8. Amﬁ&pﬁihwmmhuﬁ.m

By combining arithmetic and logic circuits with the help of mu
we can get the arithmetic and logic units

G} ——=C.

e B ]
B, ————» Arithmetic | M*mhm
Q——'—J—'-N curcuit ; II _—7 il ﬁ ".c.
< | [ ] A—h' .; M
s_—*!f.'f_h : | MUX -y,

2] tewe | ™~ |

! %™ circuit .’ ! -—f-:-—‘ e

Fig. 2.1.1. Block diagram of ALU. (s

2  When the mode select line S, = 0, this ALU muam&:ﬁ, ;
so the output of arithmetic circuit is transferred as final output. -

3  (Otherwise 5_:"drmmdﬁrkwmutnm~ﬁﬂm" 9
4  Based on the mode select S, .mdmputrary(;.wemwm ‘
the number of arithmetic and logic operations b
3 When 3, = 0, the ALU performs arithmetic operation and whes | 10. The
S, =1L with C_ =0, the ALU performs logic operations. ‘
6 We know that the carry input is not required in the logic circuits. L Cis
11. &,

When logac operation is selected S, = 1), the carry input must be zerp,
&  This given us the output sum in full adder circuit as ]
Y:A_E‘B':"C {4 C"uw o

Y,=A %8 8

Que 23 ,‘l’ﬁtelhwtnotemhﬁklbmdwrylﬂon

1 ACmLmkAhudadderrCLynrfundderhnn of adder -
@wm vpe used in ‘:-

¥
.';;:::. G, + PiG,+PC)

VPG4 PP ey 7
ARG, PPOLPERE,
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G,
Co —-—L—-—-‘—“‘J

Que 2.3 ,EIphin the Booth's algorithm indﬂ:‘h‘riththh-lpﬁ,
flowchart. Give an example for multiplication using Booth's
algorithm. '

OR

Discuss the Booth' l
- oyl w::::ﬁ‘hn lt:: 2's complement number., Also

Explain Booth's multiplication f.l:m-ith- in detail.

m' 9
algorithm for 2 complement multiplication is as follows

Arithmetic and Logic U

Computer Otm-cu,.&-‘\nuuq..

< 2-5B (CS/IT-Sem-3)
Step1: multiplicand "
complement format to h::'.‘m" in Q. For negative numbers, 2's

s‘epﬂtlmhlhnﬂuh“ ;
Step 1 G (esunter CR by the number of bits involved

step‘lchﬂekmhit.f“ m«lwq and Q, ., (1-bit).
go to sups.mo,m.g‘q_ig#&i?::?mhwnu then

Step 5 : Perform
D et I At Ul s 11 e
(lower part). )is available in A (higher part) and Q,

[ Fmalronsh in A wniq ]

Example : Both negative (- 5 x - 4)

2he . STEEIINE S U

0000 | 1100 [ 0 | it 4

0000 | 0110 0 | Shift right 3

0000 | 0011 0 | Shiftright L

0101 | 0011 0 | AcA-B 1

0010 | 1001 | 1 | Shiftright |

0001 | 0100 | 1 | Shiftright | 0
Result: 0001 0100 =420

v T oA

e g ol L LT

)
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Arithmetic and Logic Unit,'

y 3) e R
9-6 B (CS/IT-Sem-: e

. hal‘dwal .
A ] lain B()Uth s ﬂlg(l[l h s
Qunil P‘!p t]lln wit it

implcmvmution.

o =~

ic @ ister A, B,
ts of an n-bit adder, control logic and four regi Qand
It consists 01 &
Q,

Multiplicand

o
‘ ; n
C_ |

; l Add/Sub T
| n-bit adder logic
! ‘ —'7E1mh'.e ‘—F-_]
' e Shift right ___,:
___________ i
| v
(T FEb T ERbE]
o

Fig. 2.4.1. Hardware implementation of signed
binary multiplication for Booth's algorithm.
Multiplier and multiplicand are loaded into register @ and register B
respectively.
Register A and @ | and initially set to 0.

The n-bit adder performs addition, input of adders comes from
multiplicand and content of register A.

In case of addition, Add / Sub line is 0, therefore, C, = 0 and multiplicand
is directly applied as a second input to the n-bi! adder,

In case of subtraction, Add/Sub line is

multiplicand is complemented and then
result, the 2's com
of register A,

1, therefore C, = 1 and

applied to the n-bit adder. As a
plement of the multiplicand is added to the content

The control logic scans bit @ and yone at a time and generates the
control signals to perform the corresponding function

If the two bits are same (1 -1 or 0~ 0}, then all the bits of A, @ and
& _, register are shifted to right 1 bit

: without addition or s i
Add/Subtract Enable = ¢, A

ation fi oth’s algorithm,
hows the hardware implementation for k}i?r ultipg'-icatg:’m.
i . 5 ’ '; 1 stiv N %
o f is similar to the circuit for positive number m o
The circuit 18§ g

Computer omntim& AM
11, 1f the two bits differ, +TB (CSAT Sem.3)
from the A register

then the . TR
12. After addition or mu&. m"‘ﬁd.dm o or subtracted

bit of A M._,)km%m"?mm“uhm
o i N T e
Que 23, | Draw the data RO,

hhm“hﬁm
JIUSEEES ment fraction by a suitable
0. .;.pnth of 2's com

IDJ:“‘_'Z ’“‘““*"‘**‘-hrq-u,vmm.
Robertson algorithm ;

1 A(-O,B(—MﬂltiplieqndQQ.M,m
2. Ifh?ﬂ=;ht:nnperforﬁm+—A+a,
3. Shift right register FA.Q by 1 b; *
count ¢« count — 1, b htfi-Bb; anMORFmd
Y Ifcount>1R¢pntstepszM :
AcA-BandsetQOlon, - herwise if Q, = 1 then perform

and count « p_

For example : We perform the multiplicatior X .
Multiplicand = 0.625 T v
Multiplier = 0.5

Equivalent binary representation (625 = 0101
2's compleme_nt representation —0.625 = 1010 + 1 (~ 0.625) = 1011 ~
Equivalent binary representstion + 0.5=0100

2 complement representation - 0.5 = 1011 + 1 -0.5=1100
B
¥ A Q
s[5 O,

Step 1 0

L I B F R Y e o

LR TR R e 1 bit right shift
Sup? 0 ek Sk Lt Q= 0, No ned sddition

0 RSB0 1 bit right shift
--------- o -
Mepd 0 AUERETEC UGG L ke hih

o | IR S -Nuﬁsu 13
......... ettt =
Py SN e 4.7 . WY T U o s, 4 OO
I ; I ;I

l.llunl-lgllgv

[ot01 <0100 - cor0100 |




Arithmetic and Logic Upg
2.8 18 (CHAT-Som-9) ae §
P CompY T U"‘Mllthn‘
m Show step by step the multiplication process s h‘h".
s Slgartthn whan (o 18) and (- 15) wambecs 4re multiplieq ﬂ ShOw the _ MB(amg
Assume 5-bit registers that hold signed n ' igorithm when the top, NM. Poos
‘ f N.. using Booth's
| | W
16=01111 _‘ True
_ 13 = 2's complement of 13 10011 M,
uujupxxflnd(msoun Multiplier=10011 h&.,mcz:'
N F oA g - - =
: - 'f‘; o Ml ‘Qa : h— : .M'hu-.hug
00000 10011 0 101 (5) | 2 +1
10001 10011 0 |AcA-M ] w"*u-ﬁ?(-w
11000 11001 1 Shit | 100 (4) | Multiplier - 51500
11100 01100 1 Shift 011 (3) | FTE Plicand (B) - 109,
[ 01011 01100 1 | AcA+M 1
| i : 01000 :
{ 00101 10110 0 Shift 010 (2) B MRS
N 0 Shift 7 00000 00100 Bz -l 100
, 00010 11011 001 (1 | |
‘ 10011 11011 0 |AcA-M /_fooooo 00010 “‘;ﬂ%
| 11001 11101 1 Shit | 000 (0) 00000 | 00001 r_.,__%_ =
Result = (11001 |  11101) = — 185(Zs complement of +195) | 2 uu_m. . 010
01101 | 00001 P >
;. 00110 | 10000 | g AdB+iwa | o
process of mdwom-_unuuu-m 11001 10000 1 . m--:
16191 (multiplier). The signs are not included. 11100 | 11000 | o AddBtoA 000
_ e 4QQ, .,

( |
St rgie EAQ 9 | suss | 11090 |
G.-1.eM8 e ! » W«w“hwamcu
i
Vs {
St rpm EAG © | 99090 | 1391 i 011
2 =8 sk cgie EAG [ wees | 9011 | 030
2,V okt rege Lidy s | ovws | o1l | o1
ettt ¢ s | vooi | 009




Que 2.10. | Explain array multiplier method with the help o
example.

Answer l

1

2.

Anlhmr!i' r(ﬂl Logie ”n.

. ' g ’ - — e ——— “
g1om (W ¢ demd) g———— =
A i i ,1=0111
! | nitial values | lop
0 o hbenta B
ge \ X ‘P”' el qub Bor —~y
ol uddf)lll_t:u,}“
01l \ -~ l = i 0“\'
. oot 1001 \ AQL‘{:OL’-—
i l{ + - AshrAQ, Q... | 010
00
0001 | 1 l o
1001 ‘
010 | —— 1
101 — 0 AshrAQ @, 001
1101 0110 v AshrAQ,Q,,, | 001
e pahr 40, Q. | 00
110 | 1 [

A&nw)ur l!l‘ flil)l()] 1

-21= 11101011 (2’8 complement of +21)

(~Tx(+3)=

The combinational circuit implement/ed to perform multiplication is calleq

array multiplier. -
The generalized multiplication process for array multiplier for twq

unsigned integers : Multiplicand A= A:{AzAle and multiplier
B=B,B,B,B,1s shown in Fig. 2.10.1.

Ay A, A, A,
- + By By B B,
ABy ABy ABy AgB, <— PPO
A8, AB, AB, AB, < —— PPl
AB, AB, AB, A, <—————-— PP2
AjBy ABy ABy Ay <————— PP3
P, Py Py P, P, P, P, P, o

Fig. 2.10.1. Manual multiplication process.

Each shifted multiplicand which is multipli i
. tiplied by either O or 1 de i
(g\ t!‘\‘e corresponding multiplier bit is called Partial Product (PPF;endm‘
ach partial product consists of four product components. .
Py=AgB,
Py =AB,+AB,

(or

10.

ter Organization & pp,
e — Chitees,
Siare

roduct .
m:"fpll‘:llﬂd :::nAF’::'n'B}m i a hw_u .
r ncide in the L i case ' 7 it thy g ! Pltplier bit B, and

ie and bogie products

“omponents. Here, the
K#ey and mm to

Fig. 2.10-2 8hows the cireyjy ¢,

grolleot-SRANONG rvprennmmwb%dm
) ¥ ARD)

make #pace.

P, P, P
7 Pe &:mnu:-:n‘ P, PHaPRpY, B,
partial produe

¥i5. 2101 Block disgram of wetiat

The full adder block is rep :
pmductmwoff\ﬂladdmm:dby@zg:::m. ot oo
Bius, the first 4-bi ripple adder adda the fret ere e o
components to produce the first partial prod: two rows of product
The carry output generated is pmpegategr to ;::‘ ; z

omponeat used to produce the next partial pradurt. —

The subsequent adders add .
component. each partial product with the next product




Arithmetic and Logic Unj

—

2-12 B (CS/IT-Sem-3)

Que 2.11, I Write down the step for restoring and non-restoring op

division operations.

Answer I

Restoring division operation : '

Step 1: Shift A and Q left one binary position. )

Step 2 : Subtract divisor from A and place answer bggk inA(A< A-B).
Step 3: If the sign bit of A is 1, set @ to 0 and add divisor back to A (that js,
restore A); otherwise, set @, to 1.

Step 4 : Repeat steps 1, 2 and 3 upto n times.
Non-restoring division operation :

Step 1: If the sign of A is 0, shift A and @ left one bit position and subtract |
divisor from A; otherwise, shift A and Q left and add divisor to A.

Step 2 : If the sign of A is 0, set @ to 1; otherwise, set @, to 0.

Step 3 : Repeat steps 1 and 2 for n times.

Step 4 : If the sign of A is 1, add divisor to A. Step 4 is required to leave the
proper positive remainder in A a. the end of n cycles.

Que 2.12. | Draw the flow chart for restoring and non-restoring |
division operation.

Flowchart for restoring division operation is shown in Fig. 2.12.1.

Computer Organization & Architecture 2-13 B (CS/1T-Sem-3)

A flow chart for non-restoring division operation is shown in Fig. 2.12.2.

Aeo

B « Divisor

D « Dividend

Count « n

Shift left A, Q

Yes

AcA-B A«A+B
Qo"l Q‘,‘-o

Que 318 | Draw the data path of sequential »-bit binary divider.
Give the non-restoring division algorithm for unsigned integers,
Also illustrate algorithm for unsigned integer with a suitable

— [RETU BT W ks 97
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Answer l

Datapath of sequential n-bit binary divider :

ALR BLrs
v &8 |
enable b .
— 5
] ahift zero |1 sero
enable, 8 —J o cosbin s © __.:Ek ol Q Isbb[T® Lbb
1d_shaft_a — Id_shuft s
dock —+-8 clack Q
18
enable b—{-o L 1’
1d_shift bt oy b "
Poel —+ + .
LdP —p 1
] 18 16
Pl
16
reset P2
P
— clack p
—_
16 f R
Fig 1%L

Algorithm for non-restoring division : Refer Q 2.11, Page 2-12B,
Unit-2.
For example, consider 4-bit dividend and 2-bat divisor :

Dividend = 1010, Divisor = 0011

A Reguster Q Regpster
Initially © ¢ ¢ 0 O 1 0 1 6 «— Dividend
Shit ¢ O 0 0 1 o 1 0 ]
Subtract 1 1 1 0 1 D {
1 10

} First Cycle
set Q, (i)]. o 1 \:[71‘]

Saft 1 1 1 © O 1 o [oll
; =0
Second Cycle
G5
a1
EE0

. (‘@—o—:— o @@

i
o

<

Thurd Cycle

17T OEED
T E]E]E]@ Fourth Cycle
Rer sinder Quitient

—

Computer ()rg.m',.hm .
& Architecture 2-15B (CSIT-Sem-3)

[ngivenenmple.aa-4
ired. mlﬂmr:\upuiuumdhem&p?-mt

Q.el.“.'h'
C 4. -fu-lhﬂvuumdmuubyﬂllllu-t
dividend of 8 bits).

B=0011  B+1=1101

!im 301819, Marks "i

Operntion 12T A Q |5
Drwvidend i
e 0000 | 1111 |
s imq 0 0001 | 1110 | 100
+1 1101
E=0,leaveQ, =0 0| 1110
1110
add B ‘ 0011
restore partial remainder 1 0001 011
shi  EAQ 0 0011 | 1100
add B+1 1101
E=10Q tol 1 o000 | 1101
shl  EAQ 0 0001 lmlo 810
add B+l
+ un |
E=0.leaveQ, =0 0| 110 | 100
add B 0011 I {001
restore partial remainder 1 0001
shi  EAQ 0 o011 | 0100
add B+l 10! 006 |
E=1stQtel 1 0000 oot , |
Femandsr | Gunlend 4_‘3

Overflow :

1. Overflow is a condition when two numbers with n digits are added and
the sum is a number cccupying 1 + 1 dignt

2 Overflow is a problem in digital computer because the number of bits
cannot be ted by an n-bit word

3 T‘btﬂmfulbtuubh.rﬂ!ypuofmrdhd
i Positive averflow : Positive overflow refers to joteger
unmundmfmw-m.mh:nhnuwmnmncm

be represented in a given number of bits




\'\n.hmlt-ﬂl%l‘
Ny

t
"qll\f'"

¥ nent ;
f e t0 poaitive expo that "“'Q
. s 8% alue
ot aiN nent ¥
r\'r“::', et r\;; _ N“‘“"nd overflow oceurs why, .
ma av ¢ number of the same ign regy,
i S o s an ing

o of W ant bt
wditson O (T et sgnific ‘lt.e detected by observing .,

aryy out AL g - t c.r’
< ot An et .arries are no equd_ s
( e *‘M positref If these tWO £
into the sign ™
condition € ‘\n.d‘_“ |
e a1y 35 1 01110
o 0 1 01 1000

y -4
+40 0 1010 = iém

75 1 om0

-arr explicitly she

wn. If the two carries are applied ¢
would be detected when the o “‘N:

Two carries ;
exclusive OR gate. an overflow

the gate 18 l. . Tqm.?'%’

e

‘ ; ions, Arithmetic and Logic |

Arithmetic Operations, hmet :

iy Gnis Lesign. - u‘ig

A —

InnlAnlwer'!'ypﬁmdMuEAmrTyp.W.{

Que 2.18. | Explain the basic format used to represent floati
point numbers.

Answer

The floating point representation has three fields :

1. The sign bit : The sign bit determines whether the number is negative
or positive. 0 denotes a positive number and 1 denotes a negative
number.

2 The exponent : The exponent field needs to represent both positive
and negative exponents. To do this, a bias is added to the actual
exponent in order to get the stored exponent. For IEEE single precision
g:c e_::ipone;;: field is of Bﬁ bits and has a bias value of 127. For double

18100, the exponent field is of 11 bits, and has a bias of 1023.
3. The mantissa : The mantissa, also known as the significand,

represents the precision bits of the i implici
leading bit and the frasti. oy number. It is composed of an implicit

Co .
mputer Organization & Architecture 2-17B (CSTT-Sem-3)
The general structure of floating point number iy
Single precswn
T Tre— —ryre.
M‘m
F 1 bt~ e o

Where S is significant ¢ ] - .
s mantissa)
factor, which is 2 for bi " d.l%t?xdu.exp?nenﬁﬂ'u scaling

QIC’.I’-I 'ﬁh“mhmm'pﬁ' arithmetie
operations.

==

Suplfwmbu.ﬂo-ﬂn.m‘.dm e

i Addition and
Step 1: Check for zeros.
Step 2: Align the mantiseas.
Step 3: Add or subtract the mantissas.
Step 4 : Normalize the result_
jii. Multiplication :
Step 1 : Check for zeros.
Step 2: Add the exponents.
Step 3: Multiply the mantissas and determine the sign of the result.
Step 4 : Normalize the product.
iii. Division:
Step 1: Check for zeros.
Step 2 : Subtract the exponents.
Step 3 : Divide the mantissas and determine the sign of the result.
Step 4 : Normalize the result.
W _;ly]hmmwum&-.ﬁcdmnwimmulp
of circuit diagram.
Arithmetic circuit performs the operation of both addition and subtraction. It
has two 4-bit inputs A;A,A A and B, B, B B,
4-bit paralle] adder/subtractor : It is an arithmetic circuit.
1. The ADD/SUB control line, connected with C_, of the full adder, is used
to perform the operations of addition and subtraction.
2. The EXOR gates are used as controlled inverters.
< Y=CoX

X



2-18 B (CBAT-Bom-8)
Table  2.18,1, Truth table of EXOR Gate.

Cout 83

3. If C =0, the input variable X is either 0 or 1 will be
terminal. ;

output
1fC = 1, the input variable X is either 0 or 1 will be con
transferred to output. By using this EXOR gate proj
gate in the 4-bit adder / subtractor circuit.
Case 1:ADD/SUB=1 iy
i Now,the controlled inverter (EXOR gate) produces
of B, B, B, B,, Since 1is given to C,, of the LSB bil
.&du&omﬂmumm:‘mm
2's complement of B, B, B, B
i The 2's complemented B, B, B, B, will be added
M“":'A?ms B n“:m“”s"
cmagm.‘o. b ¥
i Now, the controlled inverter is transferred B, B, B, I
adder, this 4 bit is added with A, 4,4, A, to :

Add - 35 and - 31 in binary using 8-bit
I's complement and signed 2's complement.




flvnr?i
.

!
& Output Dy

5. Example of register transfer : Ty : AR « PC (Activities i
Content of PC placed on bus, S,8,8, = 010, LD of AR is
occurs at the end of positive transition, T is .inacti
¢ Timingcontrolis generated by 4-bit sequence counter

The SC can be incremented or cleared. T, T, Ty Tl >

20.1. B
from the opera
When T, is active, the output
function DTy pecomes active

Increment (INR)
Clear (CLR)

For example :
Assume : At timeT4,SCiscleaIedt00if decoder output D,
s'1“:SC4—0 s
Timing diagram :
T, %% T
Clock Py L L
Tyt et e
0
Tll Bt s
TZ: i N e i i
3t + 3 it
P ] ]
4ﬁ| K :J:_-‘.r i
D! 1 1 ] .
1
CLRSC ! lr ' ?——4' :

complement presentation.




e

seandard for (oating pount arithmetic (IEEE 754) is a tochyy,

oo ooy
2 TEEE 754 nusmbers are divided into two (ypes
- i mnoauxwﬂmﬂ“ﬂlb‘"mn’h‘“mm
33 bits _
- —
31 30 2322 0
[s]T E ‘ M ]
S“dm‘—n?; 8-bit signed 23-bit mantissa fraction
+ Signifies 0 exponent
- Sygnifies 1
Pig 1.22.1. Sicgle precaes.
& 32t floating point number in LNEk Procision is representyd
a8+ 1M x 2%
& The relationstup between E and E" i single precision is grvey
as B = £+ 127
. The B-bit assigned for exponent £ (Modified exponent ' s iy
the range 0 < E « 255 for normal values Thus the actug)
exponent is in the range - 127 < £ © 127
v.  The values 0 and 255 are used to indicates the Qoating points
values of exact 0 and infinite respectively
h

Double precision ;
The Nloating number i 84-bit are doubls precison. Fig 2222

show the double precimon format of [EXE standurd form.
The double precision format has neressed, exponent and
mantisss ranges

The 11 brt assigned for exponent 5 has rusge 0 < £ < 2047 for
normal values Thus the actual exponent £ w in the rangn -
1022 < E < 1023 The relationship betwess £ sod & in double

pricision is given as E' = K « 1083

The 52 bit is assigned for mactisa, provides s precision
equivalent 1o about 16 devimal dyorts

64-but floating point pumber s double precuios w» v presentad

as el Mx2

-— 64 bils -
(5] & ¢ M
J 1 bat - llﬂmk—:—

2
wo.“.»m”.,,,,“w
:

For fraction,
0125 2= 0280 50
0250« 220500 59
0500 2= 1000 5|
(0.125), = (0.001),
(1460.125) = (10110110100 001 A

Step 2 : Normalize the number
10110110100.001 = LO11011010000 « 2%

Single precision :
For a given floating point number,
1 0110110100001 = 2
§=0
E=10
M = 0110110100001
Hais (or) modified exponent for single precision
K127+ 8
= 127+ 0= 137,
= 10001001,
Nusmber s single precision format



.
224 B (CS/IT-Sem-3) Aritevien

mwoo1w1+ 0110110100001........0 |

Double precision :

For a given number,

1.0110110100001 = 2'*

8 =0, 5 =10, M = 0110110100001

Bias (or) modified exponent for double precision

E' = E + 1023
= 10 + 1023
= (1083),, = (10000001001),
[s] & M
»{1 bit bll—-q--——sz L —
its

[0 [10000001001§ 0110110100001....0]

Q. 1. Deseribe sequential Arithmetie and Logic Unit

proper diagram,
Ask Refer Q. 2.1

Q.2. Explain Booth’
M= Rofor Q. 2.,  multiplication algorithm in det

Q.8 Dr-wthodnhpathoﬂ’loom
Robertson multiplication ll;lrlm :;l' 2’ ¢
M:;wmmmumdpdm-hn :
AwE Refer Q. 2.5,

Q. Bbow.t.,
e by step the m

computer Or

i’
:

Q.9 Perform the d;

dividend of 8 big,
ame. ReferQ 214,
Q.10. Add-35 o
com
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%
%) \H vi'

e e

R T T .




Compu;ﬂ Organization & Architecture

This instruction will multiply two operand A and B and result iy g, pi

nA.

Duaﬁometyp-dmwﬂmmthbwa _‘
fields used in the instruction with example.

Four types of instructions are available on the basis of referenced g

fields : ) <
Now, Let us evaluate the following arithmetic expression, using ,

instruction types.
X=(A+B)*(C+D)
I. Three address instruction : Computers with three 4
instruction formats can use each address fields to speeify
processor register or a memory operand. The program in g
language to evaluate arithmetic expression is shown as :
ADD R1LAB RleM[A]|+M[B]
ADD R2,CD R2«M[C]+M[D]
MUL X,R1,R2 M[X]+ Rl % R2 ]
2. Two address instruction : In this format each address f
epecify either a processor register or a memory word, The
language program to evaluate arithmetic expression is as foll

MOV RI, A Rl M [A]
ADD RLB R1 « R1+ M [B]
MOV R2,C R2 « M [C]
ADD R2, D R2 « R2+ M D]
MUL R1, R2 R1+ Rl % R2
MOV X, R1 M [X] « R1

8 Oneaddress instruction : One address instruction uses an
accumulator (AC) register for all data manipulation. The progs

LOAD A AC « M IA] i
ADD B ACe«AC+M[B
STORE T M [T] « AC
LOAD - 0 AC MO

D AC « AC+ M [D}

T




Computer Organization & A"’““‘“‘"",__ﬁ,;.,_,;",‘f_l? (CS’IT-S.Q") '
OR L
Explain the different cycles of an instruction execution.
OR

Explain all the phases of instruction cycle.

p o v

Instruction cycle :

1. Instruction cycle is a complete process of instruction execution,

It is a basic operational process of a computer.

It is the process by which a computer retrieves a program insh'uctiu
from its memory, determines what actions the instruction dictat
and carries out those actions.

The instruction eycle is divided into three sub cycles :

Fetch cycle Decode cvcle Execute cycle
o~ [ Petch Decode Execute
\—m—{” instruction HALT

{ instruction instruction
Fig. 341
1. Fetch cycle : To fetch an opcode from a memory location followi.'
steps are performed :
1 The program counter places the address of the memory location
in which the opcode is stored, on the address bus.
i The CPU sends the required memory control signals so as tg
enable the memery to send the opcode.
gi The opcode stored in the memory location is placed on the data
bus and transferred to the CPU.
2 Decodecycle:
1 The opcode which is fetched from the memory is placed first of all
in the Data Register (DR) (data/address buffer in case of Intel
8085). Thereafter it goes to the Instruction Register (IR).
i From the instruction register it goes to the decoder circuitry, which
is within the CPU.
mi  The decoder circuitry decodes the opcode.
iv. After the opcode is decoded the CPU comes to know what operation
is to be performed, and then execution begins.
3 Executecycle:
i Inthis cyele, function of the instruction is performed.
&  If the instruction invelves arithmetic or logic, ALU is utilized.

2
3.

1 35. | Write the steps in fetching a word from memory.
Differentiate between a branch instruction and call subroutine

instruction.

468 (CS/NT-Sem-3)

Gteps in fetching a word 2,
Stepl: The CPUh.‘to ‘l’.‘.
cycle. Perform Mhﬂ

gtep?: The oOPcode fetch cyele gy

: The CPU then i “‘ﬁh

gtep3 Invokes the aword
4: The opcode specifies Mm

step information is 'tﬂ‘ed.u' addreg, of yele,

SteP5: TheCPUtrmg&r!h i

6: The CPU activates E
Mor™ et opmﬁonhmw‘hhqm P
Step7: Asaresult,mgm-,

the data bus.
gtep8: The CPU then reads this
register,

Step9: Memory Functions .

signal for this memory transfer C)i*“-‘m

10 : Memory sets MFC to 1 to indicate %
Step location have been read and are m‘:rrm
pifference : i

Branch instruction is a
machine-language or
assembly-language
instruction.

9. | It is used to change the | It is used to call a subroutine.
I sequence of instruction ;

l execution.

Assuming that all registers initially contain 0, what is
the value of R, after the following instruction sequence is executed :
MOVR,,#6 ‘

MOV R,, #5
ADDRy, R, R,
SUBR,, Ry R,
MUL Ry, R}, R,

MOVR,, #6

Subroutine is a control transfer

.

thhﬂnm"‘"ﬁ ‘
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[Take another register in which dl'l"cﬁ; 3
Sinto it} 5
{Value stored in R, added to R, again ang 3
stored in R, et
Thus, Ry has a value of 12,
SUBR,, R, R, {Value of R, is subtracted from i
' into the R, % -
Thus R, has a value of = Ry ~ R, = 12
MULR,.R.R, {Multiply R, with R, and store into R.}
Thus, the final execution of this statement will give 49 and R, con
value stored in it ;

In an instruction format, there are 16 bits i‘u

instruction word. Bit 0 to 11 convey the address of the r Y
location for memory related instructions. For non "‘
instructions these bits convey various register or I/0 ope -

Bits 12 to 14 show the various basic memory operations
ADD, AND, LDA etc. Bit 15 shows if the memory is accessed
ar indirectly. For such an instruction format draw block d
of the control unit of a computer and briefly explain h

instruction will be decoded and executed, by this control u i

Consider the instruction code format shown in Fig. 3.7.1(a).

MOV R, #5

ADD R, R,, R,

X
afls—bitopu'lﬁmcode,llﬂ-!ﬁtaddm,mdmindimd
bit designated by . 3

2 The mode bit is 0 for a direct address and 1 for an indirect ad

3 A direct address instruction is shown in Fig. 3.7.1(b). Itis
nddronﬁinmemory.'l‘helbitisﬂ.sotheinatrucﬁonh
a direct address instruction. :

4 ‘meopcodespeciﬁes-nADDimtmcﬁon.lndthcaddren’

binary equivalent of 457.
5 mmtmlﬁndstbeopanndinmomoryaaddnuﬁ‘?ﬂ
the content of AC. ;i
The instruction in address 35 shown in Fig. 3.7.1(c) has a.
7=1. Therefore, it is recognized as an indirect address
; # nom-mkmbmmmtofsmm ! A
address 300 to find the address of the operand. 3

8 mmummmmw»mmm.m
M&Qulmhﬁmnddndtommwofw. e

9, mwmm&amﬂmmw
fetch an operand. : g .

e e b g s

TR W Ty

LT LN R TN T



Computer Organization & Architecture
First 12-bits (0—11) are applied to the control lo_g'ic gates.
The operation code bits (12— 14) are decode(cl:l w:‘t’h a3 x 8 dec

ough D) from a decoder go to the"def.

The eight outputs (D thri :
logic gates to perform specific operation.
Iflip-flop designated by symbel I.

Do

ted by INR input orclearby%l.x o

The sequence counter can be incremen
input synchronously.

A micro-operation is a simple operation that can

2
of register or the result may be transferred to another register. S
Examples of micro-operations are shift, move, count, add and load ete.

classified into four categories :
Register transfer micro-operations : It transfer binary

i
information from one register to another.

ii. Arithmetic micro-operations : It perform ari

on numeric data stored in registers.

Logic micro-operations : It performbitmmipulnthnopunﬁm

on non-numeric data stored in registers.

Shift micro-operations : It perform shift operations on data stored

in registers.

iii.

iv.

from one registerto

1. Register transfer is defined as information transfer
another and is designated in symbolic form by means

operator.

3-9B (CS/IT-8ey, o "

7. Last bit 15 is transferred toa mate :
The 4-bit Sequence Counter (SC) can count in binary from 0 t} a3

15.
The counter output is decoded into 16 timing pulses T through 7 i3

be performed during
one clock period. v
The result of this operation may replace the previous binary information

3.
The micro-operations most often encountered in digital computersare

—Wﬁuummmmmmmw 5

3

o

of a replacement ‘7

4108 (CS/IT-Sem.g)
The statement dengte, ;
2 egister R2. 8 trangfy, wity Contro] {Jnit
" o Togiter 21 ing,

It designatesa Ryi

deﬁmtion, th' mnta“ 0( h“ " ’

the “’I“%Moﬂll’!
does gy change after

4 Eve(;-y statement Written i A
" hardware construction fy, Toginter
5 Fig 3.9.1shows the blggk m’r‘m s
R2. The n outputs of 1 | Mlh 3
register R2, d"h'l} 6 conner . FANSfer from R] 1o
Control circuit |

is known.
7 Register R2 has aload input that is ac
; The basic symbols of the register m‘“’“‘*ﬂ:ﬁi

Table 3.9.1.
Table 3.9.1. Basic symbols for register trans

3 wagaon

-

e gt A BN IR
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R3e R1+R24 1

R2 is the symbol for the 1's complement of R2, Addj_n' 1ig h@
complement produce the 2's complement. 4
4 Adding the contents of R1 to the 2's complement of R2 ig
R1 - R2. The other basic arithmetic micro-operations are

Table 3.10.1.
Table 3.10. 1 Anth.metlc mlcru~operntlom
PRl o T o
|  designation | 3g b s
1. |R3«R1+R2 Conwnt.s ole plus R2 transferred toR3,
2. |R3«RI-R2 Contents of R1 minus R2 transferred to gy, -
c o 1.
8. MM« R2 Complement the contents of R2 (1’s ¢o) ,
4 |R2e« R2+1 2's complement the contents of R2 M'“:-
6. | B3 « R1+R2+ 1 |R1 plus the 2's complement of R2 (sub
6. |Rl«Rl1+1 Increment the contents of R1 by one. B B
7. |Rl«R1-1 Decrement the contents of R1 by one.

m Write a short note on logic micro-operation.

g
1. Logic micro-operations specify binary operations for strings m,w S
in registers. wii
2. These operations consider each bit of the register
the contents of two registers R1 and R2 symbolized by the
P:R1«R1®R2
3. It specifies a logic mmro—opentmnmtobeexecutedonm \
bits of the registers provided that the control variable P=1.
4.  For example, the content of R1 is 1010mdwntentofﬂzﬂ
logic computation :
1010 content of R1
1100 content of R2 PR, AT
0110 content of R1 after P=1 o 2
5. Mmlﬁdlﬂ'ar&nthgicoperaﬁm:thtc:nhe med
6. mmmammxudymw
form in first column of Table 3.11.1. ’

Table 3.11.1: Sixteen logic micro-operations. f‘-‘

L Fy=0 CURe | ey TR
2 F,=xy FeAaB | AND AR
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register))

& Architector®
oper!t ion is as fol]c;“ .

right B
f left

Computer Organization
- ¢ shift

shr B arithmet? o
é" ‘l-l » 1 showing arithmetiC shy ik
’ e Shift left R2 « ashift& T
::-'_ﬁfr,}.::”w,ir_{r ’_
| sign bt § —
' R—v 1 Rn 1 LSB
MSB
Fig- 3.12.1.
showing arithmetic <hift right operation is as follows -

y. Fig.312 2
R2 « ashr R2

Shift right

: LSB
ey Fig. 3.12.2.
Logical shift micro-operation :
shaft nucm~upcratiun transfers a 0 (zero) through the
her from left or right depending on the type.
peration, 0 (zero) is transferred through
logical shift right micro-operation,
left of the data as shown in the

b

i A logical
serial input, e1t
For logncal shift jeft micro-o

of the data and for the

the rght
ough the

0 tzero s transferred thr
Fig 3123

Register Transfer Language (RTL) for the logical shift micro-

i
operations can be written as:
R « shl R (shift left register (RN,
R « shr R (shift right register (R)
wv. Fig 3.12.3 showing logical shift left micro-operation on the data in
a register
Shift left logical
[T 0 before
[0[11010[1}]11 0' after
Fig. 3.12.3.
v. Figilz4 .
o showing the logical shift right is as follows :

3-14B ICSH.T'SQm-ﬂl

N M)H.,, —

| T 1a%Ye |

! “‘LHLJL}}’%'}I%G{? I !i
i ‘ Ure

f

l}
| r
i ‘_J i after J

Circular shift miqmp«:il‘-l-'l.lt.l.
on |

c-
i A circular shift myerg.,

one end of the e e
In circular #::ll:]mm.r to the "":vrr:-';:r;“flhl. momin A
ket lh: ft n;];emu,,n' the Iv“[;: the register
ot ot
operation, the rmhmk MEMOost and ppy n t,‘hnhn sl st
to the leftmost end If"““' i the register is ¢ e
. .
Fig 3.12.6 l"(!\pl‘(‘ti\'t'l e register as shown, “:';A"FTTM Yhyye
‘ ity inthe Fig 312 5 and
i Register transfer | -
ster language
B Buage for the cireylar shift micro-
s ‘ -operatiol
;:, « cil R (circular shift lefy regist -
¢ e ster (R)}
. Fl; _;x:r.;‘(sl(;lnulnr shift right regist Rll‘(
> . &0 S L .
s c:wmg cireular shift |eft i
i micro-operation
= LSB
76 5 4 3 3 1 0

“‘)'Ulll

) Fig. 3.12.5.
Fig. 3.12.6 showing ¢ »
o ng circular shuft right nut:q(;o;a-rmiun.
786 5 4 3 2 1 0

v

Fig. 3126

Que 3.13. l What are the different categories of micro-operations
that may be carried out by CPU ? Explain cach category of micro-

operations giving one example for each.
[AKTU 201415, Marks 10]
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OrgAn
(o
o cation ATE’ for Q. 3.9, Page 3

M.“.r ' < of micre operd® ! rutilll\ : Reler Q QB,
pufferent X gfer mier?S page 3-10B, Unit3

negister ¥ z 1,10, Page &~ 1 1t-3,
L B L Refer @ 0 vy

T - '-rn-l‘P"r“"m.. v s 11, Pase 3-11B, l mt’.l.

Arilhmph - mic tion ¢ efer Q.- i" Page 3-12B, Umit-3.
i Logic ™ “(iuu efer @ 31 ) )
L Shift micro” o of # complete instruction.

execut?

Que 3.14 pPiscuss the
Answer 1

The .-n-nm
{nstruction
Consider th

] asi addie:
Jete instruction explaimed by 1simple addition

on of a comp o

1

e mstmctwn.

ADD M1, By

(s of me jon (address is specified) to the
S0

mory locat:

which adds the conten

register fty _
The execution of this 0
a Fetch the instruction-
b Fetchthe operand.

c Perfurmth&-uddnmn.

sult into R .
Load the result into Aty o
4 ihv first step of ¢ instruction is comm

instructions
5 The remaining steps de|
6. Instruction execution pro

Stepl: The instruction
contents of the Progr

read request to memory
(Now waiting for respon
Memory read is requested.

instruction requires the following steps :

fetching th on to execution of all

pend upon the operation to be performed.

ceeds as follows
fetch operation i initiated by loading the

am Counter (PC) into MAR and sending
to read the instruction from memory
se from the memory)

Step2:

Ste];?l: The processor is to be delayed until the MFC (Memory
Funetion Completed) signal 18 received. Once MFC s received
the word fetched from the memory is transferred to
i{nstruction register.

Step4: The contents of memory are transferred by memory read
operation.

Step5: The contents of R, are transferred to one of the inputs of
ALU. Now both operands are available in ALU inputs

Step 6 : Addition operation is performed

Step 7: Theresultis transferred to I«’1
Step®: [t indicates that the end of the execution of the current

instruction, and it causes a new fetch cycle to begin by
returning to step 1 ‘

L e

e —

2, el v :"——_‘__
Program Control, Redyeed Instriction Set Campiter:

e

Questions-Answers

‘w': Type and Medium Answer Type Questions

Long An

——

Que 3.15. | What is CISC ? Explain its characteristics.

Answer |

1

4.

Characteristics of CISC :
1

2.

-

""".'ﬁ{—i}'cb
AT 01516, Marks 98]

The term “CISC” (Complex Instruction Set Computer OF Computin®)
refers to computers designed with a full set of computer instructions
that were intended to provide needed capabilities in the most efficient
way

CIsC hgﬂ complex instruction sets variable
instructions and instruction execution takes varyimn

length encoding of
g number of clock

cycles.

Due to large number of addressing maodes
instructions, the CISC computer generally require
perform the computation

Programs writing for CISC architectures tend to take

memory

for the operations and
fewer instructions to

less space 1R

If the frequency of complex operation is high, then the performance of

the CISC machine is better to implement

CISC tends to have many instruction formats
opcode types and operand addressing method.
CISC has many instruetion formats.

CISC processor provides direct manipulation of o

memory

to accommodate more

perands residing 10

Que 3.16. I Discuss the advantages and disadvantages of using a

variable

Answer I

Advantages of using a variable

1

5]

length instruction format.

length instruction format :
In vanable length instructions format, it is easy to provide a large

coliection of opeodes with different opeode lengths
Addressing can be more exible with various combinations of regisier

and memory references plus addressing modes
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on & Arl‘hltﬂ‘lil}'l:‘ =
ructions does not remove the d
ths integrally related to ¢

Computer Organisati

The use of variable Jength inst
of making all of the instruction feng

longth -
s cvent ’
B th a combination of register memory

‘ -

5 It is more compact Wi

Disadvantages of using a vnh.bk' length I.n;u-..e.u-l .

1 The main disadvantage of variable length instructions is j
the complexity of the processor. ]

" - esirability of instruction length which js j

2 It doos not remove d
related to word length.

M i Write a short note on RISC.
£

OR

a3

I RISC (Reduced Instruction Set Computer) processor in
fixed length encoding of instruction and each instruction

single clock eycle by hardwired implementation of each instr
RISC architecture focus on reducing the number of rue
working with simpler instruction set having limited
sddressing modes and allowing them to execute more j &
the same amount of time. ,
3. Programs written for RISC architectures tend to make
memory but RISC processor’s increased clock rate all

5]

”' (‘ 4.

its program in less time than a CISC processor takes
program.

RISC characteristics :

1. Simple instructions are used in RISC archi

2 RISC helps and supports few simple data types ‘
data types.

3 RISC utilizes simple addressing modes and

4. RISC permits any register to use in any context.

L

m Differentiate between RISC & CISC

e
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Computer Orga

R OR
Write a short note on pipelining.
Answer . ;
hnique of decomposing a sequential p )

1 Pipelining is & tec i P
sugfjopt‘rutiuns, with each sub-process being executed in g
dedicated segment that operates concurrently with all other seg
The processor executes a program by fetching and exee

instructions, one after the other.
the fetch and execute steps for instry T

3. Let F and E, refer to h
Execution of a program consists of a sequence of fetch and e

steps as shows is Fig. 3.19.1.
Instruction Instruction Instruction

I, Iz 13

FlalnlElnlsl
Fig. 3.19.1. Sequential execution.
5. Now consider a computer that has two separate hardware units,
for fetehing instructions and another for executing them, as sho

b

Fig 3.19.2.

6. The instruction fetched by the fetch unit is deposited in an interme
storage buffer B,.

7. The results of execution are

specified by the instructions.
For these purpeses, we assume that both the source and

8.
the data operated in by the instructions are inside the block labelleg

deposited in the destination I

“Execution unit”.

Storage buffer
Instruction fetch unitf— > E——-’
Fig. 3.19.2. Hardware organization.

The computer is controlled by a clock whese period is such that
fetch and execute steps of any instruction can be completed in

clock cycle.
10. Operation of the computer proceeds as in Fig. 3.19.3.

Clock cycle instruction 1 2 3 4
o L T
I
I

11. Inthe first clock cycle, the fetch unit fetches an instruction
and stores it in buffer B, at the end of the clock cycle.

3-20 B (CSAT-Sem-3)
m
f“@”"""‘“ﬂh”".’%mu .

un;!ﬂg:lzformgth ml’ﬂq",_" l.n;:'mﬁﬂz
av e to it in hh"“h specified the . execution
cycle, the . 5 'l"bpl ) ich 1
ke e 2 e

. Instruction 1,
- Sl:senghp?:u'dhhztbl‘m'l e i
le execution unit' longer needed.

while instructj A
IMI.“MWE'&M-“‘!- -
” thus manner,

iy wm“hﬁ.“'f““mmhmd' for
b. mm”:. ous data format as shown in Fig. 3.20.1
Wh&m:dm'lﬂ-hmmm
Oy L i i Sl Pt Wd ia the

2,

a. This refers to pipeline processing of the same data stream by a
cascade each of which ,W- a specific task as

3 Ta:-in % pind gt NG
he pipelining of multiple processors is not yet well
e

3




3By,

_— “—\u.‘,,

M,
Processor 1 Task 1
L Task 2

Processor 2

A4

Processor 3 é‘—E

Fig. 3.20.2. Processor pipelining.

3 Instruction pipelining :
s e ~f -

uction with the t’eu};_

a
i operand feteh ructions as showm .

h n as instruction look ahead.
mance computers are now equipped ity

Ll ruction 18
er ‘' -~ ¥

E
TS, 0, L

3 procersor, exseution time of ‘n'

S
]
Tocess of e e
E—‘\s the i 2 MF’-?’in'—. !h"‘wkﬁ‘"" ey
A Perto, e, ed Prag n:qp,,n‘ Eon-Gipel;
time, we hay, Ceofy “Ssop s, Ol ig “hed Processor
e, pm@’ p‘r"""hu' .
Ty T Mance of :
iy, r”"‘?’l:*lu—
lined

Xecution

where ‘¥ are
Also. Efficiene,
We know thy,
Sa,
Throughput =y,

e Sy
Seo.

—~— =

Allows ooy Degn s EiVtEae
Y stre —~— ) M g Tr— 3
Connectiny, b o el -

—_—
4 | 'D'.:; r;v‘;‘-;’,_
'
{ the laat 4.
T T ———
. ,Th'.* Teseryy,,
| trrvial i the ”,,' £
flowrs in, §i i

———— B
] {Have tingle
! tabde. N
= e ) .,

_ ' sl
7 All initiation, (2 =i

pipeline yse 43, s
he pams
reseryation baile
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Computer Oryantsd

m Explain hardwired control unit. What are the

rod controllers 7 Al
OR

What do you understand by hardwired control ? ¢
hardwired control unit. Deseribe any

to design hardwl

methods to design
used for designing of hardwired control unit, 5
Hardwired control unit :

I It is a controller as a sequential logic circuit or a finite state m
that generntes a sequence of control signals in m
o Lernally supplied instructions. : ¥
2 The -ontrol logic is implemented with gates, flip-flog ¥
sther digital cireuits.
ek

-

B i

Control step
connter

{ - mb ::_'
" : g‘wdﬂl -
Sratus
! flags.
F =%
Controf sgnale

5 . Abanivired vand mea
comprnnrts Cepiires changes in the
4 Molapet the dovigs o 4 be oo o chesagel
loiic signals are transformed iwto & #
aee ealled control signeds, et of ontgmt

5 "‘MM“Wbmhm 2 fidhie
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K 2
Caompter € h|mu|n|llm1f'. Areh
' v the e fifa
prol sigrnls to b grener ate il hy | 4 i‘.“"llln”( PO by
" ntre 1 ; :
2 T sequene ol w,';(i W Only Memior ._,[]{[,:«,1,”}_ o il lot afitrol

s pedind Hes
rtoredd 1185
(M)

3 Momory cdntrol v Bty
control voardy are store i

;
Merniar,

| i written for cuch micro-operntion, gy thireyye,
i prcending memory leation
' HCCOSE IMOTHOTY) (e
trol word in necesaoed seriadly (o6 rind i DemOTy ) fropg g,
iy vored 1
4 U'he control
control memory

nirol words are sloree i I nonently
i 4 trol | { } 1 LtOM prrmane t
» 0 4 d

Ades apired e o
6 Theoutput of the control memory provides the required controj Sighaly,
» i

T ‘ “,‘Yil;'l(l‘i | — e
. Next Maiiiy ’J Control - To ”'”l”il‘;
f-}f.ir-mrﬂ;-. addrens [~ Rigistor | 3 memnry m,lvr,‘,.
inputs generator l (M) i Bperatiog
e A (. CRG——

| Next address information

Fig. 3.24.1. Block diagram of micrs-programmed control unit.

7. I the control memory is sequentially accessed by incrementing contra}
‘ memory Jocation. then the sequence of control signaly storeq in
successive word of ROM can be penerated.

11 te slerre s .
8. The storage of control word in a ROM i often referred to as firmware,

Que .| Compare and contrast hardwired and miecrg.

programmed control units. Also lists their advantages ang

disadvantages. AKTU 2014-15, Marks 10

OR
Explain hardwired and micro-programmed control and compare
them.

OR )
What are the differences between hardwired and micro.

[AKTU 2015-16, Marks 05 ]

programmed control unit ?

OR

Explain the hasic concept of hardwired and software control unit
with neat diagrams. l AKTU 2018-19, Marks O‘Ti

Answer

Hardwired contrel : Refer Q. 3.23, Page 3-23B, Unit-3. )
Micro-programmed control : Refer Q. 3.24, Page 3-24B, Unit-3.

e

AR

T

S22 N_iF-Ul’[.g,.m,;“
Compariaon het o AN 5o
E e i
el “en hordoirad control und mir_m-;rruxrnmmwj
: ‘1; g "'—-—- ~-‘._4 e, .,:_,., e et
! hm-mrunmu .E Hardwired | Miers Programmed’
n vL contro) f eonirof ‘
. Catveaiod e =W e .|
. Hardware “re =
& | Notfloxible | Pleghle o
{4 L Abliy b handte Somewhat 1
i largef complex difficult ! H
i
T == i
. Very diffieult i Easy
1 i ‘
1 |
i o R ) — {
6. f Design proesy Difficuit for more | E s -
L | operation | :
— e —_— )
74 | Memory Not uzed 0TY Use
- .'.. —
| 8 | Chiparea efficiency | Uses [ess area
—— ——_~iciency | Uses |
9. | Usedin RISC processer ;
T — e e
10. 1 Output generation | On the basis of | On the bagis of
input signal

hine. |
—— e
Advantage of hardwired control unit :
1. Speedishigh.
Disadvantages of hardwired control unit :
1. Expensiveto implement.
2. More error prone.
3. Contain complex logic.
Advantages of micro-programmed control umit :
L Cheapertoimplement.
2. Lesserror prone.
3. Contain very simple piece of logic.

Disadvantage of micro-programmed control unit :
1. Speedisslow.

Que 3.26. l Whatis micro-programmed control unit ? Give the basic

structure of micro-programmed control unit. Also discuss the
micro-instruction format and the control unit organization for a
typical micre-programmed controllers using suitable diagram.

[ARTU 2017718, Marks 67




w ehitenture
(‘umhutul‘“"g““imwj“. &\:’F-m' i
m—-‘ d control unit and its kb
jcro-programme’ = !
l:"f"-'l *I;‘x'ﬂ" -24B, Umt-d{ The micro-instruction format for the contro]
O ion formats :
Micro-instruetion iz, 3.26.1
memory is s};nwnm l.;l? Fig. . 9 2 7

AD

= e

— F1,F2 F3: Micro-operation fields
C]5 Condition for branching
BR : Branch field
AD : Address field
Fig. 8.26.1. Micre-mstmcﬁug format. ;
nstruction are divided into four functional parts as

T W& i T8 cD BE
PI_J_._.———J' =

The 20 bits of the micro-i
o hree fields F1,F2, and F3 specify micro-operations for the computer,
L ?ﬁi :lﬂ::o-t)epe;‘atic;ns subdivided into three fields of three bm each.-'nw
three bits in each field are encoded to specify seven distinct micro-
operations. So, this gives a total of 21 micro-operations.
2. The CD field selects status bit co?gltlol‘:;.m 0
specifies the type ol bran 3
i ?hhz EII; 23: Zgntains a branch address. The address field is seven bits
wide since the control memory has 128 = 27 wor(_ls.
Organization of micro-programmed‘control unit : ]
1. The general configuration of a mmro;programmed control unit is
demonstrated in the block diagram of Fig. 3.26.2. -
2 The control memory is assumed to be a ROM, within which all control
information is permanently stored.
External Control Control Toncinl =
unit

input ¥ Next-address ) o jjress o memory (™ data
generator

register (ROM) register —]

Next address information

Fig. 3.26.2. Micro-programmed control orgar

3. The control memory address register specifies the address of the micro-

instruction, and the control data register holds the micro-instruction
read from memory. .

4. The micro-instruction contains a control word that specifies one or more

micro-operations for the data processor. Once these operations are
executed, the control must determine the next address. :

5. The location of the next micro-instruction may be the one next in

sequence, or it may be located somewhere else in the control memory.

6. While the micro-operations are being executed, the next address is

computed in the next address generator circuit and then tr
into the control address register to read the next micro-instruction.

3-27 B (CS/IT-Sem.g)

3-28 B (CS/IT-Sem-3) Control Unit

7. Thus a micro-instruction contains bits for intiating micro-operations in

the data processor part and bits that determine che address sequence
for the control memory.

8. The next address generator is sometimes called a micro-program
sequencer, as it determines the address sequence that is read from
control memory. "

9.

Typical functions of a micro-program sequencer are incrementing the
control address register by one, loading into the control address register
an address from control memory, transferring an external address, or
loading an initial address to start the control operations.

10. The control data register holds the present micro-instruction while the
next address is computed and read from memory.

Compare horizontal and vertical organization.
L

Write a short note on micro-program sequencer for control memory.

T

Explain micro-program
suitable block diagram.

-

OR
What is a micro-program sequencer ? With block diagram, explain
the working of micro-program sequencer.

1 Mlero-;rogrm sequencer is a general building block for micro-
programumed control unit. o

The basic components of a micro-programmed control unit are the

cg_mmmyindtbem' uit that selects the next address.

3. The address selection part is called micro-program sequencer.

%ﬁl purpose of micro-program sequencer is to present an ¢

the control memory so that micro-instruction may be read and
executed. g

5. Thenext address logic of the sequencer determines the specific address
source to be loaded into the control address register.

6. The choice of the address source is guided by the next address

information bits that sequencer receives from the present micro-
instruction.

7. Allthe instruetions are loaded in the control memory.
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l; Control instruction H D'r'tg
g Tnput-outpe
devicey

Computer Organization & Ar!:h’lfh“f‘if:!..lf[‘v_ﬂ

a—Wli(CMT.s.-_"
B

memory register

Branch address

Next address
generation cireuit
(mwcro- program
sequencer) _External condition
8. The present micro-instruction is placed in micro-instr

for execution.

| 8.No. Horizontal Organization| Vertical O
L Long format, Short format,

Opcode |

uction regigter

2, Ability to express a high | Limited ability to eXpress

5 degree of parallelism. parallel micr i 1
3. Little encoding of control | Considerable ;T—_-“_' odin”fh '
information. control information, el A
4. Useful when higher | Slower operating speed,
operating speed is desired.

e
m Describe micro-program sequencing in detail. l

- >’( "

1 w e g ...,

1L Micro-program sequencing is a process of controlling ﬂnm b
next address. et

2 Micro-program sequencing is done with the help of micro-program
sequencer. Cey

3. Amhmpmmwmmw;mmbﬁ“ i
bits of the micro-instruction, from which it determines the next addrees
for control memory, 5

4 A typical sequencer provides the followi address-sequencing
capabilities : - .

:
: L In horizontal £
a. Hmmntuwpruentuddmiormtmlm. - mmmm.m&?mmr“udh 7
B Branches 1o an address as specified by the address field of the F - —
micro-instruction, ¥ A specific micro-operation executed £ %
2 mbflﬂlom..i:.__ during a micro-instruetion sian
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Compute
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1 othet , will no longer be required in this case becatsg pa-

otal of N bits per micro-instruction

A

execulted

A mMicre code devande

coding is inv alved .

ire &

3 rhis scheme will regqu J :

e ‘i 10 N different miero-operations ‘
accommodale < ool . pe

: horizonta " :
» advantage with , -
N '“" bk :m. can be executed during each micro ;?lm:ﬁuu
micro-L ;’ S ) ane to execute all thg micro-operations
In fact, t ll-liw poerins @ mucro-instruction.

6
wormits
terna sangl

provid od 1

Que 38.30. , Briefly define the following terms :

i Micro-operation
Micro-instruction

i
iii. Micro-program
iv. Micro-code

v. Control memory

i. Micro-operation :
1. Micro-operation is a set of operations that the processor unit h
to perform to execute the major phases of instruction cycle.

The instruction cycle has three major phases of fetch, decode and

2
execute.

3. The primary function of a CPU is to execute sequence
instructions which is in accordance with the instruction cycle,

routine.
2 This contains the control signals for sequencing information.
iii. Micro-program : Micro-program is a micro-code in a particular pr o
implementation. Writing micro-code is often called micro-program

iv. Micro-code:

1. Micro-code is a layer of hardware-level instructions and/or o
structures involved in the implementation of higher level machi

code instructions in many computers and other processors.

2. It helps to separate the machine instructions from the underl '1

electronics so that instructions can be designed and altered mo

freely. i

v. Control memory : :
1. Control memory is a Random Access Memory (RAM) con istin

addressable storage registers.

ii. Micro-instructions :
1 Micro-instructions are the individual control words in the micro

3. The output carry from one
higher-order

3-32 B (CRIT-Sem-3) Control Unis
a “hm"“”“ﬁl‘ﬂynumhrdau

3 Access to control
memory data requires less time than to mai
memaory, this speeds up CPU operation. e,

m Write an assembly level program for the following

pseudo code ;

SUM = 0
SUM=SUM+A+ B
DIF = DIF.C

SUM = SUM + DIF

SUM =0

/Load current sum
/Add A to SUM
/Add B to SUM
fSave SUM

/Load C to AC
/Create 2's complement

/Subtract C from DIF
/Save DIF
/Add SUM to DIF
/Save SUM

ADD SUM
STA SUM

HLT Halt :
-mmm ter with a n JM

The diagram of a 4-bit combinational circuit inerementer is shown in

- %
Fig. 3.32.1.
2. One ofthe inputs to the least significant H
. alf Adder (HA) is connected
to logic-1and the other input i :
s e g Tt et dguiipsskii it

hlk‘ﬂdh;rinmhdtomoﬂham

of the next-
4. The circuit receives the four bits from through 1
mmhwumhg:wg:.mmw&“'
. § &ch‘wmhlmm binary 1111. Thas
3 mmms‘,&n@&hpu& '
Mhoﬂyhﬁmﬁdﬂﬂub&mym.
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O LY ecture
or Organ ation & pehit t

s 17 B

o

y l o
el s S
! . s, -

» Fig 3.32.1. 4-hit hinary incrementer.

Jle is active, the clock pulse transition

unt enal
one

tent of the register by
n the increment micro-operation must be
dependent of a particular register,

Every time the co

increments the con
& There may be occasions whe e

done with a cnmhmu(mnal cireumt if :
e Tt n be accomplished by means of half adders connected in cascade.
g s ca £ \

Que 3.53. l Write a program loop using a pointer and a counter to
ents of hex locations 500 to 5FF with 0.

clear the cont

[AKTU 2016-17, Marks 15]
Answer I
LDA NBR / Initialize counter
CMA / 2's complement of NBRINC
STA CTR 7 save -NBR to counter
LDA ADR / Savestart \address
STA PTR / Initialize pointer PTR
LOP. CLA / Clear AC
STAPTR1 /  Reset memory word
ISZ PTR / Increment pointer
ISZ CTR / increment counter
BUN LOP /  Branch to LOP(CTR < 0)
HLT / Halt when CTR =0
NBR, HEX FF / NBR of cleared words
CTR, - / Counter
ADR, HEX 500 /  Start address
PTR. - /  Pointer

Que 3.34. | Demonstrate the process of second pass of assembler

using a suitable diagram. [AKTU 2016-17, Marks 15]

3-34 B (CS/IT-Sem-3)

Answer l

1 Machine instrye
ructions are t P >
of table. Cranie pm":durt"r-mslntud during the second pass by means

Cantrol Unit

A table- :

whlilh"r]mkup proc edure 1s a search of table entries to determine
; aspecific item matches one of the items stored in the table

4 The assembler uses four tables

Any s i
enfr\'z:\n::i ﬂ;a}: is e?cuunu'red n the program must be available as an
) ¢ ol these tables; otherwise, the symbol cannot be interpreted

Second pass

| LC=0

e

Yes

n
No
DEC or HEX

Get operation Convert
cm:,e arll’d operand to
set bits 2-4 non-MRI No| binary in

nstruction, location
Search address- Sy
symbol table for by LC
binary equivalent
of symbolic address
and set bits 5-16_| {Store binary | Mg o7y
equivalent of] Iine
Yes No instruction of code
in location
Set Set |LEIVED by LC
first first
bit to 1 bit to 0Of
<

in location given by LC

Assemble all parts of
binary instruction and storef Increment LC

Fig. 3.34.1.
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& \n hitecture 3‘-{5 g((iy.l_r;se_:"‘il

iter "rg.znusnnn

“ompu .
S , four tables
the following names to the fo
We assign :
. Pseudo instruction tabl
b MRI table
Non-MRI table

d  Addresssy mbol table

The entries of the pseudo

‘ND. DEU and HEX
END. 1 refers the nx-;embh’r to a subroutine that processes the
v refers

n when encountere .d in the program

ven symbols of the memory- reference
tion code equivalent.

instruction table are the four symbaols ORg

Each entr
pseudo instructio

ble contains the se
The MRI table cd 3.bit opera

ains the symbols for the 18 register- reference
tions and their 16- bit binary code equivalent

these tables to find the symbol that i -
\r to determine its binary value

instructions 4 and their
The non-MRI table cont
and input-output instruc
The assembler searc hes
currently processing in orde

VFRY IMP( )HTANT QD ESTI()NS —*
Fol!u-u'mg qm-nrmnn are very mlportant T’!Pﬂ’ questions
may be a sked in your SESSIONALS as well as |

HI’VIVERbITY EXAMINATION

Q. 1. What is an instruction in the context of computer
organization ? Explain the purpose of the various elements
of an instruction with the help of a sample instruction
format.

Ans. Refer Q 3.1

Q.2. Evaluate the arithmetic statement X = (A + B)*(C + D) using

ageneral register computer with three address, two address
and one address instruction format a program to evaluate
the expression.

Ans. Refer Q. 3.3,

Q.3. Explain all the phases of instruction cycle.
Ans. Hefer Q 3.4,

Q.4. Write the steps in fetching a word from memory.

Differentiate between a branch instruction and call
subroutine instruction.

Ask. Refer Q3.5

3-36 B (CS/1T-Sem-3)

Comntrol Unit

Q.5.

Q.8

Q.9.

;

Q. 10.

Q. 11.

Q.12

Q. 13.

Q. 14.

In an instruction format, there are 16 bits in an instruction
word. Bit 0to 11 convey the addr+ -« of the memory location
'for memory related instruct)ons. For non memory
instructions these bits convey various register o= O
operations. Bits 12 to 14 show the various hasic memory
operations such as ADD, AND, LDA etc. Bit 15 shows if the
memory is accessed directly or indirectly. For such an
instruction format draw block diagram of the control unit
of a computer and briefly explain how an instruction will
be decoded and exccuted, by this control unit.

Refer Q 3.7

. List and explain different types of shift micro-operation.

Refer Q 312

. What are the different categories of micro-operations that

may be carried out by CPU ? Explain each category of
micro-operations giving one example for each.
Refer Q. 3.13

What is CISC ? Explain its characteristics.
Refer Q 2.15

What is RISC ? Explain its various characteristics.
Refer Q 3.17

Give the detailed comparison between RISC and CISC.
Refer Q. 3.18.

Write a short note on pipelining.
Refer Q. 3.19

]

Explain the basic concept of hardwired and software
control unit with neat diagrams.

Refer Q. 3.25

What is micro-programmed control unit ? Give the basic
structure of micro-programmed control unit. Also discuss
the micro-instruction format and the control unit
organization for a typical micro-programmed controllers
using suitable diagram.

Refer Q. 3 26

Write a short note on micro-program sequencer for control
memory.
Refer @ 3.27
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fly define the following terms :
¥ tion

tion

Brie
Micro-opera
Micro-instruc
Micro- program
Micro-code

rol memory

bly level program for the following Pseuq
o

Q.15

i

il

il

iv.

v, Cont

Refer Q RIRIH

Qﬂlt Write an assem

code’ gum=0

SUM=SUM+A+B

DIF = DIF-C

SUM = SUM + DIF

Ans Refer @ 3351
Q. 17. Explain 4-bit incrementer with a necessary diagram.
Ans. Refer Q 3 32
R ri i i d a counter to ¢]
18 Write a program loop usn.:lgapomter'a.n ) clear

9 the contents of hex locations 500 to 5FF with 0.
Ans ReferQ 3.33.
Q. 19. Demonstrate the process of second pass of assembler using

a suitable diagram.

Ans. Refer Q. 3.34.
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Que £.1. ’ Explain concept of memory. Describe
hierarchy.

The memory of a computer holds (stores) program instructions. e
- rand (manipulated or operated ~

1

(5]

5

Memory hierarchy :

L

to de), data (information), ope
data), and calculations (ALU results).

The CPU controls the information stored in memory.
Information is fetched, mampulﬂ:ted Jundm:m control)and
(or written back’ into memery for immediate or later use. 5
The internal memory of a computer is also referred to as main
global memory, main storage.

The secondary or auxiliary memory (also called mass storage) is
by various peripheral devices.

The memory hierarchy system consists of ail storage devices
in a computer system from the slow but high capacity auxil
to a relatively faster main memory, to as even smaller and
memeory accessible mthehi.ghspeedmlm.

Fig. 4.1.1 shows the typical memory hierarchy. All the n
are shown in the Fig, 4.1.1.

Access time el
(increasing) o
j Registers
Cache I
Z Main memory

£ St

L Registers : Internsi r . : :
and tempor, wn'm""‘""hﬂ-‘
Z h-w.,h,‘-"“: -blruwhn:myu‘“l :
W0TY : Cache in used by the CPU for
Mnmw"-ﬂ“.—:‘g‘::hih

ml-y
I."mhmﬁt&mm
£ u-'!:
a &ll &
MWH‘“F:_DHWMM

b Storage |,
M“mmhmdhuhyﬁ.w.
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N -"l
44 BT
- -“.nld"““" RAM. Enlist the ¢
n 8¢

8 | Expl®!

M:
cemiconductor RA
i onductor Random Accoss Memaory (RAM) is & farm of
- :,._,,,- which stores frequently used program inet
:‘: ,:_u the general speed of & system
ety .
s A random SCOPSS MEMOTY deviee aliows data items to be read ar !
" in almost the same amount of time irrespective of the physieal ‘
of data ir«ide the memory.
Froes of semiconductor RAM are
1. DRAM:
»  Ivuami. RAM is a form of random Acceds Me MOy
b DRAM uses a capacitor to stare wach it of data, and the
charge on sach capacitor determines -uuru-hu._
lorQ

Huwever these capacitors do oot hold their charge
therefore the data needs to be refreshed periodscally.

|

d  DRAM is the form of semiconducter ,th-iuh";
equipment including personal computers and T
it forms the main RAM for the computer =

2 SRAM:
Static Randem Access Memory is & semiconductor
-hkh.thdsudn.-ln-dhbmm'ﬂ Y2

b SRAM is volatile in nature.
e Itm«mm.hb-b-n-‘—'
DRAM

a




ST oy and 2,60 mem

7 0 z e -u
During a write operat sense/write circuits receive or wri
e g ot i g lines and store it in the selected cells.
il input information from the data lines
rt note o8 AKTU
W ' 2.5D organization :
"r“,.nizntion- : | : :
i : MAR
H _dimensional array wi
o orgnnluﬁm‘ ‘ ized in the form of & tWO , ‘ i o it -
i o Organize % H. o

1. The cells are a. . word memory, 4 cells : Iin e h“’; .

rows and column® word line. For ALl P ::. the array refers to a Segment 1| [Segment 2 Segme
2 Bachrow nefe:ist tua e Each column |

i tercuunecte o ; | T :

;inm" Memnr!’;""" L ol

ch other) ; y
Bit lines momplvmenl to ea * ;1;: : umn . r EE 2
! y=2v Decode 1 out of e I
Word line P

i, i
: Fig. 4.5.2.2.6D organization.
[ [Word line
i In 2.5D organization there exists a segment. e
The content of MAR is divided into two parts—x and y number of bits.
The number of segments S is equal to 2’
X = 2* drive lines are fed into the cell array and y number ofbits decode

one bit line out of 8 lines fed into a segment of the array. In total, there
are Sh number of hit lines for a b bit per word memory.

ol

‘ R 5. Thus for any given address in the MAR, the column decoder decodes 5
- +out of Sb bit lines by using the y bits of the MAR while a particular word
3 =13 < - line is activated by using the x bits.
. \ of a memory chip of size 16 x4, 6. Thus only the b numbers of bits in the are accessed i

AT holds the address of the loca - the word line and b number of bit lines mmw:r. P

3. The Memory Address Register (MAR) ho ¢ S8 2 7. Though 2.6D organized memory need lesser decoding logic, i
::::B vt gpamions i uocitodh T SRS o mmmwmmméﬁ-mm:

. =

4 The content of MAR is decoded by an address decoder on the ¢
activate each word line. 3

5. The cellsin each column are connected to a sense/write circuit|
bit lines. Two bit lines are complement to each other.

6. The sense/write circuits are activated by the Chip Select (
The sense/write circuits are connected to the data lines of
7. During a read operation, these circuits sense or read the in

stored in the cells selected by a word line and transmit this i
to the data lines.
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Types of ROM ;

i

il

i, Electrically erasable programmable read only memory
(EEPROM) ;

f

48 B (CRAT-Sem-0)

Whai Is ROM ? Explain the types of ROM,

on
Explain the semiconductor hused ROM momories.

Answer |

Quo 4.0,

I The Read Only Memory is a type of semiconductor memory that, fy
w " ' .

designed to hold duta that i either permanent or will not chan

frequently 14 is also known as non-volatile memory.

Programmable read only memory (PROM) : 2
o iwone-time programmable ROM (OTP) and ean be written tg or
programmed via a special dovice called s PROM Programmer,

b Typieally, this device uses high voltages Lo prfrnfnnently dtltl'.y i
or croate internal links (fuses or antifuses) within the chip, ;

¢ Consequently, a PROM can only be programmed onee,

Erasable progeammable read only memory (EPROM) ;

a It can be erased by exposure to strong ultraviolet Hcht-(typiugl.ly 3
for 10 minutes or longer), then rewritten with a process that o
fgain requires application of higher than usual voltage. Y

b, Repeated exposure to UV light will eventually wear out an )

but the endurance of most EPROM chips excoods 1000 eycles of
erasing and reprogramming, B

¢ BPROM chip packages can often be identified by the prominent # ’

Quartz “window" which allows 1V light to enter,

1 After programming, the window is
prevent accidental erasure,

Some EPROM chips a
and inelude no windo

typically covered with o label to

re factory-erased bofore they are pickaged,
W, these are effectively PROM.

It is based on a similar semiconductor strueture to EPROM, bt
allows its entire con

tents (or seloctod banks) to he electrie
erased, then rewrigt

en electrically, so that they need not be
removed from the eom Puter (or camora, My player, ete, ),

Computer Orgunization & Arehitacture _ OB ONTT Bom. )

b Writing or flashing an EEFROM i much siower ( millisscanits gor
Mtnhanruan.nm.m., writhng ta s FAM (nanoseconds
in both casas)

fv. Mank programming ;
" ltbdombyth-»mmdumﬂm process of the unit.

procedu ol he custetmer
b The re for a HOM fﬂth'lll
fills out the truth table he wishes the ROM to satisfy.

-M-dnwryhuuhlhmmwﬂﬂ?
nmnmmmwummm

Mmmhwmmmtme
1 The main memory vecupion o central position in u computer sy stem.

2. It is able to communicate :ﬁmﬁy with the CPU and with suxiliary
memery devices through an 10 processor.

3. Itis relatively large and fast.
Memory address map of RAM and ROM :

1. anlﬁrmmnhlmmdwthndmm
space for ench chip in the system,

. B Todmm.hwuhnuwmpk.mm'ﬁlum

system needs 512 hytes of RAM and 512 bytes of ROM.

to be used are specified in Fig, 4.7.1, The
3 w&mﬁnmmwmummrmx.

4. mwmwwmamn.mmpu

. The hexadecimal address column a range of hexadecimal
mmwm&mm ress bus lines are listed in
the third column.

RAM and ROM is achieved through bus lina 10,
. mmmemummuuuo. and the ROM
when the bit s 1,
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Address bus
("’_____’d\-——————ﬁ
1611 10 9 8

Decoder
3210

81
C82 1988

128 x 8

}mg Rom Data

Table 4.7.1 : Memory address map.

Component | Hexsdeoimal |
o A Ll Y e
FPTIE- ST M 1 8§ 7485 48580
KAM1 | 0000-007F Sl pog 5>
M MOOFP‘ 1 % x x oM oX X
R':K_MH i:n(‘ﬂbff.ijiﬁ“ X X X X oK oM X
- . M‘“ (Jiiom}r‘“ X oM ox XK X K
_.,,_._'O,M miﬂﬂ,,:r““ X oM X X ox oM M

Computer Organization & Architecture 4-11 B (CS/IT-Sem-3)

6. Thexunderthenddrmbullinegduigmtethonﬁmthummbz
connected to the address inputs in each chip.

'I'heRAMclﬁpahavelzsbytumdmdmennddreuline-.

8. The ROM chip has 512 bytes and need 9 address lines.

9. Itis now necessary to distinguish between four RAM chips by assigning
to each a different address,

m A computer uses RAM chips of 1024*1 capacity.

i. How many chips are needed and how should their address lines

be connected to provide a memory capacity of 1024*8 ?
ii. How many chips are needed to provide a memory capacity of
16 KB ? Explain in words how the chips are to be connected to

the addres b,

i Available size of RAM chips = 1024 x 1

Required memory capacity = 1024 bytes

= 1024 x 8

Number of chips required = .:.g.’i.:.:s:hiﬂ
So, 8 chips are needed with address line connected in parallel.
To provide a memory capacity of 16K bytes, chips required are
16 x 8 = 128 chips
Number of address line for 16 K = 14 (16 K = 2')
So, 14 lines to specify chip address.
Que 49, | AROM chip of 1024°8 has four select inputs and operates
from a 5 volt power supply. How many pins are needed for the IC

package ? Draw a block diagram and label all input and output
terminals in theROM.  [AKTO 808516, Marks 10]

Size of ROM Chip = 1024 x 8
Number of input = 10 pin [2'* = 1024]
Number of output = 8 pin
Number of chip select = 4 pin
Power = 2 pin

Total 24 pins are required.
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Que 4.10. ! A computer uses a memory unit with 256 K

32 bits each. A binary instruction-code is stored in one
memory. The instruction has four parts : an indirect bit, an ope
code, aregister code part to specific one of 64 register and an ag
part.

L

il

i,

a.

9 5 A O O o
e

Fig.4.9.1.

How many bits are there in the operation code, the reg
code part and the address part ?

Draw the instruction word format and indicate the nu;
bits in each part. o

How many bits are there in the data and address inputs of { ;
memory ? .

Address: 28 * 210 = 918 2 18 ptg

Register : 64 registers = 2% = 6 bits
OP code : (Total bit ~ Indirect bit — Address bit - R
=(32-1- 18 - 6) bits = 7 bits

LI ’ op I Register l Address —l
31 30 23 17 0
Number of bit in address inputs : 18
Number of bit in data inputs : 32

L gt
iy :

mﬁ“ﬁﬁmm-m—..,.

1. Cache memory is a small sizeq ofvolatile
provides high. ke type computer
used computer

Programs, applications and data.

memory that
umw:mmmﬁ-mﬁ

- mm-'hmamleqmmdluthataluadym:nmnnnuin

"hemh Jtdoeunnt 1
h“'ddi'kmmedata_ need to go to the main memory or the

primary or secondary cache memeory, where

mmu:y‘cadunemryhdincﬂywqrdeauththem.

6. Inaddmnnmhrdwe-buedmcha.cachememnrynhacmbeadhk

cuhe,whenamedporﬁononndiakstomandmmh
mdatdappﬁmim&omthedisk.

Discuss the design issues in cache design.

?hepmymmmmmmmwm:

i.  Cache size : There are two i t 2 g :
thetiiiaalin s © important factor in deciding cache size at

a.  Size should be

¢ mllenoughsothatiueoeaisnryehsewthe
main memory.

b. sm,mumpwmmw«m.nmm
nhouldbelnihbhinthnmhemthntnerqemﬁmeﬁﬂb

b. mwmmm-mmmmwMuMum
Mmdn.u.mmmmwmmmmn,.

c. Almanbloetlinmxltinﬁ‘equt replacement of data shortly
m&hwwmmm.ahmm
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conmtrwipls 01 whith ne

i (ratogy | e main CONBCETT i roluted Lo when Ao “‘ i
Write &

contents Lo 1

i Aradeatt betwoon paraile] " 2
roanos can b stared i

b i

. aaln e tnory e

cuehe

W‘] How the performuahee of onche memary is

Anawer |

1 The perfermance of eachs mesmory I8 frequently messursd iy
o quantity ¢ alled hit ratio

2 Whenthe CPU refers to memory and finds the word in cache, it

to produce a hit

1f the word i not found in cache, it is in main memory and it

A mine s
The ratio of the number of hits divided by the total CPU refsrenes
memory (hite plus misses) is the hit ratio, X
The hit ratio is baut measured experimentally by run; !
programs in the computer and measuring the number of hig
miinses during a given interval of time, E

(=3

m%athmmtbycachem-pphg'!Whtm |

types of mapping ? Discuss different mapping technig
examples,

N

OR b ¢
Discuss the various types of address mapping used in

memory.

&
MW(m.mm

T,

Cuohie mapping
. Cadhs

A-IB B owny

e e

it

i the muthod by which the comstarta of msin memsory

are b
et tand Sty o 2 relarenced by the CP, Tha mayphng

Mbm«mwm

2 ﬂm-‘m“ 0

raetiory blocks

mmum“’”‘,““'w-ummmm...
Types of mapping ;
I Dirsct mupping
#  The direct
implemens T lechiique is simpln and inexpensive to
4 bita 9 bits
T Index
M“l 37K « 12 & 512 = 12
address Main memary mﬂul O adany
Mb-u.mu. o
Gl el B ey
lﬂhm i
memory
__._A‘!"_"'_’__&__
00000 | 5670 Index Tag __ Data
00777 7523 _h-‘L,..ﬂ_oeo 00 | 5670
01 600 1256
g 777 | 00 | 7823
01777 5321 000 | 01 | 1256
— e 125 | 51 | 1580
77771 5432 r--—--j 1771|717 | 582
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B

[

2
a
b

c

d’ -
Memory (CAM). It allows each block of main memery to be
in the cache

—
j cpU | Address Data Address
| B bind
. | 14567 3023 14567
CPU address | ——
15-hit=s) 23473 2495 23473
’ se982 | 2354 56982
| 31567 256 31567
| register |
l 14566
Associative cache memory 64232
45614
98766
Set associative nappix;g— g g
o In set associative mapping, each cache location can have
than one pair of tag + data items. s
b It combines the best of the direct mnppmgcachemd

A.nocfniw mapping :

%
»

ots o SCCESS data from memory, it .
sddress T‘t.ﬁ;::ééi'd —',f{‘r’!; Addr&s!.!usedmm F.'
PU address s compared with the . > 2.,
from the cacne Ated )
address are matched with the
4 the required data word is read fron

When the CPU

The tag field of C
in the word read
If the tag-bxts of CPU
cache, then there s a hit an

cache p:
If there is DO match, then there is a TNSS and the required 3
word is stored in main memory. It is then transferred fi k

th the new tag.

memaory to cache Memory Wi

Loy ‘.

An associative mapping uses an associlative Memory.
This memory is being accessed using its contents.
ory will accommodate the addr

Each line of cache mem
memory) and the contents of that address from the main
That is why this memory 1S also called Content 5

flexible mapping of the fully associative cache. %
ﬂmtismomthanonepniroftagmddat.ammﬁdiud t]
location of cache memory. If one cache location is holding

of tag + data items, that is called 2-way set associative maj

Computer
Computer Organizstion & 2 ¢
17 B {CHIT-Sem-3)
Main
m,
-%‘#;T Data Cache memary
“‘“"-—“L'..L—\[L'f-c Deta g0 Tog Dua |
W“‘;m“—d 1 00| 5670] ooq [91] 1256
K =t
o 7523 | &8s [01] 5821
91668] saz1 ” 03] 271711 ol 5 1
i
FEle| | [P e ]
i

B e s e s, sl

affect the perfor
associative of the

cache computer system ? An
. - s '.“hmh.mﬁ_'*'lvu

V mory : Refer Q. 4.11,
Page 4-1 i
Cache affect the perfo ’Bv:}nn-t

1. The CPU to work at its maxi :
other hardware must efficiency, the data transfer
to the CPU. transition of data transfer from the hard

from the RAM. Since the cache ot
cmflﬁdbmmm:ﬁ%‘xwg{gm‘*
any delay.* shortest witl
Numerical :
Given, Main memory size = 2% bytes = 2% hits
Line size = Block size = 16 bytes = 27 bits
Lines/set = 2\
Since, 8-way set associative so, cache have 8 set
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Anewer |

Differenoe

!
Spatial lecality refers to the | Temporal
tendency of execulion te | Mﬂ"h’. 0 Pogs
s aive @ number of memory | memory kcations thag

Jocatons that are clustered. | used recently

I——
s LR LR e S
e

o o

2 The spatial locality means | 'ﬂ-mm e
that st ructons stored nesr. | & recently executed -
by te the recently executed | = likely to be . %
mstrurtons are slso likely to | sson.
e executed soon

The spatial aspect suggests | The temporal aspeet o
that instead of bringing just | locality reference )
ene riem from the main | whenever
memory 10 the cache, it s | instruction and date
tT#ln‘h’MMM;mu ’
that reside ot adjacent | be brought inte cnche wi
addresses as well will beguefully remain anti

w
.

of cache mvmory.
Writiag pobicy of cache memary ©
L Weite through :

s This s sisplest technigoe

b 1seng this technsgue, all wrile sperations are
s weei] an 1o Vhe cache, etsurog Ut s

of this techaiqee s that §
The mam dissdy antage Seatinsadh

a

. m-mh-twt—"“-"'*‘":.”'
n..w.m-umuﬁw‘

g st Then, whwa 8 ek bs replaced if is wrsites il

of ned onty i the UPDATE bit i set.

Computer Organisution & Arshitactues
© The problec: with wrise
veld gad Back i that portiens of maua nemary
Hﬁh . *UW*-&“;

Anewer |

When & main

W““uhw-wamm

m"“'ﬂl. Oevupied, one of them has to be replaced. This s known
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Questions-Answers

Que 4.21. | Explain auxiliary memory. What are the comm‘)nlyx

N L
used auxiliary memory {

Answer l

1. Auxiliary memory is a higher capacity external memory.
| 2. Itis non-volatile memory that is not accessible by the CPU, be,
is not accessed via the input / output channels.
Types of auxiliary memory :
1. Magnetic disks :

with a magnetizable material.

conducting coil, named the head.

During a read and write operation, the head is stationary while
the plate rotates beneath it.

2. Magnetic tape :

a. A magnetic tape consists of the electrical, mechanical anq electropjc

components to provide the parts and control mechanism for a
magnetic tape unit.

medium,

c.  Bits are recorded as magnetic spots on the tape along severa)
tracks.

d Usually, seven or nine bits are recorded simultaneously to form a
character together with a parity bit.
e.  Read/write heads are mounted one in each track so that data can
be recorded and read as sequence of characters,
3. Flash memory :

a. An electronic non-volatile computer storage device that can be

electrically erased and reprogrammed, and works without any
moving parts,

b.  Examples of this are flash drives, memory cards and solid state
drives,

4. Opticaldisk:

A A storage medium from which data is read and written by lasers.

causej; |

a. Adisk is a circular plate constructed of metal or of plastic coateq R

b. Data are recorded on and later retrieved from the disk via g o

b.  The tape itselfis a strip of plastic coated with a magnetic recording

Computer Organizatjoy, & Architect -
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x
1.3

ia, such i
¢ There are three bagj chas floppies

(read-only), WoRy twch‘ms Of optical disks: CI/DVI/BD-ROM

disks). .

Que 4.22, I A moving arm disc 5

specifications:

Number of Tracks per recordin

. : g surface =
Disc rotation Speed = 2400 NVD‘ution/;einﬁ?
Track-storage capacity = 62500 bits
Estimate the avers,

te-once read-many) & EO (erasable optical

torage device has the following

ge latency and data transfer rate of this device.

AKTU 2017-18, Marks 07

Ana‘_'eri . ]

Disk rotation speed = 2409 rpm

As we know that average latency = -;- x Rotation time

2400 rotation in one minute 8o the time for one rotation = 1 .50

2400

Tt
5 =12.5ms
Track storage capacity = 62500 bits

And in one rotation head cover entire track, so, disk transfer rate
= 62500+ 2400
60
(where 2400/60 is number of rotations per second)
=25*10bps

Que 4.23, I What is virtual memory ?

OR

Write a short note on virtual memory. [AKTU 2014-15, Marks 05]

Answer_ ]

1. Virtual memory is a memory management capabihty of an OS that
uses hardware and software to allow a computer to compensate for
physical memory shortages by temporarily transferring data from

Random Access Memory (RAM) to disk storage.



memory in HAM and
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‘H’”'M, ny petive

24P "_ i e ,m:‘"';‘ “"“ ‘V,”[;l)m to form contiguoug

= oun 4P 1 igh DPIYE

. virtudl udd? ory Hard ,pplication and ite dati

2 et me m' i poth the ! I Loud largeT programs or multiple
addrens e’ s unl M mory ¢on Jowing each 0ne to operate ag if

/ Stimee, @ .

;A gyster u-m&’J“ L at the m]l!ll’l' out having 10 purchase more KAM.

i ame T and withe ) .
peen infinit® memory . that allow® program to addre o memory
iyl | emory is n foc '“:: lt' regard Lo the amount of main memory

fual w, withot N y ‘

! r\!"durn'l""”! i provides # mechanism for translating
ror . em : cati

ory #¥at s into correct main memory locations,

" .68
d addr¢ peing executed in the

ot

5 .
‘ am R n ; o
A e dvndmnulty, while program
6 'l'hlll-: 1a don
o following memory schemes discussing why

Que 4.24. , Explain the

mu-drd the: emory

lnh’rlenved m E—
. Awsociative memory ——AKTU 4
) OR

Explain the working principle of associative memory.
4 X :
Answer
Jeaved memory :
Inter ign made to compensate for the

i
is a des
aved memory J c Random Access Memory (DRAM),

1. Interle ;
relatively slow speed of Dynami

2 Thisisdone by spreading memory addresses evenly across memory
banks - .

3. Thus, in contiguous memory, T ads and w:tltes are done using

‘ ’ resulting in higher memory

each memory pank in turn, !
throughputs due to reduced waiting

ready for desired operations.

4. Asshownin Fig. 4.24.1, the lower order k bits of the address are
used to select the module (Memory pank) and higher order m bits
give a unique memory location in the memory bank that is selected
by the lower order k bits.

5. Thus in this way consecutiv
different memory banks.

6. Whenever requests to acces:
being made several memory
time.

7. This results in faster access to a bl
also results in higher overall utilization of the memory sys

for memory banks to become

e memory locations are stored on

s consecutive memory locations are
banks are kept busy at any point in

ock of data in the memory and
tem as

a whole.

8.
ji. Associative memory :
1.

2.

3.

4.
5.

3 : ==
! z

‘AHR DBR 1| [aBR|DBR
ABR | DER| , ABK[DBR '

Module Module I Module |

I O cse i wew ! zl 1 ,

Fig. 1.24.1.
If k bits are allotted for selecting the bank as shown in the
Fig. 4 24.1, there have to be total 2k banks This ensures that
there are no gaps of non-existent memory locations

Associative memory is a memory in which Jocation is accesses by a

field of data word stored in the memory rather than by any addr
It can beview:ed as a random access type memory which in addition
to hnvn_ng a physically wired-in addressing mechanism also
wired-in logic for bit comparison.

This logic circuit enables companison of desired bit pusitions of all
the words with a specified input key.

This comparison is done simultaneously for all the words.

This is also called Content Addressable Memory (CAM)

eEs

has

Working principle of associative memory :

1.
2.

3.

The mask register specifies the key field

lnpl:’! data is simultaneously compared with the key field of each

word.

The select circuit implements two functions

a. It stores the word location (s) for which match has occurred

b. It reads out the word(s} in predetermined order for the match
position (s).

Thus, a word stored in the associative memory is a pair (key,

Data). Any subfield of the word can be specified as the kev ‘

'I'herread or write instruction is preceded by the match instruction

having the format.

Match key, Input data

The read/write operation can next be performed on each of the

words for which match signal 1s generated
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[ Input regester

=

(e ) +2TB (CSAT.
[ Mask reguster __ | memmu, s
. key P &
: Match 1. This MEMOTY is acceaged ‘
Waord organized array Select Select data Wrﬂ.“ﬁ*“w-hh‘d
| Wor of CAM cells —— circuit 2 This Mmemory is capabje Specific

q-m,whnt is associative memory ? Explain with the »_
block diagram. Alse mention the situation in whicy
memory can be effective utilized. AKTU 201

Answer |

Associative memory and block diagram : Refer Q. 4.24, Page ¢
Unit 4 ]

\ssociative memory is effectively utilized when doing a lar
pattern match and lookup. -

Quml What do you mean by CAM ? Explain

characteristics. A

Answer l
1 Content Addressable Memory (CAM) is computer m ; t ope
like o hardware search engine for search-intensive & m_, d
4 UAM s capable of searching its entire contents in a single cle <
4 Wdoes that by pairing the SRAM based memory with na
vomparison cireuitry that is active on every clock q‘ :
¢ The way CAM functions is almost the opposite of Rande
Memory (RAM)

Datu stored on CAM, can be necessed by searching for the e

iteelf, and the memaory retrioves the addresses where that e
be found 6T

6 Because of its parallol nature, CAM is mueh M“
soarehing, :

!

1




2

Locality of reference is a term for the phenomenon in which the ,.
or related storage locations are frequently accessed, depending on t} .
access pattern.
Example :
1

B (CSAT-Sem- 3 v
A 2) cache : It is built on current proceumn‘ A

b Leveizi(l " apacity from 64 kbto 16 MB.

chip. It h;‘:;,;-nche : This cache is separate from prog,
- L:W:LT}:erhmrd. [ts capacity is up to 8 MB,

the ¥

v memory : Refer Q. 4.1, Page, Unit.4_

3 Main or primsr : Refer Q. 4.1, Page, Unit-4.

4 Secondary memory

with suitable example.

Anewer |

Take the example of an operating system. Ideally, we
unlimited amount of main memory, instantly accessible.
In practice, we have a limited amount of main memory, and b
cheaper, a very large amount of secondary memory, g
However the trade-off is that secondary memory tends to be
orders of magnitude slower than primary memory. k%
We can approach the ideal by keeping the more often used g
memory, and everything else in secondary memory. %
Because of the principle of Locality of Reference, we can be su
most memory references will be to locations already sto)
memory, thereby improving efficiency and providing a flat m
model. '
This scheme is used in modern operating systems and is e
memory. Virtual memory gives users the appearance of w
primary memory by transparently utilizing secondary

Computer Organization & Armm

Q8.
Ank

Q.4

o

Ansi Refer Q. 4.14.

How main memory iy
themmmmmh?’m

.
Refer Q. 4.7, Rom, Buplain

Refer Q. 4.8,

- A ROM chip of 1024°5 hug four

from select inputs and operates
a5 volt ‘
thelcmmn,:'f"“"'wnmwug

and output terminals in the Rop™ "™ 4 abel all input
Refer Q. 4.9

of bits in each part.
the memory ? data and address inputs of
Refer Q. 4.10,

mmmmmunﬁu

in
memaery. mapping used in cache

Consider a cache uses a direct

mapping scheme. The size
of main memory is 4 K bytes and word size of cache is 2
?Ilmrh 3/ o Find-oa
o gt

mdnutnd-m‘ address (assume each of
main memory has an address) lm-
Address of cache block

Mwmmwwuw:;
cache address/bloek/location

- How can it be determined if the content of spocified main

memory address in cache ?
Refer Q. 4.16.
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Qn

. Pormulate
. What is the whze of ©

\ specifications i
ks per recording surface = 200

jutive cnche memory uses big
s neeommodnte o total of 204y
momory size (s 128 K % ag,
formution required (o o

A Ltwo way sel ansoo

waords, The eache on

from memory. The main
1 pertinent in

the sache memory:
he cache momory ¢

Rofor Q. 4.17
o distinetion between npatial

What is th
temporal locality

Refor Q 4.18

A moving arm dise storage device has the fole)

Number of Trac
IMse rotation spee
Traclk-storage capacity = 62600 bi

Estimate the average latency and

device.
Refer Q. 4.22.

Write a short note on virtual memory.
Refer Q. 4.23.
Explain the following memory schemes discu

needed the:
Interleaved memory

Associative memory
Refer Q. 4.24.

What is associative memory ? Explain with the |
block diagram. Also mention the situation in
associative memory can be effective utilized. t

Refer Q. 4.25,
What do you mean by CAM ? Explain

characteristics.
Refor Q. 4.26.

What do you mean by locality of reference ? E:

suitable example.
Refer Q. 4.28. .

©0o

o = 2400 revolution/minute
ts

data transfer w ‘
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Input/Output . Peripheral Devices, 110 Interface,

s
I 2 ; -
l R LR T

Que 5.1. l Explain the term peripheral devices.

1. Peripheral devices are the computer devices that are connected
computer externally such as printer, scanner, keyboa.u-d‘ mou
device, microphone and external modem. It can be internal

CD-ROM or internal modem.
Peripheral devices can be classified according to their functions
i. Imput : Input devices are the type of computer devices ¢k
used to provide the control signals to the computer. Keyho
mouse are the examples of the input devices.
ii. Output: Output devices are the devices that are used to
the results. Printer, scanner, speaker and the monitor are
examples of the output devices.
iii. Storage : A storage device is a device that is used to stor

information such as hard-disk drive, flash drive, floppy di
the tape drive.

QueBZ. | Describe U0 interface, Why they are needed ?

OR
Why input-output interface is required ? Describe in detail.

IO interface provides a method of transferring information be
storage and external [/O devices,

The major requirements for an I/O module can be given as -
Processor eommunieation : This involves the following tasks :
a. Exchange of data between processor and /O module.
b. waq:memmOdMe for a disk drive may ace

the following commands from the
brocessor : READ SE
WRITE SECTOR, SEEK track, ete.

<}




| R s
!'VIJV_H, e It canses the interface to rag
| l "its registers,

bus into oné of ils regs
o t th:-upp«muvnf data f"-"'-Pl.lt,
dr: ln:lu-nplwrul and places it in it buf
0

4B
. nd !
Qutput data comm
transferring data fr
ta commAan
s 500 yof data

i N
roceives anites s
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j PART-2
of I
Interrupts : Interrupt Hardware, Types

peilpnmemh s ——
e ——— e e ST

s i sposmsstrmaasmisi-

Qun 64. | Write a short note on interrupts.

OR

i ice interrupt occurs how dg

Define interrupt. When a devu.'e .
p;ll(‘(‘lm)f determine which device has issued the internm

Answer |

Interrupt : An interrupt is a signal sent by an 1/O interface to

when it is ready to send information to the memory or receive info;
from the memory

Identifyving the source of an interrupt :

Two methods are available to determine the interrupting device :
a. Polled interrupts :

L Onreceiving an interrupt request the micro-processor will
aroutine causing it to poll each of the devices in turn.
Devices have a status register containing one or more int
roquest hits,

2

b §

Ifn device caused the interr
4

Upt, its interrupt flag bit willh
The npplrupnutu service routine will then be selected and
BOIVICe .
Polling can be very inefficient if thepe are many devices ecap
Causing an inte rrupt. ’
This method yses only softw i i i
ey \ are methods to identify an in
Vectored interrupig ;
1.
2

b.

8

This is the method yg

It is Sometimes rofy

ed in modery tomputers,
additiongl hardwape |

rred to gy hardware identification
S required,

Quess, | M&m&u&hm-hw

oceurs,

v delhp-uh-pln
1. lntempt%; ”

a Theintarmptr ‘m"mm«m
nterrupt e .
an ey Feduest due activation of an interrupt request line or

b.  In this step, the !
component made fh c‘:ﬁﬁﬂhmmewm

2. Statlullﬁntz

a %ﬂﬁ&“hhﬁ-h%mwt
to

b.  Therefore, the m-ﬁ-la-nduﬁ-un:humyhe
chmh&twmmnﬁm may be
remﬂtﬁuthmﬂuhth ed. Yy

3. Interrupt masking : ‘

a.  For the first few the sequence, 'gnmm;.' are masked
uutnwnmm_mhmhfmm
Processor status is saved.

b. momkh&nmhwm.dhmpm;.

4. Interrupt ent ¢

a Atlompoh&.thmmmctb
NMHM.M!&WM-W&:&
continue its task, : .

b. oneonh-vmh&hmnwdudhbmtuu
interrupt acknowledge.

5. Interrupt service routine :

b.  The mdhmmhm in several ways,
depending on the system architecture.

+ The simplest is found in the polling method, in which one routine
y ml:llmmﬂmzmm



5-6 B (CSAT-Sem-3) - -
Restoration and retarn
y routine has completed its proe

After the interrupt service
| rutnrmu all the registers it has changed, and the PrOCessor restope,
all the rogisters and flags that were saved at the inm.gm“ ¥

interrupt routine.
b If this is done correctly, the processor should have the same sta
as before the interrupt was recognized.

W‘] How system resolve the priority of interrupt ?

OoR
Explain polling and daisy chaining method.

Answer |

'l‘h}re are two methods of system to resolve the priority of interrupt :

a. Polling method :
1. When interrupt requests arrive from two or more devi
simultaneously, the processor has to decide which request shy

be serviced first and which one should be delayed.

2 The provessor takes the decision with the help of inte
prionities. It accepts the request having the highest priority.

3. In this case polling is used to identify the interrupting d
priority is automatically assigned by the order in which devic
are polled,

4. Therefore, no further arrangement is required to accommo

simultaneous interrupt requests. However, the priority of d
18 usually determined by the way the device is conmct.:;l’ to the

Processor.
b. Chaining method : e
1. Most common way to connect the devices i daisy w{'
as shown in Fig. 5.6.1. D 0

3 ﬁelnterruptﬂaquntline(mnacommontadlﬂl.a
and the lute Ackn i i sy
e Melfrupt owledge line (INTA) is connected in a daisy

3 In daisy chain fashion |

through the devices,
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58 “,f_ T ) etween vecte s b Adevice wishing t5 gie 3
- ; ace b red. N‘ ’
. differe mdthenre{mthh“wm‘ S5

¢ If the pulse ig tog

les of each,
. hardwmmhm:hu;?r‘wm ,

. lhl'
__‘._-——T EXPI"“ ‘ "w“ngexﬂmp
0""‘" ¢ Explain °
e AKTU 20183

vectored int€

r

non-

Tower | ~ ] Noavectored inie

anNol ¥ ,.W”Th}e ! ];]'_;r—):‘el'torl?d interrupt gy
| & are "7 | those in which vector addnass:
defined.

fi
1 " sane -
.’“wrﬂljf‘i trl;nb:t identifies | not pre ;

| interr , ;S0T Becamemmny.'l I

toth pmﬂ‘:u C. !
R "K‘*‘%‘-- ’MM’:‘R ﬁi;:" -iwt , oy
oot N NSRS Tt N feiien e

verifies that the in 3 ; .
v of time. 1eETUDt signal stays active for g st puried
rterript y

Vectored I rates the

| itself direct} phie 2o .
; flﬂdj;h-rrupt have fixed | Nuu-\t,_ectgr;gnl;l)ter;npt‘h’
e .1 scation for transter have lixe ‘mory locatio

| memory S8 execution. | transfer of control for ng

| of control for NOFTY | execution.

period of time.

1 | S B S ;
F—"TVeerored interrupt has A non-vectored interrupt dg
: 3 .‘ :n::nt:::\ address. 8 have memory address, :
sl | The \';;iored interrupt allows r Wher} a non_-vef:t,omd mte o
! i‘the CPU to be able to know i- received, it jump lnto‘ ¥
| !what ISR to carry out in ’ program counter to
!L [ software. address in hardware.

sponse time is low. E Response time is high.

b @

| 5 |[Re 3
o ’ o —— : :
! 6 | TRAPis a vectored interrupt. , INTR is non-vectored interry

Que 5.9. | Explain the types of interrupt on the basis of tim oy

Discuss the programmed I/O method Gl 7
i 5 s, hod for controlitng iuput.output

Progra.n;nedm: e T‘ \ e

- W,‘;“‘;“%‘;"mm«m-«;mmwn
relating to VO, it executes that instruction by issuing a command to the
appropriate VO module. P

£

There are following types of interrupt on this basis of timer :
1. Level-triggered :

a A level-triggered interrupt is a class of interrupts where

presence of an unserviced interrupt is indicated by a high

(1), or low level (0), of the interrupt request line.

b. A device wishing to signal an interrupt drives line to its a

level, and then holds it at that level until serviced,

Edge-triggered :

a An edge-m'ggere_d interrupt is a class of interrupts that are sig
by a level transition on the interrupt line, either a falling e
{1to 0) or a rising edge (0 to 1),

i
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Error
condition ol
L

yo—CPU :
. o

Next instruction
' diagrams.

e /O, the 1O module will perform the rei
t the Approprinteﬁuint.lnmlm

2 With program
action to alert the CPU. , 7

action and then se

The /0 module takes no further
[t does not interrupt the CPU.

5 Thus, it is the responsibility of CPU to periodically check the: .

the VO module until it finds that the operation is complete.

&=
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Computer Organi“ﬁm & ; ‘- :

d a hard drive controller ¢ N
T . .
their own se 1 o
Block disgram for DMA : . . nuBnGie“,Q
| Address bus, READ/ and WRITE/ . Whe o
Micro ' controller to
processor Data bus » M ? write operat;
‘ When the peyj
Ry’ 5 -
i word in the datg
— . P it ot % read). bus
DMAACK < 6. Thus, the DMA ‘
DMA — vo : sddress el }
' Fig. 5.12.1 ¥ T T 7. The periphera]

Working of DMA controller :

When the peripheral device sends a DMA request, the DMA o Bosson for il
activates the BR line, informing the CPU to relinquish the bus somtrol Hitl ine DAEA

. . { h
2 The CPU responds with its BG line, informing the DMA thist fig fetch (read) the data from ghe o 1808

are disabied . . i
! ' Q..E.l'.»l whtilthg

[t S Random-access mapped VO ? Explain e
2 B e ST memory (RAM) ‘
{ P —— 1 pas s a
1 : i 4 :
{ I F } RD WR Address Data RD WR Address Data P Answer -J F
l ‘ 4 Bead controld | [ Difference beeen isolated
H 4 y Write control : ‘ 8. No. B
1 A Data bus . o
/ L Address bus '- |
Address . ; 2
select y 1] 1
RD WR Address Data >
DS DMA leknwleh-! by 3
! RS Direct memory 1o :'
BR access (DMA) S04 =
i
Interrupt 4 .;
3 mnmmwuthecumntnlueoﬁunddrmm 6. i
address bus, initiates the RD or WR signal, and sends a D)
acknowledge to the peripheral device. TH 7
4 The direction of transfer dependsonthemoﬁheMlh‘.A b

O e e

[t

i ““y




Advantage of isolated IO : :
1 fhednmoflﬂmenﬂdm-mum.

| ‘!u&rnmnmwmr-dn'dam
mdwn_upwdﬂt#prbrmdnuoﬂrnu

2 The SQLite library needs less RAM.

Disadvantages of memory mapped VO : :

1 If an MO error on & memory-mapped file cannot be caught by |
application, results in a program crash.

2 Performance is reduced by the use of memary -mapped 0.

I HOP s designed to handie the details of VO

\Mh‘ %

i‘luu aset of




ome direction, from the
L
o }— o]

2 Half-duplex connection : called A
connection (sometimes b <
comnaction is whidh e

b This can be achieved by means of a four-wirs link, with
pass of wires dedicated to each direction of transmission.




In;

5-18B( CS/AT-Sem -3)
is not required.

2 Hardware are cheaper as clock

3 Set-upis very fast, so well suited for applications where m
generated at irregular intervals.

Disadvantages of asynchronous transmission :

1 Large relative overhead, 2 high proportion of the transmiitted
uniquely for control purposes and thus carry no useful i its

wﬁ ' Differentiate among :
ing asynchronous data

Strobe control and handshak

1.
modes.

ii. Processor and IOP.

m. Synchronous and asynchronous transmission.

iv. Chmcter-oriented and Bit-oriented protocols.

v. DMA and interrupt initiated /O techniques.

handshaking asynchronous data

Strobe control and

i
modes ;
fsn‘z[ Parameter | Strobe control |
1. | Control line ’It emplo; employ' MI.
| | ys a single |It ¢
! i icontrol line to time |single control .
R | |each transfer. time each
{ 2| Acknowledgement | Reply message is not | Repl :
‘ g ¥ message
[ 3 | Blockdi : '
i } diagram [ Soarce | 2252 [ Destin- -
I, | [ i ation | f S
| : S unit -
[ PR g 3
| | & Data A
| | ’ s..,,,v""“"' —Eat
| | : 3
| f i

| : | Processor is CPU. Sl

{ - Handl % 15 CPU 5

&3‘ { Handles only /O -

? mm; iy

W IG‘U is set-up by | IOP is a processor wif S
S




Write a note ot

Skt ¢ of commeon instructions that can be yse

3

S

subroutines.

A subroutine is a se
Nmm\'hﬂ'&
Mumuunrmﬂunfnmfm-uimduqumuur
carries out a given task. .
£ach time that a subroutine is used in the main part of the progy,
ted to the beginning of the subroutine, B

branch 18 execu
After the subroutine has been executed, a branch is made b

A branch can be made to the subroutine from any part of ¢ :
Beeause branching to a subroutine and returning to the mai;
is such a common operation, all computers provide special in
to facilitate subroutine entry and return,

Program :
LXI H, XX50H ;&tupm‘u.poimrhth oure:
LXID, XX70H ; Set up DE as a pointer for the
memory ;
MVIB, 10H ; Set up B as byte counter ﬁ-‘__ :
NEXT: MOV AM ;G.tdgg.mmhmﬁ .
HERL ; Store the data byte in destination mem
INXH 3y
i : Get ready to transfer next byte
DCRB
JNZNEXT ; Gl ok 1 okt s R




of specifying the bm

. What are the

various wWays
vy

a ﬂ‘iﬂ“r .

re are two Ways of s
register which are:
By giving it 3 fixed position- .
By employing & floating-point representation.
What are the yarious facts related to bus and
Various facts relat: 7
A bus system will multi
n-line common bus.
The number of multiplexers needed toc
n, the number of bits in each register.
The size of each multiplexer must be k x 1, since it
data lines.
Give various advantages of polling method.
Various advantages polling method are :
The priority can be ¢ ed by altering the polling seq
in the controller. "
If the one module fails, entire system does not fail. '

Discuss the basic component

Basic components of register

Registers and their functions

Information

Operations

Control function

What is the relation betwee :

transferred ? n bus width and n

Bus width is directly proportional to the number :

The wider the data bus, then . of bit
ter will -

transferred at one time. greater will be the nu

Memory tra
(write). The

v

fer iny
T -,ylj'
a




1oadd rchitecturé
Computer 0’*"“3_’_5'5’_“.{32—4——-’4 —
Col N

(2 Marks Ques

21 nnulonk.he-:ld:rfyu:;;n?
ahead carry r is 8 tyP
- :nlr:hynducincu-emmtoftmemqmmdw
s
22 ﬁﬂia.mhneﬁcmdlogiccﬂmlt?
Arithmetic cirt-llit:l1L=adigi_Lglcircuitwh_id|
Ans arithmetac operations such as addition, S\lu!mﬁp 8
l_ngircimi!:h is a digital circuit which perform
aperations such 25 AND, OR and NOT ete.
21 Define following terms: g v
i RTL ii. Micro-operation
—

operations 1o execule
set of aperations called micro-operations.
24 What is the main advantage of RTL ?

Ak Advastage of RTL are :
i [t uses register's ac & primitive component in the di
i It deacribes the indormation fow and processing tasks ames

dsts stored in the registers in & concise and .

L5 What is the need of P
machine Reki meny slivortng

of adder which impro .,:

210.

For 4385 in ,'—m,
normalized.
A floating-peint ny
significant e
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Effective
in a computs ton.

type instruction,

35

L

3.1, Explain one, two and three address instruction.

instruction : One address instruction use
lator (AC) register for all data manipulation,
struction : In this format each address fi
rocessor register or a memory word.
truction : Three address instruction fi
fields to specify either a processor regi

Aps.
i. One address
implied accumul
ii. Two address in
specify either ap
jii. Three address ins
can use each address
a memory operand.
3.2. What are the various facts related to operation code
Amg Various facts related to operation code are :
i The number of bits required for the operation code of an in
depends on the total number of operations available in the ¢
ii The operation code must consist of at least n bits for a g

distinct operations.

3.3. Deﬁmthcnocuuryt-ctorstorinnh-uoﬁu
Ans. wamafwins&uctionnqw-.g
i It needs a counter to calculate the address of next instru

execution of current instruction is completed.
i It is also necessary to provide a register in the control
storing the instruction code. .

34. mopuaﬁm:uehchdodhmt

As& Micro-operations includes : :

L nm;imamdofdm&omumcmr.ﬁdlrhm

i Perform the arithmetic or logic operations on the data
CPU registers and store the result in a CPU register.

ii Fetch a word of data from specified memory location and load
into a CPU register.

Ability to exp
degree of paz

el






| In the case of "'“hﬂ Prs -
1 In B8 e asS0Ciates [ pro‘mmmnl. each line
|
W‘::‘T!: the mlt‘ro micro-program repre #
l nwm—mﬁuetmnwm

one Or MOre Miere-o

| pepresent mUC ) i
t e ~ . | One micro-instruction
{A specific i executed dunncn:;
uecuu-d dunng step.

| instruction step only if the control sequence. One can y
mﬂw“‘d’uh““"" straight binary code to specify

(23

|

!

318 What are the
micro codes 7

Imh!gp&d’mdelhemﬂu
code contains the control

ﬂ. - - m‘ .I

f
|
f'qn:lnthoﬂlmy

|

-

{ Horizental micre code
‘mstrumnn contain a lot of
{ m-hndhmuduem that
*the number of bits also
‘ NCrease.

©00




Architecture

S \
Computer Organization & Q-11B \'(,S/]T_Sem.a)
v ili i ized in records
Why auxiliary storage 18 m"'gnn or blog
4.5. ¥ torage is organized in records or blocks because 1hek" ?
BEE]‘

. :}:;‘;?;fs:ajlv much longer than the transfer time.

46, What is CAM ? [AKTU 2015-16, 2017-15; Morirs;
— ‘ontent Addressable Memory (CAM) is a circuit th -

gn(n‘:;;:on and storage in a single device. Instead ofs?;f con?blne;

address and reading a word like a RAM, we supply the data . x:ig an

CAM looks to see if it has a copy and returns the index :f tt}}:e

e

matching row.

4.7. Which of L1 and L2 cache is faster ?

| AKTU 2015-16, 2017-18; Marks o3
Ans

1. All processors rely on L1 cache, which is usually locateq oy,
processor and is very fast memory and expensive, the
2. L2 cache is slower, bigger and cheaper than L1 cache.

48 What iscache memory used for 7 | AKTU 2016-17, Marks o3

Ana
1. Cache memory is used to store frequently used data or instructions
2. Cache memory is used to improve computer Performance . %

reducing its access time. Y
3. Acache holds instructions and data that are likely to be needeg for

the CPU’s next operation.

4.9. Give the disadvantage of direct mapping.

AB& The disadvantage of direct mapping is that the hit ratio can drog
considerably if two or more words whose addresses have the gamg

index but different tags are accessed repeatedly.

4.10. Define access time, seek time and latency time.

Afis. Access time : The disk access time is the time delay between
receiving an address and the beginning of actual data transfer.
Seek time ; The seck time is the time required to move the read/

write head to the proper track.
Latency time : The rotational delay also known as latency time is

the amount of time that elapses after the head is positioned over
the correct track until the starting position of the addressed section
passes under the read/write head.

-11. Discuss the advantages of erasable optical disk.

o~

125 (CS/IT-Sem-3)

. The collection of a]) status bt conditiy

T,
disk. “@pacity ., °A djy

: yabﬂm k Ary ,
In'sﬁt?r‘tabba.?d can eqyy 631 .‘
It is highly reliahj, ol h:sb]e rieg fday, s
O0ger jig, " e Biney

e, e"fhp
Ute,

State the disadv,,ma
Disadvantageg
It uses constant ang:];‘: - 2b] ol
space s wated i £ vt Wi
Overwriting fiata on mg T tracky od, g,
magnEtlc,medla: sintf_‘ One T eto'optit‘ m
a second is requireq t “’ritee;:iﬁ? : 2is 4,
What is memory m, tha
Memory Managep, SeMent
the computer that f;;ltd{l]e';lt My )i
sent to the MMy which he
m_{ormation.; whether it is _mt en
i bf!MU = paally locateq on
table for matching Physica] lm!nmour Machjng:, Cntsgor
Ty add ;

Explain the follow;
PSW

Delayed load

ng termsg ,

Ak'ml!)ls-r.-_ W

PSW (Program Statys Word) ;

mmmecpui‘mmfum,

called a program statys w
b ord ’

The PSW is stored in 4 separzlt-epl?:'.
the:' status informatiop that chara._—f_:dfxare Fegister ang ontaing
It includes the status bipg from therizs State of the Cpyy
specifies the interrupts thag ar, allowed:nAL .
CPU is operatingin a supervisor or oevur and whether the
Delayed load : Ty,
Itis up to the compiler tq mak

_ 1 € sure that the insryet;
the load ms}ructmn uses the data fetchte‘t:lhfemu::ﬁm Rllowing
If the_ c?mpller cannot find a usefy instruction tc;mory.
loa_d,_lt Inserts a no-op {no-operatjon) instruction, e the
Thisis a type of instruction that is fetched from memory but hag
no operation, thus wasting a clock cycle, )

. This concept of delaying the use of the data loaded from memory

is referred to asdelayed load.
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Computer OT8

4.15.

4.16.

oo,

1 A ran
(RAM) device allows data | type of semicon
items to be read or written | that is designed \
in almost the same amount | either perma;:o hold data ? " dl::ie“
of time irrespective of the | change ﬁ-equmuem i pher
Physical location of data as non-volatile 38 . AV&_!netyo! peripl
inside the memory. - fvmhbh' So, it w
. ogic within
: : the C]
Types of RAM: Types of ROM : Generally, the g
i Dynamic random i Programs data formats a

anization & Arc
_..,.—4-‘-—"--4 .

What do you

hitecture

e is a term for the phenomenon ip, 4

Locality of referefi¢ h
related storage locations are frequ
mory access pattern. =

same values 0T
depending 00 the me

Write the diffe

o ]

dom access memory

rence between RAM & ROM,

TAKTU
T

The read only ',"

access memory

(DRAM)
i, Static random access i
memory (SRAM) f::;nmi:f
(EPROM)

memory (

©00©

Why /O d
bus ?

address 1

signals to

State the -
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( um_puu-r ()fll_rfizit:rln_& Archxtit‘_t_u:'« e o = ‘.:‘_'_.Q
ke of med /0 and interrupt driven
o gm":meﬂml the C I-pe'ndﬂmhnnlloclm-utmm
' for 1/0 data transfer can o!hn

a number of in!tn;dmnﬁ

t on other tas
it ';‘Enl/(; transfer rate is limited by the speed with which ﬁil
‘ can test and service A device. CPU

programmed VO and interrupt driven /0,

Interrupt

55. Compare
[8:No.|  Programmed 1O |

1

interrupt hardware support. hardware support.

g melakilurs
intm-up( status. process interrupt driven [/0),
"It does not need initialization | It needs initialization of stack

. i nflllﬁ‘k' J

5.6, Give mp-rison between I/O program oontmu.‘t.-*

and DMA transfer.

Ans.
' transfer e A
Software controlled dntn]ﬂurdwm controlled data transfer,

i
3 + transfer.
Y | Data transfor apned is low J Data transfer speed is h
|

,“ .

CPU is involved in the (‘Plhsnotinvdwdinth.m
transfer.
4
Lm

Extra hardware is not | DMA controller is required to ‘i :
"“I“"Y‘d carry-out data transfer, '

Suuthoohamm'ima of /O channel.

L An VO channel has a special-purpose processor.
The /O instructions are stored in main memory.

. The VO program specifies the devices, the area of memory st
priority and actions to be taken fnrmmmm

Explain the type of YO channels.
There are two main types of /O channels :

Selector channel
Multiplexer channel

5.9, What are the modes of data transfer ?

38
Anx
i

i

s ?“.‘,f

It is implemented without [ It is implemented using interrupe |

= ,dm... not dcpend on lnterrupt must be enabled oy

p (CS/1-Pem-3)

L P g
I3 elo’d“. vt o g ,. :
’g f%m-dm, ok, 118 e
‘% yomatrucﬁom &
]nwmpt-dﬂv.-w
rggrammodm»

memory

lﬁ' out of the memory - :

q
:

’ An interrupt is a signg)
.greadytound ‘Qq.-»- ‘

from the memory,

a When a CPU t
pormal program.

4 After stopping it g

When th.'l‘ i‘ dm (Y] d!
the specific task reqy

1, Differentiate h
transmission,

-+
>,

Transmitter and
are synchronized
Data bits are tr:
with synchron

clock.
Data transfer tak
blocks.

i Output data cor

5il3. Why are read a
bidirectional ?

A8 Read and write e
s0 that ;

L When a BG input
Ww




satian & Architecture SQ-17B (s
e ' s,

| the CPU has r‘»im.]ul:'lvd the buseg

nd the Dy

When BG is )
sunicate directly with the memary by specifying an ag
’ YINg an agy

- --'.": [Jrr as bus amnd activating RD or WR. f‘l'g,'
i14 What is the use of modem in synchronoyg com
== Unj,
eation 7 A.KTU 20]5'13- mrk. 0
onverts digital sgnals into audio tones t
A A modem conven ayntal signa Ones Ob“!r
ver :‘. phone lines and also converts audio tones from, ;}‘T?lm‘,d
ne 4,

digital sygnals for machine use. The modems used jp Syne
ransmission have internal clocks that are set to the fr";]\Je ONoyg
ar ey thy

N t

Iuts are being transmitted in the communication line,

5.15. Describe cycle stealing in DMA.
AKTU 2018-19, Marks &

‘.]‘ In Dhrect Memory Access (DMA), cycle stealing is a meth
allowing 'O controllers to read or write RAM without interdev of
with the CPU €ring

2 DMA controllers can operate in cycle stealing mode ip whi
controller take over the bus for each byte of data to be briiat ch
and then return control to the CPU. €rred

5.16. Write the difference between serial ang Paralle]

1‘
[examplo, computer to

| computer.
e d———

printer. i
|

communication.
Ans.
——————e——— - .
Basis for { Serial [ m
comparison | communication |  communication ,
Meaning | Data flows in bi-direction, |  Multiple lines are used 5 |
bit by bit senddatai.e., 8bitsor] |
f | byteatatime ,’
. i ; P
Cost | Economical [ Expensive |
Bits 1t Sbitsor Ibyte |
| transferred at | |
1 clock pulse [
— ! ,
- Speed | Slow ! Fast |
e —— ? —
Applications ! Used for long dist.-un:eT Short distance. For |
communication, For/ example, computer to |
|

©O0

; atio
2 Orgamzati n& Al‘f:hn&f
¢ SR A ST

utf

o b ,\:temptaﬂquemm
W¢" 5 Make suitable aggy,
mlon.'

Attempt any twe parig of the follgw:

hereve, —

1. : .
Wwhat is a multipleye, .
* gx 1 multiplexer can - d"'"""iﬂmn 10x3_,,
This question is out of - Using ; in . D
- ol
718 i
b. i
Simplify the followinx funet;
1 2 5
circuit using AND, OR, NoOT 8 using K, =
FIA,B,C,D)=5(0,2,8 g lol;tes. Pmddnwu,,
p: This question is out of Sﬂlah\'m s;n:e- 13,15
Sessiop 2017'18
: Add - 35 and - 31 in bj . ‘
il -
1’s complement and -;::3 :-:l::s'b“ Pegistery, i .
g5 Refer Q. 2.15, Page 2-15B, Upit o Tplement, .
¢. Show step by step the multiplicat;
algorithm when (+ 15) and (- 13; ‘::ml!:e:u using boothy
Assume 5 - bit registers that holg Yigned ré multiplieg,
s Refer Q. 2.6, Page 2-8B, Unit.2. Dumbers,

2 Attempt any g‘.,o parts of the following : (10x2
What is an instruction in the context of eo;p::"
r

a.
organization ? Explain the purpose of the various s
of an instruction with the help of a sample instruction
format.

is& Refer Q. 3.1, Page 3-2B, Unit-3.

b. Explain the following addressing modes with the help of an
example each :

i. Direct ii. Registerindirect
iii. Implied iv. Immediate
v. Indexed

Aui. Refer Q. 1.17, Page 1-17B, Unit-1.
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a word from memory

qar-28 (T Hﬂ'll 2 )
hing
tops in fete
“ m:*:-::-:::-::- petween B branch instruction and ca))
aubroutine fn-lrurHon'. ;
Anm Refer Q 35, Page 3-5B, Unit-3.
» following - (10x 2=
W any two parts of the fo ) .
:‘ i’\‘:::r;,ur:-:nd contrast hardwi and micro programmeg
" control units. Also lists their advantages ang
disadvantages- )
Ans. Refer @ .25, Page 3- 25B, Unit-3
b. What are the different categorl'ell'of micro-operations that
may be carried out by CcPU? Explain each category of micro.
operations giving one example for each.
Ank ReferQ 3 13, Page 3-14B, Unit-3.
s on the following :
er for control memory.

c. Write short note

i. Microprogram sequenc
Ang Refer Q 3.27, Page 3-28B, Unit-3.

ii. RISC.
ams, Refer Q. 3.17, Page 3-17B, Unit-3.
wo parts of the following : (10x 2 = 20)
ence between isolated I/O and memory

4. Attempt any t
he advantages and disadvantages of

a. What is the differ
mapped /O ? Explain t
each.

Ans. Refer Q. 5.13, Page 5-13B, Unit-5.

b. Consider a cache uses a direct mapping scheme. The size of
main memory is 4K bytes and word size of cache is 2 bytes.
The size of cache memory is 128 bytes. Find the following :

i, The size of main memory address (assume each byte ofmaix;
memory has an address)

u Address of cache block

iii. How many memory location address will be translated to

) ]c;nche address/block/location ?
iv. How can it be determined if the content of i i
memory address in cache. aperifiednats
Amk Refer Q. 4.16, Page 4-18B, Unit-4.
c. Explain the fi i i i
B thef ollowing memory schemes discussing why
i. Interleaved memo: i
ry ii. Associative mem
ing. Refer Q. 4.24, Page 4-24B, Unit-4. i

te
il

wr

* yirtu
: profgr®

# i

™
> virts
organization
MA Re;rqlﬁéner"q 5.10, p
’ 512, Page 511"

¢ p
1 D

Ty,

P
o ——
—

ite short notes on g5 —
y 'o“
T of

b. By,

terrupt : Refer Q 5
arbitration : Ref:r' g”?’

jization of 2D and 2571

©eg

nit.5

& lﬂterﬂll"
al memory P iy
mmed /O trgg ®
f, Ormn |0n .1"N)

5B, 4y
5p B, Umt.s_

al memory : Refe 5, Py
: - o 1
} 5, » "8@1 8. Uniey
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Time : 3 Hours

SECTION-A
Note : Attempt all parts. All parts carry equal marks. Write —
each part in short @x10. rzg:'

What is the main advantage of RTL ?

1
Refer @ 2.4, Page SQ-3B, Unit-2, Two Marks Questions.

Ané.

b.
AR

Define control word.
Refer Q. 1.8, Page SQ-2B, Unit-1, Two Marks Questions

a.

¢. Give block diagram of microprogram sequencer.

Am& Refer Q 315, Page SQ-7B, Unit-3, Two Marks Questions.

d Why are read and write control lines in a DMA controller
bidirectional ?

ARa Refer Q 5.13, Page SQ-16B, Unit-5, Two Marks Questions.

List two important instruction set design issues.

e
Refer Q. 3.11, Page SQ-7B, Unit-3, Two Marks Questions.

Al
£ List the two techniques used for grouping the control signals.
AB& Refer @ 3.13, Page SQ-7B, Unit-3, Two Marks Questions.

Which of L1 and L2 cache is faster ?

£
A@& Refer Q. 4.7. Page SQ-11B, Unit-4, Two Marks Questions.
h. What is the use of modem in synchronous communication ?
AsE Refer Q 5 14, Page SQ-17B. Unit-5, Two Marks Questions.

What is CAM ?
Refer Q 4.6, Page SQ-11B, Unit-4, Two Marks Questions

List three types of control signals.

i
Ang.
IR
As& Refer Q 3.14. Page SQ-7B, Unit-3, Two Marks Questions.

anization & A"thi
teet
Ure

Or#
el
CT'ON-B\BP"Q
tempt a0Y five queg; f
o Siscuss the ndv..“:;‘:’hfr%t , \w’h\q‘
b dai®Y chaining byg S ang hig Yoy, ~
Refer @ 1.6, Page 1_7;';*"“?;::‘:\::\
' 1 "\ (g
, o, X8
ﬂeny define the ¢, .
s B operation u°"hx. w‘i.:
» Micro instruction s
iib gcro code
iv contl“" memory
¥
pefer @ 3.30, Page 3-31B, Unitg

hat do you me

warﬂcteristics. i by Cay )
fer Q. 4.26, Page 4

o %8, Unit.q

lain various types
Refer Q 1.16, Page 1-17g s8qp
’ Umt~ 1_ mihtion-

é E,-p]ain the sequence thﬂt fak
es plkc

occurs.
Refer Q. 5.5, Page 558, Unit.,

Xpla:
iy l't. .
'jﬁr

“heq
m .
mputer uses RAM "
7 Ace . chi
;' How many chips are nwd‘:;“"“’“'l .
lines be connected to proy;q and hgy, shp"-‘l‘y.
j How many clu'p‘s are neededea Ing,
to the address bus, = thechip'lne:on "‘P‘qt)'
o Refer Q. 4.8, Page 4-11B, Unit ¢ ”‘Nnnm

4 A ROM chip of 1024*8 hey
from a 5 volt power ’“Dplyf;'de“ inputy ini
the IC package ? Draw a block g™ Pint are peeg 2
and output terminals in the diagrap, and hm..:

t

gk Refer Q. 4.9, Page 4-11B, Unit 4,

4i What are the differences }
microprogrammed control unijt ;t'“n hardwireq and
g% Refer Q. 3.25, Page 3-25B, Unit-3,

i What is RISC ? Explain its various haracteristie
#E Refer Q. 3.17, Page 3-17B, Unit-3. )
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SECTION-C [SE»‘L V) ODp S &ch,

. e e HX.-\_L\I]_’NA . N
ostions from this section. (15x2, CO mt‘ :\TII{((}:;:%?&IP ",
i

Note: Attempt any {wo quUesti’ ot ;
10. i. What is the d-:st:nchon between spatial ‘°¢ll1t, o,
temporal locality = .
ABE Refer Q 4.138, Page 4-198, Unit+4.

d

i Show the multiplication process umng _Booth'g e
when the following numbers are multiplied : (- 13) by (4 5
XEE Refor Q 2.8 Page 2-9B, Unit-2.

11. Why input cutput interface is required ? Describe ip .

ARS Refer Q 52, Page 5-28B, Unit-3. i i,
fefer @ 23 Page 8Q gn o M0 Qay,
12. Differentiate among: . e \Q”‘&lu:.lm o
i Strobe conirol and handshaking asynchronoung e WEe—— u‘&;q
transfer modes. 3 Def i

Aer Q 312 Pagn g
ii. Processarand 10P. o g R Q SR U i
iii Synchrenous and asynchronous transmission. R 3
iv. Character-oriented and Bit-oriented [{mtocol_g 3 Eif‘:‘;ni‘ P;'_":)‘lndmm . *:QN
v. DMA and interrupt initiated IO techniques. o Rafer . = 8QSR, l.uf‘%"-l't“ N
ASE Refer Q. 5.19, Page 5-18B, Unit-3. . pufisve the Sllowing § ‘ ‘\l"hq .
i Effective address 3 "~

S Immegiy,, .
©09 g 557 Q33 P2t SO iy e
4 gmimmefo&'mgm. 1“‘\"’%4
| PsW & -
g ek QA TA TN 0, gy mh:;.
¢ Differentiate SIMD angd ypyy, S Quesing

. | It stands for Single
© | [pstruction  Stream,
| Muluple Data Stream

+ i In this, a paralle}
| computer consists of NV
. wentical processors.

I fare

1 What are the modes of data transfer *
& Refer Q 5.9, Page SQ-13R, Unit-5, Two Mark; Questuors,

& What is an interrupt ?




SP-8 B (CS/IT-Sem-3) Solved Paper (2016_;,
— ]

AEE Refer Q 5 10, Page SQ-16B, Unit-5, Two Marks Questiong

9. Differentiate between synchronous and "ynchl‘onou.

transmission.
ABK Refer Q. 5.11, Page SQ-16B, Unit-5, Two Marks Questions

10. What is cache memory used for ?
ABE Refer Q 4.8, Page SQ-11B, Unit-4, Two Marks Questions,

SECTION-B

Note: Attempt any five questions (10x5a 50
1L Show the contents of the registers E, A, Q, SC during the)

process of multiplication of two binary numbers 11111

(multiplicand) and 10101 (multiplier). The si,

included. s are not
ABK Refer Q. 2.7, Page 2-8B, Unit-2.

2 In an instruction format, there are 16 bits in an instruction
word. Bit 0 to 11 convey the address of the memory location
for memory related instructions. For non memory
instructions these bits convey various register or /g
operations. Bits 12 to 14 show the various basic memory
operations such as ADD, AND, LDA etc. Bit 15 shows if the
memory is accessed directly or indirectly. For such ap
instruction format draw block diagram of the control unit
of a computer and briefly explain how an instruction will

be decoded and executed, by this control unit.
Ak Refer Q 3.7, Page 3-7B, Unit-3
3. Write an assembly level program for the following

pseudocode :
SUM=0
SUM=SUM+A+B
DIF = DIF-C
SUM = SUM + DIF

AM& Refer Q. 3.31, Page 3-32B, Unit-3.

4 Explain microprogram sequencer for a control memory
using a suitable block diagram.

KSK Refer Q. 3.27, Page 3-28B, Unit-3.
5. Give the detailed comparison between RISC and CISC.

ARE Refer Q 3.18, Page 3-17B, Unit-3.
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Refer Q age 2—-45' Unit.z_ N‘e%“ thy 1:,;‘}

(3
d“‘?‘,‘

w main memory
) g‘; memory lddn..hh"::fnl in oo
gefer Q 4.7, Page 49p Uni:: Ray .;Fll:,o
aw a block di ' N gy,

4> basic buildj of
the ing blt)c %".
mulator, ad ke tep,
.cc!:ter con‘trold“" and ;M" 4y * Chy

4 ’ unit g, C2ta p, Pro,,. ng
.rungement can work " ang g lin,“ ‘-.,m:n
o eyt 1 UL

T, Sueh

/
p Refer Q- 1.1, Page 1-2B, Unit.l th.‘e‘ it cony" ta
d toteg

De.cribe the Subroygj
o plock of data. ne. Write ap
g Refer Q 5.20, Page 5-20p, Unit.g

Explain the operati
n : on of th,
its use in design of comp, * State by,

g Refer @ 1.8, Page 1-9B,
i Erp‘.lln 4-bit inmIHQnter "ith

g Refer Q. 3.32, Page 3-328, Unit 3 a Decessary i

¢ Write a program loop ugjp
the contents of hex lm:atio‘n:l;.‘;;n

= Refer Q. 3.35, Page 3-33B, Unit.3,

1 Demonstrate the procegg
a suitable diagram. “'emmthh“.‘

g Refer Q. 3.34, Page 3-33B, Unjt.3,

i Explain:
i Vector processing

i Vector operations
Explain how matrix multiplication is carried out on
a

computer supporting vector computations,
B This question is out of syllabus since session 2018-19

terang ,
to m'it.h“%o, 10 Clegy

i Explain Flynn's classification of computers.

o
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ABK This question is out of syllabus since session 2018-19,
10. How addressing mode is significant for referring mem
List and explain different types of addressing modeg '~ *

ARmK Refer Q. 1.20, Page 1-22B. Unit-1.

What is a memory stack ? Explain its role in

11. - N
subroutines with the help of neat diagrams. aging

ASK Refer Q. 1.13, Page 1-14B, Unit-1.
12. What is stack ? Give the organization of re
with all necessary elements and explain the
push and pop operations.
ARE Refer Q. 1.12, Page 1-13B, Unit-1.

Kister g¢
Aac]
WOrkjng o:

13. Write a note on subroutines.
ABE Refer Q. 5.20, Page 5-20B, Unit-5.

14. Draw the block diagram of control unit of basic ¢q,
Explain in detail with control timing diagrams.

ANE Refer Q. 2.20, Page 2-19B, Unit-2.
15. List and explain different types of shift miu‘o—openﬁon‘

ANE Refer Q. 3.12, Page 3-12B, Unit-3.
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_ Attempt all questiong; , .
l praw the circuit g; A bn?ﬁd

This question is oyt of ™ of

y ;
I ) ) u&bu. !u::‘}h a7, »
p Write the Mﬂ'ﬁneel ml@u

g Refer @ 4.16, Page SQ-I&[;?.N &2y

Write short note og p; " nm,'hmlq,
[ N %ﬂ

3,16, Page 5 gp, 178 roeee

‘ Rel'erQ 3 16, Umt_a'
’ Two
4 Write the differepc, 5 lt-n;.cln..u~l
communication, tweey veria
ad pyr,
alle)

gx Refer Q. 5.16, Page SQ 173 Unit 5, o M,
m

e. Perform the following

s compliment Wm- tigned '

g% Refer Q. 2.10, Page SQ4B, Unizz, T:;n;.,h "'I-‘
Question,

t Write speed up performance
P Speednppeﬂornmh“::;
L Amdahl's law : According t, follow .
computation that cannot be divided ing, 3 10%, if the frarice <
Nnmm'.m"‘ s

A +(-pfm
2 Gusuf-on’lhw:’l'hishwm&nmymﬁaliy'
arge

problem can be efficiently parallelized, the sequential operatioes
will no longer be a bottleneckiftbenumhrctm'.hlm

in the problem is scaled-up sufficently.
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8 Sun and Ni's law : This law is a generalization of Amdahl'y 1..
and Gustafson’s law This model maximizes the use of both CP:;

and memory capacity
and vertica]

n horizontal

g Differentiate betwee
micro ming.
-3, Two Marks Que-tiunﬂ_

ams Refer Q. 3.17, Page SQ-8B, Unit

SECTION-B

f the following * Tx3az

ble logic device ? List various twhniqueu
B

2 Attempt any three o
lain any one technique with example

a. What is programmai
to program PLD. Exp

1. PLDs are semiconductor devices that can be programmed to obtaj
n

l required logic device.

2 Because of the advantage of re-programmability, they have repl
special purpose logic devices like logic gates, flip-flops, counters
multiplexers in many semicustom applications. and

3. It consists of arrays of AND and OR gates, which can be programmeq

to realize required logic function.
4. The process of entering the information into these devices is known

as programming.

5. Basirally. users can program these .devices or ICs electrically ip
order to implement the Boolean functions based on the requirement.
Various techniques to program PLD are :

1. Programmable Read Only Memory ( PROM)

2. Programmable Logic Array (PLA)

3. Programmable Array Logic ( PAL)
i PAL is a programmable logic device that has Programmable

i

AND array & fixed OR array.
i The advantage of PAL is that we can generate only the required
product terms of Boolean function instead of generating all

the min terms by using programmable AND gates.

i The block diagram of PAL is shown in Fig. 1.
Programmable Fixed
‘ OR AND [ o
' Array Array i Outputs

Fig. 1.

Example :
Full adder using PAL : There are two functions used for the

implementation of full adder :

P

uff"‘”“""""""“‘h\nh

e it

a—T
e ury

b.ie Draw the block d;
ii How floating pod:tp.‘" fory —y
n“.bﬂ' are M
"Ph HCPU_

also give IEEE 7
format. ™ *tandarg bt **d in compyge,
Boating b, =

-
i glafer Q. 1.15, Page 1-16B, 1y
i oaﬁn‘ point * » Umt.]
“"""““eferQ.m.p..,; 16B:
~168; Unjr.o

e gr-w the data path of
e n(?n-reltm-in' d.ivi.i..l "'“_ n-hit b -
Also illustrate ‘llodth.?m‘- h“ﬂd,‘“‘.' . Give
suitable example, OF unsigneq i
g Datapath of sequential 5.h¢ teger with 5
Refer Q. 2.13, Page 2-138, [gy. 27 divider :
Algorithm for “_m:;-l B :
Refer Q. 2.11, Page 2-128 Unit-?'- :
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Ana
o
Ana,

B p iP’l?fﬂ

ppnFlF?aF"i

_S_".Iv?q Papc-r f2017.]8)
TTT— —

organization for a typical micro programmed contrgyy,
ry

using suitable dingram.
Refer Q. 3.26, Page 3-26B, Unit-3.

What do you mean by locality of reference ? Elplnin
suitable example. With
Refer Q. 4.28, Page 4-28B, Unit-4.

SECTION-C

Attempt any one part of the following (Txq
Differentiate between RISC & CISC based micrg =T
Refer Q. 3.18, Page 3-17B, Unit-3. Sor,

Explain booths multiplication algorithm in detaij],
Refer Q. 2.3, Page 2-4B, Unit-2.

Attempt any one part of the following : @
Draw the data path of 2’s compliment multiplier, G
Robertson multiplication algorithm for 2's
fractions. Also illustrate the algorithm for 2's
fraction by a suitable example.

Refer Q. 2.5, Page 2-7B, Unit-2.

Describe sequential Arithmetic & Logic Unit (ALU) using
proper diagram.

Refer Q. 2.1, Page 2-2B, Unit-2.

*1ay)

lVQ the
complimepny

mPument

Attempt any one part of the following : (Tx1a9
Give the structure of commercial 8M x 8 bit DRAM chip,
Refer Q. 4.4, Page 44B, Unit-4.

Explain the working of DMA controller with help of suitahle
diagrams.
Refer Q. 5.12, Page 5-11B, Unit-5.

Attempt any one part of the following : Txla7
What is hardwired control ? List various design methods
for hardwired control. Discuss in detail using diagram any
one of the method for designing GCD processor.
Hardwired control and design methods : Refer Q. 3.23
Page 3-23B, Unit-3.

FSM based design of GCD processor:

. First write algorithms for calculation of GCD, after that data paths

and control unit is designed for GCD processor.

. In this model, both the FSM and the data path circuits are manually

constructed as separate units.

. The FSM and the data path are connected together in an enclosing

unit using the control and status signals.

uter Orgamzatigp, &

L

R

. 5;7
/
&

”
=

/
/

swmqmanu
&5
]
b
/
-t

Fig.3
4 The algorithp, ey 'E“l‘b‘d',
tat in linag " i py

There are tw, 165
5. 0 condlhﬂllaj ;2.? 10 five daty

bpay " liney Yang "l
l*.j"‘. i

Fig. 4. Datapaths of Gep
6. We can conclude that the data path requires :
one for variable X, and one for varia) m%m s
The dedicated data path isshown i Fig 4 N
In Fig. 4, we have a 2-to-1 mux for t&.inp\n of each register
because for each register, we need % initially load it with an
number, and mhnqmntbhditwahmmﬂt&whmmm

&= =
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. . i I In_Y, select which of the tw
# The two control signals, In_X and ‘ i t %

mun,(::‘nr:- to be loaded into the rr-m:luvrlJf’ and Yrespucuvg'y‘

10. The two control signals, load X and load Y, load a value into the
respective register.

b. How pipeline performance can be measured ? Discuss. Give
a space time diagram for vispualizing the pipeline behavigur

for a four stage pipeline,
asE Pipeline performance : Refer Q. 3.21, Page 3-21B, Unit-3.
Space time graph :
7, : the /" subtask in the i'" task
FFAI] Tiz Tca’ TI‘, TJ“] s

N O O Y S S R

Space

i‘ [, 21T, oo
OV e e s NS
Wl T AT E T T T 0
(cycles)
Fig. 6.
Tel=?

7. Attempt any one part of the following :
8. Diacuss the various types of address mapping used in eache
memory.
AmE  Refer . 414, Page 4148, Unit-4,

b A moving arm dise storage device has the following

specifications
Number of Tracks per recording surface = 300
Dise rotation speed = 2400 revolution/minute
Track-storage cnpacity = 62600 hits
::thuu- the average Intency and data transfer rate of this
viee,
Ame Jiefor Q 422, Page 4290, Unit 4

©Oo

:
4
k]

3

realizing SIMD ?
Ans, %mmammtmnm
e Mhhwmmum-;

AmE Refer () 4.9, Page 8Q-108, Unit-4. Two Marks Questions.

Rnm Rofor Q 518, Page HQ-BH, Unit-1, Two Marks Questions,

®, Dmmmmum
Ak, Wofer Q 516, Page BG- 171, Unit-6, Two Marke QGuastions

L mhmdm“
Amm Nofer Q. 0114, Puge 5GQ-TH, Unit-, Two Marks Questions.

3 Mnﬁctﬂd“hmm
Ana ‘l‘hm-rMhhumbnmhhm

HECTION 1
& Attempt any theee of the ] =
" 1““"““1-“0”"!’&.“”

8 genoral rogleter computer with tirse adidress, two arddesss
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Solved Pape
— e valuate
SAT-Semd — rogram to €
SP.-lﬂl_if(_m T pstruction format 8 P
B dress
and one add
the expression . g Unit-3

aum Refer @ 3 Payg 0011 (use a

of 00001111 bY

bits)-
deT-lzolm 158, Unit-2
amx Refer

cache can :‘:‘:z size i'- 128K :j 3.:«1 = msirase
i ;ermo:lyn.te all pertinent jnformation req
- u:'c cache me'mnry. — .
ii. What is the size of ucB 7oy
xu: Refer Q. 4.17. Page 4-19B, '
memory 2 Explain

‘ s i situatio
d. What 18 associa g F e it
o ‘:::: ‘::t;oﬁ:r can be effective utilized.
associa effe
Anm Refer Q. 4.25, Page 4-26B, Unit 4

with the help of a
n in which

i rds of 32 bits
unit with 256 K wo
T:E;ﬁ code is stored in glne 1:;1-3 of
. an indirect bit, an
The instruction has four parts: an miﬁc et m
mcmot?t;n code, a register code part to spec
opera 5

i ]r{eg‘i:;:::; :i::n::.:;:?e in tl;e operation code, the register
. Ho

l el ot ﬂ:;'add::::il;:?m?at and indicate the number

ii. Draw the instruction
of bits in each part.
iii. How many bits are
the memory ? )
xmx Refer Q. 4.10, Page 4-12B, Unit-4.

SECTION-C

A computer uses a

e .
each. A binary 10§

there in the data and address inputs of

3. Attempt any one part of the following : (Ix1=D

a. Write short notes on :
i Instruction pipeline
ii. DMA based data transfer

f N .
i Refer Q. 3.20, Page 3-21B, Unit-3.
i Refer Q. 5.12, Page 5-11B, Unit-5.

b. Explain the difference between vectored and non-vectored
interrupt. Explain stating examples of each.
Amx Refer Q. 5.8, Page 5-8B, Unit-5.

Computer Organization & Architecture SP-19 B (CSTT-Sem-3)

4 Attempt any one part of the following : Tx1=T
a. Draw the flowchart of Booth’s algorithm for maltiplication
and show the multiplication process using Booth’s
algorithm for (- 7) x (+ 3).
ABK Refer Q. 2.9, Page 2-9B, Unit-2.

b. Write short notes on :
i. Amdahl's law ii. Pipelining
EEL
i Refer Q 1(f), Page SQ-11B, Solved Paper 2017-18
ii. Refer Q. 3.19, Page 3-18B, Unit-3.

5. Attempt any one part of the following : (Tx1=T)
a. What is a microprogram sequencer ? With block diagram,
explain the working of microprogram sequencer.
XEE Refer Q 3.27, Page 3-28B, Unit-3.

b. Draw aflowchart for adding and subtracting two fixed point
binary bers where negative numbers are signed 1's
complement presentation.

AMK Refer Q. 2.21, Page 2-20B, Unit-2.

6. Attempt any one part of the following Tx1=T)
a. Give the block diagram of DMA controller. Why are the read
and write control lines in a DMA controller bidirectional ?

Asx Refer Q. 5.12, Page 5-11B, Unit-5.

b. Explain all the phases of instruction cycle.
X, Refer Q. 3.4, Page 3-4B, Unit-3.
7. Attempt any one part of the following : (Tx1=T
a. Explain the basic concept of hardwired and software control
unit with neat diagrams.
AEE Refer Q. 3.25, Page 3-25B, Unit-3.

b. 1 2 3 4 5 s
s1 | x : X
=2 X x
s X
84 b 4
85 X x

For the following reservation table :
i Calculate the set of the forbidden latencies and collision
vector.
ii. Draw a state diagram, showing all possible initial sequences
(cycles) without a collision in the pipeline.



I latencies are 1 and 2.

i mmumlvwcdc.ﬂ
1% shift 2°4 shift
shifted bit 01110 shifted bit 00111
C 11100 C, 11100
new value 11110 new value 11
1-shift from 2°4 shift 2-shift from 2 shify
shifted bit 01111 shifted bit
R 11100 C, 1
new value 11111 new value
2-shift from 1% shift
shifted bit 00111
Q. 11100
new value 11111

. The greedy cycles are (2) and (1, 6). 5
. According to the lowest greedy cycle's average lat

3 miqi“Ame)hz.
vi Minimum allowed constant cycle is 2.
vii The meximum Sntd el

throughput MAL = 2 Uiﬂ

viii. The minimum constant cycle is 2, so that t!
does not change, only 50%.

i The simple cycles are (2), (6), (1, 6) and (2, 6).
w
V.




