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PUNJAB TECHNICAL UNIVERSITY
'QUESTION PAPERS

UNIVERSITY QUESTION PAPER, DEC.-2019

SECTION - A

Q 1. What is the difference between machine and instruction cycies ?
Ans. Refer to Chapter No. 1 Q.No. 49

Q 2. What are the memory reference instructions ? Give examples.
Ans. Refer to Chapter No. 1 Q.No. 12

Q 3. What is hardwired control ? What are its advantages ?

"~ Ans. Refer to Chapter No. 2 Q.No. 117

Q 4. What is control memory ?

Ans. Refer to Chapter No. 2 Q.No. 31

Q 5. Explain the concept of virtual memory. ‘
. Ans. Refer to Chapter No. 4 Q.No. 28

Q 6. What is the role of ROM memory in a computer system ?
Ans. Refer to Chapter No. 4 Q.No. 57

Q 7. What is register transfer language ?

Ans. Refer to Chapter No. 1 Q.No. 1 -

Q 8. What is an instruction pipeline ?

Ans. Refer to Chapter No. 3 Q.No."3

Q 9. What are registers ? Can they be called memory ?

Ans. Refer to Chapter No. 4 Q.No. 58

Q 10. What is Microprocessor ?

Ans. Refer to Chapter No. 2 Q.No. 118

SECTION - B .

Q 11. What is memory management hardware ? Explain.

Ans. Refer to Chapter No. 4 Q.No. 22

Q 12. Explain the organization of a typical computer system.

Ans. Refer to Chapter No. 1 Q.No. 11

Q 13. What is pipelined control ? Explain.

Ans. Refer to Chapter No. 3 Q.No. 5

Q 14. What are multilevel memory systems ? Explain with the help of a diagram.

Ans. Refer to Chapter No. 4 Q.No. 27

Q 15. How does a RISC organize CPU works ? What are its characteristics and
advantages?

Ans. Refer to Chapter No. 1 Q.No. 51, 52 & 53
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CPU, memory, input-output subsystems, control unit. Instruction set architecture of a CPU-

Chapter

1 - Functional Blocks of a Compuiér

registers, instruction execution cycle, RTL interpretation of instructions, addressing modes,

instruction set. Case study - instruction set of 8085 processor.

Data representation : Signed number representation, fixed and floating point representations,
character representation. Computer arithmetic - integer addition and subtraction, ripple carry
adder, carry look-ahead adder, etc. multiplication - shift and add, Booth multiplier, carry save

multiplier, etc. Division restoring and non-restoring techniques, floating point arithmetic.

5 &

§ 8

5 BR §5%3§ RERRRE R

POINTS TO REMEMBER E_’] N

A register transfer language is a system for expressing in symbolic form the micro operation

sequences among the registers of digital module.
The symbolic notation used to describe the micro-operation transfer among registers is known

as register transfer language. - , _
Microoperation is an elementary operation performed with the data stored in registers.

Register transfer m_icrooperations'transfér binary information from one register to another.
Arithmetic microoperations perform arithmetic operations on num_eric data stored in registers.
Logic microoperations perform bit manipulation operations on non-numeric data stored in registers.
Shift microoperations perform shift operations on data stored in registers.

Register transfer language can also be used to facilitate the design process of digital systems.
Computer registers are designated by capital letters to denote the function of the register.

Control condition is terminated with a colon.
Register transfer microoperation does not change the information content when the binary

information moves from the source register to the destination register.
The basic arithmetic micro operations are addition, subtraction, increment, decrement, and shift.

Arithmetic shifts are explained later in conjunction with the shift microoperations.
These microoperations are implemented with a combinational circuit or with a binary upward counter.
The increment and decrement microoperations are symbolized by plus-one and minus-one
operations, respectively.

The arithmetic microoperations can be implemented in one composite arithmetic circuit.

The hardware implementation of logic microoperations requires that logic gates be inserted for

each bit or pair of bits in the registers to perform the required logic function.
The digital circuit that forms the arithmetic sum of two bits and a previous carry is called a tull-

adder.
9
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'computer.' Instruction code toge

* A basic computer has eight registers,

' (iii) Read the effective address from memory if the instruction has an indirect address.

it that generates the arithmetic sum of two binary numbers of any leng,. §

called a binary adder. o o tion
Shift registeris a register that is capable of shifting its binary information in one or bot_h directions i
| system is defined by the sequence of microoperation, t 3

[|

The internal organization of a digita que .
performs on data stored in its registers. The general purpose digital computer is capap)q .

executing yarious micro-operations. - ‘ _ _ e
An instruction code is & binary code that specifies a sequence of micro operations fo thsri
ther with data stored in memory. ;

The operation code of an instruction is a group of bits that define operations such ag adg.

tored in consecutive memory-locations and are execyg - 5
| reads an instruction froma specific address in a memoryf'?‘

Computer instructions are normally s
sequentially one at a time. The contro
and executes it.

The program counter (P.C) has 1
from memory after the current ins

o
3

2 bits and it holds address of the next instruction to be needeq
truction is executed. =
a memory unit and a control unit. Paths must be provided

to transfer information from one register to another and between memory and registers_

A computer has three instruction code format. These are - o
(i) Memory Instruction format ' ' ' r
(ii) Register Instruction format -

(iii) /O Instruction format.

There are two types of control organi
microprogrammed control.

In a hardwired organisation, the control logics are implemented with gates, flip-flops, decoders &
and other digital circuits. ' ' - '
In a microprogrammed control, any required changes or modification can be done by operating':
the microprocessor in the control memory. ; : ,
The program is executed in a computer by goining through a cycle for each instruction. Each
instruction cycle is subdivided into a sequence of subcycles or phases.
In a basic computer each instruction cycle consists of the following phases '
(i) Fetch an instruction from the memory. . b
(i) Decode the instruction. -

A

sation in a computer, that are, -hardware control and'.—:

(iv) Execute the instruction. :
A pseudo instruction is not a machine instruction but rather an instruction to the assembléfi
giving information about some phases of the translation.
The translation of the symbolic program into binary is done by a special program called an assembler.,,?’
A system program that translate a program written in a hi 4

. : h a h] hle i ewa*
machine language is called a compiler. gh level programming languag® =8
Subroutine is a sgt of common instructions that can be used in a program many times. Eacﬁf
time a s_ubroutme is usedin the main part of program, a brach is executed to the beginning e
subroutine. f\fter the subroutine is executed, a brench is made back to the main grogram-
A control gnlt whose blngry control variables are stored in memory is called a micrzprogramm
control unit. Each word in control memory contrains within it a micro instruction
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¢ The micro instruction specifies one or more operations for the system. A sequence of micro
instruction specifies constitutes a micro program.

t¥ Mappingis a process of transformation the instruction code bits to an address in control memory
where the routine is located. ,

¥ Most computer instructors can be classified into three categories :

(i) Data transfer instructions '

(i) Data manipulation instructions

(iii) Program control instructions.

A computer with large number of instructions is known as ‘complex instruction set computer’,
. < 7
abbreviated as CISC.

A computer which uses fewer instructions with simple constructs, so they can be classified

much faster within CPU are known as ‘Reduced Instruction Intructor Set Computers’, abbrivated
as RISC. ' ‘ : '

QUESTION-ANSWERS

Q 1. What is register transfer language? Explain it with example. T
: (PTU, Dec. 2019 ; May 2018)

Ans. Register Transfer Language : The symbolic notation used to describe the micro-operation
transfer among registers is known as register transfer langauge. A register transfer language is a -
systme for expressing in symbolic form the microoperation sequences among the registers of digital
module. A kind of hardware description language (HDL) used in describing the registers of a computer
‘or digital electronic system, and the way in which data is transferred between them. '

Register transfer language is : :

® A symbolic language .

® A convenient tool for describing the internal organization of digital computers

® Can also be used to facilitate design process of digital systems. '

Example of Register Transfer Language : Suppose let us take an example of information
transfer from one register to another by means of replacement operator

R2 <R1 '

Which denotes transfer of content of register R1 into register R2.

Q 2. Explain the concept of register transfer?
) ~ Or

Explain the block diagram of register with its timing diagram. h

Ans. Computer registers are designated by capital letters (sometimes followed by numérals) to
denote the function of the register. For example, the register that holds an address for the memory
unitis usually called a memory address register and is designated by the name MAR. Other designations
for registers are PC (for program counter), IR (for instruction register),a nd R, (for processor register).
The individual flip-flops in an n-bit register are numbers in sequence from 0 throughn -1, starting from
0 in'the rightmost position and increasing the numbers toward the left. Fig. shows the representation
of registers in block diagram form. The most common way 1o represent a register is by a rectangular
box with the name of the register inside, as in Fig.(a). The individual bits can be distinguished as in
(p). The numbering of bits in a 16-bit register can be marked on top of the box as shown in (c). A 16-
bit register is partitioned into two parts in (d). Bits 0 through 7 are assigned the symbol L (for low byte)
and bits 8 through 15 are assigned the symbol H (for high byte). The name of the 16-bit registeris PC. .
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The symbo! PC (0-7) or PC (L) refe

byte.

a replacement operator. The statement
register R,. It designates a replac
content of the source register Ry

of the source register to the inputs of the
parallel load capability. Normally, we wan
condition. This can be shown by means of an if-the

separate the control variables from the regis
control function is a Boolean variable that is equa

statement as follows :

operation be exec

implementing the transfer.
to R,. The n outputs of
used to indicate any nu
length of the ré
It is assumed that the con

register. As shown in the timing diagram (b)
a clock pulse attime t. Th

and the data inptus of Ry
- otherwise, the trans

t+1

rs to the low-order byte and PC (8 - 15) or PC (H) to the high-order

L]

76543210

R1
(a) Register R (b) Showing individual bits
15 0 15 67 0
R2 PC(H) PC(L)

(c) Numbering of bits - (d) Divided into two parts )
| Block diagram of register . v

ister to another'is designatedin symbolic form by means bf >

R2 —» R1 denotes a transfer of the content of register R; into

ement of the content of R2 by the content of Ry. By definition, the

does not change after the transfer. |
er transfer implies that circuits are available from the output

destination register and that the desigation register has a
t the transfer to occur only under a predetermined control

n statement.

Information transfer from one reg
A statement that specifies a regist

If (P = 1) then (R2 « R1)

where P is a control signal generated in the control section. It is sometimes convenient to

ter transfer operation by specifying a control function. A
|10 1 or 0. The control function is included in the

P :R2 « R1

The control condition is terminated withac

uted by the hardware onlyif P=1.
Every-statement written in a register transfer notation implies a hardware construction for

The above fig. shows the block diagram that depicts the transfer from R,
register R, are connected to the n inputs of register R,. The letter n will be
mber of bits for the register. It will be replaced by an actual number when the
gister is known. Register R, has a load input that is activated by the control variable P-

trol variable is synchronized with the same clock as the one applied to thé
, Pis activated in the control section by the rising edge of i
e next positive transition of the clock at time t + 1 finds the load input active
are then loaded into the register in parallel. P may go back to 0 at time A
fer will occur with every clock pulse transition while P remains active.

olon. It symbolizes the requirement that the transfer |

. |P :
Eontrol circuit roac » R2 . Clock :
AN

(a) Block diagram
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r r+1

Clock ——J_ | — r f_

Load . : / | \

Transfer occurs here ——T

- (b) Timing diagram
Timing diagram

The basic symbols of the register transfer notations are listed in table. Registers are denoted by
capital letters, and numerals may follow the letters. Parentheses are used to denote a part of a -
register by speciying the range of bits or by giving a symbol name to a portion of a register. The arrow
denotes a transfer of information and the direction of transfer. A comma is used to separate two or
more operations that are executed at the same time. The statement

T:R2 « R1,R1 «R2 : -
denotes an operation that exchanges the contents of two registers during one common clock

pulse provided that T = 1. This simultaneous operation is possible with registers that have edge-
triggered flip-flops. :

Symbol Description ‘ Example

Letters (and numerals) | Denotes a register MAR, R2
Parentheses () Denotes a part of a register R2 (0-7), R2 (L)
Arrow « . Denotes transfer of information R2 « R1

Comma, Separates two microoperations R2 «+—~ R1,R1 « R2

Table : Basic Symbols for Register Transfers

Q 3. Explain the various microoperations performed in registers.

Ans. A microoperation is an elementary operation performed with the data stored in registers;
The microoperations most often encountered in digital computers are classified into four categories :

1. Register transfer microoperations transfer binary information from one register to another.

2. Arithmetic microoperations perfo;m arithmetic operations on numeric data storedin registe'rs.

3. Logic microoperations perform bits manipulation operations on non-numeric data stored in
registers. .

4. Shift microoperations perform shift operations on data stored in registers.

The register transfer microoperation does not change the information conten
information moves from the source register to the destination register. The oth
microoperations change the information content during the transfer.

' Q 4. Explain arithmetic microoperations. :

Ans. The basic arithmetic micro operations are addition
and shift. Arithmetic shifts are explained later in con
arithmetic microoperation defined by the statement.

R3 « R, + R, specifies an add microoperation. It states that the contents of register R, are
added to the contents of register R2 and the sum transferred to register R3. To implement this
statement with hardware we need three registers and the digital component that performs the addition

t when the binary
er three types of

» Subtraction, increment, decrement,
junction with the shift microoperations. The
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operétion. The other basic arithmetic microoperations are listed in Table. Subtract
implemented through complementation and addition. Instead of using the minus
specify the subtraction by the following statement :

R3 « R1+ R2 +1
R2 is the symbol for the 1’s complement of R2. Adding 1 to the 1’s com

_ plement prodyces thé;"i

2's complement. Adding the contents of R1 to the 2's complement of R2 is equivalent to R — Ro. &

e

Symbolic Designation Description

'R3 «~ R1+R2 Contents of R1 plus R2 transferred to R3 | |

R3 «<R1-R2 Conents of R1 minus R2 transferred to R3 4

R2 « R2 Complement the contents of R2 (1's cbmplement) z

R2 « R2 + 1 2's complement the contents of R2 ( ,

. P —
R3 «R1+ R2 +1 R1 plus the 2's complement of R2 (subtraction)

R1 «<R1+1 Increment the contents of R1 by one : n

R1 «< R1-1 Decrement the contents of R1 by one T

. Table : Arithmetic Microoperations
The increment and decrement microo
operations, respectively. These microo '
a binary up-down counter.

ion is most Often 1
Operator, we can |
48

T
b
)
:1\

e

3

%

b |

— ".

perations are symbolized by plus-one and minus-one |
perations are implemented with a combinational circuit orwith

The arithmetic operations of multiply and divide are not listed in table. These two-operations are'k"

valid arithmetic operations but are not included in the basic se
where these operations can be considered as microoperations
implemented by means of a combinational circuit. In such a
operations propagate through gates, and the result of the operati
register by a clock pulse as soon as the output signal propagat
most computers, the multiplication 'opelration is implemente
microoperations. Division is implemented with a se
specify the hardware in such a case requires a list
of add, subtract and shift.

Q 5. Implement the arithmetic circuit using arithmetic micro

Ans. The arithmetic microoperations can be implemented in on

The basic component of an arithmetic circuit is the parallel adder. Byc
adder, it is possible to obtain different types of arithmetic operations.
The diagram of a 4-bit arithmetic circuit is shown in fi
constitute the 4-bit adder and four multiplexers for choosin
inputs A and B and a 4-bit output D. The four inputs from
adder. Each of the four inputs from B is connected to the data
data inputs also receive the complement of B. The other tw
logic-1. Logic-0 is a fixed voltage value (O volts for TTL int
be generated through an inverter whose inputis 0. The four
inputs Sy and Sy. The input carry Cy,, goes to the carr
The other carries are connected from one stage to t

g different operations. There are two 4-bit

inputs of the multiplexers. The multiplexers
0 data inputs are connected to logic-0 and

multiplexers are controlled by two selection

he next.

egrated circuits) and the logic-1 signal can .

y input of the FA in the least significant position. -

t of microoperations. The only place 5
is in a digital system, where they are '.}_
case, the signals that perform these |
on can be transferred into a destination |
es through the combinational circuit. In
d with the sequence of add and shift
quence of subtract and shift microoperations. To 1.
of statements that use the basic microoperations

Operations.(PTU, May 2017)
€ composite arithmetic circuit. :
ontrolling the data inputs to the 1
g It has four full-adder circuits that

A go directly to the X inputs of the binary |
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The output of the b

Cin
S
SO
A
0 = Xo Co
3341 FA |—D,
B 0 X .
° Mo § MUX. Yo Gy
3
A X, C,
B 0 4x1
L ;MUX Yy G
3
Ay c X, C,
o sc‘,4 FA |—D,
x1
5T 1 MUX Y2 G
3
A3 X3 C3
8! FA - |—D,
4x1
By 1 MUX Ya G
3
—Coul

o— 1

4-bit arithmetic circuit

is the input carry,

inary adder is calculated from the following arithmetic sum:
D.= A + Y + Cm 7
whereA is the 4-bit binary number at th

inputs of the binary adder. Ci
in the equation above denotes an arit
inputs S, and Sy and making C, equal to 0 or 1,

e X inputs and Y is the 4-bit binary number at the Y
which can be equal to 0 or 1. Note that the symbol +
hmetic plus. By controlling the value of Y with the two selection
it is possible to generate the eight arithmetic -

microoperations listed in table.
Select Input. Output Microoperation
© Sy So Cin Y D=A+Y+C,
0 0 0 B D=A+B Add |
0 0 1 B D=A+B-1 Add with carry
0 1 0 E D=A+ E Subtract with borrow
0 1 1 B D=A+ B +1 Subtract
1 0 0 0 D=A Transfer A
1 0 1 0 D=A+1 Increment A
1 1 0 1 D=A+1 Decrement A
1 1 1 1 - D=A Transfer A

Table : Arithmetic Circuit Function Table
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Y inputs of the adder. If C;, =0, the Outpyt py

; i the p .
When S, S, = 00, the value of B is applied to rform the add microperation with or Withgy,

=A+B. 1 Cy,=1,output D=A + B + 1. Both cases pé |
adding the input carry.

When S, S, = 01, the complement of B is applied to the Y inputs of the adder. If C; = 1 then
1 9=l
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D=A+ B + 1. This produces A plus the 2's complement of B, whichils equivglent a8 Sum'action
of_A— B.When G, =0, then D = A+ B + 1. This produces A plus the 2's complement of B, whig,
equivalent to a SLl.ir;)_traction of A~ B. When C;, =0, then D = A + B .. This is equivalent to a Subtrag

ith borrow, thatis, A—B — 1. ot , B, : :
i V:lhen Sy Sy = 10, the inputs from B are neglected, and instead, all %Ziée[l)n_siﬁi’i 'm'? the y
inputs. The output becomes D = A + 0 + C;,. This gives D = A when Cj, = - When C.

n /
= 1. Inthe first case we have a direct transfer from input A to output D. In the second case, the valug

of Ais i . .

4§ swﬁéirg?nst:i 1 1, all 1's are inserted into the Y inputs pf the ?dFJer to produce fhe decremen
operation D = A— 1 when Cin =0. This is because a number with all 1’s is equal to }he 2's complemen
of 1 (the 2's complement of binary 0001 is 1111). Adding a number A to the 2’s complt}'ment of 1
produces F = A + 2's complement of 1 =A - 1. When C;, = 1, then D = A — 1 +1=A, which Causes
a direct transfer from input A to oufput D. Note that the microoperation D = A is generated twice, sg
there are only seven distinct microoperations in the arithmetic circuit.

Q 6. What are logic microoperations? ‘ a ' '
Ans. Logic microperations : Logic microoperations specify binary operations for strings of
bits stored in registers. These operations consider each bit of the register separately and treat them

as binary variables. For example, the exclusive-OR microoperation with the contents of two registers
R1 and R2 is symbolized by the statement. '

P:R1«R1®R2

It specifies a logic microoperation to be executed on the individual
that the control variable P = 1. As a numerical example

1010 Content of R1 '
1100 Content of R2
0110 Content of R1 after P = 1

logic OR operation. Altho used to symbolize an arithmetic plus, from a

ughthe + symbol has two me

: anings, it will i UG
them by noting where the symbol occurs. When the sy It oonme passibleto distinguish betwaep|

mbol + occurs |

N a microoperation, it will denote

| o bt oo
Ve Dot

ok =Ty ¢

an Rl L e b T

b
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- an OR operation. We will never use itto symbolize an OR microoperation. For example, in the statement
P+Q:R1 «R2+R3,R4 « R5VR6 ' '
“the + between P and Q is an OR operation between two binary variables of a control function.
The + between R2 and R3 specifies an add microoperation. The OR microooperation is designated by
the symbol V between registers R5 and R6. ‘

Q 7. Explain Hardware implementation of logic microoperation.

Ans. Hardware Implementation : The hardware implementation of logic microoperations requires
that logic gates be inserted for each bit or pair of bits in the registers to perform the required logic
function. Although there are 16 logic microoperations, most computers use only four— AND, OR, XOR
(exclusive-OR), and complement-from which all others can be derived. '

Fig. shows one stage of a circuit that generates the four basic logic microoperations. It consists
of four gates and a multiplexer. Each of the four logic operations is generated through a gate that
performs the required logic. The outputs of the gates are applied to the data inputs of the multiplexer.
The two selection inputs S, and Sp choose one of the data inputs of the multiplexer and direct its
value to the output. The diagram shows one typical stage with subscript i. For a logic circuit with n
bits, the diagram must be repeated n times for | = 0, 1, 2, ..., n — 1. The selection variables are

applied to all stages. The function table in fig. (b) lists the logic microoperations obtained for each
combination of the selection variables. ' '

S,
_ Sy,
A, N 0 _ —
B, ' i 1 S;| Output |Operation
X
.:D_1 MUX 0 E=A(‘\.B AND

o
o O|Ww

1 |[E=AUB |OR
o > 1 0 |E=A®B |XOR
[ 5 i 1 1 |E=A Complement
(a) Logic diagram - (b) Function circuits

One stage of logic circuit .

Q 8. What are shift microoperations? Explain with example. Design 4 bit combinational
circuit for shifter. _ ’ (PTU, May 2018, 2015)
Ans. Shift Microoperations : Shift microoperations are used for serial transfer of data. They
are also used in conjunction with arithmetic, logic and other data-processing operations. The contents
of a register can be shifted to the left or the right. At the same time that the bits are shifted, the first
flip-flop receives its binary information from the serial input. During a shift-left operation the serial
input transfers a bit into the rightmost position, During a shift-right operation the serial input transfers
abit into the leftmost position. The information transferred through the serial input determines the type
of shift. There are three types of shifts : logical, circular, and arithmetic.

, A logical shift is one that transfers O through the serial input. We will adopt the symbols shl and
shr for logical shift-left and shift-right microoperations. For example :

= ., LY
R, %3 o T RN Nt O
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—

R1 « shlR1
R2 « shrR2 ' i

are two microoperations that specify a 1-bit shift tq the left of the content of register R1 and 5 1.4

bit shift to the right of the content of register R2. The register symbc_>| must be the same on both Sideg &
of the arrow. The bit transferred to the end position through the serial input is assumedto be 0 during _i“;

~ alogical shift. : 2tan N
The circular shift (also known as a rotate operation) circulates the bits of the register aroung the l

two ends without loss of information. This is accomplished by connecting the seria| outpt of the shift
register to its serial input. We will use the symbols cill and cir for the circular shift left and right
respectively. The symbolic notation for the shift. microoperations is shown B

in table.
Symbolic designation Description
R « shlR Shift-left register R
R« shrR Shift-right register R
Re«cilR Circular shift-left register R
‘R<«cirR Circular shift-right register R ‘
R« ashrR  Arithmetic shift-left R ;
R« ashrR Arithmetic shift-right R

Table : Shift Microoperations

An arithmetic shift is a micr
anthmetic shift-left multiplies a sig
by 2. Arithmetic shifts must leave
- same when it is multiplied or div

ooperation that shifts a signed binary number to the left or right, An
ned binary number by 2. An arithmetic shift-right divides the number - ]
the sign bit unchanged because the sign of the number remains the °

ided by 2. The leftmost bit in a register holds the sign bit, and the:
remaining bits hold the number. The sign bitis O for positive and 1 for negative. Negative numbers are ¢
in 2's complement form. Fig. shows a typical register of n bits. Bit R,,_4 in the leftmost position holds =
the sign bit. R,,_, is the most significant bit of the number and R, is the least significant bit. The
arithmetic shift-right leaves the sign bit unchanged and shifts the number (including the sign bit) to the

right. Thus R, _, remains the same, Rn-2 receives the bit from R,,_;, and so on for the other bits in the
register. The bit in RO is lost. :

e B Ro-
. > Rn—l Rn—? E— H1 HO
Sign bit

s opeesth siares o Arithmetic shift right
The arithmetic shift-left inserts a 0 into Ry,

> shift-left inserts a 0 into Ry, and shifts all other bits to the left. The initial bit of
Rn1 is lost and replaced by the bit from R,.,. A

‘ sign reversal occurs if the bit in R,-1 changesin
value after the shift. This happen if the multiplication by 2 causes an overflow. An overflow occurs:
after an arithmetic shiftleft if initially, before the shift, R, _, is not equal to R,,_,. An overflow flip-flop
Vs can be'used to detect an arithmetic shift-left overflow. | 11 b

. »\{:J ’,- \ '*\/‘SWA:M‘Rn—“ :[e.l;:an-zwi;; ‘Jﬂ_;"v:—: = e ) by , . 4 :
“0 I V'S 0, thereis no overflow, but if Vg = 1, there is an overtlow and a sign reversal after the ;
shift. Vg must be (g[angfg_\rrgq"_{ht:o ,t}'h:g,vo';vgrj;!&o\_fy,gfl@p;flop with the same clock pulse that shifts the

register.” - 5

Dslgmsxs e anclisisgo. el
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4-bit combinational circuit shifter
Select
0 shift right
1 shift left
S
ial input
SerllaRl inpu . o MUX e
1
A, : S
—L‘ — 1o MUX —H,
1
A,
S .
1
A, ‘
A, S
‘ o MUX —H,
Serial Input 1
Il

Q9. To implement add microoperation with hardware.
Ans. Binary Adder: To implement the
that hold the data and the digital component
that forms the arithmetic sum of two bits and
that generates the arithmetic sum of two bin
binary adder is constructed with full-

add microoperation with hardware, we need the registers
that performs the arithmetic addition. The digital circuit
a previous carry is called a full-adder. The digital circuit
ary numbers of any lengths is called a binary adder. The

input carry to the binary adder is Co and
ate the required sum bits.

B, A, B, A, B, A By A,

v 1 1 y !

y FA FA [~ FA le— Fa e
i e e e e

C. Ss 'S, - S

3

F 3

4-bit binary addér

Previous content. !
Q 10. Differentiate between register and memory.

, (PTU, Dec. 2011)
Ans, Registers are the memory space provided by the processor for storing

temporary values
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) i <
On which the operation is currently performing. And the memory locations are usually refgred tog
physical memory addresses i.e. RAM addresses. The data are brought to and from the registers are’

from the physical memory. All data and instructions are stored in the physical memory and the data}:
are brought to the registers for execution. '

Q 11. Draw the block diagram of computer and explain its various components. o

: : . (PTU, Dec. 201g)

Ans. Block Diagram of Computer: A computer can process data, pictures, sound and graphics;

They can solve highly complicated problems quickly and accurately. A computer as shown in fig. 4

performs basically five major computer operations or functions irrespective of their size and m‘ake.'.}
These are A

1. It accepts data or instructions by way of input

2. It stores data

3. It can process data as.required by the user

4. 1t gives results in the form of output, and

S. It controls all operations inside a computer.

We discuss below each of these computer operations :

Storage OUtPUt /Z_,
. Unit Unit Results

Prograrh

: Unit

T

_________________________ Control | i
Unit
L— Central‘
) o ‘Processing
| Arithmetic Linit
Logic Unit

Basic Computer Operations

1. Input : This is the process of entering data and programs into the computer system. You
should know that computer is an electronic machine like any other machine which takes as inputs raw

data and performs some processing giving out processed data., Therefore, the input unit
from us to the computer in an organized manner for processing. ' _
2. Storage : The process of saving data and instructions permanently is known as storage. ‘
Data has to be fed into the system before the actual processing starts. Itis because the processing
speed of Central Processing Unit (CPU) is so fast that the data has to be provided to CPU with the |
same speed. Therefore the data is first stored in the storage unit for faster access and processing. 4§
This storage unit or the primary storage of the computer system is designed to do the above functionality.
It provides space for storing data and instructions. o
The storage unit performs the following major functions :
® All data and instructions are stored here before and after processing. ) ]
® Intermediate results of processing are also stored here.
3. Processing : The task of performing operations like arithmetic and logical operations is

2y

takes data

' \ . " . 3 o i
¥ . ¥
Toe 8 pwies - & '
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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.

4. Output : This is the process of producing results from the data for getting useful information.
Similarly, the output produced by the computer after processing must also be kept somewhere inside
the computer before being given to you in human readable form. Again the output is also stored inside
the computer for further processing.

5. Control : The manner how instructions are executed and the above operations are performed
Controlling of all operations like input, processing and output are performed by control unit. It takes
care of step by step processing of all operations inside the computer. ‘

Functional Units : In order to carry out the operations mentioned in the previous section the

computer allocates the task between its various functional units. The computer system is divided into
three separate units for its operation. They are :

1. Arithmetic logical unit

2. Control unit ‘

3. Central processing unit.

1. Arithmetic Logical Unit (ALU):

Logical Unit : After you eriter data through the input device it is stored in the primary storage
unit. The'actual processing of the data and instruction are performed by Arithmetic Logical Unit. The
major operations performed by the ALU are addition, subtraction, multiplication, division, logic and
compression. Data is transferred to ALU from storage unit when required. After pracessing the output
is returned back to storage unit tor further processing or getting stored.

2. Control Unit (CU) : The next component of computer is the Control Unit, which acts like the
supervisor seeing that things are done in proper fashion. Control unit is responsible for co-ordinating
various operations using time signal. The control unit determines the sequence in which computer
programs and instructions are executed. Things like processing of programs stored irrthe main memory,
interpretation of the instructions and issuing of signals for other units of the computer to execute
them. It also acts as a switch board operator when several users access the computer simultaneously.
Thereby it coordinates the activities of computer’s peripheral equipment as they perform the inputand
output.

3. Central Processmg Unit (CPU) The ALU and the CPU of a computer system are jointly
known as the central processing unit. You may call CPU as the brain of any computer system, It is
just like brain that takes all major decisions, makes all sorts of calculations and directs different parts
of the computer functlons by activating and contro[lmg the operations.

Q 12. What are the memory reference instructions ? Give examples.” (PTU, Dec. 2019)

Ans. These instructions refer to memory address as an operand. The other operand is always
accumulator. Specmes 12-bit address 3-bit opcode and 1-bit addressnng mode for direct and indirect
addressing. :

15 14 12 11 0
1 Opcode Memory Address

Example : IR register contains = 000/XXXXXXXXXXXX, i.e. ADD after fetching and decoding of
instruction we find out that it is a memory reference instruction for ADD Operation

Hence,

DR « M[AR]

AC « AC+DR,SC « 0
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int arithmetic? (PTU, Dec. 2011) -

Q 13. What do you understand by floating po

Ans. Floating-point arithmetic is considered an es
surprising because floating-point is ubiquitous in compu
floating-point data type ; computers from PCs to supercom
most compilers will be called upon to compile floating-point a
every operating system must respond to floating-point exceptions such are overflow.

Q 14. List the functions of 8251. (PTU, May 2012)

Ans. The functions of 8251 are : s ‘

1.8251 can be used to transmit receive serial data. Data transmission to a CRT terminal using. =

the 8251 in status check mode. L
2. A programmable chip designed for synchronous/asychronous serial data commumc?tlon.
@ 15. Perform the subtraction with the following assigned binary number by taking the
2's complement of the subtrahend 11010-11111. | ' (PTU, Dec. 2010)
Ans. Atlet X=11010and Y = 11111, SoX-Y
Using 2’s complement will be '

X =11010
2’s complement of Y = 00001
Sum =11011

Here no carry means, the X-Y will be negative 2's complement of sum above i.e. 00101.

Q 16. Where ASCII code is used in computers? | (PTU, Dec. 2010)

Ans. The American standard code for information interchange (ASCll)isa charaqter-encodmg
scheme based on the ordering of the English alphabet. ASCII codes represent text in computers

oteric subject by many people. This is rather * 7
ter systems. Almost every language has a 3
puters have floating-point accelerators ; %
Igorithms from time to time and virtually -

.
5.
itk

P ; Pl Mg A
W o RN Ry e e 4 sy

R S

el 4

communications equipment and other devices that use text. Most modern character encoding schemes E

are based on ASCII though they support many more characters than ASCII does. ‘ e
ASCII is the Internet Assigned Numbers Authority (IANA) preferred charset name for ASCIL.
Q 17. An 8-bit register contains the binary value 10011100. What is the register value after
arithmetic shift right? : (PTU, May 2011)
- Ans. 00010111 Right shift =00001011 ' _

m os)
g 3
7 6 5 4 3 2 1 0
WJIOIOHIOI\IHH
[ofofofJof1]of1]1]

Arithmetic Right Shift

_ ~In this case, the rightmost 1. was shifted out a new 0 was copied into the leftmost portion,
preserving the sign of the computer. '

Q 18. Répreéent the following conditional control statement by two register transfer '

statements with the control functions. ‘
_If (P = 1) then (R, <— Ry) else if (@ = 1) then (R « Ry). ‘ (PTU, May 2011)
Ans. P:R; «- Ry ;if (P=1)then (Ry « R,) - : W TN
P'Q: Ry« Rj; Elseif (Q=1)then (R « Rs)

- Q19. Write a symbolic microprogram for the ADD operation. ' (PTU, May 2011)

Ans. The execution of the ADD instruction is carried out by the micro in structures at addresses ‘
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1 and 2. The first microstruction reads the operand from memory into DR. The second microinstruction :
performs and add micro- operation with the contact of DRand AC and then jumps back to the beglnmng
of the getch routine. : ,

Lable Mlcrooperations . CD BR , AD
ADD: ORGO 1 CALL ~ Indirect
NOP U JMP-. Next
READ
ADD u JUMP FETCH

@ 20. With the help of circuits discuss Iook ahead carry generator. Show how it makes '
faster additions. _ . (PTU, Dec. 2010)

~ Ans. These circuits are high-speed, look- ahead away generators, capable of anbicipating a
carry across four binary adders or groups of-adders. They afe cascaded to perform full look ahead
across n-bit adders. Carry-generate carry and propagate cérry functions are provided as shown in the
pin designation table. '

When used in conjunction with the 181 arithmetic logic unit these generators provides high-
speed carry look-ahead capability for any word length. Each DM74S182 generators the look- ahead
(anticipated carry) across a group of four ALU’s and in addition, other carry look-ahead circuits may be
employed to anticipate carry across sections of four look-ahead perform multi-level look-ahead is
illustrated under typical application data. :

Carry input and output of the ALU’s are in their true formand the carry propagate (P) and carry
generate (G) are in negated form therefore the carry functions (inputs, outputs, generate and propagate)
of the look-ahead generators are implemented in the compatible forms for direct connection to the

ALU reinterpretations of carry functions as explained on the 181 data sheed are also applicable to and
~ compatible with the look-ahead generator positive logic equations for the DIVI7481 82are:

Cn+x = Gg + P, Cpy

Criy = G+ PG + HﬁOICn

Crsz = Gp + Po Gy + B P Go + B PR Cn

= 63(53 +§2) (53 +P +§1) (53 +P+ P +§0)

P = RRAR
Connection Diagram: o o
- Inputs Outputs
VCC . P2 G2 C: - me Cn+y G C:;
li6 |15 él)m 13 12 11 lio . |s
O ,
7 713 ¢ 5 5 |7 J°
G, P, Gy, P, ¢GjuciPyri=P {:GND
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Designation Pin Nos Function .'
Go, Gy, Gy, Gz 3,1,14,5 “Active Low Carry generate rrwput
Po, Py, P5, P3 - 4,2,15,6 Active low Carry prgpagate input
Cn 13 Carry input
Cn+x, Cn+y 12,11,9 Carry outputs
Cn+2 ;
¢ 10 Active low Carry propagate output
P | = }
Vee . 16 Supply voltage
GND - 8 1 Ground
Q 21. Draw the diagram for a common bus system using tri-state buffers and a decoder
instead of multiplexers. . (PTU, May 201 1)

3

Ans. Bus transfers

0 The transfer of information from a bus into one of many destunatlon registers can be accom-
plished by connecting the bus lines to the inputs of all destination registers and actlvattng
the load control of the particular destination register selected.

® The symbolic statement for a bus transfer may mention the bus or its presence may be
implied in the statement. When bus is included in the statement we write :
BUS « C, R1 «- BUS (however itis R1 « C) :

Tri State Bus Buffers

® Athree-state gate is a digital curcun that exhibits three states. Two of the states are signals
equivalent to logic 1 and 0 as in a conventional gate.

® The third state is called high impedance state

® The high impedance state behaves like an open circuit which means that the output is
dlsconnected and does not have a logic significance.

Normal Input A — OutputY = Aif C = 1
- High impedance if C =0

. Control Input C
Bus and Memory Transfers : Three-State Bus Buffers

Vs

Buffer .
= A = .B
- C=0
» . Open circuit
A | — *B = A—— o— .5 '

Connecting registers with 3-state buffers

® To construct a common bus for 4 registers of n bits each using3-state buffers, we need n
circuits with four buffers in each, as follows :

e TE———
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A N Bus line for bit 0
0 l//
Bo {}
CD ’ [>
D, l[>
Select 5 a
52 2x4 1
decoder 2
Enable —E 3

Q 22. Draw the block diagram of a computer and explein the function of each block.

. (PTU, Dec. 2007 ; May 2016, 2004)
Ans. ,

Random'Access
Memory (RAM)

3

Central Processing

Unit (CPU)
r' 3
Input h Input-Output .| Output
Device Processor (IOP) 7 Device

Block diagram of a Computer

The block diagram of a computer is shown above Basically, the hardware of computer is
divided into three major parts.

1. CPU : CPU is Central Processing Unit and it contains an Arrthmetlc and logic unit for
manipulating data, a number of registers for storing data, and control circuits for fetching and executing
instructions.

. 2.Memory: The memory of a computer consists of storage for instruction and data. Normally,
it is called Random Access Memory (RAM) because CPU can access any location in memory at
random and retrieve any information within a fixed interval to time. :

The Input and Qutput processor/.Job consists of electronlc circuits and is used for communrcatlng
and controlling the transfer of information or between computer and outside world. i.e. it performs the
basic input and output-operations when CPU sends a request to it.

3.1/0 Devices : The input and output devices are peripheral input devices, such as keyboard
mouse, etc are used to input any data to the processor monitor, printer, etc are used result to the user
which inputs the data.

Q 23. Perform the subtraction with the following unsigned binary number by taklng the
2's complement of the subtrahend 100-11000. (PTU, Dec. 2004) -

Ans. Let x = 00100 and y = 11000 '
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So x-y using 2' complement will be 'j
x =00100 i
2's complement of y =01000
Sum =01100

Here no carry means, the x—y will be -ve 2's complement of sum above i.e. 10100. ;

Q 24. Perform the subtraction with the following unsigned binary number by taking the.

2’s complement of the subtrahend 11010-11111. (PTU, May 2005)'

Ans. Letx=11010andy = 11111. So x-y |
Using 2 s complement will be
=11010 -
2's complement of y = 00001

Sum =11011 " 00
Here no carry means, the x-y will be negative 2's complement of sum above i.e. 00101,

Q 25. Perform the subtraction with the following unsigned binary number by taking the 2,4
compliment of the subtrahend 1010100-1010100. (PTU, Dec. 2009, 2005

Ans. Let x=1010100 andy = 1010100 - |

S0 x —y.using 2's complement will be.

=1010100
y 0101100 (2's complement ofy)
Sum = 10000000
Discarding the end carry then x — y = 000000

Q 26. Explain about the computer organization. (PTU, Dec. 200g)
Ans. There are mainly five units is a computer organization : :_
1. Input Unit |

2. Output Unit

3. Memory

4. Control Unit

5. Arithmetic and logic unit

A\ 4

r 3

Memory
Unit

F:y

Input ' Output
unit Control unit
Unit

A
y

v

“ALU

CPU
; Block Diagram of Computer
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Q 27. Explain the meaning of the memory - reference instruction STA.

(PTU, Dec. 2009)

Ans. Memory reference instruction STA occupies memory address which is 8 bit number.
Memory reference instruction STA occupy 2 consecutive bytes of RAM. The first byte is reserved for
opcode and the second byte indicates the 8 bit memory address. STA instruction stores the accumu-
lator to memory. The instruction STA 100 means “Store the value current!y in the accumulator in
memory address 100"

The following program illustrates how can translate the statement Z = A* B +.C * D E* F into
a sequence of one-address instructions : .

LDA E ; Acc <—- E

MUL F : Acc <— Acc* F
STA T . T1 < Acc

LDA C ; Acc <-C

MUL D : Acc <— Acc * D
STA T2 ; T2<-Acc

LDA A 5 Acc <— A

MUL B : Acc <— Acc * B
ADD T2 - ;  Acc<-Acc+T2
suB Tt ;  Acc<—Acc-Ti1
STA Z ,  Z<—Acc

In this program, T1 and T2 represent the addresses of memory locations used to store tempo-
rary results. Instructions that do not require any addressses are called “zero-address instruction.” Al
microprocessors include some zero-address instructions in the instruction set. Typical examples of
zero-address instructions are CLC (clear carry) and NOP.

Q 28. Differentiate between arithmetic shift and logical shift. - (PTU, Dec. 2007)

Ans. The arithmetic instruction for logical operation are :

Clear, compliment, AND OR, XOR, Clear and Carry, set array, complement carry, enable or
disable interrupt.

The instructions for shn’t operation are :

1. Logical shift right

- 2. Logical shift left

3. Arithmetic shift right

4. Arithemetic shift left

5. Rotate right

6. Rotate left '

7. Rotate right through carry

8. Rotate left through carry

Shift Operation : The circular shift operations are machine instructions in basic computer. The
other shifts of interest are logic shift and arithmetic shifts. These two shifts can be programmed with
a small number of instructions.

The logical shift requires that zeros to be added to extreme posmons This is easily accomplished
by clearing E and circulating AC and E. Thus a logical shift right operation need two instruction :

CLE :

CIR

For a logical shift left operatlon we need two instructions

-CLE
-CIL
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For a basic computer we have adopted signed 2's component representatlon - : .,.4

Arithmetic shift Logical shift i

1. An arithmetic shift via micro operation that |1. A logical shift is one that tranm‘

shifts a signed binary number to the léft’ through the serial input. :

and right. | | 3

2. An arithmetic shift left multiplies assigned |2.  The symbols strand and for logica |1

binary. number by. An arithmetic shift right shift left and logical shift right

divides number by-2. microoperations. 4

3. Forexample: 3. Forexample:

'R1 « Shift R | Cas 4

' R2 « Shift R2 M Roi [ Boz] = [ R | R ]H

| | Sign bit

an micro operations that specify a 1-bit The left most bit is a register that ;

shift to left of content of register R1 and holds sign bit and remaining bits ‘

- 1-bit shift to right of content of register R2. and remaining bits hold the number, |’

4. The register symbol must be same |4, It does not follow the conditions as |/

~ on both sides of the arrow. - f{ollowed by-arithmetic shift micro

A , operations. ' ‘E

5. The bit transferred to the end position 5. Thebitis not tranferred to the end
through serial input.is assumed to be position through serial input, since
0-during a logical shift. it follow difference arithmetic logic.

Q 29. Discuss Booth Multiplication algorithm with the help of suitable example. ;
(PTU, Dec. 2011, 2010, 2008 ; May 2005) '

Ans. Booth Multiplication Algorlthm Booth algorithm gives -a procedure for multlplymg i
binary integers in signed-2's complement representatlon It operates on the fact that strings of 0'sin |
the multiplier require no addition but just shifting, and a string of 1's in the muiltiplier from bit weight 2";
to weight 2in can be treated as 2k+! — 2™ . For example, the binary number 001110 (+14) has a string *
of 1's from 23 to 2! (k =3, m = 1). The number can be represented as 2k+1-2m =24 _ 21 = 16-2=_
14. Therefore, the multiplication M x 14, where M is the multiplicand and 14 the multiplier, can be done, 3
as M x 24— M x 21, Thus the product can be obtained by shifiting the bmary multlplucand M four times
to the left and subtracting M shifted left once.
As in all multiplication schemes, Booth algorithm requires examination of the multiplier bits andv'
shifting of the partial product, Prior to the shlftlng, the multiplicand may be added to the pamal
product,subtracted from the partial product, or left unchanged according to the following rules ‘
1. The multiplicand is subtracted from the partial product upon encountering the first Ieast ‘
significant 1 in a string of 1's in the multiplier. '

2. The multiplicand is added to the partial product upon encountering the firstO (provided that ]
there was a previous 1) in a string of 0's in the multiplier. i
3. The partial product does not change when the multiplier bit is ldentlcal to the prewous

multiplier bit: i
The algorithm works for positive or negative multiplers in 2's complement representation. Thls
is because a negative multiplier ends with a string of 1's and the last operation will be a subtraction of}
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iho appropriate welght. For examplo, a multiplior equal to - 14 Is roprosented in 2's complement as
110010 and is troatod as — 24 + 22 — 21 = ~ 14,

Tho hardware implomontation of Booth algorithm requires the reglster configuration shown in
Fig. This Is similar to Fig. oxcept that tho sign bits are not soparatod from the rest of the registers. To
show this difference, we renamo rogistors A, B, and Q, as AC, BR, and QR, respactively. Q, designates
the loast significant bit of the multiplior In registor QR. An extra flip-flop Q,,,4 Is appended to QR to
acilitate a doublo bit inspoction of tho multiplior. The flowchart for Booth algorithm Is shown in Fig. AC
and the appended bit Q,,,; are initially cleared to 0 and the sequence counter SC s set to a number n,
equal to tho number of bits in the multiplier,

BR roglstor Soquonce counter (SC)

1 ’

Complemontor and
parallel adder

1 . Qn an

AC register " QR register 4&]

Multiply

Multiplated in BR
Multiplier in QR

AC«0
Q,+1<0]
S

4

ACCAC+BR+1 T AC « AC + BR

A A\ 4 A
ashr(AC&QR)
SC« SC-1

#0
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The two bits of the multiplier in Q, and Q,,, are inspected. If the two bits are equaj 1
means that the first 1 in a string of 1's has been encountered. This requires a subtraction of gl
multiplicand from the partial product in AC. If the two bits are equal to 01, it means that the firgt
a string of 0's has been encountered. This requires the addition of the multiplicand to thg ban’i?
product in AC. When the two bits are equal, the partial product does not change. An overfloy Cann:‘f
occur because the addition and subtraction of the multiplicand follow each other. As a c:onsequencet '
two numbers that are added always have opposite signs, a condition that excludes.an overflow. '}"he;
nextstep is to shift right the partial product and the multiplier (including bit Q,,,1). This is an arithnie"'bg
shift right (ashr) Ooperation which shifts AC and QR to the right and leaves the sign bitin AC unchan ged:
(see Sec. 4-6). The sequence counter is decremented and the computational loop is repecteqd n "mes.{

A numerical example of Booth algorithm is shown in-Table for n = 5. It shows the step -by-stg
multiplication of (—9) x (~13) = + 117. Note that the multiplier in QR is negative and that the Multiplicany
in BR is also negative. The 10-bit product appears in AC and QR and is positive. The final valug of
Qp,is the original sign bit of the multiplier and should not be taken as part of the product. 1

r——
P o
B

TABLE : Example of Multiplication with Booth Algorithm

~ BR=10111
Q. Q., BR+1=01001 AC QR Q ey sc il
Initial 00000 10011 0 101 ol
1 0 Subtract BR - 01001 ' ' :
| . 01001
ashr 00100 11001 1 100
1 1 ashr 00010 01100 1 © 011
0 1 Add BR . 10111
| , 11001 o |
: ashr ~ 11100 10110 0 010
0 0 ashr | 11110 01011 0 001
1 0 Subtract BR - 01001
' 00111 _
ashr . 00011 10101 1 000

Q 30. What are the two instructions needed in the basic computer in order to set the E flip

flopto 1? (PTU, May 2011)
Wo stable states and can be used to

, also give the

hardware implementation. (PTU, May 2007)

OR

With the help of a flow chart discuss the process of subtraction of floating point numbers.
Also explain the issues involved in its hardware implementation.

(PTU, May 2012, 2006 ; Dec. 2017, 2004)

Ans. Flowchart for add and subtract operations : The flowchart for the hardware algorithmis

e K At
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presented in Fig. The two signs A, and B, are compared by an exclusive- OR gate. If the output of the
gate is O, the signs are identical; if it is |, the signs are differént For an add operation, identical signs
dicate that the magnitudes be added. For a subtract operation, different signs dicate that the magnitudes
be added. The magnitudes are added with a microoperation EA « A + B, where EA is a register that
combines E and A. The carry in E after the addition constitutes an overflow if it is equal to 1. The
value of E is transferred into the add-overtlow flip-flop AVF.

The two magnitudes are subtracted if the signs are different for an add operation or identical for
a subtract operation. The magnitudes are subtracted by adding A to the 2's complement of B. No

overflow can occur if the numbers are subtracted so AVF is cleared to O. A 1in E indicates that A >B
and the number in A is the correct result, If this number is zero , the sign A must be made positive to
avoid a negative zero. A O in E indicates that A < B. For this case it is necessary to take the 2's

complement of the value in A. This operation can be done with one microoperation A <~ A+ 1.
However, we assume that the A register has circuits for microoperations complement and increment,
sothe 2's complement is obtained from these two microoperations. In other paths of the flowchart, the
- sign of the result is the same as the sign of A, so no change in A, is required. However, when A < B,

the sign of the result is the complement of the original sign of A. It is then necessary to complement
A, to obtain the correct sign. The final result is found in register A.

Subtract operation Add operation
Minuend in A ) Minuend in A
Subtrahend in B Subtrahend in B

A _1 . =1 A
—2 A®B; »— — ADBg =2
ASvtBS AsiBS
Ag=Bg Ags=Bg _
1 * ’ v A

EA<A + B +1
EReA  [LEAcnsB |

A<B

. A<—A+1
AS«—Ad ' A<—0—I

' A 3
. END
(resultis in A and Ag)

Flowchart for add and subtract operations
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Hardware Implementation : To implement the two arithmetic operation yvttr? hardwarg
necessary that the two numbers be stored in registers. Let A and B be two reglster§ tha:. §
magnitudes of the numbers, and Ag and Bg be two flip-flop that hold the. corresponding signs,
result of the operation may be transferred to a third register: however, a saving Is achieved if the resg
is transferred into A and Ag. Thus A and Ag together form an accumulator register. . | ol

Consider now the hardware implementation of the algorithms abgvg. 'Flrst, a parallel-adder;ig
needed to perform the microopoeration A + B. Second, a comparator cricuit is needed.to es_tab"shrﬁ_
A>B, A=B, or A <B.Third, two parallel-subtractor circuits are needed to perform the m'9r°°peratioﬁs
A-BandB-A. The sign relationshi,p can be determined from an exclusive OR gate with AS a"dBé
inputs. - _ e P

This procedure requires a magnitude comparator, an adder, and two subtractors. H'oweVerl-f.T_
different procedure can be found that required less equipment. First, we know that subtraction can g#

it is fi j’
holg that

accomplished by means of complement and add. Second, the result of acomparison can be determined
“from the end carry after the subtraction. Careful in_vestigation of the alternatives reyeafs that the‘usg_.
of 2's complement for subtraction and corhparison is an efficient procedure that requires only an addé; i
and a complementer. , 4 e i
Fig. shows a block diagram of the hardware of the hardware for implementing the addition ang
substraction operations. It consists of registers A and B and sign flip-flop Ag and B . Subtrac_;tion is
done by adding A to the 2's complement of B. - | : A
The output carry is transferred to flip-flop E, where it can be checked to determine the relative:
magnitudes of the two numbers. The add-overflow flip-flop. AVF holds the overflow bit when A ang B
are added. The A register provides other microoperations that may be needed when we specify the
sequence of steps in the algorithm. . ' -
The addition of A plus B is done through the parallel adder. The S (sum) output of the adder s
applied to the ihput of the A register. The complementer provides an output of B or the complement g
B depending on the state of the mode control M. The complement consists of exclusive-OR gates and
the parallel adder consists of full-adder circuits as shown in Fig. in Chap 4. The M signal is also ¢
applied to the input carry of the adder.When M = 0, the output of B is transferred to the adder, the input |
carry is 0, and the output of the adder is equal tothe sum A + B. When M =1, the 1's complement of

B is applied to the adder, the input carry is 1, and output S = A + B + 1. This is equal to A plus'the 2
complement of B, which is equivalent to the subtraction A — B. ' o

:
|
|

B, B register
v | Y . ‘ _ ) V
AVP Complementer « M (Mode control)
- A 4 '
E |e Output . Paralle! adder '
carry = Input carry
_ S v . ) )
A, A register <+——Load sum
Hardware for sighed magnitude addition and subtraction )
Q 32. Write an algorithm for multiplication of 2 unsighed numbers using shift and ad‘d,
method. ' (PTU, May 2009, 2004)
Ans. 4
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Muliiply operartion

Multiplicand in B |
Multiplierin Q |

4
As «~Qo BS
Qs Q@B
A0, E<0
SC < n-1

Shr EAQ
SC«SC-1

#0 SC _

NS !
' END
(product is in AQ)

Initially, multiplicand is in register B and multiplier in Q. The sum of A and B forms a portial
product which is transferred to the EA register. Both partial product and multiplier are shifted to right.

- The sequence counter SC is initially set to a no equal to no of bits in multiplier. The counter is
decremental by 1 after forming each partial product. When content of counter reaches zero, the
product is formed and process stops. The best significant bit of A is shifted into the most significant
posmon if g. the of bit from E is shiffed to MS most signiticat position of A and O is shifted mto E.

e.g. ‘ :

Multiplicend B = 10111 ‘ E A : Cs SC
_ Multiplier in Cs 7 : 0 00000 10011 . 101
-~ Oy=1;addB ST 10111

Ist partial product 0 10111 _ .

Shift right E A Cs 0- 01011 11001 = 100
Q,=1,addB ' , ' 10111

[Ind partial product 1 - 00010

Shift right E A Q 0 10001, - 01100 011

Q,, = O; shift right EA Q 0 01000 ~ 10110 010
-Q, = O ; shift right EA Q 0 00100 01011 001

Q,=1;addB 10111 "

Fith Partial product 0 11011 _

Shift right EA Q 0 01101 10101 000

Final product=0110110101 ‘
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Q 33. Write an Algorithm of multiplication. . (PTU, Dec, 2006) |
Ans. Algorithm of Multiplication. s -
Hardware Implementation for Signed-Magnitude Data : When mu!trplrcgtlon is mpler,nemed i

in a digital computer, it is convenient to change the process slightly. First, Instead of Provigin,
 registers to store and add simultaneously as many binary numbers as there are bits in the Multiplg,
it is convenient to provide an adder for the summation of only two bl_nary number§ gnd Successjygy, -
accumulate the partial products in a register. Second, instead of shifting the multiplic and to the left
the partial product is shifted to the right, which results in leaving the partial pdeUCf a'nd _the multiplica'nd |
in the required relative positions. Third, when the corresponding bit of the multiplier is 0, there js no
need to add all zeros to the partial product since it will not alter its value. A |
The hardware for multiplication consists of the equipment shown in Fig. plu{s “_VO more registerg
These registers together with registers A and B are shown in Fig. The multiplier is stored in the ;
register and its sign in Qs . The sequence counter SC is intially set to a number equal to the numbg,
of bits in the multiplier. The counter is decremented by | after forming each partial product. When the
content of the counter reaches zero, the product is formed and the process stops. |
Initially,the multiplicand is in register B and the multiplier in Q. The sum of.A and B forms 3
“partial product which is transferred to the EA register. Both partial product and multiplier-are shiftedtq
the right. This shift will be denoted by the statement shr EAQ to designate the right shift depicted in
Fig. The least significant bit of A is shifed into the most significant position of Q, the bit from E is
shifted into the most significant position of A, and 0 is shifted into E. After the shift, one bit of the

» Pushing the multiplier bits one position to the right. In this manner, the -
~ rightmost flip-flop in register Q, designated by Qp, will hold the bit of the multip_lier, which must ba

BS
B register Sequence counter (SC)
A 4
Complementer and
~ parallel adder
- :
1 (rightmost bit)
As Qs ' Qn :
47 i . T
0— E A register —b Q register

Hardware for multiply ope_ratidn

_ art of the hardware multiply algo'rithm. lnitially.. the
multiplicand is in B and the multiplier in Q. Their corresponding signs are in B, and Qq,respectively.

The signs are compared, and both A and Q are set to correspond to the sign of the

: i
, 2
— T
: —
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——

Multiply operartion

|

Multiplicand in B |
v | Multiplierin Q |

A 4
A;«Qa@Bg -
Qs Q@ Bg
A0, E0
SC «<n-1 -

=04\ =t
N\

EAAB

ShrEAQ
SCSC-1

io\s/g » #0
Y ; .
END
(product is in AQ)

: _ Flowchart for multiply operation , :

~ Afterthe initialization, the low-order bit of the multiplier in Q, is tested. Ifitis a 1, the multiplicand

in B is added to the present partial product in A. If it is a 0, nothing is done. Register EAQ is then

shifted once to the right to form the new partial product. The sequence counter is decremented by 1

. andits new value checked. If it is not equal to zero, the process is repeated and a new partial product

is tormed. The process stops when SC.= 0. Note that the partial product formed in A.is shifted into Q

one bit at a time and eventually replaces the multiplier. The final product is available in both A and Q,
with A holding the most significant bits and Q holding the least significant bits.

Q 34. What are the various issues for designing the instruction set of a processor?

_ A (PTU, May 2009)

Ans. Instruction Set : An instruction set, or instruction set architecture (ISA), is the part of the
computer architecture related to programming, including the native data types, instructions, registers,
addressing modes, memory architecture, interrupt and exception handling, and external I/O. An ISA
includes a specification .of the set of opcodes (machine language), and the native commands -
implemented by a particular processor.

Instruction set architecture is distinguished from the microarchitecture, which is the set of
processor design technigues used to implement the instruction set. Computers with different-
microarchitectures can share a common instruction set. For example, the Intel Pentium and the AMD

: Athlon implement nearly identical versions of the x86 instruction set, but have radically different
internal designs.

This concept can be extended to unique ISAs like TIMI (Technology-Independent Machine
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SClurg®
Interface) present in the IBM System/38 and IBM AS/400. TIMl is an ISA thgt Is implementeq by low. 4
level software translating TIMI code into “native” machine code, and functionally resembles
NOw referred to as a virtual machine. It was designed to increase the Iong:evuty of the platform, any s
applications written for it, allowing the entire platform to be moved to very different hardwarg Withoy &
having to modify any software except that which translates TIMI intq native machine code, anq the &
code that implements services used by the resulting native code. This alloyved IBM t_o Move the Aq) 4
400 platform from an older CISC architecture to the newer POWER arch!tecture wythout having
rewrite or recompile any parts of the OS or software associated with it other than,_th»e a.forementioned*‘;,
low-level code. Some virtual machines that support bytecode for Smalltalk', the Java virtual Maching |
and Microsoft's Common Language Runtime virtual machine as their ISA lmplemgnt It by translat, i
the bytecode for commonly-used code paths into native machine code, and executing less-frequently. gt
used code paths by interpretation; Transmeta implemented the x86 instruction setatop VLIW Processorg
in the same fashion. . ' :

Instruction set implementation

Any given instruction set can be implemented in a variety of ways. All ways of imple_menting an
instruction set give the same programming model, and they all are able to run the same binary
€xecutables. The various ways of implementing an instruction set give different tradeoffs betwee
cost, performance, power consumption, size, efc. _ ' :

' When designing microarchitectures, engineers use blocks of “hard-wired” electronic circyit
(often designed separately) such as adders, multiplexers, counters, registers, ALUs etc. Some king
of register transfer language is then often used to describe the decoding and sequencing of each

- instruction of an ISA using this physical microarchitecture. There are two basic ways to build a control 1
unit to implement this description (although many designs use middle ways or compromises) : .

1. Early computer designs and some of the stmpler RISC computers “hard-wired” the complete

instruction set decoding and sequencing (just like the rest of the microarchitecture). 3

2. Other designs employ microcode routines -and/or tables to do this-typically as.on chip =

ROMs and/or PLAs (although separate RAMs have been used historically). L

There are also some new CPU designs which compile the instructio :

FLASH inside the CPU (such as the Rekursiv processor and the Imsys Ciip)[1], or an FPGA'"

(reconfigurable computing). The Western Digital MCP-1600 is an older example, using a dedicated,
separate ROM for microcode.

5 &L

n j
3

Iy

hardware implementation is ready.

Often the details of the implementation hav
selected for the instruction set. For example, ma
allow a single memory load or memory
(RISC). For another example, some early
slot.
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e a strong influence on the particular instructions
ny implementations of the instruction pipeline only
store per instruction, leading to’a load-stere architecture
ways of implementing the instruction pipeline led to a delay

The demands of high-speed digital signal processing have pushed in the opposite direction-
forcing instructions to be implemented in a particular way. For example, in order to perform digital
filters fast enough, the MAC instruction in a typical digital signal processor (DSP) must be implemented
using a kind of Harvard architecture that can fetch an instruction and two data words simultaneously,
and it requires a single-cycle multiply-accumulate multiplier.

Instruction set design : Some instruction set designers reserve one or more opcodes for

TR
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S0me k|(r11d chfoflware interrupt. For example, MOS Technology 6502 uses 00H, Zilog Z80 uses the
eightcodes L/ .CF.D7.DF,E7.EF,F7,FFH[2] while Motorola 68000 use codes in the range A00..AFFFH.

Fast 'VIrtual machines are much easier to implement if an instruction set meets the Popek and
Goldberg virtualization requirements. '

The NOP"S“de used in Immunity Aware Programming is much easier to implement if the

“unprogrammed” state of the memory is interpreted as a NOP. '

| On systems \{Vlth mul_tlple processors, non-blocking synchronization algorithms are much easier
to implement if 1h'e‘ instruction set includes support for something like “fetch-and-increment” or “load
linked/store conditional (LL/SC)" or “atomic compare and swap”.

Code density : In early computers, program memory was expensive, SO minimizing the size of
a program.to makg sure it would fit in the limited memory was often central. Thus the combined size
of all the instructions needed to perform a particular task, the code densily, was an important
ChafaCtef'St'C of any instruction set. Computers with high code density also often had (and have still)
complex instructions for procedure entry, parameterized returns, loops etc. (therefore retroactively
named Complex Instruction Set Computers, CISC). However, more typical, or frequent, “CISC”
instructlon§ merely combine a basic ALU operation, such as “add”, with the access of one or more
operands in memory (using addressing modes such as direct, indirect, indexed etc.). Certain
architectures may allow two.or three operands (including the result) directly in memory or may be able
to perform functions such as automatic pointer increment etc. Software-implemented instruction sets
may have even more complex and powerful instructions. |

Reduced instruction-set computers, RISC, were first widely implemented during a period of
rapidly-growing memory subsystems and sacrifice code density in order to simplify implementation
circuitry and thereby try to increase performance via higher clock frequencies and more registers.
RISC instructions typically perform only a single operation, such as an “add” of registers or a “load”
from a memory location into a register, they also normally use a fixed instruction width, whereas a
typical CISC instruction set has many instructions shorter than this fixed length. Fixed-width instructions
are less complicated to handle than variable-width instructions for several reasons (not having to
check whether an instruction straddles a cache line or virtual memory page boundary[3] for instance),
and are therefore somewhat easier to optimize for speed. However, as RISC computers normally
require more and often longer instructions to implement a given task, they inherently make less
optimal use of bus bandwidth and cache memories.

Minimal instruction set computers (MISC) are a form of stack machine, where there are few
separate instructions (16-64), so that multiple instructions can be fit into a single machine word.
These type of cores often take little silicon to implement, so they can be easily realized in an FPGA
or in a multi-core form. Code density is similar to RISC; the increased instruction density is offset by

requiring more of the primitive instructions to do a'task.

Issues in compiling ' - o _

It is easy to interpret the individual instructions of a stack-based virtual machine (SM) such as

the Java virtual machine (JVM), because most operands are implicit. Howeyver, a high-level language
e memory traffic than the equivalent set of instructions

implementation of the interpreter generates more -
in a memory transfer machine (MM) such as Dis. Consider the code to execute

c=a+b;
An SM would execute this by a code burst suc
memory traffic using L for load and S for store :
push a #LS

push b #LS
add #LLS

store C #LS

h as this, which we have annotated with its
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The corresponding MM code burst would be the plain three-operand i_nstruption

add ab,c #LLS \ , . _ 3
When ir{terpreting, the extra memory traffic of the SM is mas'ked by_the tlme_a saved by p ¢ 5
decoding any operand fields. The operand fields are implicit in the SM instructions, whl!e the MM the
are explicit: three operand fields must be decoded in every instruction, even those without Operangs, -
When compiling, the tradeoffs are different. Clearly, either design can produce the same Nativg -
instructions from its just-in-time compiler'(JIT), but in the SM case most of the work must be done ip, -
the JIT, whereas in the MM design the front end has done most of the work arld the JIT can pg
substantially simpler and faster. - , et
A JIT for an SMis forced to do most of the work of register allocation in the JIT itself. Becaugg
the types of stack cells change as the program executes, the JIT must track their types as it compiles,
In an MM, however, the architecture maps well to native instructions. This produces a continuum of |
register allocation strategies from none, to simple mapping of known cells to registers, to flow-bageq '
register allocation. Most of the work of any of these strategies can be done in the language-to-vi
compiler. It can generate code for an infinite-register machine, and the JIT can then allocate as many
as are available in the native architecture.
Q 35. Explain the working of floating point adder/subtractor. (PTU, May 2010)
Ans. To add or subtract two floating-point numbers, the mantissas must be aligned. Then, the
exponents must be compared to determine which number is larger. If the difference between the
exponents is slight, the number with the smaller exponent may be larger if mantissas MA and MB are
. hotnormalized, which reduces the functions precision. To avoid this'problem, designers should ensures
that all inputs are normalized by making sure that the MSB of each mantissa is 1. :
The relative values of the exponents are checked by subtracting one exponent from the other.
The mantissa with the larger exponent is retained, and the mantissa with the smaller exponent is right-
shifted until the radix point is properly aligned (i.e., until the exponents are equal). If the exponents
differ by more than the number of bits in the mantissa, the smaller number becomes insignificant. The
shifting is performed by the LPM function Ipm_clshift. '

After the mantissas pass through the shifters, an unsi
an operation that is determined by the sign of the inputs (sa
of the adder is then passed through a programmable inverte
logic. This process ensures that the mantissa has the proper sign. After the addition or subtraction
has taken place, the post-normalizer normalizes the result, if necessary, by adjusting the mantissa
and exponent of the result so that the MSB of the mantissa is 1.

gned integer adder/subtractor perfb'rms
and sb) and the add_sub port. The result
r, which is controlled by the sign decision

Input and Output Ports

Port Type | Name ' Description

Input sa ' Sign bit for the a input : 1 = positive, 0 = negative

Input ma [mantissa_width ....1] | Mantissa for the a input

Input ea [exponent_width ....1] Exponent for the a input j

Input sb Sign bit for the b input : 1 = positive, 0 = negative |

Input | mb [mantissa_width ...., 1 Mantissa for the b input v 3'
- Input eb [exponent_width .....1] Exponent for the b input .

Input add_sub | Operation : 1 = add, 0 = subtract ?

Output m_ouc [mantissa_width ..,,1] Mantissa for the output

Output - e_out [exponent_width .....1] Exponent for the output .

Output | s_out Sign bit for the output : 1 = positive, 0 = negative -8
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EAEB MA MB

Exponent Decision LPM_CLSHIFT | LPM_CLSHIFT
Logic

Distan'ce
B

Distance ‘

Shift_A_ B Count A

MB_NORM

ADD_SUB SA SB ADD/

l Vlv l . SUBTRACT

Sign Decision MSB
Logic

| Programmable
" Inversion

S_ouT - , Post-
Normalizer "

E_OUT M_OUT

Block Diagram Floatmg—Pomt AdderlSubtracted

Q 36. What is the use of Condition Code register? (PTU, May 2010)

Ans. Condition-code register (qualifier register) : A set of indicators that records the status
or condition of a previous result output from the ALU. It forms part of the program  status word which
is a collection of information that encapsulates the basic execution state of a program at any instant.
It permits an interrupted process to resume operation after the interrupt has been handled. The information
is held in the program status register, and usually contains the value of the program counter and bits
indicating the status of various conditions in the ALU.

Q 37. Explain in detail the principle of carry-look-ahead adder. Show how 16-bit CLAs
can be constructed from 4-bit address. - (PTU, May 2010, 2009)

Solution. The ripple carry adder, through simple in concept, has a long circuit delay due to the
many gates in the carry path from the least significant bit to the most significant bit. For a typical
design, the longest delay path through an n-bit ripple carry adder is approximately 2n + 2 gate delays.
Thus, for a 16-bit ripple carry adder, the delay is 34 gate delays. This delay tends to be one of the
largest in a typical computer design. Accordingly, we find an alternative design, the carry lookahead
adder, attractive. This adder is a practical design with reduced delay at the price of more complex
hardware. The carry lookahead design can be obtained py a tranformation of the ripple carry design
into a design in which the carry logic over fixed groups of bits of the adder is reduced to two-level
logic. The transformation is shown for a 4-bit adder group in fig.

First, we construct a new logic hierarchy, separating the parts of the full adders not involving
the carry propagation path from those containing the path.




- Carry Lookahead

2ol

I e e e e e e e e e e e e e e e A

(b) Development of Carry-Look Ahead Adder :

We call the first part of each full adder a partial full adder (PFA). This separation is shown 1 (a),
which presents a diagram of a PFA and a diagram of four PFAs connected to the carry path. We have
removed the OR gate and one of the AND gates from each of the full adders to form the ripple carry
path.

IR i e

i xS e,

R e
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There are two outputs, Pi and Gi, from each PFA to the ripple carry path and one output Ci, the
carry input, from the carry path to each PFA. The function Pi = Ai Bi is called the propagate function.
Whenever Piis equal to 1, an incoming carry is propagated through the bit position from Ci to Ci11.
For Pi equal to O, carry propagation through the bit position is blocked. The function Gi = Ai . Bi and
is called the generate tunction. Whenever Gi is equal to 1, the carry output from the position is 1,
regardless of the value of Pi, so a carry has been generated in the position. When Gi is 0, a carry is
not generated, so that Ci 11 is O if the carry propagated through the position from Ci is also 0. The
generate and propagate functions correspond exactly to the half adder and are essential in controlling
the values in the ripple carry path. Also, as in the full adder, the PFA generates the sum function by
the exclusive-OR of the incoming carry Ci and the propagate function Pi. _

The carry path remaining in the 4-bit ripple carry adder has a total of eight gates in cascade, so
the circuit has a delay of eight gate delays. Since only AND and OR gates are involved iin the carry
path, ideally, the delay for each of the four carry signals produced, C1 through C4, would be just tow
gate delays. The basic carry lookahead circuit is simply a circuit in which functions C1 through C3
have a delay of only two gate delays. The implementation of C4 is more complicated in order to allow
the 4-bit carry lookahead adder to be extended to multiples of 4 bits, such as 16 bits. The 4-bit carry
lookahead circuit is shown in fig. 1 (b). It is designed to directly replacte the ripple carry path in fig. 1
(a). Since the logic generating C1 is already two-level, it remains unchanged. The logic for C2, however,
has four levels. So to find the carry lookahead logic for C2, we must reduce the logic to two levels.
The equation for C2 is found from fig. 1 (a) and the distributive law is applied to obtain

C2 = G1+ P1 (G0 + POCO)
=G1 + P1G0 + P1P0OCO _ .-
This equation is implemented by-the logic with output C2 in figure 5-6 (b). We obtain the two-

level logic for C3 by finding its equation from the carry pathin figure 1 (a) and applying the distributive
law : , ‘

C3 =G2+ P2 (G1 + P1 (G0 + POC0))
= G2 +P2 (G1 + P1G0 + POCO)
. = G2 + P2G1 + P2P1G0 + P2P1P0OCO - _
The two-level logic with output C3 in fig. 1(b) implements this function.

We could implement C4 using the same method. But some of the gates would have a fan-in of
five, which may increase the delay. Also, we are interested in reusing this same circuit for higher
numbered bits (e.g., 4 through 7, 8 through 11, and 12 through 15 of a 16-bit adder). For this adder, in
positions 4, 8 and 12 we would like the carry to be produced as fast as possible without using excessive
fan-in. Accordingly, we want to repeat the same carry lookahead trick for 4-bit groups that we used to
handle the 4 bits. This will allow us to reuse the carry lookahead circuit design for each group of 4 bits,
and also to use the same circuit for four 4-bit groups as if they were individual bits. So instead of
‘generating C4, we produce generate and propagate functions that apply to 4-bit groups instead of a
- single bit to act as the inputs for the group carry lookahead circuit. To propagate a carry from CO to
C4, we need to have all four of the propagate functions equal to 1, giving the group propagate function.
‘To represent the generation of a carry in positions 0, 1, 2 and 3, and its propagation to C4, we
need to consider the generation of a carry in each of the positions, as represented by G0 through G3,
and the propagation of each of these four generated carries to position 4. This gives the group
generate function. The group propagate and group generate equations are implemented by the logic in
the lower part of fig. 1 (b). If there are only four bits in the adder, then the logic circuit used for C1 can
be used to generate C4 from these two outputs; we will later refer to the C1 logic block as OC (Output

Carry) for generating the output carry from an adder, in this case, C4.




42 | I.O?D) Computer Organization & ArchntectUre |

In a longer adder, for 4n bits, where n = 2, 3-and so on, one or more carry lookahead Cirg Clig j

identical to that in the figure, except for labelling, are placed at the second level to generate G4 ,Cg;
C12 and s0 on. As the number of adder bits crosses values equal to 4m for m =2, 3 ang S0 g

additional carry-lookahead circuit (CLC) levels are added. Assuming that an exclusive OR contnbUt .-:
2 gate delays, the longest delay in the 4-bit carry lookahead adder is 6 gate delays, compared wit, 101
gate delays in the ripple carry adder The improvement is very modest and perhaps not worth g the| E

extra logic.

Q 38. Write short notes on the following :

(a) Superscalar machines (b) 8255 chip. . (PTU, Dec. 2011 »2010)

Ans. (a) Superscalar Machines : A superscalar CPU architecture implements a form of
parallelism called instruction level parallelism within a single processor. It therefore allows faster CPY
throughput than would otherwise be possible at a given clock rate. A superscalar processor executesf
more than one instruction during a clock cycle by simultaneously dispatching multiple instructions to
redundant functional units on the processor. Each functional unit is not a separate CPU core byt an
execution resource within a single CPU such as an arithmetic logic unit, a bit shifter, or a multiplier,

Inthe Flynn taxonomy, a single-core superscalar processor is classified as an SISD processor
(Single Instructions, Single Data), while a multi-core superscalar processor is classified as an MIMp ¢
processor (Multiple Instructions, Multiple Data). ' 1

While a superscalar CPU is typically also pipelined, plpellnlng and superscalar archltecture are
considered different performance enhancement techniques. :

; The superscalar technique is traditionally associated with several ldentlfylng charactensttcs
(within a given CPU core) :
O Instructions are issued from a sequenhal mstructlon stream -
Q CPU hardware dynamically checks for data dependencies between instructions at run tlme
(versus software checking at compile time)

W The CPU accepts multiple instructions per clock cycle.

(b) 8255 Chip : The Intel 8255 (or i8255) Programmable Peripheral Interface chip is a penpheral i
chip originally developed for the Intel 8085 microprocessor, and as such is a member of a large array |
of such chips, known as the MCS-85 Family. This chip was later also used with the Intel 8086 and its
descendants. It was later made (cloned) by many other manutacturers. It is made in DIP 40 and PLCC
44 pins encapsulated versions.

The 8255 is widely used not only in many mlcrocomputer/m|crocontroller systems especially Z-
80.based, home computers such as SV-328 and all MSX, but also in the system board of the best '

“known original IBM-PC, PC/XT, PC/jr, etc. and clones, along Wlth numerous homebuilt computer

computers such as the N8VEM. : ]
Operational modes of 8255 : There are two ba31c operational modes of 8255 :
1. Bit Set/Reset Mode (BSR Mode)

2. Input/Output Mode (/O Mode) 4
The two modes are selected on the basis of the value present at.the D, blt of the Control Word

. Register. When D; = 1,8255 operates in I/O mode and when D; = 0, it operates in the BSR mode. |

Bit Set/Reset Mode : The Bit Set/Reset (BSR) mode is applicable to port C only. Each line of #
port C (PC,— PC5) can be set/reset by suitably loading the control word register. BSR mode and /0 |
mode are independent and selection of BSR mode does not affect the operation of other ports in I/O 3
mode.

Q Dy bitis always 0 for BSR mode.

O Bits Dg, Ds and D4 are don’t care bits.

O Bits D3, D, and Dy are used to select the pin of Port C.

O Bit D,y is used to set/reset the selected pin of Port C.

9
,.
5
4
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Q 39. Mention the limitations of gogs, (PTU, Dec. 2010)

Ans. (i) The lower order address bus of the 8085 microprocessor is multiplexed (time shared)
with the data bus. The buses need to be demultiplexed.

(ii) Appropriate control signals need to be generated to interface memory and I/O with the 8085.

Q 40. Describe Booth’s multiplication algorithm. (PTU, May 2011)

Aris. Booth’s algorithm is a multiplication algorithm that multiplies two signed binary numbers in
two's complemente notation. The algorithm used desk calculators that were faster at shifting them
adding and created the algorithm to increase their speed. |

Procedure : Booth’s algorithm involves repeatedly adding one of two predetermined value A
and S to a product P, then performing a right ward arithmetic shift on P. Let m and r be the multiple C
and multiplier, respectively and let x ang Yy represent the number of bits in m and r.

1. Determine the value of A and S, and the initial value of P. All of these numbers should have
" length equal to (X +y + 1).

(i) A : Fill the most significant (leftmost) bits with the value of m. Fill the 'remaining (y+ 1) bits
with zeros. : L

(ii) S : Fill the most significant bits with the value of (-m) in two’s complement notation. Fill the
remaining (y + 1) bits with zeros. “ ‘ '

(iii) P = Fill the most significant x bits with zeros. To the right of this, append the value of r. Fill
the least significant (rightmost) bits with a zero.

2. Determine the two leat significant (rightmost]j bit of P. - = -

(i) If they are 01, find the value of P.+ A.lgnore any overflow.

(ii) If they are 10, find the value P + S, Ignore any overflow.

(iii) If they are 00, do nothing. Use P directly in next step.

(iv) If they are 11, do nothing. Use P directly in the next step..

3. Arithmetically shift ;: The value obtained in the 2nd step by a single place to the right. Let P
now equal this new value.

4. Repeat steps 2 and 3 until they have been done y time.

5. Drop the lest significant (rightmost) bit from P. This is the product of mand r.
Q 41. Explain the meaning of the memory-reference instruction LDA.

: (PTU, Dec. 2004)
Ans. LDA : Loadto AC. ‘ '
This instruction transfers the memory word specified by the effective address to AC. The micro
operations needed to execute this information are. '
'DR « M[AR] o
AC«DR,SC«0 - : A
Q 42. Define Addressing Modes. What are the different types of addressing modes?
= ' . (PTU, May 2018, 2007 ; Dec. 201 5)
Ans. The addressing mode specifies a rule for enterpreting or modifying the address field of
Instrution before the operand is actually referenced. Computers use addressing mode techniques for
the purpose of accommodating one or both of the following processors. _ ‘
1. Togive programming versatility to the user by providing such facilities as pointers to memory,
counters for loop control. | ‘
2. Toreduce the number of bits in the address field of the Instruction.
The various types of addressing modes are as follow :
1. Implied mode
2. Immediate mode
3. Register mode
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* 4. Direct addressing mode
5. Indirect addressing mode _ b
; i ressing mode g 3
g ?;Iaé:,slgadﬁi?hltge help of an example, the use of hamming code 35(:_:'_'3' IDC:::e;g‘ !
and correction code. : : i P
Ans. Hamming code is technique developed by R W. Hamm:}r:?ef(;)r error correction. Thig metl?}
corrects the error by finding the state at which the error has oc'(t:t j T6 .

Example : Suppose a binary data 1001101is to be transmitied.

this, following steps are used : ) , Aol
1. Calculating the number of redundancy bits required, Since number of databits is 7, the Valt__:g

of r is calculated as

implement hamming coda 4

>m+r+1

24>7+4 +1
Therefore, no. of redundancy bits = 4 _ . .
2. Determining the positions of various bits and redundancy bits. The various r bits are Dfac,
_ at the position that corresponds to the power of 2i.e. 1, 2, 4, 8.

1100 1 0
1110 9 8 7 6 5 4 3 2 1

I | 1 1 1

. Addlng r1 110] 0 111] 0 1 1
11 10 9 8 7 6 5 4 3 2 1
1 ) — —
Addlng ro 110]0 11110 1101 1
11 10 9 8 7 6 5 4 3 2 1
1
Adding r3 1100 1]1]01011|0] 1
11 10 9 8 7 6 5 4 3 2 1
l"ﬁ-—l'—l
Adding r8 1100 1|1|1]0]O0)| 10| 1

1 10 9 8 7 6 5 4 3 2 1

Error Detection & Correction : Considering a case of above discussed example. If bit numbe ;
7 has been changed from 1 to 0. The data will be erroneous. :

1110 9 8 7 6 5 4 3 2 1
ij]o0|l0|1]rOl1]10]O]1]0] 1
T T T 1 T T T
11 10 9 B8 7 6 5 4 3 2 1
1j]0j0j1]O0j1]l0]lO0]l1]l0]1
T T I T T
1110 9 8 7 6 5 4 3 2 1
1({0f{O0)J1j0]1]0]0|1f{0{ 1
—TI 1 I
11 10-9 8 7 6 5 4 3 2 1
11]0(0ft1]Oojt1jlo]o]1]0]1
L 1 1 b |
* L A
0111
e —
7-bit position
containing

on error
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Data sen_t! 10011100101
Data received 10010100101
The receiver takes the transmission andrec

45

der ol alcul'ates four new VRCs using the same set of bits
used by sender plus the relevant parity (r r) bit for each set. Then it assembles the new parity values

into a binary number in order of r position (rg, rg, T2, 11). In the above example, this step gives us the

binary number 0111. This corresponds to decimal 7. Therefore bit number 7 contains an error. To
correct this error, bit 7 is reversed from 0 to 1.

Q 44. Write any four “Zero Byte” mstructmn | (PTU, May 2007)
Ans. Zero Byte Instructions: - ' “
1. Accumulator

2.A ﬁtOCk Orgar}'iz.ed computer does not use an address field for the Instruetrons ADD & MUL.
The name Ze.ro Byte™ is given to this instruction because of the absence of an address field in the
computational instructions.

3. Memory-memory : All three operands of each instruction-are in memory.

4. Load Store : All operations occus in registers and register to register instruction have three
operands per instruction.

Q 45. What is the basic difference between a branch mstructlon a call subroutine
instruction and program interrupt ? (PTU, May 2007)

Ans. Branch Instruction : The branch is usually one-add instruction. It is written in assembly
language as BR and ADR, where ADRis a Symbolic name for an address.When executed the branch
instruction causes a transfer of the value of ADR into the program counter.

Subroutine : A subroutine is a self contained sequence of Instructions that carries out a given
task. It is a set of common instructions that can be used in program many times. Each time that a
subroutine is used in the main part of the program, a branch is executed to the beginning of the
subroutine. After the subroutine has been executed, branch is made back to the main program.

Program Interrupt : The concept of program Interrupt is used to handle a variety of problems
that arise out of normal program sequence. Program interrupt refers to the transfer of program control
from a currently running program to another service program as a result of an external or Internal
generated request. Control Hetarns to the original program after the service program is executed.

Q 46. Briefly explain an instruction format. (PTU, May 2018 ; Dec. 2014, 2008)

Ans. Instruction Formats : Six basic instruction formats shall support 16 and 32 bit instructions.
The operation code (opcode) shall normally consist of the 8 most significant bits of the instruction.

1. Register-to-Register Format : The register-to-register format is a 16-bit instruction consisting
of an 8-bit opcode and two 4-bit general register (GR) fields that typically specify any of 16 general
registers. In addition, these fields may contain a shift count, condition code, opcode extension, bit
number, or the operand for immediate short instructions.

--------------------------------------------------------

2. Instruction Counter Relative Format : The Instruction Counter (IC) Relative Formatis a 16-
bit instruction consisting of an 8-bit opcode and an 8-bit displacement field.

--------------------------------------------------------

--------------------------------------------------------
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3. Base Relative Format : The base relative instruction format is a 16-bit instruction ¢

Ongjesial
' of a 16-bit opcode, a 2-bit base register field and an 8-bit displacement field. The base re Qi'st';\:l?‘é‘ .
field allows the designation of one of four different registers. - - :.._-'
MSB LSB
| Opcode | BR. | Displacment | |
s il e s

BR = 0 implies general register 12
BR = 1 implies general register 13 | | e
BR =2 implies general register 14 , 5
BR = 3 implies general register 15

; ol

4. Base Relative Indexed Format : The base relative indexed instruction format is 3 165
instruction consisting of a 16-bit opcode, a 2-bit base register field, a 4-bit opcode extension ang al
bitindex register field. The base.register (BR) field allows the designation of one of four different baﬂ
registers and the index register (RX) field allows the designation of one of fifteen different indey

registers. '
MSB ' LSB
N
0 56 7 8 11 12 15

BR = 0 implies general register 12
BR =1 implies general register 13 =
BR =2 implies general register 14 s, . i
BR = 3 implies general register 15 , _ ' B
RX = 0 implies no indexing : E
5. Long Instruction Format : The Long
an 8-bit opcode, a 4-bit general register field, a

MSB

Instruction Format is a 32-bit instrucﬁon consisting ‘
4-bitindex register field and a 16-bit address field. &

LSB 4
....................................... T i . |
'...-.--....QE’.C.?.‘?E..-.-....[....9?1-...'... AX ..l 16-Bit Address Field #|
0 T8 =M 12 4546 g T

Typically, GR1 is one of the 16 general registers on which the instruction is

+ & 4-bit general register field, a 4-bit opcode extension and
16-bit data field. Typically, GR1 is one of the 1 6g

the operation. Op. Ex. is an opcode extension,

AL L L LT T T L LT, e we
. bbbl LD LT T,

-----------------------------------------------
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7. Special Format : The speciai instruction format is a 16-bit inStruction bonsisting of an 8-bit
opcode followed by an 8-bit opcode extension (Op. Ex.). - : '

MSB

------------------------------

P L LT .

Q 47. A computer has 32-bit instruction and 12-bit address. If there are 250 two address
instructions, how many one address instructi

lons can be formulated ? (PTU, May 2007)
Ans. An instruction format for two address instructions : :
8. 12 12 =32bits

Opcode Address - Address

~ There are 8 bits used by opcode so 28 =
there are 250 two address instructions. Thus
one address instructions. i B

An‘Instruction for one address instructions

256 instructions can be possible. But in our problem,
emaining 256 — 250 = 6 combinations can be used for

 Bx2? 12
| Opcode | Address

Maximum number of one address instructions.
. =6x212=24 578,

Q 48. Write instructions (8085) to : Load 00H in the accumulator; Decrement the:
accumulator; Display the answer. _ (PTU, Dec. 2007)

Ans. - :
Memory Machine | Mnemone | Operands | Common
Address Code ' f
~ FC00 3A, 00, FC LDA FCO00 Get the content of memory
' : location FCOO into accumulator
FCO3 - 46 MOV 13,4 Move the content IC00 to 13
FCo04 . 2B DCX H decrement H-L pair by one.
FCO05 ~ 4E MOV G, M Move the content of FC00 to C
FCo6 76 . HLT : Halt
Q 49. What do you mean by instruction cycle, fetch cycle, machine cycle and interrupt
acknowledgement cycle? (PTU, Dec. 2019, 2017, 2014 ; May 201 5, 2008)

Ans. (a) Instruction cycle : An instruction cycle (also called fetch-and
FDX) is the time period during which a computer processes a machine langua
memory or the sequence of actions that the central processing unit (CPU)
machine code instruction in a program.

-execute cycle, and
ge instruction from its
performs to execute each

The name fetch-and-execute cycle is commonly Fetch |
used. The instruction must be fetched from main memory, / Instruction \
and then executed by the CPU. This is fundamentally
how a computer operates, with its CPU reading and
éxecuting a series of instructions written in its machine Evécute Decode
language.. From this arise all functions of a computer Instruction Instruction

tamiliar from the user's end. ‘
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Each computer's CPU can have different cycles based on different instruction sets,

1. Fetch the instruction from main memory : The CPU presents the val_ue of the Pro
counter (PC) on the address bus. The CPU then fetches the instruction from main Memory Vig_r‘
data bus into the memory data register (MDR). The value from the MDR is then placed intq the ]

: ; i i Curra
instruction register (CIR), a circuit that holds the instruction temporarily so that it can be dgg Odedrrgn
executed. ' b

ot

<

2. Decode the instruction : The instruction decoder interprets and impleme_nts the insty i
The instruction register (IR) holds the current instruction, while the program counter (PC) hOlds'&’v
address in memory of the next instruction to be executed. ' ¢
| Fetch data from main memory : Read the effective address from main memory if the i

has an indirect address. Fetch required data from main memory to be processed and p|
registers. '

sirucﬁ |
aced st

3. Execute the instruction : From the instruction register, the data forming the instr, ‘
decoded by the control unit. It then passes the decoded information as a sequence of contro| Signaj
the relevant function units of the CPU to perform the actions required by the Instruction Such 3¢
reading values from registers, passing them to the Arithmetic logic unit (ALU) to add them togethe!
and writing the result back to a register. A condition signal is sent back to the control unit by the ALt
if it is involved. ' : ' 4
A 4. Store results : Also called write back to memory. The result generated by the Operation g
stored in the main memory, or sent to an output device. Based on the condition feedback frg
ALU, the PC is either incremented to address the next instruction or. updated to a different aqg
where the next instruction will be fetched. The cycle is then repeated. 8

(b) Fetch cycle : Steps 1 and 2 of the Instruction Cycle are called the Fetch Cycle. These stepg
- are the same for each instruction. The fetch cycle processes the instruction from the instruction word
which contains an opcode and an operand. : - B

- (c) Machine cycle : The steps performed by the computer processor for each machine languag
instruction received. The machine cycle is a 4 process cycle that includes reading and interpreting|

the machine language, executing the code and then storing that code. 5
: (d) Interrupt acknowledge cycle protocol for inte
microprocessor systems

Within integrated microprocessor based devices, it is desir
~ that allows individual functional blocks to be developed, verified a

The internal bus protocol employed should allow each module

Interrupt acknowledge cycle protocol solves the above
centralized interrupt control.

Ction s

m tli
dresg!

-

grated modules of embedde';f

able to provide an internal bus protoco{

nd integrated as independent modules
to have :

_,
problems for an integrated device Wlﬂ‘l

d
i

R .|
b

Jad

: Interrupting
. Bus INT (1) . IRQ(O) Module 0
CINT (2
I ___IPL(2:0) contraller | legad IRQ(1)
controller : TM(2:0) System IVOE »MEN S
g _ R InterruPt ADDR » IVOE '
1A 7| L Gontroller | G0 baTA o [
____CPUDATA R
Interrupting
INT (8) Module 1
_ IRQ(1)
Internal core MENU(2) | MEN
(CPU) System bus \ »| VOE
controleller »| ADDR ;
> DATA )

Centralized System Architecture for Internal lnt'errupt Control
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The sys i il .
orocessor s!;/sttZﬁ ::22';“2?:? e:WOylng centralized interrupt control for integrated embedded micro-
by the system bus controller (SnBClg With this architecture, interrupt control and arbitration is handled
). An interrupting module may provide an individual interrupt request '

line (INT), to the SBC for each of its interr
upt sources. The priority and au
interrupt are programmable via registers in the system bus (l::)ontroslller IpVeGiek (eByes leatt

Q 50. Design a CPU that meets the following specifications :

Itc
outputtmznaagc;fzggr:sords of memory, each word being 8-bit long. The CPU does this by
S on its output pins A [5, ...... 0] and reading in the 8-bit value from

memory on inputs D [7,.....0]. It has one 8-bi i
nE tac - i -bi
counter, 2-bit instruction register, 8-bit data re;iirt';”ator’ bitaddress register, Gbllprogram

The CPU must realise the following instruction set :

vl:sguction ~ Instruction Code ' Operation
e _- 00 AAAAAA AC < AC+M[AAAAAA]
g 01 AAAAAA AC <« AC "M[AAAAAA]
e : 10 AAAAAA .Goto AAAAAA
- 11 XXXXXX AC « AC + 1 (PTU, May 2008)

Ans The processor (CPU for Central Processmg Unut) is the computer s braln lt allows the

4 16-bit General purpose registers.
Also assigned specific functions or palred with certam ac'uons
A — accumulator, B, C - counter, D
Also addressable at the byte level AH, AL, etc.
4 16-bit dedicated purpose address registers.
" SP - stack pointer (user programmable).
BP - base pointer (used to with blocks of data).™
S| - source index (used by specific commands W|th Dl to move blocks of data)
DI - destination index
20-bit (multiplexed) memory address register.
16-bit instruction pointer (combined with CS regnster *4)
4 16 bit segment registers.
Used to address memory in 64 KB blocks on 6 byte boundarles
Combined with GP registers for a complete address. :
. CS - code segment
DS - data segment
SS - stack segment
ES - extra segment (usually used with DS)
16-bit Condition register
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Status flags
Carry flat - carry or borrow for unsigned nymber. Liator. used for bed carry. e
Auxiliary carry flag - monitors lowest 4 bits of accum '
Overflow flag - carry or borrow for a signed nu.mber.|
Sign flag - result of an action created a negative value.
Zero flag - result of an action was zero or equal.

Parity flag - action detected an even or odd parity.

Control flags a1 T -
Direction flags - determines index direction of a IpOplng Tstructlon. up or down.
Interrupt enable flag - block or accept maskable m(tjzr(rgzbsdgging)

Trap flag - causes cpu to pause between commands , ‘3

Itcan access 64 words of memory, each word being .8-b|t Iong: Th? C:léﬂorizgésrbzg‘.‘"pumﬂg

a 6-bit address on its output pins A (5, ...... 0] and reading in the 8-bit value ounter g.gn in l?pm? 0
7, ..... 0]. It has one 8-bit accumulator, 8-bit address register, 6-bit program € J S ructm,}-
register, 8-bit data register. _ . '

The CPU must realise the following instruction set :

Instructi truction Code Operation '
ADDu ron IOnOSAAAAAA AC « AC + M [AAAAAA
AND 01 AAAAAA AC « AC » M [AAAAAA]
JMP 10 AAAAAA Go to AAAAAA

INC 11 XXXXXX AC « AC+1

: ini il the difference between RISC and CISC Architecture ? ;

@ 31 Bxplainin detall the diffete (PTU, May 2017, 2010 ; Dec. 2019, 2016, 2014, 2004
_ ‘ OR
Compare the instruction set Architecture in RISC and CISC prosessors in terms of
instrPction formats, addressing modes and cycles per instruction (CPI)?
o' : ’ . (PTU, May 2018, 2006}
Ans. RISC Vs CISC : Fig. shows the architectural distinctions between modern CISC angd
traditional RISC. Conventional CISC architecture uses a unified cache for holding both instruction
i , Separate

instruction and data caches are used with different access paths. However, exceptions do exi ’.
In other words, CISC processors may also use split codes. The use of microprogrammed control:
can be found in traditional CISC, and hard wired control in most RISC. Thus control memory (ROM}
is needed in earlier CISC processors, which may significantly slow down the instruction execution.

However, modern CISC may also use hard wired control. Therefore, split caches and hardwire_
control are.not exclusive in RISC machines.

A

Control | _| Instruction and Hardwired “| —»| Data path

unit [* ”| Data path control unit P

F A ’ A I
v Y A\ 2
Microprogrammed Cache Instruction | - Data
Control Memory Memory cache : Cache
b
A A 4 4
Main memory (Instruction) (Data)
Main memory

The CISC architecture with
microprogrammed
control and unified cache

The RISC architecture with
hardwired control and split
instruction and data cache
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Using hardwired control will reduce the CP| effectively to one instruction per cycle if pipelining
is carried out pertectly. Some CISC processors also use split caches and hard wnred control, such as
the MC68040 and 1586.

We have compared the main features of RISC and CISC processors. The comparison involves
five areas : instruction sets, addressing modes, reglster file and cache desagn clock rate and
expected CPI, and control mechanisms.

The large number of instructions used in a CISC processor is the result of usmg variable- format
instructions- integer, floating-point, and vector data- and of using over a dozen different addressing
modes. Furthermore, with few GPRs (Genetal Purpose Registers) many more instructions access the
memory for operands. The CPlI is thus high as a result of the long microcodes used to control the
execution of some complex instructions.

On the other hand, most RISC processors use 32-bit instructions which are predominantly
-~ register-based. With few simple addressing modes, the memory-access cycle is broken into pipelined
access operations involving the use of caches and working registers. Using a large register file and -
separate 1- and D-caches benefits internal data forwarding and eliminates unnecessary storage of
intermediate results. With hardwired control, the CPI is reduced to 1 for most RISC instructions.

Architectural Complex Instruction Reduced Instruction
Characteristic Set Computer (CISC) Set Computer (RISC)

1. Instruction-set size | Large set of instructions - | Small set of instructions with
andinstruction with variable formats fixed (32-bit) format and most
formats - -| (16-64 bits per instruction). register-based instructions.

2. Addressingmodes | 12-24 ! Limited to 3 — 5.

3. General purpose 8-24 GPRs, mostly witha . Large numbers (32 — 192) of GPRs.
registers and cache | unified cache for instructions with mostly split data cache-and
design and data, recent designs also instruction cache.

use split caches. =
4. Clock rate and CPI | 33-50 MHz in 1992 with a CPI 90-150 MHz in 1993 with one CPI
between 2 and 15. . {cycle for almost all instructions and
| | an average CPl < 1.5.
5. CPU Control Most microcoded using control - | Most hardwired without control

. memory (ROM), but modern CISC | memory.
also uses hard wired control.

6. Instructions Type Not register based instructions Register based instruétions
7. Memory Access More memory access ' Less memory access
8. Emphasis Emphasis on hardware : Emhasis on software
9. Operating clocks | Includes multi-clock Single-clock
10.Instructions nature | Complex instructions Reduced instruction only
11.Data Transfer Memory-to-memory Register to register
¥l 12.LOAD and STORE | "LOAD" and "STORE" "LOAD"and "STORE" are
‘ incorporated in instructions indipendent instructions
13.0pcode Size Small code sizes,

.| Large code sizes
Table : Characteristics of CISC and RISC Architectures
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Q 52. What are the advantage of RISC over CISC. | ( » Dec, 201_3

Ans. Advantages of RISC over CISC _ : e

One of the major advantages of RISC is its ability to execute I?]Stét;gt;;ﬂ; 222?;2:19(’& Ong Dy
clock cycle. It is not possible to expect that every instruction be fetche it et Closk Txecué_
in one clock cycle.What is done, in effect, is so start each_mstruct.lon <ecution. The d)\,zc ©an 0
pipeline the processor to achieve the goal of single-cycle instruction . antage;,

RISC over CISC is that RISC can achieve pipeline segments, reCIU"'nif’Ji r{“%\/%”;i:}";’; zﬁzli, whig
else uses many segments in its pipeline, with the longest segment r'equh tgtranslates fhe hF c ‘7[
Another characteristic of RISC is the support given by the c'omipller'l’ trd?N il handlethe(;igfjfh.le‘.';-
language program into machine language program. Instead of des!gnlng 1a I e e Iculn
associated with data conflicts and branch penalties, RIS(? processors :e y 9” ‘ l1ency of t
compiler to detect and minimize the delays encountered with these problems. FTUEd
' Q53. What are characteristics of RISC?. o ' o » Dec, 201
Ans. RISC processors has following characteristics : | T

1. Relatively few instructions. - - : _

2. Relatively few addressing modes. - | ) s . 4

3. Memory access limited to load and store instructions. » -

4. All operations done with the Registers of the CPU. .

‘5. Fixed length easily decoded instruction format.

- 6. Single cycle instruction execution S ‘

. [ er than micro programmed control. - .
7(:3 ;{:rivgir\?sga;:‘c?cessor has gz r?agistefs,'uses 16-bit immed_iate, and !1as 142 lnstrq;:tj
in its ISA. In a given program, 20% of the instructions take one |r3_put reglster and have 09
output register, 30% have two input registers and one output reglster, 253 /o haveaone °“t."r,
and one input register'and take an immediate input as well, and the remamm.g 25% h_ave one
immediate input register and one output register. For each of t_h(-? four ty;?es of lnstructlf)n, ho_,,
many bits are required ? Assume that the ISA requires that all instructions be a multiple o(
bits in length. _ ' | _ (PTL}, Dec. 200
Ans. A 32-KB cache with 256 byte line contact lines. Since cache is four way set associativey

it has 32 sets (25 = 32) and require 5 bits lines that are 256 bytes lay means it require 8 bits (28:2.5.
so 13 bits of address are used to select a set and determine the byte within line that an address pOl.n‘
to. Therefore a try field of each tag array entry is 32 — 12 = 19 bits long. Adding 2 bits for duty.and valid
bits we get 21 bits per tag array. Multiplying by 128 lines is cache gives 2688 bits,.storage in the
array. : e :
Q 55. Explain instruction set of SPARC with Descriptions. (PTU, Dec. 20(_1‘
Ans. The basic set of SPARC instruction set are as follows : - A ’_-‘
Sparc Instruction Set : : !

Q Instruction groups are consists of the follows :

)

i
4

o

load/store (ld, st, ...... ) . 3
integer arithemetic (add, sub, ..... ) i
bit-wise logical (and, or, xor, .....) . ' .
bit-wise shift (sll, srl, .....) : _ ‘
integer branch (be, bne, bl, bg, ....) e S

Trap (ta, te, .....)

control transfer (call, save, .....)

floating point (Idf, stf, fadds, fsubs, ....)
floating point branch (fbe, fone, fbl, fbg, .....)



tional blocks of a Computer 53

Func

1. Load Instructions
() Move data from memory to a register

ullb
e Id h | {a} [address], reg
s||d

O Examples :
e Id[% i1], %g2
o |dud [%i1 + %i2), %g3
(i) Move data from memory to a register

ul|b
e Id 'h | {a} [address], reg
s||d
a Details

e fetched byte/halfword is right-justified
@ leftmost bits are zero-filled or sign-extended
e double-word loaded into register pair ; most significant word in reg (must be even) ; least
significant in reg+1 - ‘
® address mustbe appropriately aligned
2. Store Instructions
() Move data from a register to memory

b .
® st |h |{a)reg, [address]
d

Q Examples
® st %g1l, [% 02]
® stb %g1, [%02 + 03]
(i) Move data from a register to memory

b
® st |h/| {a}, reg, [address]

d

O Details ‘
® rightmost bit of byte/halfword are stored
® leftmost bits of byte/halfword are ignored
® reg must be even when storing double words

3. Arithmetic Instructions

Arithemetic operations on data in registers
® add {x} {cc} src1, src2, dst dst = src1 + src2
® sub {x) {cc) srct, src2, dst dst = src1 - src2
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O Examples :
® add %1, %02, %03
® sub %01, 2, %g03
QO Details
® tsd1 and et umust be registers

LO3ID> Computer Organization & Archite

® tsd3 may be a register or as:gned 13-bit immediate

10 dst opcode srcl | O ignore src2
" OR .
10 dst opcode srcl | 1 simm13
A 31 29 24 " 18 13 12 4
4. Bitwise Logical Instructions
Logical operations on data in registers
® and{cc} src1, src2, dst dst = src1 & src2
® andn{cc}  scri, src2, dst dst = src1 & ~src2
® or{cc} src1, src2, dst dst = src | src2.
® orn{cc) src1, src2, dst dst = src1 | ~src2
® Xxor {cc} srci, src2, dst dst = src A src2 k
® Xxnor {cc} srci1, src2, dst dst = src1 A ~src2
10 dst opcode srel | 0 ignore rs2
OR
10 dst opcode srcl simm13
31 29 24 - 18 13 12 4
5. Shift Instructions
Shift bits of data in registers
[1]] src2
® s srci, , dst s||: - dst =src1 << src2 ;
ri|a 0..31 .
slr:- dst=src1 >> src2 :

Details
© do not modify condmon codes -

® sl and srl fill with'0, sra fills with sign blt
® nosla
10 dst opcode srci ignore src2
OR
10 dst opcode srct’ ignore shift cnt

31 29 24

18

13

12 4
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6. Floating Point Instructions

Peformed by floating point unit (FPU)

Use 32 floating point registers : %f OA% 31
Load and store instructions

N Id [address], freg
N Idd [address], freg

N_ st freg, (addres]

N std freg, [address]
Other instructions are FPU-specific

N fmovs, fsqrt, fadd, fsub, fmul, fdiv, A
7.Data Movemeht

 We load a constant (e.g., address) into a register as foIIow :
Instruction format

op etu 2.

31 29
_Loading a constant (e.g., address) into a register -
set hi %hi (value), dst '
or dst, %0 (value), dst
" Details |
® if hi (value) = = 0, omit set hi
® if % o (value) = =0, omit or
sethi instruction format

00 etu 100 | . %hi (wbmf) -

31 29 24 21

Example : direct addressing :
set a, %g1 set hi % hi (a), %g1
Id [%g1], %g2 or %0 (a), %g1
Id [%g1], %02
Faster alternative -
set hi %hi (a), %g1
Id [%g1 + % 0 (a)], %g2
Q 56. Explain the various Addressing modes in detail.
(PTU, May 2018, 2016, 2015, 2014 ; Dec. 2016, 2015, 2014, 2008)
Ans. To understand the various addressing modes to be presented in this section, it is imperative
that we understand the basic operatlon cycle of the computer. The control unit of a computer is
designed to go through an instruction cycle that is divided into three major phases : .
1. Fetch the instruction from memory. .
2. Decode the instruction.

3. Execute the instruction.
There is one register in the computer called the program counter or PC that keeps track of the
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instructions in the program stored in memory. PC holds the address of the instructi
nextand is incremented each time an instruction is fetched from memory. The dec
2 determines the operation to be performed, the addressing mode of the instructio
of the operands. The computer then executes the instruction and returns to step
instruction in sequence. ' '

In some computers the addressing mode of the Instruction i
code, just like the operation code is specified. Other computers use a

On tO be ex 'I
Oding dong irﬁ
N, and the '°°a?§§
1o feteh théﬁé
8 specified with g distingt b‘».jf;'.-
single binary code that dgg; et

=3

both the operation and the mode of the instruction. Instructions may be defined with 4 va,?ga-ﬁ
addressing modes are combined in one instruction. . 'yﬂ
An example of an instruction format with a distinct addressing mode field s shown jn f; %

Operation code specifies the operation to be perf Deras

Needed for the operation. There May or may not be an address field in the instruction. |f there is

ang

. address field, it may designate a memory address or a processor register. Moreover, as discusse&az
the preceding section, the instruction may have more than one address field, and each addregg ﬁ’
may be associated with its own particular addressing mode. .
Although most addressing modes modify the address field of the instruction, there arg
modes that need no address field atall. These are the implied and immediate modes. A
_Following are the various Addressing modes : - ‘

1. Implied Mode : In this mode the operands are specified implicity in the definition of t":

instruction. For-example, the instruction “complemient accumulator” is an implied-mode instructign
because the operand in the accumulator r i

all register reference instructions that use
instructions in a stack-organized comp
implied to be on top of the stack. ; !

ormed. The mode field is used to locate the o

Opcode Mode Address

‘Instruction format With mode field

2. Immediate Mode : In this mode the operand is s

pecified in the instruction itself. In othe
words, an immediate-mode instruction has an operand field

rather than an address field.-The operand;

said to be in the register mode.
3. Register Mode : In this mode the o
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5. Autoincrement or Autodecrement Mode : This is similar to the register indirect mode .

except that the register is incremented or decremented after (or before) its value is used to access
memory. When the address stored in the register refers to a table of data in memory, it is necessary
(o increment or decrement the register after every access to the table. This can be achieved by using
the increment or decrement instruction. However, because it is such a common requirement, some
computers incorporate a special mode that automatically increments or decrements the content of the
register after data access. y

The address field of an instruction is used by the control unit in the CPU to obtain the operand
trom memory. Sometimes the value given in the address field is the address of the operand, but
sometimes it is just an address from which the address of the operand is calculated. To differentiate
among the various addressing modes it is necessary to distinguish between the address part of the
instruction and the effective address used by the control when executing the instruction. The effective
address is defined to be the memory address obtained from the computation dictated by the given
addressing mode. The effective address is the address of the operand in a computational-type instruction.
It is the address where control branches in response to a branch-type instruction. We have already
defined two addressing modes in. They are summarized here for reference.

6. Direct Address Mode : In this mode the effective address is equal to the address part of the
instruction. The operand resides in memory and its address is given directly by the address field of
the instruction. In a branch-type instruction the address field specifies the actual branch address.

7. Indirect Address Mode : In this mode the address field of the instruction gives the address
where the effective address is stored in memory. Control fetches the instruction from memory and
uses its address part to access memory again to read the effective address.

A few addressing modes require that the address field of the instruction be added to the content

_of a specific register in the CPU. The effective address in these modes is obtained from the following
computation :- ' o ' :

effective address = address part of instruction + content of CPU register

The CPU register used in the computation may be the program counter, an index register, or a
“base register. In either case we have a differentaddressing mode which is used for a different application.

8. Relative Address Mode : In this mode the content of the program counter is added to the
address part of the instruction in order to obtain the effective address. The address part of the instruction
is usually a signed number (in 2's complement representation) which can be either positive or negative.
When this number is added to the content of the program counter, the result produces an effective
address whose positive in memory is relative to the address of the next instruction. To clarify with an
example, assume that the program counter contains the number 825 and the address part of the
instruction contains the number 24. The in_struction at location 825 is read from memory dur'ing the

fetch phase and the program counter is then incremented by one to 826. The effective address
computation for the relative address mode is 826 + 24 = 850. This is 24 memory locations forward
from the address of the next instruction. Relative addressing is often used with branch-type instructions
when the branch address is in the area surrounding the instruction word itself. It results in a shorter
address field in the instruction format since the relative address can be specified with a smaller
number of bits compared to the number of bits required to designate the entire memory address.

9. Indexed Addressing Mode : In this mode the content of an index register is added to the
adC?ress part of the instruction to obtain the effective address. The index register is a special CPU
register that contains an index value. The address field of the instruction defines the beginning address
of a data array in memory. Each operand in the array is stored in memory relative to the beginning
address. The distance between the beginning address and the address of the operand is the index




!

F

| 4
3

ey

58 LOIDD Computer Organization & Architec(éf

value stored in the index register. Any operand in the array can be a(?cessed “’_""h the samg NStryey
. : - : tindex value. The index register can be increp,
provided that the index register contains the correc . : i treelion do “'eMe e
to facilitate access to consecutive operands. Note that if an index-type instruction does notingjy,q ¢
address field in its format, the instruction converts to the register indirect .{node of oper atIO.n. %
Some computers dedicate one CPU register to function solely as.an index rt_atg;j]lster. This ’egi31§
is involved implicity when, the index-mode instruction is used. In computer: S wi nany proceséd-
registers, any one of the CPU registers can contain the index number. In such a case the regustermuj
be specified explicitly in a register field within the instruction format. _ iy f{t
10. Base Register Addressing Mode : In this mode the content Of a.bas'e register is addeg)y
the address part of the instruction to obtain the effective addres.s. Thls is similar t_o the INdexgyt
addressing mode except that the register is now called a base register 'nSteE_ﬂd of an index registe,
- The difference between the two modes is in the way they are used rather than in the way that they arg.
computed. An index register is assumed to hold an index number that is relative to the addrgss pan;fd
the instruction. A base register is assumed to hold a base address and _the address .he!d qf'_{”
instruction gives a displacement relative to this base address. The base register addressing modes
used in computers to facilitate the relocation of programs in memory. When programs and data arel
moved from one segment of memory to another, as required in multiprogramming sy_stems,_ the address#
values of instructions must reflect this change of position. With a base register, thg dusplacemen
values of instructions do not have to change. Only the value of the base regigter requires updat@ng19
reflect the beginning of a new memory segment. : e
Q 57. Write a note an general register organization. (PTU, Dec. 201¢)
Ans. The number of registers in a processor unit may vary from just one processor register

5l

as many as 64 registers or more. e
1. One of the CPU register is called as an accumulator AC or ‘A’.register. It is the ma]'n
operand register of the ALU. |
2. The Data Register (DR) acts as a buffer between the CPU and main memory. Itis usedas}
an input operand register with the accumulator. : =

3. The instruction register (IR) holds the opcode of the current instructions. ;
4. The address register (AR) holds the address of the memory in which the operand resides#

5. The program counter (PC) holds the address of the next instruction to be fetched f6
execution. ' i

Additional addressable registers can be provided for storing operand and address. This can

viewed as replacing the single accumulator by a set of registers :

@ 58. What is stack organization? ' (PTU, May 2016, 2014)

Ans. A stack is a storage structure that stores information in sy

is the first item retrieved. It is based an the principle of LIFO. The

of memory locations with a register that holds the address of topo
address of top of element of the stack is called stack pointer,

The two operations of a stackare: - - o8

(i} Push ' ' B

(i) Pop oL . :

Push inserts an item on top of the Stack where as pop deletes an item from top of stack.

Q 59. How stack is implemented?

Ans. In digital computers, stack can b
1. Register Stack ‘ i
2. Memory Stack : _

ch a way that the last item stp_r
stack is a digital computer in a group
felement. This register that holds_}lnj'

B

i (PTU, May 2016, 2014)
€ implemented in two ways : T
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1. Register Stack : A stack can be or
are used to store temporary information duri
a register that holds the address of t
organized to form a stack. The stack

9anized as a collection of finite number of registers that
ng the execution of a program. The stack pointer (SP) is
Op of element of the stack. Register or memory words can be
pointer is a register that holds the memory address of the top of

eleted from the stack, item on the top of the stack is deleted and

the stack pointer is _dgcremented. Similarly, when an item needs to be added, the stack pointer is
incremented and writing the word at- '

Insert:

SP <SP + 1 // Increment the stac
M [SP] < DR // Write the item on t
If (SP = 0) then (Full < 1)
EMTY < 0 // Mark that th
Delete :

DR <M [SP] // Read an item from the top of the stack //
SP < SP 1 // Decrement the stack pointer //

If (SP = 0) then (EMTY < 1) // Check underflow condition //
FULL < 0 // Mark that the stack is not full //

. 2.Memory Stack : A stack can be implemented in a random access memory (RAM) attached
to a CPU. The implementation of a stack in the CPU is done by assigning a portion of memory to a
stack operation and using a processor register as a stack pointer. The starting memory location of the
stack is specified by the processor register as stack pointer.

Stack is the storage method of the items in which the last item included is the first one to be
removed/taken from the stack. Generally a stack in the computer is a memory unit with an address
register and the register holding the address of the stack is known as the Stack Pointer (SP). A stack

“performs Insertion and Deletion operation, were the operation of inserting an item is kn
and operation of deleting an item is known as Pop. Both push and pop operation results in

K pointer to point the next higher address //
he top of the stack 7/

/I Check overflow condition 1/

e stack is not empty //

own as Push

incrementing
and decrementing the stack pointer respectively. :
Q 60. Write a note an Data Manipulation Instruction.
Ans. Data manipulation instructions performs operations an data and provide the computational -

Capabilities for the computer. The data manipulation instractions in a typ
divided into three basic types :

1. Arithmetic instructions

2. Logical and bit manipulation instructions

3. Shift instructions. '

Q61. What are the different types of computer instructions?

Ans. Most of the computer instructions are classified into three categories :

1. Data transfer instructions’

2. Data manipulation instructions

3. Program control instructions. ‘ .

Data transfer instructions cause transfer of data from one location to another without changing
the binary information content. | |

Data manipulation instructions are those that perform arithmetic, logic and shift operations.

Program control instruction provides decision making capabilities and change the path taken by
the program when executed in the computer.

ical computer are usually




60 . LO3IDY Computer Organization & Afchl't‘

Q 62. Deflne‘lhe following address mode of the instruction set

. ] PTu il
direct (c) Relative (d) Indexed. , _ (PTU, M,
garst :3;:;2,:; modes‘(, a)re an aspect of the instruction set architecture in most central py, yzol

el

' fined1 s ) 00933'!
unit (CPU) designs. The various addressing modes that are deflng Ina given instruction set Architgg
define how machine language instructions in that architecture identify the Operand (or Operang " !
each instruction. An addressing mode specifies how to calculate the effective memory addregg o
operand by using information held in registers and/or constants contained within a machine ins"“‘llf ;
or elsewhere. , : i . | _ : Ob;
In computer programming, addressing modes are primarily of interest to compiler Writerg an !
those who write code directly in assembly language. . 4 ,

Absolute/Direct

&

load | reg address

(Effective address = address as given in instruction)

machines which have variable-length |
Some RISC machines have a

Indexed absolute

load | reg | index address

(Effective address =

address + contents of specified index register)

This also requires Space in an instruction for qui

of an array or vector, and the index could select the particular arra
may scale the index register to allow fof th

Note that this is more or less the same as base-plus-offset ad
offset in this case is large enough to address any memory location.

PC-relative

dressing mode, except that the :

load | reg | base=PC | offset regl := RAM[PC+offset] : '
(Effective address = PC + offset) ‘

constant” stored in program |

LT i e 84

0 load a register from a *

» one that selects the program count
There are a few CPUs that Support PC-relative data loads.

Q 63. Explain the meaning of the memory-reference instruction STA. - (PTU, Dec. 2005)
Ans. STA : Store AC, , , o - ;

. the ra | digital Computer? - ~ (PTU, Dec. 2008) "
Ans. Shift register s a group of flip flop in digital circuits, a flip-flop is a term referring to an g
- _
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electronic circuit that has two stable states and thereby is capable of serving as one bit of computer
storage. ‘ _ _
Shift Register set up in a linear fashion which have their inputs and outputs connected together

in such a way that the data is shifted down the line when the circuit is activated. Shift registers can
have co parallel port.

A parallel port is a type of interface found on computers for connecting various peripherals. It

is also known as a pri_nter port. The interface, inputs and outputs, including serial-in, parallel-out
(5iPO) and parallel-in, serial-out (PISQ) types. There are also types that have both serial and
parallel input and types with serial and parallel output. There are also bi-directional shift registers
which allow you to vary the direction of the shiit register. The serial input and outputs of a register can

also be connectedltogether to create a circular shift register. One could also create multi-dimensional
shift registers, which can perform more complex computation.

Q 65. Give the case study on 8085 microprocessor.

Ans. 8085 microprocessoris a single board microprocessor training/development bit configured
around the most widely used microprocessor of today's world 8085 provides 8K/32K bytes of RAM
and 8K bytes of EPROM. The total on board memory can be very easily expanded to 64 K bytes in an
appropriate combination of RAM and ROM. 8085 is cofingured around the internationally adopted STD
bus, which is the most popular bus for process control and real time applications. All the address data

and control lines are available at the edge connector. The bits fully expandable for any Kind of application.
System Specification of 8085 kit :

CPU - 8 bit microprocessor, the 8085
MEMORY - Total on board capacity of 64K bytes
RAM — 8K/32K bytes and space for further expansion
- ROM - 8k bytes of EPROM loaded with powerful program .
TIMER - 16 bit programable timer/counter using 8253
KEYBOARD - 10 keys for command. A
16 Keys for hexadecimal data entry

1 Key for vector interrupt & 1 key for reset
LED DISPLAY — 6 seven segment display

4 for address field & 2 for data field
BUS- All data, address and control signals.

General o
X1 1 40 [ xXcce
X2[]2 39 [ HOLD
- RST OUT[]3 38 [J HLDA
SoD 4 37 cLKouT
s1D[]5 ' 36 [ RSTIN
‘TRAP[]6 - 35 [ READY
RST7.5]7 34 [ 10M
 RST6.5C8 33[Es1
RST5.50]9 : 32[RD
INTRJ10 : 31 AWR
INTAC 11 30 [J ALE
AD, ] 12 29[ S0
AD,[]13 28A,,
AD,[]14 27 A,,
AD,]15 26[3A, |
AD,[]16 25 A,
AD,]17 24 A,
AD, ] 18 23[32A,
AD,CJ19 . 2[A,
GND[]20 210A,
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The system has got 8085 as the central processing unit. The clock frequency for the
3.07 MHZ. 8ogs has got 8 data lines and 16 address lines. The lower 8 address lines gp N
ines are multiplexed. Since the lower 8 address bit appear on the bus during the first Clock CYelg )
Machine cycle ang the 8 bit data appears on the bus during the 2nd and 3rd clock cycle, It oo N
NEcessary 1o latch the lower 8 address bit during the first clock cycle so that the 1g
femains available in subsequent cycles. This is achieved using a latch 7§~LS 373. j
Memory : 8085 provides 8/32k bytes of RAM using 6264/62256 chip and 8k bytes of gt
for monitor. There is one memory space provided on 8085. This one space can be defing,
address slots from 8000 DFFF depending upon the size of the memory chip to be used. Total g
memory can be extended 1o 64K bytes. '
/O Devices : The various 1/0 chips, used in 8085 are 8279, 8255 and 8253
Registers : The 8085/8080A programming model includes six registers, one acculator an

flag register as shown in figure. In addition, it has two 16-bit registers the stack pointer and‘.-
Program counter. They are described briefly as follows : .
The 8085/8080A has six gener

al purpose registers to store 8-bit data, these are identifieg as
+ D, E, Hand L as shown in the figure. They can be combined as register pairs BC, DE ang "
perform some 16 bit operations. The programmer can use these registers 1o store or Copy data i
the registers by using data copy instructions, e

: : ; i
~ Accumulator : The accumulator is an 8 bit register that is a part of arithmetic/logic unit (AL"
This register is used to store 8 bit data and to perform arithmetic and logical operations. The resultgy

an operation is stored in the accumulator. The accumulator is also identified as register A. g
Flags : The ALY includes five flip flops which

data conditions
(cy). sign (s), Parity (P). and Auxillary carry (Ac) flags. The most
and sign. The microprocesser uses these flags to test data conditions.

Q 66. Draw a schematic diagram of Accumulator logic.
Ans,

I\

(PTU, May 2014

Not connected

4
data_in HA C_out

—1C_in §
> @

 ia

reset I }

user_set

Q 67. Explain serial communication,
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Q 68. Explain Division restoring algorithm for unsigned integer.
Ans. A division algorithm provides a quotient and a remainder when we divide two number.
They are generally of two type slow algorithm and fast algorithm. Slow division algorithm are restoring,
non-restoring, SRT algorithm and underfast comes Newton-Raphson and Goldschmidt Here register
Qcontains quotient and register A contain remainder. Here, n-bit dividend is loaded in Q and divisor is

loaded in M. Value of Register is initially kept 0 and that is the register whose value is restored during
iteration due to which it is named Restoring.

N = No. of bits in dividend
A=0 :

M = Divisor
Q = Dividend -

. - (shitLerAQ )

(_A=A-M )

Q[o]=0
Restore A

CQuotient is in register Q and remainder is in register A )
Steps :

Step 1 : First the registers are initialized with corresponding values (Q = Dividend, M = Divisor,
= = ber of bits individuals) ' _ . . _ .
= Er‘:te n;r-nThen that content of register A and Q is shifted right as if they are a.smgle unit.
St:::p 3 : Then content of register M is subtracted from A and result is stored in A. '
St : 4 , Then the most significant bit of the A is checked if it is 0 the least significant bit of Q
is set to ?F:)th.erwise if it is the least significant bit of Q is set to 0 and value of register A is restored

i.e. the value of A before the subtraction with M.

: of counter n is decremented. o
g::g g : msevsg]'ﬁe of n becomes zero we get of the loop otherwise we repeat from step 2.

o Fi i tains the quotient and A contain remainder.

Step 7 : Finally, the register Q con ,
implicati 's law in the development of computer techhology?
Q 69. What are the implications of Moore’s pakgbiienc 4
i tor comupters will

Y that processor speeds or overall proc_:essmg power up,
d abeut ovor s::wr:c;i;i'ss Mogre's law makes it virtually certain that two or four or six or _mor.e
ygzzirzfnoﬁéz\ﬁ% be doing mé)re things we did not expect to do with electronic devices. Thus Moore's

law have the high implications in the development of computer technology.




64- LO3DY Computer Organization g, A

\
Q 70. Explain in detail, the RISC achitecture. ; - (PTU
‘Ans. '
Hardwired [q¢ Data path
control unijt ‘
y y
4 'J'
; Data
e | e
: A . 4
\ 4 ; 4
(Instruction) (Data)
(Main memory)
RISC architecture
The conce

pt of RISC architecture involves an attempt to reduce execution time by simplj

the instruction set of the computer. The major characteristics of a RISC proceéssor are - ¥
() Relatively few instructions. ' ' :

(ii) Relatively few addressing modes.

(i) Memory access limited to load & store instructions.

(iv) All operations done with in the register of the CPU.

(v) Fixed-length, easily decoded instruction format.

(i) Single-cycle instruction execution.

(vii) Hardwired rather than microprogrammed control.

(viii) Faster execution. : %

Other characteristics attributed to RISC architecture are :

(i) A relatively large number of registers in the processor unit.

(i) Use of'overlapped register windows to speed-up procedure call and return.
~ (iii) Efficient instruction pipeline. '

(iv) Compiler support for efficient translation of high-level Ianguagé program into machine Iangu
programs. ' ‘

in registers. Studies that show improved performa
~ the effects to the reduced instruction set and th

Q 71. Explain BCD addition and subtraction with suitable example. (PTU May201‘4_
. Ans. BCD addition : BCD addition is performed by adding two BCD numbers_'similarto binary
-addition. If the sum of two BCD numbers is not valid BGD code (1010 through 1111), then add 0110 (6}

to the sum to get the valid BCD code. If carry js obtained, add the carry to the next BCD-number. -
For example : Add the following in BCD numbers - 437 and 721 4

nce for RISC architecture do riot differentiate betwee!
e effects of a large register file. ]

437 — 0100 + 0011 0111 '
721 - 0111 0010 0001
' 1011 0101 1000
7 : .. :

Invalid BCD Valid BCD codé
code (. 4-bit greater than 9)
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Now add 0110 (6) to the invalig result
ie. 1011
0110

——————

Carry 10001

—

Then the final result is

437 0100 0011 0111
+ 721 + 0111 0010 0001
1158 0001 0001 0101 1000

1 1 5 8

BCD subtraction : BCD subtraction follows the same rules as binary subtraction. However, if

the subtraction causes a borrow and/or creates an invalid BCD numbers, an adjustment is required to
correct the answer. The correction method is to subtract 6 from the difference in any digit position that
has caused an error, ;

Example : 65-19=46
0110 0101 =65
- 0001 1001 =19

0100 1100 =4 ? (invalid)

0100 1100 =4 ? (invalid)
— 0000 0110 =6 (adjustment)
0100 0110=46

Q 72. What is a Co-Processor and its use ? (PTU, Dec. 2014)

Ans. A coprocessor is a computer processor used to supplement the functions of the primary
processor (the CPU). Operations performed by the coprocessor may be floating point arithmetic,
graphics, signal processing, encryption or /O interfacing with peripheral devices. By offloading processor
- intensive tasks from the main processor, coprocessors can accelerate system performance.
- Coprocessors allow a line of computers to be customized, so that customers who do not need the
extra performance don't need to pay for it.

In general, a coprocessor is a separate instruc.tion set processor. It has its own instruction set
supporting the special exponential and trignomet_nc functions. .The instruction and registers of
coprocessor are just extension of the CPU's instruction set and registers. Both CPU and coprocessor
execute their instructions from the same program. The instructions intended for the coprocessor are
fetched by the CPU, and jointly decoded by both the CPU and the coprocessor, and executed by
coprocessor.

Q 73. Differentiate synchronous and asynchronous bus. (PTU, Dec. 2014)

Ans. Data transfers over the system bus may be synchronous or asynchronous. Ina synchronous
bus, each data item is transferred during a time slice known in advance to both source and destination
units. Synchronization is achieved by driving both units from a common glock source. An alternative
Procedure is to have separate clocks of approximately the same I.requoncy In each unit. Synchronization
signals are transmitted periodically in order to keep all clocks in thglsystc * nstep with each other.

In an asynchronous bus, each data item being transferred is accompanied by handshaking
control signals to indicate when the data are transferred from the source and received by the destination.

Q 74. What is 10 control method ? (PTU, Dec. 2014)

Ans. |0 control method : It refers tho data transfer between the 10 device and the memory or
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between the 10 device and the CPU. For e.g., testing the status of device and to determine jf th'e);’g\
required service by the CPU. S ' L9y
Q 75. What is a Flip Flop ? ' o (PTU, Dec, 5,
Ans. A flip flop is a binary storage device that store binary bit either 0 or 1. It has tyq S

states High and Low i.e. 1 and 0. It has the property to remain in one state indefinitely Untsﬂtab"
directed by an input signal to switch over to the other state.
Q 76. What is Multiplexer ? o o _ (PTU, Dec, 501
Ans. Multiplexer which is also known by name MUX is a complnatlonal logic circuit designed.?l

? e
for small set for instruction gnq k4
odes in an instruction may bg i
ce large quantities of data thep, lh@i%

Q 77. What a'i'e the merits and demerits of single address instructions

Ans. Merits of'single address instruction is that it is suitable
demerits of using single type of instruction is that in practice thec
small e.g. 1.8 bits. However if the instruction is to be able to referen

. addresses must be large e.g. 16.32 bits. o ' A

Q 78. List various memory reference instructions. (PTU, Dec. 2016)‘?3

Ans. Various memory reference instructions are : .

1. ADD 2. AND 3.LDA 4. STA 5.BUN 6.BSA 7. 1SZ LR %

Q 79. Define Guard bit and truncation. _ (PTU, Dec. 2015:

Ans. Guard bit : While adding two floating point numbers with 24 bit mantissas, we shift the!
mantissa of the number with the smaller exponent to the right until the two exponents are equalizp_dﬁ
This implies that mantissa bits may be lost during the right shift (that is, bits of precision may be
shifted out of the mantissa being shifted). To prevent this, floating point operations are implementgg:

by keeping guard bits, that is, extra bits of precision at the least significant end of the mantissa. The

arithmetic on the mantissas is performed with these extra bits of precision. After an arithmetic operation,§
guarded mantissas are : ' _ ,

7

Where N is the actual number of instructions executed by the processor for execution of 8
program, R is a clock rate measured in clocks per second, and S is the average number of steps'ﬁ__
needed to execute one machine instruction. 3

Q 81. What are the types of ALU ? Give advanced features of ALU. (PTU, Dec. 2015);3;

Ans. The arithmetic logic unit perform the arithmetic (add, subtract) and logical operations (and.’}f'g

a

O Normalized (if necessary) , g
O Converted back by a process called truncation/rounding to a 24 bit mantissa. e
Truncation and rounding : : 4
1. Straight chopping : _ : : ‘ ZQ
O The guard bits (excess bits or precision) are dropped. ' _ ¢
2. Von Neumann rounding : B :
Q If the guard bits are all 0, they are dropped. : ‘;
QO However, if any bit of the guard bit is a1, then the LSB of the retained bit is set to 1 :
3. Rounding : If there is a1 in the MSB of the guard bit then a1 is added to the LSB of the‘!
retained bits. PR 1
Q 80. State the basic performance equation. ° . (PTU, Dec. 2015)'%
Ans. Basic peformance equation : _ 3
T NxS . j}

. R £
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the data made availabl i
of) 3?r o ata is transforred ffotnc: lttH\éVhenever an arithmetic or logical operation s to be performed, the
re?ured'to mamory . Beiors th Mmemory unit to ALU, the operation is performed and the resultis
@ € completion of the processing, data may need to be transferred

hack and forth several times between these :
e - ternal storage 1o an output device. two sections. Subsequently the result are transferred

In some processors, the ALU is divi : .

' an arithmetic-unit (AU) ang is divided into two units :

2. a logic unit (LU)

The major performance parameters for an ALU are :

1. The variety of arithmetic and logic functions it f

o The speed of operation. s it can perform.

The ALU subsystem has thus been enhanced in the following ways :

1. Faster algorithms for ALU operations and corres i i i

ponding hardware implementations.
2. Use of a large number of general-purpose regi i i
. gisters in the processor structure, wherein most
of the ALU operations are on the data items residing in those registers. This reduces the number of
accesses to the memory an.d hence increases the speed of the ALU.

3. Stagk-paseq ALUs Increased the speed of operation since operands and intermediate results
could be maintained in stack registers, thus reducing the memory access requirements. Note that this
concept refers to the so called zero-addresss machines, in which the arithmetic and logic operations
alwgys refer to the operands on the top one or two levels of a stack. A set of registers in the processor
are interconnected to form a stack.

Q 82. List and explain the steps involved in the execution of a complete instruction.

' ) (PTU, May 2018 ; Dec. 201 5)

Ans. Steps involved in the execution of a complete instruction :

1. Fetch the instruction

2. Fetch the operand from memory location pointed by R,

3. Perform the addition

4. Store the result in Ry.

1. The instruction fetch operation is initiated by loading the contents of the PC into the MAR
and activating Read signal. PC contents are also loaded into register Y and added with
constant number by activating select C input of multiplexer and add input of the ALU. By
activating Z,, signal result is stored in the register Z. :

PC,,. MAR;, Read, Y, select C, Add, Z,

2. The contents of register Zare transferred to PC register by activating Z,, and PC;, signal.
This completes the PC increment operation and PC will now point to next instruction. Alter
receiving WMFC signal. the contents of specified location are available in MDR register.

Zouwt PCins WMFC
3. Instep 3 contents of MDR register are transferred to the instruction register (IR) of the
processor. The step 1 through 3 constitute the instruction fetch phase. At the beginning of
step 4, the instruction decoder interprets the contents of the IR. This enables the control
circuitry to activate the control signals for steps 4 through 1, which constitute the execution

phase.
MDHouh IR]" A
4. Instep 4, the contents of register Ry are iransferred to register MAR by activating Ry, and

MAR,, signals and Read signal is activated.
RQOUI' MAR",, Read

5. In this the contents of register R, a
signals.

re transferred to register Y by activating R,y and Y,
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After receiving WMFC signal, the contents of specified location are available in MDR regis
| I:‘mul- Yin' WMFC | it '
6. Inthis MDR,,, select Y, Add and Z,, signals are activated to perfor_m addition of
of register, and the contents of MDR. The result is stored in the register Z.
' MDR,;, Select Y, Add, Z;, we o :
7. In this the contents of register Z are transferred to register R, by activating Zou ang
signals. The end signal causes a new instruction fetch cycle to begin by returning to Step 1.
' " Zoun Ryjn, END. o |
Q 83. Draw the block diagram of a 2's complement Subtractor. . (PTU, May 2015,

Ans. _ B, A, B, A, B, A By, A

[ _
Y YL YL YL,

FA |« FA | =
l oy ! v ¥
C, * s, S, S, So

Q 84. Give two applications of three-Address instruction. (PTU, Dec. 2016)'; )

Ans. Computers with three address instruction format can use each address field to Speéify'
either processor register or memory operand : : ' |

ADD R1, AB A1 ® M [A] + M [B]

ADDR2,C,D = R2® M[C]+M[B]x=(A+B)*(C+A)
MULX,R1,R2 M[X]R1*R2 ; " 4 ;
The advantage of three address formats, is that it results in short program when evaluatin

- arithmetic expression. i ‘ ‘ :
Q 85. What are the two approaches to reduce delay in adders ? - (PTU, May 2017)

-Ans. Carry select adder (CSLA) and carry look ahead adders are used to reduce delay in *
adders. & ' :

Q 86. Show that the dual of EX OR isalso its complement.
- Ans. ~ AXOR B=AB+AB
: - (AXORB)'=AB + AB'
In dual we replace AND with OR and OR with AND ,
Dual of (A XOR B) = (A'+B) (A+B) = A'A + AB' + AB + BR' = AB + A'B'
from (1) and (2) : o ot ) '
Dual of XOR = Compliment of XOR. ,
Q 87. What is the difference between static and d
any three network interconnection networks.

Contgy, &

Y
-
>
7y
o

(PTU, Dec. 2017)
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gorver has been decommissioned, while dynamic analysis will identify that the rule has not been

' in a long time, allowing yo '
yrigoered | g you to proactiv
it . p ely clean up the rule base.

Mesh : In a mesh network, multiple nodes are
connected with each other. Each node in the network is
connected 10 every other node in the network. This
arrangement allows proper communication of the data
petween the nodes. But, there are ot of common overheads
due to the increased number of node connections. :

Shared bus : This network topology involves S S | I

connection of the nodes with each other over a bus. Every
node communicale with every other node using the bus.
The bus utility ensures that no data is sent to the wrong
node. But the bus traffic is an important parameter which -
can affect the system. - :
Ring : This is one of the simplest ways of connecting nodes with each other. The nodes are

connected with each other to form a ring. For a node to | |
communicate with some other node, it has to send the
message to its neighbour. Therefore the data message
passes through a series of other node before reaching the

destination. This involves increased latency in the system.

e

Q 88. State the condition in which overflow occurs in case of addition & subtraction of
two signed 2's complement number. How is it detected ? - (PTU, Dec. 2017)
Ans. Overflow : When two numbers of n digits each are added and sum occupies n + 1 digits
an overflow occurs .
0O Addition of two unsigned numbers, detected from the end carry of the most significant
position. |
Q Addition of two signed numbers. May occur If the two numbers are both positive or both
negative. | ,'
Signed numbers .
Q The leftmost bit always represents the sign and negative numbers are in 2's complement
form. i
Q Addition : the sign bit is treated as part of the number and the end carry does not indicate
an overflow. : i .

Overflow for signed numbers _ | |
Example : Two signed binary numbers +70 and +80 stored in two bit register (+127 to -128)

Carries . 01 i - Carries: 10
+ 70 0 1000110 - 70 1 0111010-
+ 80 0 1010000 - 80 1 0110000

+150 1 0010110 -150 0 1101010

Detecting overflow condition by observing

Q the carry into the sign bit position

Q the carry out of the signbit position. _

An overflow has occurred If two carries are not equal (V bit)
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Ove'rflow Detection

oo

Q 89. Design a combinational circuit that generates 9's complement of a BCD digit.

Ans.

4- blt adder subtractor 3

Overtflow for unsigned numbers C bit detects a carry after additi
Overflow for signed numbers.
V = 0 after an -addition or subtraction : indicate no overflow
V = 1: the result of the operation contains n + 1 bits

Q Anoverflow has occurred
Q The (n + 1)th bit is'the-actual sign and has been shiffed out of position. | %

FA | FA e
v v
S, So

&

on or a borrow after Subtracﬁ&{?

R R AR

L] M

(PTU, Dec. zom

Digit X3 | X X4 Xo Y3 Y2 Yi | Yo d
-0 0 0 0 0 1 0 0 1 §
4 0 1 0 0 0 1 0 1
7 0 1 1 1 0 ‘0 1 0
XN\ 00 01 111 10] 0 o
00 Ll DTS 110
01 (T'ﬂ ol o0 IO e e e
1 [ x)] x| x M| x| x| x| X
Ll |X _>q| 10/l0 0| X]| X

Y2 = X2 Xy + X2 Xy

o= X2(‘DX1
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-Yo

Y1

) -
S s s

Y2

t wi ‘efy Vi tion.
@ 90. Design a sequential circuit with JK flip flop to satisfy the following state equa

A(t+1)=A'B'CD + A'B'C + ACD + AC'D'B (t+1) = A'C + CD' + AB'C (t + 1) =B

Ans. A (t+1)=ABCD + AB'C + ACD + ACD'
 B{+1)=AC+CD +ABC
C(t+1)=B ) '
D(t+1)=D
A'—oy
B }
CLK
ST |
- IR _R —
— 2 e
) |
EO—
D
A
=D
D'—_{>o—
. | '
Cr—{;o . ;
, e 8 /N —
S I g I
B : "
J
<
—
/ K ._]

aQa

D (t+1)=D'
(PTU, Dec. 2017)




| - design of a simple hypothetical CPU.

Chapter

.Contents’ | o L 3
CPU Control Unit Design : Hardwired and.micro-programmed desngn.app ches, Case Stu':
Memory system design : Semiconductor memory technologlt:, :t‘gxf?}g"gzalczajuon' : :
Peripheral devices and their characteristics : Input-output su systems, I/ € interfy..

| . : nd DMA, privileged and NON-Privilec::
/O transfers - program controlled, interrupt driven a

-

8gg,

, . cesses - rol i R

instructions, software interrupts and exceptions. PrograLl;f;SBa“d pro : e of 'meﬂums
. . . . f e - I .
IN process state transitions, 1/O device interfaces - SCII, 1

POINTS TO REMEMBERE"

= The digital computer is a digital system that performs various computational tasks,
ISy Digitalncomputers use the binary number system, which has two digits 0 and '1.' A binary (flgit
called a bit and information’in a digital computer is represented in the group of bits. | :
¥ Computer architecture is the conceptual design and fundamental operational structure og
computer system ' i ‘,ji
¥ The various abstraction layer in CPU design are : -%
(i) Hardware . %
(i) Firmware - ﬁ
(iif) Assembler %
(iv) Kernel -
(v) Application. : é
5" A machine language is a collection of all the fundamental instructions that the machine ¢z
execute, expressed as a pattern of 1's and O's. However a high level language needs lol
translated to machine language for execution. :
" Arealtime computer performs the given task or operation within or by the given deadiine.
05" Process control system : After completion of one process the other process starts, whichk
managed by operating system. It makes the efficient use of computer resources. These process
may be in queue orin a stack. . -
- 1% Computer organization is concerned with the way the hardware components operate and thef
they are connected together to form the computer system. 7

=" Computer design concerned with the hardware design of the computer.

. ‘
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memory. The architectura| design of a co

the various functional modules such as pr
into a computer system.

mputer system is concerned with the specifications of
ocessors and memories and structuring them together

The basic type of computer architectures a

hitecture re non-Neumann architecture and ‘hardware
arc .

The manipulation of blngw information is done by logic circuits called gates. Gates are blocks’ of
hardware that produce signals of binary 0 or 1 when input requirements are satisfied.

The input-output relationship of a binar '
atable called ‘Truth Table'.

Compliments are used in digital com
manipulation.

y variable for each gate can be represented in the form of
puters for simplifying the substraction operation and logical

Booth algorithm gives a procedure for multiplying binary integers in signed 2's complement
representation. It operates on the fact that strings of 0's in the multiplier require no addition but

just ihifting and a string of 1's in the multiplication from bit weight 2K to weigh 2m can be treated
ag 2h+t —2m,

During addition and subtraction, the two floating-point operands are in AC and BR. The sum on

difference is formed in the AC. The algorithm can be divided into four consecutive parts as
below : ' '

(i) Check zeros

(il) A high the monitors

(iii) Add or subtract the monitors

(iv) Normalize the result.

Control functions specify a micro operation is a binary variable.

Control variable does not change the state of the register in the system.

Control variable at a given time can be represented by a string of 1”s and 0’s called a control
word. :

‘Micro programmed control unit in a control unit whose binary control variable are stored in
memory. '

Each word in control memory contains within it a micro instruction.

A séquence of micro instruction constitutes a micro program. .

A memory that is the part of control unit is referred to as a control memory.

Control memory address register specifies the address of the micro instructions.

Control data register holds the micro instruction read from memory.

Micro instruction are stored in control memory in a group, with each group specifying a routine.
Handwired control unit i implemented as a logic circuit in the hardware.

Program interrupt refers to the transfer of program control from a currently running program to
another service program as a result of an external or internal generated request. Control returns
to the original program after the service program is executed.

There are three types of interrubts that cause a break in the normal execution of a program.
These can be classified as : :

(i) External Interrupts




' o3> com
74 ‘/// |

(ii) Internal Interrupts
(iii) Software Interrupts. °
13 Data transfer to and from perip

(i) Programmed 1/O

(ii) Interrupt initiated 110

(iii) Direct memory access_(DM

15 A polling procedure is used 10
method there is one common brench address ’

IS The transfer of data between a fast storage devl

[ ing the C
limited by the speed of the CPU. Removung S
device manage the memory buses directly would impf

technique is called ‘Direct Memory Access’ (DMA).

o icate with the CP g,
L interface to communicaie Wi an
= A DMA controller needs the usual Gircuits of an e d count register and a sers, add}

O device. In addition, it needs an address register, 3
S 1;.:]93.' ssutout . it is designed to handle the detaii’
e input-output proce _ v by the CPU, the GRS
/O processing. Unlike the DMA controller t t up entirely by <

be fetch and execute its own instr_uctions. - -
1T The most striking difference between an /O pro ‘
the way the processor communicate with the I/O devices. , | e
B An I/O processor communicate with the peripherals through a common I/O bus Fhat is COmprig'
_ of many data and control lines. A data communication processor communicates with eachi

technical through a single pair of wires.
1= /O controller is the module-that controls an I/O function.

din one of threeé possible modes ;

herals may be han§l¢

:c\i)e;ntify.the highest-priority source by software means, Onth
for all interrupts. | &
e such as magnetic disk ang memory s g
pU from the path and lettering the De'ripﬁ
e the speed of transfer. This tra‘ﬁgi

ssor (IOP) is similar to a CPU that
hat must be se

"4

cessor and a data communication processer

QUESTION-ANSWERS | o

Q 1. What is the difference between Machine Laﬁnguage and High LeveI'Language?

D T - | ~ (PTU, May 2004}

" Ans. A machine language is the collection of all the fundamental instructions that the machine

can execute, expressed as a pattern of 1s and 0s. However a high level language needs 10 bel
translated to machine language for execution. '
Q 2. Define the terms real time computer and process control cﬁomputer.. ;

. ) - (PTU, Dec. 2009, 2003/}

Ans. Real time Computer : A real time computer performs the qi , ion within 08

by the given deadiine. | . pen e given task or operation wnhm} _

For example : Controlling the air craft system P r el

, ) rocass con 1t e 168

given process but it has deadline for processihg it. ‘ trolled computer : It controls. l?

“ 1

Process control system : The various processes can be control by software of a compﬁi

system. These process may be in Queue or a Stack. After completion of one process the othél

process starts, which is managed by operati :
‘resources. y operating System. It makes the efficient use of compUits

P . - |
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Q 3. Give the layered view of a computer system.
(PTU, May 2005 ; Dec. 2009, 2005, 2004)

Ans.

Application software

System software
. Machine language
Controller
. CPU
Data path memory,
I/0 devices

A layered view of a computer system

Itis the layered view of a computer system. The first two layers form hardware of computer
system. The third layer when combines with fourth layer form software. User interact through high
level language. -

Q 4. Draw top leveled view of computer components. (PTU, Dec. 2007)

Ans. A computer is a machine that manipulates data according to a list of instructions. A
Program consists of the following : '

O A sequence of steps.
U Foreach step, an arithmetic or logical operation is done. _
Q For each operation, a different set of control signals is needed.
Function of Control Unit
Q Foreach operation a unique code is provided
e.g. ADD, MOVE _
0 A hardware segment accepts the code and issues the control signals.
Instruction Cycle
There are two steps in instruction cycle :
-~ Fetch. '
- Execute
A levelled view of instruction cycle is shown in the Fig. 1.

Fetch Cycle Execute Cycle

v | Fetch Next
START "l instruction

Fig. 1 Instruction cycle

Execute
Instruction

Components . ‘
The computer components : Top Level View is shown in the fig. 2. The computer components
of top levelled view must contains the following :
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. Bus

O The Control Unit and the Arithmetic and Logic Unit constitute the Central Process,ng <
QO Data and instructions need to get into the system and results out U
— Input/output | f;
Q Temporary storage of code and results is needed A
— Main memory. , ‘ 5
" CPU Main Memory . i
. System 5 ;
PC MAR Instruction .
Instruction i
IR NMBR Instruction f
_ : I/0 AR 3
; ; Data - &
5 7+ /O BR Data : ;
Data '
"~ 1/0O Module n-2
¢ . n-1
‘PC = Program counter
IR = Instruction register
Buffers MAR = Memory address register

MBR = Memory buffer register
I/0 AR = Input/output address register -
I/0 BR = Input/output buffer register

Fig. 2 Computer Components : Top Level View

Q 5. Write typical physical realization of bus architecture. (PTU Dec. 2
Ans. The Bus architecture may compose of : :

O There are a number of possible interconnection systems.
QO Single and multiple BUS structures are most common.
O e.g. Control/Address/Data bus (PC). |

Q e.g. Unibus (DEC-PDP)

L A | o e s Prorels b ARt SR <3 5 Vs o
G &tﬂ.\&m‘&gm&ﬂ A e W T T RN S e M e e

a -A communlcataon pathway connecting two or more devices.
Q Usually broadcast
O Often grouped -
' — A number of channels in one bus
- —e.g. 32 bit data bus is 32 separate single bit channels
'Q Power lines may not be shown '
There are three basic types of buses : ,

(i) Data Bus (ii) Address Bus (iii) Control Bus
(i) DataBus
Q Carries data

~ Remember that there is no difference between “data” and “instruction” at this level.
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O Width is a key determinant of performance
- 8, 16, 32, 64 bit
(i) Address Bus
e Identify the source or destination of data - a R
- @ e.g.CPUneeds toread an instruction (data) from a given location in memory
O Bus width determines maximum memory capacity of system.

—e.g. 8080 has 16 bit address bus giving 64k address space.
(iii) Control Bus .

O Controland timing information
— Memory read/write signal
- lnterrupt request
— Clock signals - -
Bus Interconnection Scheme : There exist the three types of basis buses - data, address and
-control buses. The bus interconnection scheme is as shown in fig. 3.

CPU Memory see Memory . 110 ese 110

Control Lines

[T T L1 1 [T 1T

Address Lines .
T . m I Bls

Data Lines

'Fig. 3 Bus Interconnection Scheme
The buses look like : '
- Parallel lines on circuit boards
- Ribbon cables _
- Strip connectors on mother boards
-e.g. PCI
- Sets of wires :
Physical Realization of Bus Architecture : The typical physical realization of bus architecture

must contain CPU, memory and I/O._ The physical realization of bus architecture is shown in fig. 4.

Fig. 4 Physical realization of Bus Architecture
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Q 6. What is the concept of layers in architectural design? (PTU, Deg, 200&'
OR y ’ * il

Explain the Significance of a layered architecture. (P'l_'U,. May 2004
Ans. Computer Architecture is the conceptual design and funda_mental operatloria| strucy; !
of a computer system. It is a blueprint and functional description of requirements (ESpeCIaIIy SPegg,
and interconnections) and design implementations for the various. parts <_)f a computer. | i
It focuses largely on the way by which the central processing unit (CPU) performs interna;iyi‘
and accesses addresses in memory. ‘ LT ur i
- Atypical vision of a computer architecture as a series of Abstraction Layers ;.
1. Hardware ' '
2. Firmware
-3. Assembler
4. Kernel
5. Applications | - i 24
In cgrpr)\puter system architecture design, a layer is a group pf classes that have the same Se‘i
of link-time module dependencies to other modules. In other words, a layeris a groqp of reusab!é‘
components that are reusable in similar circumstances. Layegs are often arranggd in gtree-fgfg
hierarchy, with dependency relationships as links between the layers. Depe.ndenc.:y relationships b?twegq
layers are often either inheritance, composition or aggregation relationships, but other k'“d$'§i‘
dependencies can also be used. '

7

Assembler

g ) - ’
Ia sy -k SRR AN B A 2 L L

Firmware

Ede R heliy

- Q7. What are the principles of computer design? (PTU, May 201 4
Ans. In a basic principle of computer design the following hardware components are requ'fg
1. A memory unit with 4096 words of 16 bits each. :
2. Nine registers : AR, PC, DR, AC, IR, TR, QUTR, INPR and SC.

3. Seven flip flops : 1, S, E, R, IEN, FGI and FGO.

4. Two decoders : a3 x 3 operation decoder and a 4 x 16 timing decoder.
5. A 16-bit common bus.

6. Control logic gates. -

7. Adder and logic circuit connected to the input of AC.
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The functional block diagram of a basic computer is as shown below :

Q 8. Give the features of a ROM cell,

Power ON/RESET o/ o Common bus o DB |
Circuit R 12 bit
] ‘ AB 4K,X 16
RD 'RD Memory
. ,
Clock » CLK WR WR
Input Device ' » INPR OUTR |« Output Device

(PTU, May 2016, 2010)

Ans. ROMcellis a small part of a computer which means read-only memory cell and it provides
space for the programs for booting and the startup of PC. Read only memory, shortly ROM enables an
electronic device to regulate their work motion which is inserted in the integrated circuit. ROM is -
primarily used in various electro-mechanical devices and is less used in computer IC. ROM is a
device which is mainly used for storage purposes. The data stored in ROM is not readily modifiable
andthe data is used to run a specific hardware with certain software, which in terms is said firmware.

The ROM cell usually consists of a single transistor (ROM and EPROM cells consist of one
transistor, EEPROM cells consist of one, one-and-a-half, or two transistors). The threshold voltage of -
the transistor determines whether it is a “1” or “0”. During the read cycole, a voltage is placed on the
gate of the cell. Depending on the programmed threshold voltage, the transistor will or will not drive a
current. The sense amplifier will transform this current, or lack of current, into a “1” or “0”. '

ROM is classified into five main classes : |

Q

Classical read-only memory (ROM) : Classic mask programmed ROM are the oldést
model of ROM. The data and program is stored permanently, which can’t be changed after .

manufacturing. '

| Programmable read-only memory (PROM) : PROM:is also a one time programmable

ROM which is programmed with the aid of special devices. Consequently this ROM creates
internal links within the IC which is inerasable. ‘

Erasable programmable read-only memory (EPROM) : This is a type of ROM which
enables a device to erase the data in ROM. When the ROM is exposed to ultra-violet (UV)
ray for more than 10 minutes, the stored data is deleted and it enables to input new programs.
This erasing cycle can be done 1000 times with an EPROM. : ‘
Electrically erasable programmable read-only memory (EEPROM) : EEPROM is very
much similar to EPROM. The main difference is that the data is erased electrically, where
with EPROM UV ray is used. , .

Flash memory : Flash memory is the modified version of EEPROM. It is faster than
EEPROM and rewriting and deleting is easy with it. Recently NAND flash has made this
easier and flash memory is mostly used in electronic devices now a day.

Q 9. Convert the following logic function into z minterm :

A'B'CDE'+A'BCDE+AB'CD'E"+ABCD'E. _

(PTU, Dec. 2004)

Ans. The minterm of given logic function will be £(6, 15, 20, 29)
Q 10. Convert the following logic function into minterm :

A'BC'D'E'F + A'BC'DEF' + AB'C' DEF' + AB'C'DEF' + ABC'DE'F'

(PTU, May 2005)

Ans. The minterm of the given logic function will be £(17, 22, 38, 52)
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Q1. What is the role of Binary Counters in digital computers.
Aps. Binary Counters : A register that goes through a predetermined sequence of statgg -2
the application of Input pulses is called counter. They ar

of an event and are useful fot generating timing signals to control the sequence of operations i dngc:[«
. ' | . a

computers.

Q 12. Convert thelfollowing Iogié function in to minterm.
ABC'DE' + AB'C'DE' + ABCDE' + AB'CD'E' .
Ans. The minterm of the given logic function will be £(18, 20, 26, 30)

e used for counting the number of oCCUrrey %,

Q13. Difference between Computei‘ Architecture and computer organization.

Ans.

- (PTU, Dec. 2008 ; May 2007)

Computer Architecture

Computer Organization

Computer architeture is defined as the
functional operation of the individual
hardware units in a computer system and
the flow of information among these units
and also the controlling of those units..

The computer architecture also refers to
those attributes of a system which are

visible to a programmer or those attributes
that have a direct impact on the logical
execution of a program. '

of digital computers that store and process

information. It also deals with the units of
the computer that receive information from |
“and that send computer resumes to the ||

- outside worlds.

Computer hardware is the electronic circui
" and electronic mechanical equipment that
" build the computer so simply computer |

organization refers to the hardware.

(PTU, Dec. 2009 2055i§'

—
The function and design of the various unjg |

4

at any time during th

“when,

Q14. Differentiate between program interrupt and subroutine call.

¥ . (PTU, May 2015 ; Dec. 2016, 2013, 2011)
Ans. The main difference between an interrupt and a sub-routine call is that an interrupt can occur
e execution of the main program, whereas a sub-routine call can only be carriedouﬁ

during the scan time of the main program, the call instruction is executed.

Q 15. What are the issues in computer design?
. Ans. The issues in computer design are as follows :

(iy Addressing

(ii) Error control
(iii) Flow control
(iv) Multiplexing
(v) Demultiplexing
(vi) Routing.

-Q 16. What is superscalar machine?

i

(PTU, May 2014
Ans. A superscalar CPU architecture implements a form of parallelism called instruction levé
parallelism within a single processor. Ittherefore allows faster CPU throughout than would

(PTU, May 2015 ; Dec. 2011}
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be possible at a given clock rate. A superscalar processor executes more than one instruction dU”“_gg
nctional units on )
urce within a smglgg

acloc

CPU such

k cycle by simultaneously dispatching multiple instructions to redundant fu
processor. Each functional unit is not a separate CPU core but an execution reso
as an arithmetic logic unit, a bit shifter, or a multiplier.
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Performance measure in computer hardware design.
ntages of layers in architectural design.
A : . (PTU, Dec. 2011)
Ans. Modern computer architectural performance is often described in MIPS per MHz (millions
of instructions per second per millions of cycles per second of clock speed). This metric explicitly
measures the efhmgn_cy of the architecture at any clock speed. Since a faster clock can make a
faster computer, this is a useful, widely applicable measurement. Historic’complex instruction set
computers had MIPs/MHz as low as 0.1. Simple modern processors easily reach near 1. Superscalar -
processors may reach three to five by executing several instructions per clock cycle. Multicore and
vector processing CPUs can multiply this further by acting on a lot of data per instruction, and have
several GPUs executing in parallel. Counting machine language instructions would be misleading
because they can do varying amounts of work in different ISAs. The “instruction” in the standard
measurements is not a count of the ISA's actual machine language instructions, but a historical unit
of measurement, usually based on the speed of the VAX computer architecture. Historically, many
people measured the speed by the clock rate (usually in MHz or GHz). This refers to the cycles per
second of the main clock rate may not necessarily have higher performance. As a result manufacturers
have moved away from clock speed as a measure of performance.

Advantages and disadvantages of Layered Architecture Design : The following are the
advantages of a layered arechitecture : o :

. Layered architecture increases flexibility, maintainability and scalability. In a layered
architecture we separate the user interface from the business logic, and the business logic from the
data access logic. Separation of concerns among these logical layers .and components is easily
achieved with the help of layered architecture. .

Multiple applications can reuse the components : For example if we want a windows user
interface, this can be done in an easy and fast way by just replacing the Ul component. All the other
components like business logic, data access and the database remains the same. Layered architecture
allows to swap and reuse components at will. ' : : |

Layered architecture enables teams to work on different parts of the application parallely with
minimal dependencies on other teams.

Layered architecture enables develop loosely coupled systems. ‘

- Different components of the application can be independently deployed, maintained, and

updated, on different time schedules. - ' ' . | .

Layered architecture also makes it possible to confilgure different levels of security tc_) different
components deployed on different boxes. So layered architecture, enap!es you to ensure portions of
the application behind the firewall and make other components accessible from the Internet.

Layered architecture also helps you to test the compone.nts independently of each other.

The following are the disadvantages of a layered archltgcture : There might be a negative
impact on the performance as we have the extra overhead of passing through layers instead of calling

a component directly. i _ .

o Development of user-intensive applications can somgtlme take longer if the layering prevents
the use of user interface components that directly interact with the datat?ase.

The use of layers helps to control and encapsulate the complexity of large applications, but

adds complexity to simple applications. : _ o

Changes to lower level interfaces tend to percolate to higher levels, especially if the relaxed
layered approach is used.

Q 17. Discuss the importance of
Also state the advantages and disadva
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Q 18. Explain the role of a compiler. (PT ?‘,
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s
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_ Ans. Compiler is language processor used to translate p:ogram written in high leve) %
into the machine level language. It is also use to cover the “gap between.hUmans_ nl ;
Computer language : A program written in high level progr.a_m.mmg language i ca||f-‘
source program. The source program is stored on the dislf in a fills is called the Objegy ﬁI?TT
object file contains the translated program files, source and object are saved on thg disk Perm ;;
Q 19. Simplify the following boolean function using three variable K-map, 1
F(x,y,2) =X(1,2,3,6,7). . (PTU, May§'~

Ans. The five minterms are marked with 1's in the corresponding squgres of the threeva‘ |

map as shown in fig. The four squares in the first and fourth columns are adjacent ang rep’esg"
term C'. The remaining, square marked with a 1 belong to minterm 5 and can be combing dv}i{h

square of minterm 4 to produce the term AB'. The simplified function is F=C'+ AB' L

E] !—1_ | : E
A , ) j’,‘
nim| I

[N

C

Q 20. Explain mircoprogrammed control. (PTU, Dec.
Ans. Microprogrammed Control Implementation is a software approch in contrast to the haryj
approach. It deals with various units of software but at the micro level i.e. microoperation, mig
instruction, microprogram etc. It consists of the following elements : i

1. Controi Memory (CM) : The set of micro-instructions is stored in control memory also

BLBR "

<
i
1

1

2. Cotrol Address Register;ﬁ_lt contains the address of next micro instructions to be read.
is similar to program counter which stores the address of next instruction. 4
3. Control Buffer Register : When a micro-instruction is read from control memory, 1§
transferred to control buffer register.
4. Sequencing Logic : The fourth element is a sequencing unit that loads the control addres

register that with the address of the next Instruction to be read and issues a read commandto onte

Q 21. Give the comparison between and examples of hardwired control unit #
microprogrammed control unit. (PTU, May 20 ¢

Ans. 1. Hardware Control : A hardware control 1 is implemented as a logic circuits (gates.®
flops, decoders etc.) in the hardware. The inputs to control unit are the instruction register, fa
timing signals and control bus signals. On the basis of input and output signal sequence are genér? 3
These output control signal are functions of input. Thus we can derive a logical function for :.';;
control signal. This organization is very complicated, if we have a large control unit. In this organzé®
if design has to be modified or changed, requires changes in wiring among various components: ‘
combination circuits modification found to be very difficult. Therefore, a new approach of
programming is used. The advantage of this control is to produyce fast mode of operation. ; i

A hardware control unit has a processor that generates signals or instructions to be implem&
in correct sequence. This was the older method of control that works through the use of s
components, drums, a sequential circuit design, or flip chips.

2. Microprogrammed Contral : A mirco programmed control unit on the other hand makeﬁ,
of a micro sequencer from which instruction bits are decoded to be implemented. It acts as the 9:
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’ .
supervisor that controls the regt of the subs

struclion registers, Off-Ghip inp VYoutput and buses, |n Mmicroprogrammed organization, the control
information is stored in a contro| m . .

OR

N a hardwired implementation and a micro programmed

(PTU, May 2018 ; Dec. 2013, 2007)
* A hardwired control unit is implemented as a logic circuits (gates,
ware. The inputs to control unit are the instruction register, flags,
als. On the basis of these inputs the output signal sequence are
nals are functions of inputs. Thus always we can derive a logical
is organization is very complicated if we have a large control unit. In
0 be modified or changed, requires changes in the wiring among the
various components. Thus the modification of all the combinational circuits may be very difficult. Therefore

anew approach microprogramming was used, The advantage of this control is to produce a fast mode
of operation. ‘ _

What is the difference betwee
implementation of a control unjt> -
Ans. 1. Hardwired Controj

by updating the microbrogram in the control memory by the programmer.
Difference between hardwired control and microprogrammed control

Hardwired Control he Microprogrammed Control
The Techriology is circuit based. : The technology is software based instructions

and is stored in control memory.
Hardwired is implemented through flip-flops, [ The decoding of microinstructions generates

gates,decoder, and other circuits. appropriate signals to control the execution of
an instruction. _ ) ‘
The Instruction format criteria is fixed. ' The Instruction formats types are variable. (16-
o : 64) bits per instrcution.
The instructions are Register based. The instructions are not Register based.
Faster Decoding Slow Decoding.
Large number of (32-192) general purpose | (8-24) general purpose register,
registers
\ - e
Use of split Cache. Use of unlflgd Cache.
| Clock Rate is 50-150 MHz Clock Rate is 33-50 MHz
ﬁy_cﬂle_rinstruction (CPI) lies as less than 1.5. | Cycle per instruction (CPI) lies between 2 and 15.
No use of ROM. ROM is used.
\'tﬁisﬂin RICS It is used inCISC
By using hardwired, it reduces CPI of RISC to | Once the hardware configuration is stabilized,
one to two cycles. _ there is no need to further wiring or hardware
ST £ changes. -
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Q 23. What is the necessity of connecting variety of memory devices tO(: :_Emg te 2
e,

o
Ans. Computer memory device that is used to store data or programs (Sequen%sgf

instructions) on temporary or permanent basis for use in an electrllonl(;E ZICS;J:?;' ::mgrﬂetr C? Q’
represent information in binary code, written as sequences 0s and ? tes, to reprrgser?: O(or b't") “*
be stored by any physical system that can be in either of two stable sta I s ol and 1;g;4
a system is called bistable. This could be an on-off switch an electncat C::: o udecfan haVea‘

or not today capacitors and transistors ; functioning as tiny electrical SWitc th afietnsof Or tempg rayy
storage, and either disks or taps with a magnetic coating or plastic discs with p Pits arg yg eu

for long-term storage.
Q 24. What do you understand by a microoperation 2 Explaln. Draw the dlagram

mlcroIT)I‘OQram sequence and explain its working. (PTU, May 2017 200“

Ans. The operations executed on data stored in registers are called mlcrooperauons
microoperation is an elementary operation performedon information stored in one or more feglste
The result of operation may replace the previous binary information of a register or may transfer,u0
another register. '

e.g. Shifts, cont, clear and Load. <
Microprogram sequencer : The basic components of a microprogrammed control unit arem&

control memory and circuits that select next address the address selection part is called mrcroprogram
sequencer.’ :

:0 I/P
1Logic

External :
(MAP) —

J Y4y I_ . Load
S MUX1 , Sel

Q

AR

R 2

S.—b Select ' . IIncrementsI
CLK—ECXR |

A 4
Control Memory
COD BR AD

’ REEREREE |

‘routes it into control address register CAR. The secord tests the value of a selected status bit
result of test is applied to an I/P lagic circuit. i

The content of CAR is. increneted and applied to one of multlplexer inputs and to 0Ve
register SBR. The CD (Condition) field of micro instruction selects one of the status bits in the sé
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i .If the bit selected is ‘I' the ‘T , ) '
Jltiplexer (test) varsiable i it i T with
me bits from the BR (branch) s 1, also, itis O. The ‘T’ value together

fieldgotoani ic circui ic circui i

the 2 : Input logic circuit. The I/O logic circuit has 3 inputs lo, 1,
and T an‘d‘3 o/bpl S(:;\ SI‘ a’;dl_L-.Vanames S, and S, select one of the source addresses for CAR.
yariable 'L enables the load /P in SBR. The binary value of 2 selection variables determine the path

BR Input T MUXI Load SBR
field Iy Iy T s, s, o
¢ 0o 0 0 0 0 0 0
0.9 0 1 0 1 0
01 0 1 .0 0 0 0
01 o 1 1 0 1 1
10 1 0 1 0 0
11 1 1 1 1 0

Note that increnenter circuit in sequence is not a counter constructed with flip-flops, but rather
acombinational circuit constructed with gates. A combinational circuit increneter can be desiged by
cascadiny a series of half adder circuits. The 1/O carry from one stage must be applied to I/O of next
stage bne I/0 in 15t Last significant stage must be equal to 1 to provide the increment by one operation.

Q 25. Role of microprogrammed control over hardwired control. (PTU, Dec.2010)

Ans. 1. Control Memory (CM) : The set of micro instructions is stored in control memory also
called the control store. '

2. Control Address Register : It contains the address of next micro instructions to be read.
This is similar to program counter which stores the address of next instruction. '

3. Control Buffer Register : When a micro instruction is read from control memory, it is
transferred to control buffer register. .

4. Sequencing Logic : The fourth element is a sequencing unit that loads the control address
register that with the address of the next instruction to be read and issues a read command to control
memory. '

Q 26. Explain and show diagrammatically how address sequencing is done in micro-
Programmed control unit. | (PTU, Dec. 2013, 2011)
_ Ans. Amicroprogram consist of a sequence of micro-instructions in a microprogramming. The
'deal of microprogrammed Control Unit is that the Control Unit design must include the logics for
Sequencing through micro-operations, for executing micro-operation, for executing micro-instructions,
for interrupting opcodes and for making decision based on ALU flags. So the design is relatively
nflexible. It is difficult to change the design if one wishes to add a new machine instruction.

The principal disadvantage of a microprogrammed control unit is that it will be slower than
hardwired unit of comparable technology. Despite this, microprogramming is the dominant technique

or implementing control unit in the contemporary CISC processor, due 1o its ease of implementation.

The control unit operates by performing consecutive control storage reads to generate the next
Setof contro| function outputs. Performing the series of control memory accesses is, in effect, executing
aprogram for each instruction in the machine's instruction set — hence the term microprogramming.

The two basic tasks performed by a microprogrammed control unit are as follows :

Q  Micro-instruction sequencing : The microprogrammed control unit get the next micro-

instruction from the control memory.
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ig
needed to execute the micro-instruction. haﬁ
The control unit design must consider both affect the format of the micro- instruction anu

timing of the control unit.
Q 27. What is meant by hlerarchlcal bus system for multlprocessmg systmes ?
(PTU, Ma 2
Ans. Hierarchical Bus System for Multlprocessmg Systems : Atypical digital COmputy, O )
many regjsters, and paths must be provided to transfer information from one register to another h
number of wires will be excessive if separate lines are used between each register and all oppe:
registers in the system. A more efficient scheme for transferring information between reQisty
configuration is a common bus system. A bus structure consists of a set of common lines, One
each bit of a register. which binary information is transferred one at a time. Control signals determ, r
which register is selected by the bus during each particular register transfer.
One way of constructing a common bus system is with multiplexers. The multiplexers Sele|
. the source register whose binary information is then placed on the bus. The construction of a by
system for four registers is shown in Fig. Each register has four bits, numbered 0 through 3. The bus
consists of four 4 x 1 multiplexers each having four data inputs, 0 through 3, and two selection i inputs |
S,and Sy, In order not to complicate the diagram with 16 lines crossing each other, we use Iabglg fo
show the connections from the outputs of the registers to the inputs of the multiplexers. For example,
output 1 of register A is connected to input 0 of MUX 1 because this input is labeled A;. The d'agram
shows that the bits in the same significant position in each register are connected to the inputs of one,
multiplexer to from one line of the bus. Thus MUX 0 multiplexes the four 0 bits of the registers, Mux
“1multiplexes the four 1 bits of the registers, and similarly for the other two bits.

O Micro-instruction execution : The microprogrammed control unitgenerate the comfols

er

\
£

> 4-line
‘ : : — common

S, > bus 7 3
S N N
4x1 L 4x1 [ 4xd 4x1 E
| Mux3 Mux 3 o] Mux3 .| Mux3 g
3210|] [8210 (3210 3210
FFff  ffff frft  TrFd
D,D;p, C,C,Co . B. B, B _ A A A, «
IETY: trt Ittt 49 |

3210 3210} 3210 J3 210

Register D Register C Register B Register A

Bus system for four registers

The two seleciion lines Sy and S are connécted to the selection lnputs of all four multnplexer !
The selection lines choose the four bits of one register and transfer them' into. four-line commOn i
bus.When S, S, =00, the 0 data inputs of all four multiplexers are selected and applied to the outpms

)
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from the bue. This causes the bus lines t

his register are connected to the 0 data inpy
|550 = 01, and so on. Table shows the re
I sible binary value of the selection lines,

O receive the content of register A since the outputs qf
t; of the multiplexers. Similarly, register B is select.ed if
gister that is selected by the bus for each of the four

0sS!
p TABLE : Funtion Table for Bus of Fig.
'8, Sp ~ Register selected
| 0 0 A
0 1 B
1 0 C L
1 1 D

In general, a bus system will multipiex k registers of n bits each to produce an n-line common
bus. The number of multiplexers needed to construct the bus is equalto n, the number of bits in each
register. The size of each multiplexer must be k x 1 since it multiplexes k data lines. For example,
common bus for eight registers of 16 bits each requires 16 multiplexers, one for each line in the bus.
Each multiplexer must have eight data input lines ‘and three selection lines to multiplex one significant
bitin the eight registers. _ :

The transfer of information from a bus into one of many destination registers can be accomplished
by connecting the bus lines to the inputs of all destination registers and activating the load control of
the particular destination register selected. The symbolic statement for a bus transfer may mention
the bus or its presense may be implied in the statement. When the bus is includes in the statement,
the register transfer is sybolized as follows :

BUS «<C, =~ R1«<BUS .

" Thecontent of register C is placed on the bus, and the content of the bus is loaded into register
R1by activating its load control input. If the bus is known to exist in the system , it may be convenient
just to show the direct transfer. ‘

R1<C , :

From this statement the deginer knows which control signals must be activated to produce the
fransfer through the bus. '

Q 28. What are system attributes to performance ? How do we calculate MIPS rate and
throughput rate ? (PTU, May 2007)

Ans. System attributes to performance : In order to compare performance of two machines
with different instruction sets, and even different styles of instruction sets (e.g.RICS vs, CISC), we
can break the total execution time into constituent parts. The total time (T) to execute any given
Program is the product of the number of machine cycles (ng) required to execute the program and the
Processor cycle time (g ) : '

T= Ng X tC
~ The number of cycles executed can be rewritten as the number of instructions exectued (ny)
limes the average number of cycles per instruction (ng /m;) :

T =njx(nc/n)xtc

The middle factor in this expression describes the average number of machine cycles the

Processor devotes to each instruction. It is the number of cycles per instruction or CPI. The basic
Performance model for a single processor computer system is thus,

T=mxCPIxte (1)

Where CPI = (ng/n;).
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« tion of a pro B, “.;]

. ; tributes of the execu : aram:

The above three factors each describe different at e algorithm, o orap ogan SJE

. : n ’ \ ‘
The first factor i.e. number of instructions depends o be reduced by lowering the instruem%.

i fewer times, for e
count,either through a better algorithm (one that executes ag lgni; iﬁZFIJOOD), or perhaps b;'?:rr? I ),a
better compiler (one that generates fewer instructions for the Ohy o alaorithm. Mgin
the instruction set so it requites fewer instructions to encodet‘et  would-seem this factér'i b

- The second factor in the performance model is cPL A fIrst'(I)ns require fewer cycles :osm Y
ameausre of the complexity of the instruction set : simple instructi ever. since it concer RI CL
machines should have lower CPI values. That view is misleading, h?W cles: o S astati‘c.;';
quantity. The performance equation describes the average n.-,_,mber 0] cy entation techniques Suredf
during the execution of a program. The differences is crumgl, Impleme [ Instructions at such_a's
Pipelining allow a processor ot overlap instructions by working no sevgrat it gird One tim,
These techniques will lower CPI & improve performance since more instr 15 executeq nt
given time period. - " . e :

The ﬁwird factor in the performance model is the processor cycle time tsf_ This ;s:s_uauy 'i”.the'}
realm of computer engineering: a better layout of the components on ?he surface o the Ch'Pmlght‘“
shorten wire lengths and allow for a faster clock, or a different material (e.g. galllgm arsenide Vs,
silicon based semiconductors) might have a faster switching time. However, the a"Ch'te‘f-:tl-ffeCan also.
affect cycle time. One of the reasons RISC is such a good fit for current VLS| technology is that if the *
instruction set is small, it réquires less logic to implement. Less logic means less space on the chip;:

and smaller circuits run faster and consume less power. Thus the design of the instruction set, the

organization of pipelines, and other attributes of the architeture and its implementation can impag}:{”
cycle time. 4 . e
The execution of an instruction requires going through a cycle of events involving the instruction§|
fetch. decode, operand (s) fetch, execution, and store results. In this cycle, only the instruct *.
decode and execution phases are carried out in the CPU. The remaining three operations may be®
required to access the'memory. We define a memory cycle as the time needed to complete onet
memory reference.Usually, memory cycle is k times the processor cycle tc. The value of k depeh
on the speed of the memory technology and processor-memory interconnection scheme used. 5 )
The CPI of an instruction type can be divided into two component terms (1) the total processor®
cycles and (2) memory cycles needed to complete the execution of the instruction. Depending.on th"é’:l
instruction type, complete instruction cycle may involve one to four memory references (one of instruction s
fetch, two for operand fetch, & one for store results). Therefore we can rewrite Eq. 1 as follows =
T=nx(p+m+k)xtg R 2):
_where p is the number of processor cycles needed for the instruction decode and execution, m
is the number of memory references needed, k is the ratio between memory cycle and porcessol s
cycle, n;is the instruction count,and t is the procéssor cycle time. Equation 2 can be further refined®
once the CPI components (p,m,k) are weighted over the entire instruction set. 8
MIPS RATE : :

LLet C be teh total number of clock ¢

H
=
T

5

er instruction mey

%
o,

=)

ycles needed to execute a given program. Then the CPU- ;

tc = C/f. Furthermore, CPI'=C /n; and T = n, x CPIxlc

= n, x CPI /f .

with respect to a number of factors, including the

: _ clock rate (f), the instruction count (n;), and the CP!
of a given machine, as defined below : ,
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MIPS rate = ”i6= f __fxni T (3)
Tx10° CPIx108 Cx10°

THROUGHPUT RATE

Another imporant concept is related to how many program a system can execute per unittime,

called the system throughput W (in programs/second). In a multi programmed system, the system
mroughp“t is often lower than the CPU throguhput W, defined by : '

Wy =
) n; x CPI
From eg. 3 Note that
‘ 6
W, = MIPS x 10
nj

The unit for Wp is programs/second. The CPU throughput is a measure of how many programs
can be executed per second, based on the MIPS rate and average program length (n;). The reason
why Wg < Wp is due to the additional system overheads caused by the /O, compiler, and OS when
multiple programs are interleaved for CPU execution by mutiprogramming or timesharing operations.
ltthe CPU is kept busy in a perfect program-interleaving fashion, then Wg < Wp . This will probably
never happen, since the system overhead often causes an extra delay and the CPU may be left idle
for some cycles. o _ ‘ e

Q 29. Which is the elements considered in Bus Design? (PTU, Dec. 2007)

Ans. Bus Design : A digital computer has many registers and paths must be provided to
transfer information from one register to another. The number of wires will be excessive of separate
lines are used between each registers. A more efficient scheme for tranferring information between
registers in the system. A bus structure consists of a set of common lines, one.for each bit of a
register through which binary information transferred one at a time. The control signals determine
which register is selected by the bus during each particular register transfer.

> 4 Line
» COMmMon
. bus
S,
N , ﬂL N
L 4x1 a3 4x1 4x1 4x1
MUX3 »| MUX2 » MUX1 » MUXO
1321 0 3210 3210 3210
fH 1t TEet 11t EEN
D,C,B,A, D,C,B,A, D,CoBoA,
D, D, D, C,C,Cy Bf)? ?o A, ALA,
3210 3210 3210 3210
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on bus system is with multiplexers, The I
n is then placed on bus. The co"StrUction

numbered 0 through 3. The bus'
L
lagrys

One optimal way of constructing a comm
select source register whose binary informatio

system is shown in above figure. Each register has four bits :
of 4X1 multiplexers each having four data input 0 to 3 and two selection S0 and S1. The dig; ?;
Hi

equipped with 16 data lines crossing each other. For example output 1 of register A is Conngyye)

input 0 MUX1 because this input is labelled A1. The bits in the significant position in each reg'ié“
- connected to data inputs of one multiplexer to for 4

m one line of the bus. This MUX 0 Multip
0 bits of register, MUX1 multplexers the four 1 bits of register,

i’i

similarly for other two bitg,

St S0 Register selected
0 0 A
0 1 B
1 0 C
1 1 D

Q30. What is micro-programmihg ? What are the advantages and disadvantages ofﬁ?’
(PTU, Dec. 2015, 2014; May 2004

programming ?

Ans. Control words can be programmed to perform various operations on the componentg
the system. A control unit whose binary control variables are stored in memory is callé@%
microprogrammed control unit. Each word in control memory contains within it a micro instruction,
_mlcroinstructions specifies one or move micro operations for the system. A sequence Ofmfcfi
instructions constitutes a microprogram and the process is brown as microptogramming. Since alteraty
of microprogram are not needed are the control unit is in operation, the control memory can be reg
only memory (ROM). In microprogrammed organization, control information is stored in a controleg
memory. The control memory is programmed to initiate required sequence of microoperation, Heg|

any required changes or modifications can be done by updating the microprogram in control memry|

e

Advantages of microprogramming :

1. Great sophistication in the user instruction set can be achieved for relatively low ¢
Adding new instructions is cheap. _ , A
2. For specialized applications (e.g. real-time systems), critical loops can be microprogramx,
for faster execution time. - - ‘
3. Multiple user instruction sets can be available on the same machine. This allows a et
machine to emulate a previous model to aid in the conversion process. =
4. Simplifies design of control unit A5
O Cheapertodesign
QO Less error-prone ;% , R
O Much easier to modify | :
O Supports having multiple versions/models. |

Disadvantage :

Q Slower

O More expensive to produce'in quantities.

Q 31. What is control memory? ' (PTU, May 2017 ; Dec. 201, 20 )

Ans, Control memory is a random access memory (RAM) consisting of addressable i‘%__j_}.
ge s

registers. It is primarily used in mini and mainframe computers. It is used as a temporary stord
data. Access to control memory data requires less time than to main memory; this speeds UP 28
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- reducing the n | ‘ —
zrartrl:l)gdbgs part ofg contrgrgt;i:ig; Z\:(:L\]ory references for data storage and retrieval. Access is
orfo . ence while the mas . . =
@ 32. What is Cache Memory? ter clock oscillator is running

i ' ' PTU, May 2014)

Ans. Cache memory is a small, high-speed RAM butfer located between th(e CPU ar!(d main
memory- Gache memory buffers or holds a copy of the instructions (instruction cache) or data (operand
ordatacachejeurrently being used by the CPU. The instructions and data are copies of those in main
memory- Qache MEmory provides two benefits. One, the average access time for CPU’s memory
requests isreduced, .increasing the CPU’s speed by providing rapidaccess to currently used
nstructions and data. Two, the CPU's use of the available memory bandwidth is reduced. This allows

gther devices on the system busto use the memory without interfering with the CPU.

~ 33. What are the properties of cache memory?

i - (PTU, May 2014)
Ans. The various properties of cache memory are as follow :

@ A buffereq memory or cache memory consists of a small high-speed memory with main
- memory information. This information may be addresses, data, or instructions. The speed
of the small memory isusually on the order of one magnitude faster than mainmemory, and
its capacity is typically one or two orders of magnitude less than main memory.
(b) A cache memory system requires an identifier or tag store to indicate which entries of
main memory have been copied into it. Such an area is usually referred to as the directory
or tag store. : ' P :

() Acache memory requires a logical network and method of replacing old entries.
(d) Acache memory uses timing and control. - ‘_ e

Q 34. What is hardwired control?

‘Ans. Hardwired control units are implemented through use of sequential logic units, featuring a
finite number of gates that can generate specific results based on the instructions that were used to
invoke those responses. Hardwired control units are generally faster than micro-programmed designs.

Q 35. Explain the function of Control Unit ? 4

Ans. The control unit implements the architecture of the CPU. It performs the tasks of fetching,
decoding, managing execution and then storing results. It may manage the translation of instructions
to micro-instructions and manage scheduling the micro-instructions between the various execution
units. On some processors the control unit may be further broken down into other units, such as a
scheduling unit to handle scheduling and a retirement unit to deal with results coming from the pipeline.

Q 36. What is micro-instruction? : | |
Ans. An instruction that controls data flow and instruction-execution sequencing in a
ata more fundamental level than machine instructlons. '

Q 37. What is Microcode? _

Ans. Microcode is a layer of hardware-level instructions or data structures involved in the
implementation of higher level machine code instructions in_ rnapy com_puters and other processors: it
esides in special high-speed memory and translates n)achlne‘mstructlons Into sequences of detailed
Circuit-level operations. It helps separate the machine instructions from the underlying electronics so
that instructions can be designed and altered more freely. It also makes it feasible to build complex
multi-step instructions while still reducing the complexity of the electronic circuitory compared to
other methods. Writing microcode is often called microprogramming and the microcode in a particular
Processor implementation is sometimes called a microprogram.

Q 38. Explain Micro-programmed Control Unit in detail. (PTU, May 2016)

Ans. The controller causes instructions to be executed by issuing a specific set of control

processor
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signals at each beat of the
operation (micro-operation),
computer. In the case of a har

; signals. ‘ : - '
reqmrid selct:];ir:t:ﬁ ;n‘ v:;gynif generating the control signals is that of micro-programmgy co
na

| - it is convenient to think of sets of control signals that g, .
order to undgrstar:;i ;P;I;‘»Ufrﬂ;a;hggr'fg;s.-microinstructions” that could be stored in a memory, Ez;?*«.\
mucro-operanotr_‘sn might correspdnd to one control signal. If the bit is set it means that the ch"q
a mICII’OH.’lI,S:)rgCa give' if cleared the signal will be inactive. Sequences of microinstructions COU%Q%
:;g?:d \;;n an interna; “control” memory. Execu_ti‘oq of a mgchine language instruction COU'd'te’g‘E
caused by fetching the proper sequence of microinstructions from the c_:ontrol r_nemory and gee
them out to the data path section of the computer. A sequencg of_mlcrglnstru‘gtlons tha
an instruction on the external computer is known as a micro-routine. The lns_t.ructlon set of the Compias
is thus determined by the set of micro-routines, the “microprogram,” stored in the controllers Memgs:
The control unit of a microprogram-controlled computer is essentially a computer within a ¢ Ompf .
Q 39. What is microprogram sequencing? v i

Ans. The basic component of a microprogram control unit.are the control memory ang ¢
circuit that select the next address. The address selection part is called a microprogram Sequencg
The purpose of the microprogram sequencer is to present an address to the control memory SOthéi:’;*

stem clock. Each set of control signals issued causgg
ssgch as a register transfer, to occur within the dgta Path sy,
d-wired control unit the control matrix is responsible for Sendin

t implemé‘fgg

micro instruction may be read and executed .

Q 40. Compare Microprogrammed and hardwired control organization. )
Ans. In hardwired organization, the control logic is implemented with gates, flip-flops, decoday
-and other digital circuits. It can be optimized to produce fast mode of operation. In the microprogrammég
organization, the control information is stored inthe control memory. The control memory is Dfogramnié?
to initiate the required set of microoperations. A hardwired control, requires changes in the win'"ﬁ&i?
among the various components if the design has to be modified or changed. In the micr_oprogrammgf:

control, any required changes or modifications can be done by updating the microprogram in lh?
control memory. o ' :

T AN
L
_ &8

!

Q41. Compare Register reference and memory reference instructions.

Ans. A register reference instruction is recognized by the operationcode 111 with alin th’
leftmost bit of the instruction. An opera i '

isQ,itisa register reference type. : :
Q 42. Whatiis the need of control unitin computer? Draw the control unit of a basic computerf';%
- Discuss how fetch and decode phases are carried out. ' (PTU, Dec. 2016 ; May 2012)"
poﬁant parts of a microprocessor for the reason thal

i i ed for each instruction. This series of steps is called
the machine cycle. It involves : - 7

® Fetching an instruction from memory ;
® Decoding the instruction ;

® Transferring the data ¢

® Executing the instruction.
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The control unit makes sure that g|| of those acti == o

her components on the CPU. actions are carried out. It also manages all

4 A j

¥ Memory Unit i
) A
ST VP Ut T > AW »| opunit |—
h
: Control Unit e

Input Unit : Computers need to receive data and instruction in order to solve ahy problem.
Therefore we need to input the data and instructions into the computers. The input unit consists of one
ormore input devices. Keyboard is the one of the most commonly used input device. Other commonly

usedinput devices are the mouse, floppy disk drive, magnetic tape, etc. All the input devices perform
the following functions.

® Accept the data and instructions from the outside world.

@ Convert it to a form that the computer can understand. -

~ ® Supply the converted data to the computer system for further processing.

. Storage Unit : The storage unit of the computer holds data and instructions that are entered
through the input unit, before they are processed. It preserves the intermediate and final results before '
these are-sent to the output devices. It also saves the data for the later use. The various storage
devices of a computer system are divided into two categories : ]

1. Primary Storage : Stores and provides very fast. This memory is generally used to hold the
program being currently executed in the computer, the data being received from the input unit, the
intermediate and final results of the program. The primary memory is temporary in nature. The data is
lost, when the computer is switched off. In order to store the data permanentiy,‘the data has to be
fransferred to the secondary memory. The cost of the primary storage is more compared to the
Secondary storage. Therefore most computers have limiteq primary storage capacity.

2.Secondary Storage : Secondary storage is used like an archive. It stores several programs,
documents, data bases etc. The programs that you run on the computer are first transferred to the
Primary memory before it is actually run. Whenever, the results are saved, again they get stored in the
S€condary memory. The secondary memory is slower and cheaper than the primary memory. Some
Ofthe commonly used secondary memory devices are Hard disk, CD, etc.

Memory Size : All digital computers use the binary system; i.e. 0’s.and 1's. Each character or
4Number is represented by an 8 bit code.

The set of 8 bits is called a byte.

A character occupies 1 byte space.

A numeric occupies 2 byte space.
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- Byte is the space occupied in the memory. \

The size of the primary storage is specified in KB (Kilobytes) of MB (Megabyt.e), Ohe k.
equal to 1024 bytes and one MB is equal to 1000 KB. The size of the primary storage_ln 2 typicy P'S
usually starts at 16MB. PCs having 32 MB, 48 MB, 128 MB, 256 MB.memory are quite °°mmon C

Output Unit : The output unit of a computer provides the information and results of a con i
to outside world. Printers, Visual Display Unit (VDU) are the commonly used OUtPUt devices, o
commonly used output devices are floppy disk drive, hard disk erve, anq mag.netlc t?pe drivg 4

Arithmetic Logical Unit : All calculations are performed in the Arithmetic Logic Unjt (ALU)
the computer. It also does comparison and takes decision. The ALU ca perform.baSic OD_ETatio:l
such as addition, subtraction, multiplication, division etc. and does logic operations viz, Sie %
‘etc: Whenever calculations are required, the control unit transfers the data frorq storage unjt toA\'
once the computations are done, the results are transferred to the storage unit by the Contrg| g
and then it is send to the output unit for displaying results. - .

Control Unit : It controls all other units in the computer. The control unitinstructs the inp Ui
where to store the data after receiving it from the user. It controls the flow of data and instrucﬁ%s'
from the storage unit to ALU. It also controls the flow of results _from the ALU to the storage unjt The
control unit is generally referred as the central nervous system of the computer that contro| ang
synchronizes its working.

Central Processing Unit : The control unitand ALU of t
Central Processing Unit (CPU). The CPU is like brain performs the following functions :

® |t performs all calculations.

® |t takes all decisions.

@ |t controls all units of the computer.' :
A PC may have CPU-IC such as Intel 8088, 80286, 80386, 80486, Celeron, Pentium, Pentiy

Pro, Pentium Il, Pentium lll, Pentium 1V, Dual Core, and AMD é&tc.

Q 43. List four peripheral devices that produce an acceptable output for a personty
- (PTU, May 2011)

§

he computer are together known as the

o

understand.
Ans. 1. Monitor 2. Printer 3. Speaker 4. Plotter

Q 44. What is the difference between micro program and micro code?
‘ (PTU, Dec. 2016, 2009, 2005 ; May 2005)

Ans. Microcode is a séries of microoperations which widely control the computers central
processing unit at a very fundamental level.

Micro-program : Each word in control memory contains within it a microinstruction. The micre
instruction specifies one or more microoperations for the system. A sequence of microinstructions o
the system. A sequence of microinstruction constitutes a microprogram.

Q 45. What is a stack ? List its applications . (PTU, Dec. 2017 ; May 2009

Ans. A stack is a linear list data structure that permits insertion (Push operation) and deletion
(Pop operation) of elements only at the one end of the list. It is a LIFO structure. Some of the
applications of stacks : Conversions to postfix or prefix notationas; in the organization of computers:
Implementing computer solutions to certain problems etc.

Q 46. Give two examples of program control instructions. (PTU, May 2009

Ans. Two Program control instructions. '

1. Call

2. Jump
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Q hatis the role of Shift Registers in d|g|tal computers ?

(PTU, Dec. 2009, 2005)
Ans. Shift Register not only store the data bits but also shift the data bits. They are used in -
computers for time delays. counters, paralle| or serial data storage.

dig ital
Q48. Explam about RISg grocessors (PTU, Dec. 2006) -
| Write any six characteristics of RISC, : (PTU, May 2009, 2006)

Ans. RISC processors has following characteristics -
1. Relatively few Instructions.

o, Relatively few addressing modes.
3. Memory acces limited to load and store Instructions.
4. All operations done within the Registers of the CPU.
5. Fixed length, easily decoded instruction format:

_ 6. Single-Cycle instruction execution.
7. Hardwired rather than microprogrammed control.

Q 49. What do you mean by instruction parallism 2 | (PTU, May 2007)
Ans. An Instruction parallel refers to the degree. On average how many instructions can be
executed in parallel in various pipeline stages.

Q50. Differentiate between RISC and CISC processors.
(PTU, Dec. 2015, 2013, 201 0, 2007 ; May 2007)
Ans. The main difference between RISC and CISC processors are as follow :

. RISC . ' CISC

1. Instruction with fixed format and almost | 1. Instructions with variable formats.’
register based Instruction. ' .

2. No. of Instructions less than 100. 2. No. of Instructions 120 to 350.

3. Addressing Modes 12-24 Addressing modes limitedto 3-5

4. Mostly microcoded using control memory | 4.. CPU control mostly hardwared without
but modern CISC also uses hardwired - control memory.
control.

" Q51. Define the terms : Seek time, Rotanonal Delay, Access time.
(PTU, Dec. 2014, 2007)
Ans. Seek tlme is one of the three delays associated with reading or writing data on a computer’s
disk drive, and somewhat similar for CD or DVD drives. The others are rotational delay and transfer.
lime, and their sum is access time. In order to read or write data in a particular place on the disk, the
®ad/write head of the disk needs to be physically moved to the correct place. This process is known
8 seeking, and the time it takes for the head to move to the right place is the seek time. Seek time
fora given disk varies depending on how. far the head's destination is from its origin at the time of each
'®ad or write instruction ; usually one discusses a disk’s average seek time.
ltis the amount of time between when the CPU requests a file and when the first byte of the file
Ssentto CPU. Times between 10 to 20 milliseconds are common.

W

Spindle RPM Average latency (ms)
4200 7.4
5400 5.55

d Rotatlonal delay is one of the three delays associated with reading or writing data on a computer’s
ISk drive, ang somewhat similar for CD or DVD drives. The others are seek time and transfer time,
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Q 48. Explain about RISC Processors, : . (PTU, Dec. 2006) -
| - OR | ’ .
Write any six characteristics of RISC. .
Ans. RISC processors hag followi
1. Relatively few Instructions.
2. Relatively few addressing modes.
3. Memory acces limited to load and store Instructions
4. All operations done within the Registers of the CPU.‘
5. Fixed length, easily decoded instruction format:
. 6. Single-Cycle instruction execution, :
7. Hardwired rather than microprogrammed control.
Q 49. What do you mean by instruction parallism}?
Ans. An Instruction parallel refers to the
executed in parallel in various pipeline stages.

Q 50. Differentiate between RISC and CISC processors.

(PTU, Dec. 2015, 201 3,' 2010, 2007 ; May 2007)
CISC processors are as follow : |

CIsC
Instructions with variable formats."

| (PTU, May 2009, 2006)
ng characteristics ‘

(PTU, May 2007)
degree. On average how many instructions can be

Ans. The main difference between RISC and
. RISC . S : .
1. Instruction with fixed format and almost | 1.
_register based Instruction. _ :
2. No. of Instructions less than 100. 2.

Addressing Modes 12-24 Addressing modes limited to 3-5

4. Mostly microcoded using control memory | 4.. CPU control mostly hardwared without
but modern CISC also uses hardwired ~control memory.
control.

No. of Instructions 120 to 350.

w
o

" Q51. Define the terms : Seek time, Rotational Delay, Access time.
B , S (PTU, Dec. 2014, 2007)
Ans. Seek time is one of the three delays associated with reading or writing data on a computer’s
disk drive, and somewhat similar for CD or DVD drives. The others are rotational delay and transfer ,
time, and their sum is access time. In order to read or write data in a particular place on the disk, the
féad/write head of the disk needs to be physically moved to the correct place. This process is known
as seeking, and the time it takes for the head to move to the right place is the seek time. Seek time
foragiven disk varies depending on how far the head's destination is from its origin at the time of each
'€ad or write instruction ; usually one discusses a disk’s average seek time.
Itis the amount of time between when the CPU requests a file and when the first byte of the file

is sent to CPU. Times between 10 to 20 milliseconds are common.
Spindle RPM Average latency (ms)
4200 AL
5400 5.55

Rdtational delay is one of the three delays associated with reading or writing data on a computer's '

Uisk drive, and somewhat similar for CD or DVD drives. The others are seek time and transfer time,
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and their sum is access time. The term applies to rotating storagg devices (guch ag a harg s r*
| floppy disk drive, and to the older drum memory systems). Thc.e'rotatlonal gglay is the _tlme "8y é‘,oy
the addressed area of the disk (or drum) to rotate into a position where it is accessible by the % Iy
write head. | : o Ay
Maximum rotational delay is the time it takes to do a full rotation .(as the relavent Part of Gu-j
may have just passed the head when the request arrived). Most rotating storage devices rotay altSk
constant angular rate (constant number of revolutions per second). The maximum rotationg) dely 8
simply the reciprocal of the rotational speed (appropriately scaled). In 2001, 7200 revolutig, Vig
minute is typical for a hard disk drive ; its maximum rotational delay will pe 60/72OQ S Or aboy g Pey

Average rotational delay is also a useful concept - it is half the maximum rotgtlonal delay,

Access time is the time delay or latency between a request to an electronic system, and j,

. access being completed or the requested data returned.
O In atelecommunications system, access time is the delay between the start of an
. attempt and successful access. Access time values are measured only on accesg a
that result in successful access.

O Inacomputer, itis the time interval between the instant at which an instruction contrg i
Initiates a call for data or a request to store data, and the instant at which delivery of the
data is completed or the storage is started. |

U Indisk drives, disk access time is the time required for a computer to process data froma
storage device, such as a hard drive. For hard drives, disk access time is determined by asym
of the spin-up time, seek time, rotational delay and transfer time. _ :
® Spin-in time - is the time required to accelerate the disk to operating speed. Frequenty

. used drives are often left spinning to improve access time, but drives may be spup
down to reduce energy use or noise. o
' - ® Seek time - is the time for the access arm to reach the desired disk track.

~ ® Rotational delay - the delay for the rotation of the disk to bring the required disk sector |
‘ under the read-write mechanism. It greatly depends on rotational speed of a disk

measured in revolutions per minute (RPM). : :
® Transfer time - time during which data is actually read or written to medium, with a
~ certain throughput. . ]

Theoretical averages of the access time or latency are shown in the table below, based on the

empirical relation that the average latency in milliseconds for such a drive is about 30000/RPM.

Q 52. What is bus system? . (PTU, May 2015)

- Ans. A group of wires through- which binary information is transferred one at a time among -
registér is called a bus. A common bus system can be constructed by using multiplexers, source ;
registers, decoders and destination registers. _

Q 53. Explain program control. |

Ans. Program control instructions specify condition for alterihg the content of the program
~counter. On the other hand, a program control type of instruction when executed may change the_‘
address value in the program counter and cause the flow of control to be altered. ot

Q 54. Explain the concept of program interrupt. i

Ans. The concept of program interrupt is used to handie a variety of problems that arise out of
normal p,rogram Sequence. Program interrupt refer to the transfer of program control from a currenﬂy.nr_-.:z
running program to another service program as a result of an external or internal generated request:
Control returns to the original program offer the service program is executed.

8Ceeg
Hemp
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. Discuss cost/b i - :
Q55. Di enefitconcept of layers in architecture design.  (PTU, Dec. 2010)

. The cost/benefit : ) :
. ﬁg:efits 2nd schedule iam”"‘l‘i'ZS:S Method in an architecture centric method for analyzing the
ostS . pPlication of architectural decisions. It also enables assessment of the

c ) S
jncertainty surr ounding judgements of costg and benefits, thereby providing a basis for informed
sign. \ :

decision making about the architectural ge
ammed I/0 and mapped 1/O. (PTU, May 2004)

Q 56. Differentiate between Progr
Ans. The statement is incorrect.

HQW?(;’?/"C') gxdtak'”g I/O mapped 110 mean memory mapped I/O, the difference between
rogrammed %2 and memory mapped I/0 is that in former the I/O is controlled through program, and
n later case l/O is through designated memory locations. :

Q 57. Explain Maskable and unmaskable interrupts. (PTU, May 2004)

Ans. Maskable interrupts are hardware interrupts that can be enabled and disabled by software
otherwise they are nonmaskable. A -

Q 58. List various methods of data transfer 2 (PTU, May 2004)

Ans. There are many methods of data transfer like serial, parallel, synchronous, asynhronous,
pgrammed, memory mapped, DMA etc. ‘ : ‘

Q 59. What is the difference between external interrupts and internal interrupts ?

iy | | (PTU, Dec. 2004)
"Ans. External Interrupt : Itis generated by external servies like keyword. It is asynchronous.
Internal Interruts : It is generated from illegal or erroneous use of an instruction. Internal

- Intrrupts are also called traps. Example of Interrupts caused by internal error condition are register
overflow and stock overflow. - :

Q 60. What do you mean by DMA I/0 Concept ? ' (PTU, Dec. 2004)

Ans . DMA : The transfer of data between a fast storage device such as magnetic disk and
memory is often limited by the speed of the CPU. Removing the CPU from the path and letting the
peripheral device manage the memory. buses directly would improve the speed of transfer. This
transfer technique is called Direct Memory access.

.'Q 61. Define the terms I/O processor and I/O controller. (PTU, May 2005)

Ans. I/0 Processor : It is a processor which is required to communicate with the system for

performing a specific task. For example DMA processor is used to transfer data from processor to I/O.
I/0 Controller : It is the module that controls an I/O function.

Q 62. What do you mean by programmed I/O Concept ? . (PTU, May 2012, 2005)

Ans. Programmed I/O operation are the result of /O concept Instructions written in the computer
Program. Each data item transfer is initiated by an Instruction in the program. Usually, the transfer is
toand from a CPU register and Peripheral. Other Instructions are needed to transfer the data to and
from CPU and memory. Transferring data under program control requires constant monitoring of the
peripheral by the CPU. Once a data transfer is initiated, the CPU is required to monitor the interface to
see when a transfer can again be made. e '

Q 63. What do you mean by software interrupt ? (PTU, Dec. 2009, 2005)

Ans. Software Interrupt : A Software interrupt is initiated by executing an instruction. Software
Interrupt is a special call instruction that behaves like an interrupt rather than a subroutine call.

Q 64. What do you mean by Interrupt-initiated /O Concept 7 (PTU, Dec. 2009, 2005)
 Ans. In the programmed I/O method, the CPU stayes in a program loop until the I/O unit
ndicates that it is ready for data transfer. This is a time consuming process since it keys the’
Processor busy needlessly. It can be avoided by using an Interrupt request signal when the data are
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available from device. In the meantime the CPU can proceed to execute another program, T
Mmeantime keeps monitoring the device. When the Interface determines that the device
data transfer, it generates an Interrupt request signal to computer. Upon detecting the exter
signal, the CPU momentarily stops the tasks at is processing, branches to the sery
process the I/O transfer and then returns to the task it was originally performing. '

Q 65. Write about DMA Transfer. _ (PTU, Mg ,

Ans. DMA Transfer : DMA transfer is used to move the data from one memory 'OCZUQO:S)
' . to |

.~ erfy
s teag,
mMal imerru‘?f

another without using the CPU.

Q 66. Explain about I/0 processor., | - (PTU, Dec. 2011, 2010; May 20pe.

Ans. An Input-Output processor may be classified as a processor with direct memory GCces) )
capability that communicates with I/O devices. Each IOP takes care of input and outpyt taskss'
relieving the CPU from housekeeping chores involved in I/O transfers. s‘

¢ CPU
73] . .
2 Peripheral Device

Memory unit  |e > =

el : €0 €D
=
) ’ - IOP 1/0O bus '
Q 67. What is channel ? - (PTU, May 2005
OR

What do you mean by the term DMA channel? (PTU, May 2009)
- Ans. Channel : A channel is used to transfer the data from source device to the destinatioy
device. , : »

Q 68. Explain about I/0 modes. ,

Ans. Binary Information recieved from an external device is usu
Processing Information transferred from the cental computerintoane
memory unit. The CPU merely executes the I/O Instructions and may
ultimate source or destination is the memory unit. Data transfer betw
O devices may be handled in variety of modes. These are -

1. Programmed I/O

2. Interrupt Initiated I/0O

3. Direct Memory Access (DMA)

Q 69. What is meant by DMA?

(PTU, Dec. 2006 ; May 2006) -
ally stroed in memory for later
Xternal device originates in the
accept data temporarily, but the
een the central computer and!/

- » Which includes 1/0 and interrupts and
states for the CPU cycles. ' memory types, P

Transfers are initiated when the DMA controller is notified of the need to move data 10 th{z
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le ’ _ -asserts the DM i the CPU in turn
coggves iiS_D_fVIA acknowle@ge Signal and resumes control of Q;GSE:M sionatand .

| DMA is implemented in computer bus architectures to speed up computer operations and allow
qultitasking- Norrplally, the .CPU will be fully occupied in any read/write operation, enabling DMA
Jlows reading/writing data in the interna| memory, external memory and peripherals without CPU
-mvolvement, thus making the processor available for other tasks. This ensures streamlined operations,
aS movement. of data to/from memory is one of the most common'computer operations and freeing
e CPU of thus overhgad can _Iead 1o a significant improvement in performance.

DMA is useful in real-time computing applications where critical operations must be done
goncurrently. Stream processing is another application of DMA, where transfer and data processing
gedone simultaneously. Many hardware systems use DMA including floppy and disk drive controllers,
graphics cards. | : _

Q70. Write characteristics of I/O Channels. (PTU, May 2012 ; Dec. 2010, 2007)

Ans. I/O Channel : In computer science, channel I/O is a generic term that refers to a high-
performance input/output (I/O) architecture that is implemented in various forms on a number of
computer architectures, especially on mainframe computers. In the past they were generally
mplemented with a custom processor, known alternately as peripheral processor, I/O processor,
/0 controller, or DMA controller. .

-Basic principles and characteristics : Many I/O tasks can be complex and require logic to be
applied to the data to convert formats and other similar duties. In these situations, the simplest
solution is to ask the CPU to handle the logic, but because I/O devices are relatively slow, a CPU
could waste time (in computer perspective) waiting for the data from the device. This situation is
called ‘I/O bound'. '

Channel architecture avoids this problem by using a separate, independent, low-cost processor.
Channel processors are simple, but self-contained, with minimal logic and sufficient on-board scratchpad
memory (working storage) to handle /O tasks. They are typically not powerful or flexible enough to be
used as a computer on their own and can be construed as a form of subprocessor.

An attached CPU sends small channel programs to the controller to handle I/O tasks, which the
thannel controller can normally complete without further intervention from the CPU.

When I/O transfer is complete or an error is detected, the channel controller communicates with
the CPU using an interrupt. Since the channel controller has direct access to the main memory, it is
As0 often referred to as DMA controller (where DMA stands for direct memory access), although that
'em s looser in definition and is often applied to non-programmable devices as well.

Description : The reference implementation of channel I/O is that of the IBM Systenv/360
family of mainframes and its successors, but similar implementations have been adopted by other
Mainframe vendors, such as Control Data, Bull (General Electric/Honeywell) and Unisys.

_ Computer systems that use channel I/O have special hardware components that handle all
lﬂprUtDUt operations in their entirety independently of the s.ystgm.s' CPU(s). TheCPU of a system
"atuses channel 1/0 typically has only one machine instruction in its repertoire for input and output
v this Instruction is used to pass input/output commands to the specialized I/O hardware in the form of

Nel programs. I/0 thereafter proceeds without intervention from the CPU until an event requiring

Chan
’(‘:‘;ﬂgcation of the operating system occurs, at which point the I/O hardware signals an interrupt to the
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A channel is an independent hardware component that co-ordinates all I/O.to aset of o
or devices. It is not mereloy a medium of communication, despite the name ; it is a Prograsial
device that handles all details of I/O after being given a list of I/O operations to carry oyt (the 2‘

- hay

program). i : e
| Each channel may support one or more controllers and/or devices..Channel programs‘ c
lists of commands to the channel itself and to various controllers and devices to which it jg conp
Once the operating system has prepared a complete list of I/O commands, it executes 3 sin QQI%
machine instruction to initiate the channel program ; the channel thereafter assumes Contro| Of%m
O operations until they are completed. _ ,
ltis possible to develop very complex channel programs ; initiating many different |/0 OPeratg.

on many different /O devices simultaneously. This flexibility frees the QPU from the QVerheag-r’.-
starting, monitoring and managing individual 1/O operations. The specialized channe] hardware;,(!‘
turn, is dedicated to I/O and can carry it out more efficiently than the CPU (and entirely in Parallgfy 1
the CPU). Channel I/O is hot unlike the Direct Memory Access (DMA) of microcomputers, g wﬁ
complex and advanced. Most mainframe operating systems do not fully exploit all the featur'es":"
channel |/O. 4

On large mainframe computer systems, CPUs are only one of several powerful hargy..
components that work in parallel. Special input/output controllers (the exact names of which vary frm
one manufacturer to another) handle I/O exclusively, and these in turn are connected to hardyg,
channels that also are dedicated to input and output. There may be several CPUs and severaﬂ}d
processors. The overall architecture optimizes input/output performance without degrading purg CRy
performance. Since most real-world-applications of mainframe systems are heavily I/O-intensﬁ
business applications, this architecture helps provide the very high levels of throughput that distingug
mainframes from other types of computer.

Lf

In IBM ESA/390 terminology, a.channel is a parallel data connection inside the tree-ﬁké‘i&
hierarchically organized I/O subsystem. In System/390 IO cages, channels either directly connecti
devices which are installed inside the cage (communication adapter such as ESCON, FICON,Op'gg
Systems Adapter) or they run outside of the cage, below the raised floor as cables of the thicknessd
a thumb and directly connect to channel interfaces on bigger devices like tape subsystems, diree

access storage devices (DASDs), terminal concentrators and other ESA/390 systems. ;j
Q 71. Write major.requirement for I/O module. . (PTU, Dec.2_
Ans. In computer science, I/O module is a generic term that refers to a high performance inpf
output (I/0) architecture that is implemented in various form on a number of computer archite
especially on mainframe computers: The basic requirements for I/O module function are as foll
1. Write : Transfer data from memory to I/O device.
2. Read : Transfer data from I/O device to memory.
3. Read Backwards : Read magnetic tape with tape moving backward.
4. Control : Used to initiate an operation not involving transfer of data such as rewindin
or positioning a disk access mechanism. 1
5. Sense : Informs the channel to transfer its channel status word to memory location
6. Transfer in channel : Used instead of a jump instruction. Here the data address field$s
the address of next command word to be executed by the channel. v B
Q 72. What is an I/O processor? Briefly discuss. (PTU, Dec:
Ans. In computer science, channel I/0 is a generic term that refers to a high-perfor™
input/output (I/O) architecture that is implemented in various forms on a number of coM
architectures, especially on mainframe computers. In the past they were generally implemente¢




r

uction to x86 Architecture 101
o 5
custom processor; known alternately as peripheral processor, I/O processor, /O controller, or
g MA controller. ,

Many /O tazk? Car}b?hcomplgx and require logic to be applied to the data to convert formats

4 other similar I;]Olec?' n these SItugtlcns, the simplest solution is to ask the CPU to handle the

gl but becatéstta f n:é:/rl]ceg, are relatlyely slow, a CPU could waste time (in computer perspective)

yaiting for the aata trom the evice. This situation is called ‘I/O bound.” Channel architecture avoids

sis problem by using a separate, independent, low-cost processor. Channel processors are simple,

bu,sen-contalned, with m'“'”‘?‘ logic and sufficient on-board scratchpad memory (working storage) to

handle /O tasks. They are typically not powerful or flexible enough to be used as a computer on their

ynandcan be construed as a form of subprocessor. : '

Q73.ADMA control.ler transfers 16-bit words to memory using cycle stealing. The words

are assen_1bled frf:)m a device that transmits characters at a rate of 2400 characters per second.

TheCPU s fetching and f!xecuting instructions at an average rate of 1 million instructions per
second. BY how much will the CPU be slowed down because of the DMA transfer ?

| (PTU, May 2007 ; Dec. 2009, 2005)

Ans. CPU reters to memory on the average once every micro-seconds (1/108 Sec).

Characters arrive one every 1/2400 = 416.6 micro seconds. | '

Two characters of 8 bits each are packed in to a 16 bit words every 2.x 416.6 = 833.3 micro
seconds. The CPU is slowed down by no more than (1/833.3) x 100 = 0.12 % .

* Q@74. Compare interrupt I/O control with DMA 1/O. ' (PTU, May 2006)
'Ans. Interrupt I/O control with DMA I/O : Binary information received from an external device
_is usually stored in memory for later porcessing. Information transferred from the central computer
into an external device originates in the memory unit. The CPU merely executes the I/O instructions
and may accept the data temporarily, but the ultimate source or destinations is the memory unit. Data
transfer between the central computer and I/O devices may be handled in a variety of modes. Some
modes use the CPU as an intermediate path; others transfer the data directly to and from the memory
~unit. Data transfer to and from peripherals may be handle in one of three possible modes:
1. Programmed I/O :
2. Interrupt-initiated 1/0 . ‘

3. Direct memory access (DMA) , _

1. Programmed 1/O : Programmed I/O operations are the result of /O instructions written in
the computer program. Each data item transfer is initiated by an instruction in the program. Usually,
the transfer is to and from a CPU register and peripheral. Other instructions are needed to transfer the
datato and from CPU and memory. Transferring data under program control requires constant monitoring
of the peripheral by the CPU. Once. a data transfer is initiated, the CPU is required to monitor the
inte_rface to see when a transfer can again be made. Itis up to the porgrammed instructions executed
i(l;the CPU to keep close tabs on everything that is taking place in the interface unit and the 1/0

evice,

2. Interrupt-initiated I/O : In the programmed I/O method, the CPU stays in a program loop
until the 1/0 unit indicates that it is ready for data transfer. This is a time-consuming process since it
keeps the processor busy needlessly. It can be avoided by intcrrupt using an interrupt facility and
Special commands to inform the interface to issue an interrupt request signal when the data are
available from the device.In the meantime the CPU can proceed to execute another program. The
nterface meanwhile keeps monitoring the device. When the interface determines that the device is
"eady for data trnasfer, it generates an interupt request to the computer. Upon detrecting the external
nterrupt signal, the CPU momentarilly stops the task it is processing, branches to a service program
0 process the I/0 transfer, and then returns to the task it was originally performing.
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edl/Oi R
3. Direct memory access (DMA) : Transfer of data under programm S betwegy, CPUan;;‘

: ta into and oy

Peripheral. In direct memory access (DMA), the interface trafgffﬁ;sguapplying the imte‘::;he Moy
unit through the memory bus. The CPU initiates the trans ferted and then proca S Wiy
Starting address and the number of words needed to be trans clos throtih s Sto exe%:
other tasks. When the transfer is made, the DMA requests meng)?\;icxansfers thge da?amf?mo byg.
When the request is granted by the memory controller, the oW 1he direet men s ?'fecuy ng
memory. The CPU merely delays its memory access operation tol/aO memoryfraristers Vg "a"SIer
Since peripheral Speed is usually slower than processor speec_i, - din rrnyore et areinfrgg, . ¢
Compared to processor access to memory. DMA transfgr is q:scusse ik (z)al (;n sec,

IOP ; Many computers combine the interface logic with the req(ljl’ I' rect m o
access into one unit and call it an 1/0 processor (IOP). The IOP can handle rtf;‘a”y Peripheralg throyey
a DMA and interupt facility. In such a system, the computer is divided tho ree separate modllles;
the memory unit, the CPU, and the IOP. I/O processors are presented in sec.

Q 75. What is the basic function of an interrupt controller? _ (PTU, May 2004

Ans. The interrupt controller provides the means by which I/O devices reguest attention from
the processor to deal with data transfers. It accepts requests from thg peripheral e‘!UfDmen't,
determines which of the incoming requests is of the highest priority, ascertains Whether thg incomips
réquest has a higher priority value than the level currently being serviced, and issues an lnterrupt@
the CPU based on this determination. | |

Q 76. What is program interrupt? . ' (PTU, May 201g)}

Ans. External and Internal interrupts are intiated from signals that occur in hardware of CPU.AH
software interrupt is initated by executing an instruction. Software interrupt is a special call instructon|
that behaves like an interrupt rather than a subroutine call. It can be used by the programmer to intiafe
an interrupt procedure at any desired point in the program. The most common use of software interm",

qUem

| OR i

Discuss DMA with help of schematic diagram of controller. (PTU, Dec. 2015, 20082-

Ans. Direct memory access (DMA) is a feature of modern computers and microprocessors |

that allows certain hardware subsystems within the computer to access system memory for reading 4
and/or writing independently of the central processing unit. Many hardware systems use DMA including ,‘
disk drive controllers, graphics cards, network cards, sound cards and GPUs. DMA is also used/of. |

intra-chip data transfer in multi-core Processors, especially in multiprocessor system-on-chips, whefé -
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Without DMA, uging qugrammed input/output (PIO) mode for communication with peripheral
Jices, or load/store instructions in the case of multicore chips, the GPU is typically fully occupied
forthe entire duration °_f t.h.e read or write operation, and is thus unavailable to perform other work. With
pMA, the CPU would initiate the transfer, do other operations while the transfer is in progress, and
eceive an intc_arrupt from t.he DMA controller once the operation has been done. This is especiaHy_
gsefulin real-time compujﬂng'applications where not stalling behind concurrent operations is critical.
Another and relateq application area is various forms of stream processing where it is essential to
have data processsing and transfer in parallel, in order to achieve sufficient throughput.

Data cout
Data lines « » _Data'Rgister
> Registe
Address lines > Adgress Regl
DMA Request >
DMA acknowledge < :
Interrupt < Control Logic
Read - — N
Write »

DMA Block Diagram

The Direct Memory Access (DMA) module handles all data transfers between the computer’s
peripherals and memory without intervention by the processor.

A DMA module transfers a sector from the hard disk to memory by first accessing the system
bus. It may either use the bus when the processor is not engaging it, or it must conduct cycle stealing.
Cycle stealing is to force the processor to ter_nporarily suspend its current operation. _

While the processor does some other operation not involving use of the system bus, the DMA
module transfers the entire sector of data, one word at a time from the hard disk to memory. When the
Vansfer is complete, the DMA module informs the processor by sending an interrupt signal to it.

- DMA Controller

Features

Q General-purpose direct-memory access (DMA) controller.

Q Upto 16 DMA channels |

Q  Supports both synchronous and asynchronous DMA transfers

Q Designed for peripheral component interconnect (PCI) and other central processing unit

(CPU) bus systems. ‘

Block Diagram

Fig. shows the block diagram for the DMA controller
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n is designed for data transfer in different system

_ environments. Two module types — type 0 and type 1 —are provided, and the user can choose thé--;;
- number of each module type. Type 0 modules are designed to transfer data residing on the same hus,”
~and Type 1 modules are designed to transfer data between two different buses. Each module can’

support up to 4 DMA channels ; the megafunction supports up to 16 total DMA channels.
| Each DMA channel can be programmed for various features, such as transfer size, synchronized
and unsynchronized transfer control, transfer priority, interrupt generation, S
~space, and address change direction. This megafunction is designed to work with 32-bit and 64-bit
bus systems, including the PCI bus, power PC bus, and other CPU host buses. It can also be!
integrated with other megafunctions to form a complete functional block. Ty 13

Q 78. Explain about I/O processor/Information Processor. (PTU, Dec. 2006)

Ans. Input-Output Processor (IOP) : Instead of having each interface communicate with theji;i

CPU, a computer may incorporate one or more external processors and assign them the task of &
communicating directly with all /O devices. An input-output processor (IOP) may be classified &lS’a_l"'i
processor with direct memory -access capability that communication with I/O devices. In thiég
pqnfiguration, the computer system can be divided into a memory unit, and a number of processofs‘-’
comprised of the CPU and one or more IOPs. Each |OP takes care of input and output tasks reliving
‘:,I"/lfhcernJ ftrortn the hlouseke:aﬁingh chores involved in I/O transfers. A processor that commt:lnicaiﬁsf

ith remote terminals over telephone and tanli : e i
L nfoation procassor F()DCF). | other communication media in a serial fashion IS called a_"_

o Unlike-m: gi;;ii:{:‘g;;ﬁha CPU except that it is designed to handle the details of /O processing:
' ! - at must be set up entirely by the CPU, th te 15

own instructions. IOP instructions are specifically desig tasila IOP can fetch and &X' G
\GE-cah periiomBihef procassig taskspsuc r']ca y designed to facilitatel/O transfer. In addition, t1°:

_ ; as artihemetic, logic, branching, and code transiatio™

Descriptioh . The DMA controller megafunctio

7. 4%
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en"alp . ) 4 r
acu is responsible f_OI’fprO(f:essmg data needed in the solution of computational tasks. The IOP
jides @ path for transfer of data between varioys peripheral devices and the memory unit. The CPU

0 : e
P5[usueally assigned the task of initiating the /0 program. From then on the IOP operates independent

Ioﬂhe cPU and continues to transfer data from external devices and memory.
Central
»| processing
unit (CPU)
Memory . Peripheral device

unit

y
4 Memory bus

y

M
Input-output

processing /O bus fo

Block diagram of a computer with I/0 processor

The data formats of peripheral devices differ from memory and CPU data formats. The IOP
must structure data words from many different sources. For example, it may be necessary to take
four bytes from an input device and pack them into one 32-bit word before the transfer to memory.
Data are gathered in the IOP at the device rate and bit capacity while the CPU is executing its own
mogram. After the input data are assembled into a memory word, they are transferred from I0OP
drectly into memory by “stealing” one memory cycle from the CPU. Similarly, an output worq transferred
fom memory to the IOP is directed from the IOP to the output device at the device rate and bit
capacity. ) : ‘ ,

! T}rlw communication between the IOP and the devices attached to it is similar to the program
| control method of transfer. Communication with the memory is similar to the direct memory access
method. The way by which the CPU and IOP communicate depends on the level of sophistication
included in the system. In very-large-scale computers, each processor is independent of all others
andany one processor can initiate an operation. In most computer systems, the CPU is the master
while the IOP is a slave processor. The CPU is assigned the task of initiating all operations, but I/O
instructions are executed in the IOP. CPU instructions provide operations to start an I/O transfer and
also to test /O status conditions needed for making decisions on various /O activities. The IOP, in .
turn, typically asks for CPU attention by means of an i_nterrupt. It also responds to CPU requests by
Placing a status word in a prescribed location in memory to be examined later by a CPU program.,
When an 110 operation is desired, the CPU informs the IOP where to find the 1/O program and then
aves the transfer details to the IOP. » |

Instructions that are read from memory by an IOP are sometimes called commands, to distinguish
em from-instructions that are read by the CPU. Otherwise, an instruction and a command have
SJmi!arfunctions. Commands are prepared by experienced programmers and are stored in memory.

®Command words constitute the program for the IOP. The CPU informs the IOP where to find the
®mmands in memory when it is time to execute the I/O program. -

079, Explain Maskable Interrupts. (PTU, May 2004)
Ans, Maskable interrupts : Maskable interrupts are hardware interrupts that can be enabled
ad disableg by software and which can avoid other interrupts, otherwise they are non-markable, If
any other intrrupt occur in between the control goes 1o that interrupt and after its task is complete, the
Ontrol is switcheg back to the previous instruction.
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Q 80. Write about DMA transfer. _ (PTU, Dec. 2014, 2000 tture
OR ’2003)

Explain in detail how Direct Memory Access system works by taking a suitape ex
showing the various stages. (PTU, Mayamm‘

Ans. DMA : The transfer of data between a fast storage device as magnetic disk gp, dm 2005]
is often limited by the speed of the CPU. Removing the CPU from the path and litting the periem%
device manage the memory buses directly would improve the speed of transfer. This 'transfertech i
is called direct memory access (DMA). During DMA transfer, the CPU is idle and has no COoNtrg| "y
memory buses. A DMA controller takes over the buses to manage the transfer directly between? ;
O device and memory. ' e
. The CPU may be placed in an idle state in a variety of ways. One common method exteng;,
used in microprocessors is to disable the buses through special control signals. Fig. shows ¢
control signals in the CPU that facilitate the DMA transfer. The bus request (BR)-input is useq bythq
DMA controller to request the CPU to relinquish control of the buses. When this input is actiye ,e
CPU terminates the execution of the current instruction and places the address bus, the data bus'
the read and write lines into a high-impedance state. The high-impendance state behaves like an ('Jpen
circuit, which means that the output is disconnected and does not have a logic significance buys Oray
(see Sec. 4-3). The CPU activates the bus grant (BG) output to inform the external DMA that fh,
buses are in the high-impedance state. The DMA that originated the bus request can now take Contr)
of the buses to conduct memory transfers without processor intervention. When the DMA terminatyg
the transfer, it disable_s the bus request line. The CPU disables the bus grant, takes control oftﬁe
buses, and returns to its normal operation. _

When the DMA takes control of the bus system, it communicates directly with the memory,
The transfer can be made in several ways. In DMA burst transfer, a block sequence con burst transfe
sisting of a number of memory words is transferred in.a continuous burst while the DMA controlleris
master of the memory buses. This mode of transfer is needed for fast devices such as magnel
disks, where data transmission cannot be stopped or slowed down until cycle stealing an entire block
Is transferred. An.alternative technique called cycle stealing allows the DMA controller to transfer one
data word at a time, after which it must return control of the buses to the CPU. The GPU merely delays
its operation for one memory cycle to allow the direct memory 1/O transfer to “ steal” one memory
cycle. _ ' ‘

DMA Controller. : _ ]

The DMA controller needs the usual circuits of an interface to communicate with the CPU and.
I/O device. In addition, it needs an address register, a word count register, and a set of address lines.
The address register and address lines are used for direct communication with the memory The word
count register specifies the number of words that must be transterred. The data trnasfer may be done
directly between the device and memory under control of the DMA.
) Fig. shows the block diagram of a typical DMA controller. The unit communicates with the CPU

via the data bus and control lines. The registers in the DMA are selected by the CPU through thé

address bus by enabling the DS (DMA select) and RS (register select) inputs. The RD (read) and WA
(write) inputs are bidiretional. When the BG (bus grant) input is 0, the CPU can communicate with thﬂg;;
DMA registers through the data bus to read form or write to the DMA registers. When BG = 1, the CPU,‘
has relinquished the buses and the DMA can communicate directly with the memory by specifying 12
address in the address bus and activating the RD or WR control. The DMA communicates with i

external peripheral through the request and acknowledge lines by using a prescribed handshaking ‘
procedure. : ;
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Bus request—»{BG DBUS|e— Address bus |
ABUS |—» D High-impedance
CPU Data bus (disable)
Bus grant«—|pg RD [—»Read when BG is
WR > Write ~ | enabled -

CPU bus signals for DMA transfer

The DMA controller has three registers: an address register, a word count register, and a control
® isters. _The address register contglns an address to specify the desired location in memory. The
055 DItS go_through bus buffers into the address bus. The address register is incremented after
gch word that.ls traf‘Sferr_ed to memory . The word count register holds the number of words to be
transferred. This register is de,c,remented by one after each word transfer and internally tested for
er0. The control register specifies the mode of transfer, Al registers in the DMA appear to the CPU
»s 0 inter face register. Thus the CPU can read from or write into the DMA registers under program

control via the data bus.
| Address bus
Da
Data bus«+—| bljﬁebrgs «— Address bus buffers
P :
DMA select—y[pg Bl«—>»{ Address register |
Register select—»|Rg g .
= - -
Read<—RD ) £ »( Word count register |
Write «—»{WR Controlf .
‘ : Logic ‘_’l Control register :
Bus request«—{BR ¢ ’ ' — ? I
Bus grant—»|BG il DMA request . -
Interrupt «—{Interrupt DMA Acknowledge to /O device

Block diagram of DMA controller

The DMA is first intialized by the CPU. After that, the DMA starts and continues to transfer data
between mémory and peripheral unit until an entire block is transferred. The initialization process is
essentialy a program consisting of I/O instructions that include the address for selecting particular
DMA registers. The CPU initializes the DMA by sending the following information through the data
bus: - : .

1. The starting address of the memory block where data are available (for read) or where data
are to be stored (for write) .

2. The word count, which is the number of words in the memory block

3. Control to specify the mode of transfer such as read or write

4. A control to start the DMA transfer .

The starting address is stored in the address register. The word count is stored in the word
Countregister, and the control information in the control register.Once the DMA is initialized, the CPU
Stops communicating with the DMA unless it receives an interrupt signal or if it wants to check how
Many words have been transferred. '

DMA Transfer . _
The position of the DMA controller among the other components in a computer system is
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llustrated in Fig. The CPU communicates with-the DMA through the address and data g
any interface unit.The DMA has its own address,which activates the DS and Rs lines,
initialized the DMA through the data bus. Once the-DMA receives the start contro| COMman
start the transfer between the peripheral device and the memory. . .

When the periphéral device sends a DMA request, the DMA controller activates thq -
informing the CPU to relinquish the buses. The CPU responds with its BG line, Informing the Dix
its buses are disabled. The DMA then puts-the current value of its address r.egister into the adg ‘
bus, initiates the RD or WR signal, and sends a DMA acknowledge to the peripheral device, m“

the RD and WR lines in the DMA controller are bidirectional. The direction of transfer depends :n{hal
status of the BG line. When BG = 0, the RD and WR are input lines allowing the CPU !0'commum’c:3',
with the interal DMA registers. When BG = 1, the RD and WR are output lines from the DMA commn:
to the random-access memory to specify the read or write operation for the data. )
When the peripheral device receives a DMA acknowledge, it puts a word in the data g (fq

' write) or receives a word from the data bus (for read) Thus the DMA controls the read or write operafie:
and supplies the address for the memory. The peripheral unit can then communicate with memo"

through the data bus for direct transfer between the two units while the CPUis momentarily disableg

¥Interrupt Random-access
»BG CPU memory (RAM)
»BR _
RD WR Address Data RD WR Address Data
4 ‘ 4 y 4 4 4 ‘P
Read control
T Writer control
! v Data bus v v
Ny v | Address bus +.
i A
Address| -
select | _
4 4 4 . L 4
Rd WR Address Data ,
- DMA acknowledqe
DS « g
—» RS Direct memory '|/O
R access(DMA) penpr_weral
L BG controller DMA request | device
Interrupt

DMA transfer in a computer system -

For each word that is transferred, the DMA increments its address register and decrementsi
word count register. If the word count does not reach zero, the DMA checks the request line com "9:
from the peripheral. For a high-speed device, the line will be active as soon as the previous transf?‘f 5
completed. A second transfer is then initiated, and the process continues until the entire blocm
transferred. If the peripheral speed is slower, the DMA request line may come somewhat later. In
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: ihe DMA disables the bus request line s that the CPU can continue to execute its program.

288 e peripheral requests a transter, the DMA reqy .

nen t reqist quests the buses again. _

W™\ the word countregisier reaches zero, the DMA stops any further transfer and removes its bus
Jest. [1als0 informs ::e CPU of the termination by means of an interrupt.When the CPU responds
! interrupt, reads the content of the word count register. The zero value ofthis register indicates

" jallthe words were transferred successfully. The GPU can read this register at any time to check

hd mber of words already transferred. )

rer A DMA controll.er may have more than one channel. In this case, each channel has a request
od scknowledge pair of control Signals which are connected to separate peripheral devices. Eagh

ahannel also has its own address register and word count register within the DMA controller. A priority

Cﬂong the charjnels may be established so that channels with high priority are serviced before channels

:nh jower priority.

DMA trans?er Is very useful in many applications. It is used for fast transfer of information
gween magnetic d'S‘_‘S and memory. It is also useful for updating the display in an interactive
;minal. Typically, an image of the screen display of the terminal is kept in memory which can be
ted under program control. The contents of the memory can be transferred to the screen periodically
means of DMA transfer. ‘ :

a 81. When a device interrupt occurs, how does the processor.determine which device
ssued the interrupt? 4 (PTU, Dec. 2007)

Ans. Instead of having each interface communicate with CPU, a computer may incorporate
oneor more external processor and assign then the task of communicating directly with I/O devices.
aninput-output processor (IOP) may be classified as a processor with direct memory access capability
hat can divided into @ memory unit and a number of processor comprised of CPU and one or more
I0Ps. :

S ———

by

_| Central Processing
|- Unit(CPU)

Peripheral Devices

process (IOP)

Memory unit |e —

Memory bus

»

Block diagram of computer with I/O processor -

So each IOP takes care of input and output takes, relieving the CPU from housekeeping chores
ivolved in 1O transfers. A processor that communicates with remote terminals over telephone and
Other communication media in a serial fashion is called data communication processor (DCP).

The IOP is similar to CPU except it is designed to handle the details of 1/O processing. Unlikke

MA controlier that must be set up entirely by the CPU, the IOP can fetch and execute own instructions.
:n addition, the IOP can perform other processing tasks such as arithmetic logic, branching and code
fanslation.

The block diagram of computer with I/O processor shown above. The memory unit occupies a
Central position and can communicate with processor by means of direct memory access. The CPU
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is responsible for processing data needed in solution of computational tasks. Th'e o] Proviy
for transfer of data between various peripheral devices and the memory unit. [ts assym..
device is sending a sequence of bytes that must be stored in memory. The_transfer of bYt:q%;
three instruction : ‘ 4 _ g feq ol

1. Read the status register. ‘ . '
2. Check the status of flag bit and brave to sept if not set or to step 3 if ;et. _

3. Read the data register. .

Q 82. What do you mean by software and hardware interrupts? How these are g i
microprocessor system? ' 7 (PTU, Dec. 2013 Mg edh.
| OR - Yy
Software interrupt and hardware interrupt. | (PTU, pg, e
Ans. 1. External Interrupts : External interrupt come from input-output. (1/0) devices'}r
timing device, from a circuit monitoring the power supply, or from any other exter ngl resource, g oy
that cause external interrupts are I/O device requesting transfer of data, I/O device finisheq

data, elasped time of an event, or power failure. ' :

' 2. Internal Interrupt : Internal interrupt arise from illegal or erroneous used of an ing
‘data. Internal interrupts are also called traps. Example of interrupts caused by internal errorco"dmm-
are register overflow, attempt to divide by zero, stack overflow, protection violation and invalig °Deraﬁq:
code. ’ . _ _ “ _ 8

3. Software Interrupt : External and Internal interrupts are intiated from signals that oceyrs
hardware of CPU. A software interrupt is initated by executing an instruction. Software interrup”si
special call instruction that behaves like an interrupt rather than a subroutine call. It can be usegq tiy

programmer to initiate an interrupt procedure at any desired point in the program. The most COMmon g
.of software interrupt is associated with a supervisor call instruction. This instruction provides means
“switching from CPU user mode to superior mode. Certain operations in computer may be assignedyy
supervisor mode only, for example, a complex input and output procedure. A program written by usa
must most run in user mode. When an input or output transfer is required the supervisor mode requestey
by means of a supervisor call instruction. This instruction causes a software interrupt that stores thegif
CPU state and bring a new PSW (program status world) that belongs to supervisor mode. The calling
program must pass inforamtion to operating system in order to specify particular task requires; é

In computing, an interrupt is an asynchronous signal indicating the need for attention o
‘synchronous event in software indicating the need for a change in execution. x
A hardware interrupt causes the prdcessor to save its state of execution via a context switch,
- and begin execution of an interrupt handler. ‘ - i

Software interrupts are usually implemented as instructions in the instruction set, which causs;

a context switch to an interrupt handler similar to a hardware interrupt. . : é
Interrupts are a commonly used technique for computer multitasking, especially in rea-iime:

computing. Such a system is said to be interrupt-driven. G
An act of interrupting is referred to as an interrupt request (IRQ).

The interrupt are used in microprocessor system follows this technique :
Hardware Interrupts (IRQ) and Conflicts

tructigy

hy 20HTS ¥ T
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onents: There are many Defiphgrals in a computer. These peripherals generally need to use the
«amg resources if only to communicate with the system itself.
g whena perlphleral wants tq access aresource, it sends an interrupt request to the processor in
(toget its attention. The peripherals have an interrupt number that is called an IRQ (Interruption

euest)- tis as if each peripheral pulls a “string” that is attached to a bell in order to tell the computer
‘ ﬂeﬂ'l wanfs the computer to pay attention to it.

r ot This wstring” is in fact a physical line that links each expansion slot as well as each I/O interface

| 'Oilhemotherboafd (IRQO to IRQ7). These IRQs are controlled by an “interrupt controller” that is in
W™ sof allowing the IRQ with the greatest priority “to speak’. |
™ when 16-bit slots were introduced, IRQs 8 to 15 were added, as was a second interrupt controller.

W0 grOUPS of interrupts are linked by IRQ2 which is connected (or “cascaded”) to IRQ9. In a

p ihis cascade “inserts” IRQs 8 to 15 between IRQs 1 and 3 :
way, .

819 |10[{11]12]13(14|15

0|11]2|3]|4|5]|6|7

Given that priority goes from lowest to highest IRQ, and IRQs 8 to 15 are inserted between
RQs 1 and 3, the order of priority is as follows : '

0>1>8>9>10>11>12>13>14>15>3>4>5>6>7 ,

Physical devices within the system initiate hardware interrupts. These devices may be located
mysically on the platform or located on an add-in board. In both cases, a special signal from the
device is connected to an interrupt request (IRQ) line of a system interrupt controller. The primary

function of hardware interrupts is to relieve the CPU from having to poll devices waiting for hardware

evenisto happen. In other words, microprocessor bandwidth to process external hardware events is

consumed only when the hardware interrupt is detected and serviced.

- Unlike software interrupts that are under programmer control, hardware interrupts may be
generated by systemn events in a random fashion. For instance, when a key is presed on the keyboard
orwhen a mouse is moved, a hardware interrupt request is generated. Multiple hardware interrupts
may occur simultaneously. The system interrupt controllers are responsible for detecting that a device

" has requested service, prioritizing the interrupt and generating a request to the CPU to execute the
interrupt handler specific to the interrupt request. The only control the programmer has over an interrupt

Generated by hardware is what the system does when the interrupt occurs. :

Q83. What is the difference between I/O mapped input/output and memory mapped input/

outbut? What are the advantages and disadvantages gf each? (PTU, Dec. 2008)

Ans. Memory-mapped I/0 (MMIO) and port I/O (also called port-mapped /O or PMIO) are

tWOC(Jmplementary methods of performing input/output between the CPU and peripheral devices in a

Computer. Another method, not discussed in this article, is using dedicated |/O processors — commonly
Nown as channels or mainframe computers — that execute their own instructions.

e C;/lemory-mapped I/0 uses the same address bus to address both memc_nry and /O devices, and
COmU Instructions used to access the memory arg also used for accessing devices. In order to
SEer_Odatg the 1/0 devices, areas of CPU's addressable space must be reserved for I/0. The

iy a?tlon might be temporary — the Commodore 64 c'ould bank switch between its I/0 devices and

Memory — or permanent. Each I/O device monitors the CPU's address bus and responds to

emc,therboard. For an 8-bit ISA slot, for example, there are 8 IRQ lines that link the 8-bit ISA slots




L the databustoa !
any CPU's access of device-assigned address space, connecting t desirablgfv'w,
hardwaretag s1of U instructions specifically tor perform e ‘*J

YO uses a special 58 O BZL Dy e IN and OUT instructions whigh )

- eci )

i und on Intel microprocessors, Spe rate address s Capy
'S gengrally o le byte to an I/O device. I/O devices have a S?Pa calintert Pace from, g"r@‘
and write a single by he CPU's physical interface, of an en“%i
,‘

113 " H t
memory, either accomplished by an extra I(O. pin on

dedicated to I/O. - : ted by those CPU-to-device
s . - s not affected by ) COmppy .-

Adevice's direot memory acoess (DIY ‘mapping. This is because, by definition. gw

Ay

' ially it i ted by memory
methods, especially it is not affected by . that bypasses the CPU.

memory-to-device communication metho byr i )
ltiyardware interrupt is yet another communication method betl\t/viizneasg ;?t(,:; ?eé'pheraj de\,‘*f‘f?
However, it is always treated separately for a number of r(-aasons.t. s feviee froe ,as 0 Os::

" above CPU-initiated methods. It is also unidirectional, as informa o ! y M devicg i |
ation with a fixed meaning, ”amelyﬂ‘{&

Port-mappe

Lastly, each interrupt line carries itself only one bit of lnform
is an interrupt”. . ‘
'Relative merits/demerits of the two I/0 methods . 3
The main advantage of using port-mapped /O is an CPUs with a b : aPabi‘;
Because port-mapped I/O separates I/O access from memory access, the fu addre_ss Sp_a‘?ECaﬁ :
used for memory. It is also obvious to a person reading an assembly language program listing
~ 1/0 is being performed, due to the special instructions that can only be used for that purpoge &
/O operations can slow the memory access, if the address and data buses are shareq Wus.
because the peripheral device is usually much slower than main memory. In. some architecture'pi
mapped /O operates via a dedicated I/0 bus, alleviating the problem. ;
Advantages : The advantages of having an IOMMU, compared to direct physical addressjngg
the memory, include : : . . o _ 2 |
* .0 Large regions of memory can be allocated without the need to be contiguous in physi
memory —the IOMMU will take care of mapping contiguous virutal addresses to the underii:
fragmented physical addresses. Thus, the use of vectored I/0O (scatter-gather Iists)éﬁ
sometimes be avoided. . . R
U For devices that do not support memory addresses long enough to address the enﬁ
physical memory, the device can still address the entire memory through the IOMMU. Th;
avoids overhead associated with copying buffers to and from the memory space the periphe'id':
.. canaddress. . g
O Forexample, on contemporary x86 computers, more than 4 GiB of memory canbe use(rf
- enabled by the PAE feature in an-x86 processor. Still, an ordinary 32-bit PCI device s:mpfy
cannot address the memory above the 4 GiB boundary, and thus it cannot perform DMAL
it. Without an IOMMU, the operating system is forced to implement time consuming doubk
. buffers (Wlndou{s nomenclat_ure) also known as bounce buffers (Linux). 1
4 t'\(/)'e_r;’::%f; ?;‘:iti]oans‘:ft’rgezslgoﬁs. tCIJr r_nl:sbehaving devices : a device cannot read orwrﬂe
based on the fact that OS runm% Ky (mapped) for l-t' The memory pmtecmn!‘s%
. g on the CPU exclusively controls both the MMU and thé;

IOMMU. The devices are physically unable to circ( ' .
ircu emo
danagenisitiables | mvent or corrupt configured m ‘Yw

limited addressing ¢
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-~ vinual maohlne software, which causes DMA devices to fail. The IOMMU handles this
remapping, allowing for the native device drivers to be used in a guest operating system.
g Insome architectures IOMMU performs also hardware interrupt remapping, in a manner
similar to standard memory address remapping. ] |
Q Peripheralmemory paging can be supported by an IOMMU. A pefipheral using the PCI-SIG
pCle Addre§s Translation Services (ATS) Page Request Interface (PRI) extension can
detect and sllgnal the need for memory manager services.
For system archltecture in which portl/Ois a distinct address space from the memory address
e, an IOMMU is not used when the CPU communicates with devices via I/0 ports. In system

htecture in which part I/O land memory are mapped into a suitable address space, an IOMMU
aan yranslate port I/O accesses. 7
G

Disadvantages:

The disadvantages of having an IOMMU, compared to direct physical addressing of the memory,
nclude :
™" some degradation of performance from translation and management overhead (e.g., page

table walks). _

0 - Consumption of physical memory for the added I/O page (translation) tables. This can be

mitigated if the tables can be shared with the processor.

Q84. How many characters per second can be transmitted over a 1200-band line in each
of the following modes considering a character code of 8 bits :

(a) Synchronous serial transmission.

(b) Asynchronous serial transmission with 2 stop bit. (PTU, May 2005)

Ans. (a) Serial and Parallel data transmission : The need to provide data transfer between a
computer and a remote terminal has led to the development of serial communication.

Serial data transmission implies transfer data transfer bit by bit on the single (serial)
communication line. ‘ :

In case of serial transmission data is sent in a serial form i.e. bit on a single line. Also, the cost
of communication hardware is considerable reduced since only a single wire or channel is require for
the serial bit transmission. Serial data transmission is slow as compared to parallel transmission.

However, parallel data transmission is less common but faster than serial transmission. Most
data are oragnized into 8 bit types. In some computers, data are further organized into multiple bits
called half words, full words. Accordingly data is transferred some times a byte or word at a time on
multiple wires with each wire carrying individual data bits. Thus transmitting all bits of a given data
byte or word at the same time is known as parallel data transmission.

Parallel transmission is used primarily for transferring data between devices at the same site.
Foreg: communication between a computer and printer is most often parallel, so that entire byte can
betransferred in one operation.

Synchronous Communication : In Synchronous communication scheme, after a fixed number
O data bytes a special bit pattern in send called SYNC by the sending end.

Y Data transmission take place without any gap between two adjacent characters, however data
> 3end block by block. A block is a continuous steam of characters or data bit pattern coming at a
IrXeq Speed. You will find a Sync bit pattern between any two blocks of data and hence'the data
ansmission is synchronized. ,

cach Synchronous communication is used gengrally when- twg computers are communicating to

other at a high speed or a buffered terminal is communicating to the computer.

AdVantages and Disadvantages of Synchronous Communication : Main advantage of
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Synchronous data communication is the high speed. The synchronous communicatig,

hite,

. : H : - § l{ )
high-speed peripherals/devices and a good-quality, high br angWIdt:SC;OErfg %n:igon _Channel}e%g
___ The disadvantage include the possible in accuracy. Becaus and end Ccewer, ey
Synchronization, loosing fracks of where individual characters begin .. - Lor Fectiop, of?ér“:on
itional time. : o 5!
i ?S)dgsynchronous data transmission : Serial data _communlcaﬂon ger;ergny €Mployq ei't'
synchronous or asynchronous communication scheme. This two scheme used differey techy: L
for synchronizing in the circuits in sending and receiving end. ' - 9"&
In asynchronous transmission each character is transmitted sepgrately, that is ong 2 _
‘atatime. The character is preceded by a start bit, which tells the receiving end where thg c ara(c,'&
coding begins, and is followed by a stop bit, which tells the receiver where the character codin ent&
There will be intervals of ideal time on the channell shown as gaps. Thus there can be 9aps bey,, %
two adjacent characters in the asynchronous communication scheme. In this scheme, the bits Wi;aﬁ
the character frame (including start, parity and stop bits) are sent at 'th.e baud rate. ] i
The START BIT and STOP BIT including gaps allow the receiving and sending Compute,%
synchronise the data transmission. Asynchronous communication is used when slow speed Periphery
communicate with the computer. The main disadvantage of asynchronous communicatio
Speed transmission. Asychronous communication however, does not require the complex 3
hardware equipments as is required for synchronous transmission.
Advantages and Disadvantages -of Asynchronous Transmission : The advamage
asychronous transmission is that it does not required any local storage at the terminal or the Compugy
and is thus cheaper to implement. | :

Major disadvantage of asychronous transmission is that the transmission lines is idle duriﬁg'
the time intervals between transmitting characters. '

Synchronous and Asynchronous serial data transmission : Consider a parallel port Withg

Nisgj
nd COS[N

Asynchronous data transmission is used in most

asynchronous communication is facilitated by a family of industrial standard Computer peripheral ICs
known as the UARTSs (Universal Asynchronous Receivers and Transmitters).
Q 85. Write short note on the following :

(a) Parallel Computing.

(b) Distributed Computing.
(c) Serial and Parallel interface,
Ans. (a) Parallel computing

personal computers. In practice, the

: (PTU, May 2010 ; Dec. 2098)
Is a form of computation in which many calculations are carried
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ot simu!taneous‘y' operating on the principle that large problems can often be divided into smaller

which are then solved concurrently (“in paralel"
oné 'uti ng: bit-level, instruction level, data ang task p
years, mainly in high-.performance computing,
m oal constraints preventing frequency scaling. As
p “eration) by comguters has become a concern in rec
dO ninant paradigm in pomputér architecture, mainly in
parallel computers can be roughly classified a
;ports paralleliSI’_f\ — with mylti-core and multi-proc
Jements within a smglg machine, while clusters, MP
hesame task. Specnahze_d parallel computer archite
ocessors, for accelerating specified tasks.

parallel computer programs are more difficult to write than sequential ones, because concurrency
introduces_several‘ne\{v classes of potential software bugs, of which race conditions are the most
common. Communication and synchronization between the different subtasks are typically one of the

greatest obstacles to getting good parallel program performance. The speed-up of a program as a
result of parallelization is governed by Amdahl's law. '

Applications :

As parallel computers become larger and faster, it becomes feasible to solve problems that
previously took too long to run. Parallel computing is used in a wide range of fields, from bioinformatics

(to do protein folding) to economics (to do simulation in mathematical finance). Common types of
problems found in parallel computing applications are : ‘ ' o

Dense linear algebra

Sparse linear algebra
- Spectral methods (such as Cooley-Tukey Fast Fourier transform)

N-body problems (such as Barnes-Hut simulation) -

Structured grid problems (such as Lattice Boltzmann methods)

Unstructured grid problems (such as found in finite element analysis)

Monte Carlo simulation o

Combinational logic (such as brute-force cryptographic techniques)

Graph traversal (such as Sorting algorithms) : :

Dynamic programming

Branch and bound methods _ ‘ '
- Graphical models (such as detecting Hidden Markov models and constructing Bayesian
_networks) )

Q  Finite State Machine simulation
(b) Distributed computing deals with hardware and software systems containing more than

One Drocessing element or storage element, concurrent processes, or multiple programs, running
“nder a loosely or tightly controlled regime.
o In distributed computing a program is split up into parts that run simultaneously on multiple

Mputers communicating over a network. Distributed computing is a form of parallel computing, but
pmaufli:]IeI Computing is most commonly used to describe program parts rynning simultaneously on
s 'Ple processors in the same computer. Both types of processing require dividing a program into

S that can run simultaneously, but distributed programs often must deal with heterogeneous

co;ironmems' network links of varying latencies, and unpredictable failures in the network or the
Mputers, - |

the form of multicore processors.

Ps and grids use multiple computers to work on
ctures are sometimes used alongside traditional

[kl al=Rslsk=R=R=R=k=k=

s

). There are several different forms of parallel
arallelism. Parallelism has been employed for
but interest in it has grown lately due to the
power consumption (and consequently heat
ent years, parallel computing has become the

ccording to the level at which the hardware
essor computers having multiple processing
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There are many different types of distributé'd computing §y§tems and mar?y challen'gg
overcome in successfully designing one. The main goal of a dlstrlbuted compu.tmg Syste By
connect users and resources in a transparent, open, and scalable way. Ideally this arrap 5 e*"ﬁp"
drastically more fault tolerant and more poyverful than many combinations of stand-algng Cor D"l[a-_
systems. Openness is the property of distributed systems such that each subsystem jg C°nﬁnuu‘er:
open to interaction with other systems (see references). Web services protocols are Standary Ay
enable distributed systems to be extended and sqaled. In general, an open system that Scales p, 'c‘h.
advantage over a perfectly closed and self-contamed sygtem. Openness cannot be achieveg un?anv
the specification and documentation of the key software interface of the component of 3 SVstemm
made available to the software developer. _ ary

Different subsystems of an open distributed system include heterogene_ous, overalapping
possibly conflicting information. There is no central arbiter of Unbounded Nondeterminism \

Asynchronously, different subsystems can come up and go down and communication Iinks‘:a'
come in and go out between subsystems of an open distributed system. Therefore the time that ity
take to complete an operation cannot be bounded in advance.

It not planned properly, a distributed system can decrease the overall reliability of Computatigng
if the unavailability of a node can cause disruption of the other nodes. Leslie Lamport famoyg
quipped that : “A distributed system is one in which the failure of a computer you didn’t even know
existed can render your own computer unusable.”

Troubleshooting and diagnosing problems in a distributed system can also become more difficu

because the analysis may require connecting to remote nodes or inspecting communication betwegy
nodes. o _
Many types of computation are not well suited for distributed environments, typically owinglo -
the amount of network communication or synchronization that would be required between nodes. |i
bandwidth, latency, or communication requirements are too significant, then the benefits of distributed
computing may be negated and the performance may be worse than a non-distributed environment.

(c) Seral and Parallel Interface : In telecommunication and computer science, serial
communication is the process of sending data one bit at one time, sequentially, over a communication
channel or computer bus. This is in contrast to parallel communication, where several bits are senl.
together, on a link with several parallel channels. Serial communication is used for all long-haul
communication and most computer networks, where the cost of cable and synchronization difficulties
make parallel communication impractical. At shorter distances, serial computer buses are becoming
more common because of a tipping point where the disadvantages of parallel busses (clock skew.
interconnect density) outweigh their advantage of simplicity (no need for serializer and deserializer
(SERDES)). Improved technology to ensure signal integrity and to transmit and receive at a sufficiently
high speed per lane have made serial links competitive. The migration from PClI to PIC-Expressisan |
example.

In telecommunication and computer science, parallel communication is a method of sending
several data signals simultaneously over several parallel channels. It contrasts with serial -
communication ; this distinction is one way of characterizing a communication link. b

The basic difference between a parallel and a serial communication channel is the numberof
distinct wires or strands at the physical layer used for simultaneous transmission from a devicé.
Parallel communication implies more than one such wire/strand, in addition to a ground connection- -
An 8-bit parallel channel transmits eight bits (or a byte) simunitaneously. A serial channel would
transmit those bits one at a time. If both operated at the same clock speed, the parallel channel would

be eight times faster. A parallel channel will generally have additional control signals such as aclock.(;}‘?'

"
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goate that it:: data is valid, and possibly other signals for handshakign and directional control of
{0 smiSS . .

gatd “gnaﬁ- What is the difference between memory-

mapped and peripheral mapped I/0?
(PTU, May 2009)

ARS. Memory-mapped 1/O uses a section of memory for /0. The idea is simple. Instead of

_weal” memory (i.e., RAM) at that address, place an I/O device.

e Thus, communicaling 1o an 1/0 device can be the same as reading and writing to memory
esSeS devc?tstt:ihto 0th I/O device. The 1/0 device merely has to use the same protocol to
) municate wit eh CPaS' memory uses. Some ISAs use special I/O instructions. However, the
als genel’«?’lte_d by the CPU for 1/0 Instructions and for memory-mapped I/O are nearly the same.
sually, there’s just one special I/O pin that lets you know whether it's a memory address or an /O
(eSS The main advantage of using port-mapped I/0 is on CPUs with a limited addressing capability.
Because port-mappe_}d I/O separates I/O access from memory access, the full address space can be
USed for memory.

IO operations can slow the memory access, if the address-and data buses are shared. This is
pecause the penphera|_dewce is usually much slower than main memory. In some architectures, port-
napped /O operates via a dedicated /O bus, alleviating the problem. A peripheral device that assigns
specific memory locations to input and output. For example, in a memory mapped display, each pixel or text -
craracter derives its data from a specific memory byte or bytes. The instant this memory is updated by
sofware, the screen is displaying the new data. : A ;

Q87. What is the transfer rate of an eight track magnetic tape whose speed is 120 inches
per second and whose density is 1600 bit per inch? " (PTU, May 2011)

Ans. The formula is : number of bytes on a track x Rotation time

Therefore transfer rate = 1600 x 120 = 192000 ms/track.

Q 88. Explain input output interface. |
_ Ans. Input output interface provides a method for transferring information between internal '
storage and external input/output devices. Peripherals connected to a computer need special
communication links for interfacing them with the central processing unit. The purpose of the
communication link is to be resolve the differences that exist between the central computer and each
peripheral. : '

Q 89. Describe various modes of data transfer. Why does DMA have priority over the CPU
when request a memory transfer? : (PTU, May 2011)

Ans. Data can be transferred in three different modes, these 3 modes are equally popular and
Used in common everyday situation. '

Simplex : If data can be transferred in‘a single direction it is known as simplex. Television
fransmission is an example of simplex transmission, here data can be transferred only to a television
butno data can be transferred in the opposite direction.

DTE DCTE
DTE . DCTE

L

agi Duplex : When data may be transferred in two directions simultaneously itis known as Duplex,
5 emr?le telephone converation would be an example, while we usually don't talk simultaneously a
Phone provides that ‘duplex’ functionality.

i
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DTE DCTE
DTE DCTE

Full-duplex Connection

In this mode of transmission as well data may be transmitted in both directions howe, 4
cannot be done simultaneously. A Walkie Talkie would be an example of this mode of tranSmis;é ‘
n".

DTE DCTE
DTE DCTE

Half-duplex Connection

Q 90. Where ASCII code is used in computers? (PTU, Dec. 201
Ans. The American standard code for information interchange (ASCII) is a character-encoding

scheme based on the ordering of the English alphabet. ASCII codes represent text in computr
communications equipment and other devices that use text. Most modern character encoding schemgg
are based on ASCII though they support many more characters than ASCII does.
ASClI is the Internet Assigned Numbers Authority (IANA) preferred charset name for ASCIl. |
Q 91. What do you mean by synchronous data transfer? |
Ans. Synchronous data transfer usually occurs when peripherals are located within the same
computer as the CPU because their close proximity allows them to share a common clock and
because data does not have to travel very for physically which becomes a concern at a higher clock |

frequencies.
In synchronous data tranfer a bus clock signal provides the timing information for all actions on

the bus. Change in cther signals is relative to the falling or rising edge of the clock. Synchronous

transmissions are synchronized by an external clock.

Q 92. What is the need of synchronization?
Ans. Whenever an electronic device transmits digital data to another electronic device, there

must be a certain rhythm established between the two devices i.e. the receiving device must havé
some way of knowing within the context of the fluctuating signal that is receiving, where each unitef

data begins and where it needs. .
Q 93. What do you mean by Asynchronous Data Transfer? (PTU, May 2017)

Ans. In asynchronous data transter, there is no clock signal. Asychronous transmission 8.
synchronized by special signals along the transmission medium. Asychronous transfers use control
signals and their associated hardware to co-ordinate the movement of data. These data transfer d0- !
not require that the source and destination use the same system clock.

There are four types of asychronous data transfers :

1. Source-initiated data transfer without handshaking.

2. Destination initiated data transfer without handshaking.




r

onto «86 Architecture

wﬂ"d 50 urce-,in“iat?‘f’ data transfer with handshakihg
Destination-inltlated data transfer with hand'shai(in .
5 94 whatis handshaking? g

' it receiving t ' ;
AnS- Th?auq'lr:i;jype Ofga glr,‘eee:fg; ge:“ "eSpan with another control signal to acknowledge
o data. etween two mdependent units is referred to as handshaking.

ot the variou
o “g5. Whatare s modes of transfer?

fer to and eri : £
1 n:r'ozzri;arlntr:‘?:;flnp’ut/C?ut:)r&m peripherals may be handled in one of the three possible modes:
2' |nterrupt-initiated Input/Output
: Direct memory access (DMA). .
096 Whgt i§ p!'lonty |nt'errupt? (PTU, May 2018, 2016 ; Dec. 2016)
Ans. A.P”O”ty |.nlterr-upt Is a system that establishes a priority over the various sources to
Jormine which condition is to be .sewlced‘ .first when two or more requests arrive simultaneously.
pesystem may also determine which condition are permitted to interrupt the computer while another
emuptis being serviced. Higher priority interrupt levels are assigned to the requests which if delayed
or'interfUP‘ed could have serious consequences. , :
q07. What are the advantages of interrupts in computers? (PTU, May 2012)
Ans. An interrupt is a break up and exception is exclusion. '
1. Often used in interfacing applications that require synchronization.
~ 9.Many operations can performs simultaneously.
3. Comfortable of using and handles of huge amount of operations.
4. It is used to stop unwanted processes. 2. R
Q98. Discuss the various /O data transfer techniques alongwith their merits and demerits.
i . - - (PTU, Dec. 2019, 2010)
Ans. The READ statement obtains data from an external or internal file and transfers the data
o internal storage. If you specify an input list, values transfer from the file to the data item your

specify.
The PRINT statemen
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t transfer data from internal storage into an external file. Specifying the -

goort = typestmt compiler option enables the type statement which supports functionality identical to

PRINT. If you specify an output list and format specification values transfer to the file from the data
ftems you specify. If you do not specify an output list. The PRINT statement transfers a blank record
MAT statement it refers to contains, as the first specification, a

othe output device unless the FOR
tharacter string edit descriptor or a splash edit descriptor. In this case, the records these specifications

indicate transfer to the output device.
Execution of a WRITE or PRINT sta

anerror occurs. ‘. ,
It an input/output item is a pointer data transfers between the file and the associated target.
on ? Explain various memories.

Q99. What is memory organisat
' (PTU, May 2016, 2006 ; Dec.2013)

~ Ans. Memory 'Organization - The memory unit that communicates directly with the CPU is

Qlled the main memory. The total memory capacity of a computer can be visualized as being a

erarchy of components. The memory hierarchy system consists of all storage devices employed in
dcomputer system from the slow but high-capacity auxiliary memory accessible to the high speed

ﬁfocessing logic illustrates the components in a typical memory hierarchy. As the bottom of the
Brarchy are the relative, slow magnetic tapes used to store removable files. Next are the magnetic
ks used as back up storage. The main memory occupies a central position by being able to

tément for a file that does not exist creates that fi[e_ unless
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. o ' through an Ry
. , ) th auxiliary memory devices 10
communicate directly with the CPU and vr\«rT|1 sl Y edod by the CPU, they are bro, h’°'°e%

When programs not residing in main me
li ' . main memory are transferreq e M,
auxiliary memory. Programs not currently needed N d inty au,“-.u‘.
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memory to provide space for currently used program and data. . g
Magnetic |, \ i/O | Main
Tapes ‘
' Processor r Memory
Magnetic "
Disks
Cache
e
CPU pE Memory

Memory hierarchyin a Computer system

Various Memories in Computer System :

1. Main Memory : The main memory is the central storagé unit is a computer system, ;.
relatively large and fast memory used to store program and data during the computer operation,n,;
principal technology used for the main memory is based on semiconductor integrated circuits. Integraly
circuit RAM chips are available in two possible operating modes, static and dynamic The static RA
consists essentially of internal flip-flops that store the binary information. The stored informgjy
'remains valid as long as power is applied to the unit. The dynamic RAM stores the binary informafiy,
in the form of electric charges that are applied to capacitors.
, 2. Auxiliary Memory : The most common auxiliary memory devices used in computer systg
are magnetic disk and tapes. Other components used, but not-as frequently, are magnetic druns
magnetic bubble memory and optical disks. To understand fully the physical mechanism of auxifia
memory device one must have a knowledge of magnetics, electronics and electromechanical systems
3. Associative Memory : The time required to find an item stored in memory can be reduca
considerably if stored data can be identified for access by the content of the data itself rather thany
an address. A memory unit accessed by content is called an associative memory or content address
able memorty (CAM) This type of memory is accessed simultaneously and in parallel on the basis¢
data content is called an associativé memory or content addressable memory (CAM). This typed
memory is accessed simultaneously and in parallel on the basis of data content rather than¥
specific address or location. : '
4.Cache Memory : Analysis of a large number of typical programs has shown that the referenc

to memory at any given interval of time tend to be confined with in a few localizied area in memayY:
This phenomenon is known as the property of locality of reference. The reason for this propery M
be understood considering that a typical computer program flows in a straight -line fashion with progr®!
loops and subroutine calls encountered frequently.When a program loop is executted the GF¢
repeatedly refers to the set of instructions in memory that constitute the log | :
- 5. Virtual Memt_er : In a memory hierarchy system, programs andp(.iata are first storedf"[
auxiliary memory. Portions of a program or data are brought into main memory as they are needeC®
the CPU. Virtual memory is a concept used in some large comput 4 it the Usemj
construct programs as though a large m 'p 2rgietm il perrT! a |
| ge memory space were available, equal to the totality of aUMSH

memory. Each address that is referred by the CPU goes through an add ing from the=>
-called virtual address to a physical address in main memory. Virtual m e i ; ram™®
; emory is used to give progreas
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,nei“USion that they have a very large memory at their disposal, even though the computer actually

elatively small main memory.

" @100. Describe in detail the Daisy-chaining priority to handile interrupts with suitable

(ample: . nr . . , (PTU, Dec. 2016 ; May 2012)
o ans. The hardware priority funictloln can be established by either a serial or a parallel connection -
d aterrupt lines. The serial connection is called daisy chaining method. In-daisy chaining method all

1o devices are connected in serial. The device with the highest priority is placed in the first position,
f d by lower priority devices. '

followed &Y - : \ _ '
A daisy chain is used fco identify the device requesting service.
Device 1 Device 2 Device 3
I [ I
Interface Interface |- Interface
Interrupt 4 Interrupt & 4
acknowledge | ™| request v |
‘ Daisy chain i S?
logic
CPU Y r'y .
and  INTA |- >
bus
control | NTR e OQ - ¥
logic '
45V
(a) Daisy Chain
 Interrupt———> _________ . [ Interrupt
acknowledge P - request
(active low) Daisy chain !
- : logic
INTA
INTR

, (b) Logic
Daisy chaining is used for level sensitive interrupts, which act like a wired ‘OR’ gate. Any
"®Questing device can take the interrupt line low, and keep it asserted low until it is serviced.
Because more than one device can assert the shared interrupt line simultaneously, some

Method must be employed to ensure device priority. This is done using the interrupt acknowledge
Signal generated by the processar in response to an interrupt request.

L&
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Each device is connected to the same interrupt request line, but the interrupt ?Ck,"OWledg S
is passed through each device, from the highest priority device first, to the lowest priority deVic:fl!ﬂff‘
After preserving the required registers, the microprocessor generateg an mterrupt ackngy eas(
signal. This is gated through each device. If device 1 generated the interrupt, it will place its idemificai-
signal on the data bus, which is read by the processor, and u§eq to genera_te the addregg of 10y -
interrupt-service routine. If device 1 did not request the servicing, it will pass the mterruptacknw'wi: |

signal on the next device in the chain.

Q 101. What are priveleged and non-priveleged instructions ?

Ans, Instructions are divided into two categories : the non privileged instructions and the Privigy,
instructions. A non-privileged instruction is an instruction that any application or user can execuyty
privileged instruction, on the other hand, is an instruction that can only be executed in kerngy Mog
Instructions are divided in this manner because privileged instructions could the kernel. .

Q 102. Explain various semiconductor memory technologies.

Ans. The different memory types or memory technologies are detailed below : _ v
1. DRAM : Dynamic RAM is a form of random access memory. DRAM uses a capacitor o storg

each bit of data and the level of charge on each capacitor determines whether that bit is a logicyy e

0. However these capacitors do not hold their charge indefinitely and therefore the data needs , be
refreshed periodically. As a result of this dynamic refreshing it gains its name of being a dynap;,
RAM. DRAM is the form of semiconductor memory that is often used in equipment including Persong
computers and workstations where it forms the main RAM to the computer. .
2. EEPROM : This an Electrically Erasable Programmable Read only memory. Data can pg
written to these semiconductor devices and it can be erased using an electrical voltage. This js
typically applied to an erase bin on the chip. Like other types of PROM, EEPROM retains the content

of the memory even when the power is turned off. .
3. EPROM : This is an Erasable Programmble Read Only Memory. These semiconductor

- devices can be programmed and then erased at a later time. This is normally achieved by exposing

the semiconductor device itself to ultraviolet light. oy :
4. Flash Memory : Flash memory may be considered as a development of EEPROM technolagy.

Data can be written to it and it can be erased, although only in blocks, but data can be read onan
- individual cell basis. To erase and re-programme areas of the chip, programming voltage of levels that

are availanle within electronic equipment are used. It is also non-volatile and this makes it particularly
useful. As a result flash memory is widely used in many applications including USP memory sticks.
Compact Flash memory cards, SD memory cards and also now solid state harddrives for
computers and many other applications. ,
5. F-RAM : Ferroelectric RAM is a random access memory technology that has many similarities
to the standard DRAM technology. The major difference is that it incorporates a ferroelectric layer

instead of the more usual dielectric layer and this provides its non-volatile capability. As it offers a

non-volatile capability, F-RAM is a direct competitor to flash. .
~ 6. MRAM : This is magneto-resistive RAM, or magnetic RAM. It is a non volatile RAM memory

technology that uses magnetic charges to store data instead of electric charges. MRAM relations
data even when the power i§ removed. An additional advantage is that it only requires low power for

~ active operation. | . N
7. PRAM : This type of semiconductor memory is known as Phase change Random Access

Memory. It is based around a phenomenon where a form of chalcogenide glass changes is staté of
phase between an amorphous state and a poly crystalline state. It is possible to detect the state ofa -
individual cell and hence use this for data storage. Currently, this type of memory has not been widely.

commercialised but it is expected to be competitor for flash memory.
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& pROM : This stands for Programmable Reaq Onl i I

jpvel

Il

y
IR MAR MDR PC +1 -

| MEMORY ]
Instruction set design
0 16 bit word, fixed length
-0 address space 1024 words
QU load store architecture
Q 8registers, R7 as stack pointer
O Condition code, Z, S Zero, Sign
Instruction formula :
1. Op:3, ro:3, ads:10
15..13 12..10 9. .0
: op - ro "ads
2. Op:3, xop:4, r1:3, r2:3
15.13 12..9 8..6 5..32..0

7 xop 0 r r2
Instruction | op
Ioad er 0 M-or
Store r, M 1 r—M
lump ¢, ads 2 ,
call o, ads 3 push (PC), goto ads
Xop - | |
mov r1, 12 0 r—r2
load (r1), ro 1 (r1) — r2 load indirect
Store r1, (r2). | 2 r1 — (r2) store indirect

R e— e e T S rerianiimmd -
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addri1,r2 3 rn+r2 —ri Rt
cmpri, r2 4 compare, affect z, s
inc r1 5
ret 6 pop (PC)
ro..7 : | '

c0...6 Conditional ; 0 always 1z, 2 Nz, 3LT, 4LE, 5GE, 6GT

S1 micro architecture

Notation M [MAR] = MDR

//Comment <move>

des t = source T=RI[IR:R1]

e1;e2 RIR:R2]=T
M[a] - <add> .
IR:a T=add (R[IR: R1], R[IR : RY))
<name> R[R:R1]=T

op () <compare> o
//main loop CC=Cmp (R[IR: R1], R[IR: R2))
repeat " <increment> :
<ifetch> T=inc (R[IR:R1])

<decode> R[R:R1]=T

. <execute> ~ <jump>

<ifetch> If test cc (IR : RO)

MAR = PC ~ thenDC=IR: ADS
'MDR = M [MAR] <call>

IR = MDR; PC = PC + 1 T = add1 (R[7])-

<load> ; R[M=T

MAR = IR : ADS MAR = R[T]

MDR = M[MAR] MDR = PC

R[R-Rgyl=MDR . M [MAR]=MDR

<store> ' PC=IR: ADS

MAR = IR : ADS <return>

MDR = R[IR : RO} MAR = R[7]
“M[MAR] = MDR MDR = M [MAR]

<loadr> ' PC = MDR

MAR =R [IR : R1] T = sub1 (R[7))

MDR = M[MAR] . R71=T -

R(IR : R2) = MDR ~ <ifetch 2>

<storer> MAR = PC

MPR = R[IR : R2]
MAR =R [IR : R1]

How to run Sl simulator |
| The input file is an object file with the name “in. obJ". When run S1 the simulator will sta l‘-
load “in.obj" and execute starting from PC = 0 until stop with the instruction call 1000’

IR = MDR = M [MAR]; PC = PC+1
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0t gxplain I/O device interfaces.

ans. The processor bus is the bus defined by the signals on the processor chip itself. Devices
reavery high speed connection to the processor such as the main memory may be connected

el (o this manner. The two buses are inter connected by a circuit which we will call a bridge that
(i1€C o5 the signals and protocols of one bus into those of the other. Device connected to the

"3;:nsion bus appear to the processor as if they were connected directly to the processors own bus.
g .

Main Memory

| lldng Processor bus

C [ l I —]

Additional SCsl Ethernet USB ISA
memory controller interface controller interface

~ PCl(Peripheral Component Interconnect) Bus : The PClbus is a good example of a system
bus that grew out of the need for standardization. It supports the functions found on a processor bus
siina standardized format that is independent of any particular processor. Devices connected to the
pCl bus appear to the processor as if they were connected directly to the processor bus. They are
assigned addresses in the memory address space of the processor. The PCl follows a sequence of
bus standards that were used primairly in IBM, PC’s, Early PC's used the 8 bit XT bus, whose signals
dosely mimicked those of Intel’'s 8086 processors, Later the 16 bit bus used on the PC. At computers
became known as the ISA bus. Its extended 32 bits version is known as EISA bus. The PCI bus was
developed as a low cost but that is truely processor independent. Pin important feature that the PCI
pioneered is a plug and play capability for connection I/O devices. To connect a new device the user
smply connects the device interface board to the bus. The software takes care of the rest.
2. SCSI bus : The acronym SCSI stands for small computer system Interface. It refers to a
standard bus defined by the American National Standards Institute (ANSI) under the designation
X3.131. In the original specifications of the standard, devices such as disks are connected to a

tomputer via a 50 wirecable which can be upto 25 meters in length and can transfer data at rates upto -

smb. A SCS| bus may have eight data lines in which case its called a narrow bus and transters data
Mebyte at a time. Alternatively a wide SCSI bus has 16 data lines and transfer data 16 bits at a time.
Devices connected to the SCSI bus are not part of the address space of the processor in the same

Way as devices connected to the processor bus The SCSI bus is connected to the processor bus’

through a SCSl controller. This controller uses DMA to transfer data packets from the main memory
0the dgvice or vice versa. A packet may contain a block of data, commands from the processor to
® device or status information about the device.

Q105. Give an example of horizontal microinstruction. (PTU, May 2014)
:nns. MAR « PC
icroinstructi ‘ Other
— on Destination > Sogrce_ L fperatlcg

Eb"loiﬂo .......... Y P o110 0] See tater |

Select MAR as Select PC as
destination .source
- Q106. What are characteristics of /G channels? (PTU, Dec. 2013)

_ Ans. An /O channel has a special purpose processor. This processor has an ability to execute
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WO instructions and it can have complete control over I/O operation. The I/O ifnstruc.tions arg é-t:i
main memory. When 1/O transfer is required, the CPU initiates an I/O transfer by ?”SFf_ucti N
channel to execute an I/0 program stored in the main memory. The I/O program sfpec'fIGSt g,
or devices, the area of memory storage, priority and actions to be taken for certajn error

. Co
Q 107. Differentiate between maskable and non-maskable interrupt. (PTU, M

i
Ans. Maskable interrupt : The interrupt which can be ignored b.y the processor, Whila er%'o? !
its operations are called maskable interrupts. Generally maskable interrupts are the i”terrup t;m%
comes from the peripheral devices. thy
Example : Mouse-click, memory read etc. _ ‘
Non Maskable interrupt : The non-maskable interrupt are the.mterrupts Which ¢, <
ignored. Generally these type of interrupts are specified to be software Interrupts.
Example: powerfailure, software corrupted etc. :
Q108. What is cycle stealing DMA transfer? o (PTU, May 3,
“Ans. DMA controllers can operate in a cycle stealing mode in which they take Over the p, {
each byte of data to be transferred and then return control to the CPU. They can also Operate ing or
mode in which a block of data is transferred before returning bus control to the CPu, The Chaiy
depends on the speed at which data is arriving relative to the bus band width and whether 3 Pariey,
application will allow the CPU to be locked off the bus for the duration of one transfer.
Q 109. Explain instruction cycle. Give the RTL statement for each sub cycle, H
instruction cycle is to accommodate the interrupt from I/O devices? (PTU,Ma

b

OW the

(i) Fetch an instruction from memory. -
(i) Decode the instruction

(iii) Read the effective address from memory if the instruction has an indirect addresg,
(iv) Execute the instruction. ' . '

Fetch and decode , '
The Program Counter (PC) is loaded with the address of the first instructi
' ach clock pulse, SCis
e To, Ty and so on. The micrg 1
ifi ing register transfer statements,
Ty : AR « PC |
T4 IR « M[AR], PC « PC + 1

T, : Dy, ......... , D7 « Decode IR (12-14), AR « IR (0-11),
I < IR (15)

To provide the data path for the transfer of PC to AR we must apply timing signal
the following connection : ) '

(i) Place the content of PC on to the bus by making the bys selection inputs S,
010. ‘

S; Sy equalto

(ii) Transfer the content of the bys to AR b
The next clock transition initiates the transf
the second statment.
T IR « M[AR], PC « PC + 1.
Itis necessary to use timing signal T,
(i) Enable to read input of memory,

(i) Place the content of memory on to the bus by making $,S,S, = 111,

(ili) Transfer the content of the bus to IR by enabling the LD input of IR,
(iv) Increment PC by enabling the INR input of PC.

to provide the following connections in the bus system.
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\ e e —
Wk transition initiates the re

) _ ad and incre i i
e e microoperation for the indirecs . ment operations since T, = 1.

A, address condition can be symbolized by the R.T.L.
e three instruction types are supdwided intc parate paths. The selected operation is
_ 1ad with the ciock'tr§n5|tlon associated with timing signal T..
‘cwatehis can be symbolized as follows : : ?
T D7!|T3 : AR « M [AR]
DTy : Nothing
D,I'T; : Execute a register-reference instruction
D;IT3 : Execute an I/O instruction.
When a memory (eference instruction with | =
: y{ning since the effective address is already in AR.

ncrementeq wlhep D7‘T'3 =1, So thaF the execution of the memory reference instruction can be
ontinued with timing variable T. A register-reference or input-output instruction can be executed with

e clock associated with timing signal T,. After the instruction is executed, SC is cleared to 0 and
ontrol returns to the fetch phase with T, = 1, ,

0 is encountered, it is not necessary to do
However the sequence counter SC must be

Note that the sc_equenqe counter SC is either incremented or éleared to 0 with every positive
jock transition. We will adopt the convention that i SCis incremented, we will not write the statement

50 SC+ 1, butit willlbe implied that the control goes to the next timing signal in sequence. When
3C s to be cleared, we will include the statement SC « 0.

How the instruction cycle is to accommodate the interrupt from I/O devices :

Fetch stage - Execute stage Interrupt stage
‘ Interrupt disabled

«

A

Fetch Check interrupt
Stat —» " next > inEs)t(ricc':l:it:n »i initiate interrupt
instruction handler
Halt

/O Interrupt generated by 1/0 controller, to signal normal completion of an operation or to signal -

variety of error conditions. Most I/O devices are slower than processor without interrupts processor
188 to wait for device. |

Programe Flow

O J / ' |/d : "Processor checks the interrupts.
program It interrupt :
: \/Jr'zte I @ | (D Suspend execution of program
@ T . ® Execution interrupt routine

110
\ command
o

end

Write

o

Write
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Q 110. Design a parallel priority interrupt hardware for a system with ejgpy 'merru?j
sources. | ( 1, May 20]'2
Ans. ' ‘——_—-+5v i
' SPIEN  Vgc
Do Do
( D7: : D7
. Programmable
Interrupt
‘T ' Controller
0 f)\{f;‘em Ag ——{ Ay 8259
iIOR —»{RD
IOW ——»{ WR :20 '
INTR —» INT IR e
INTA —»{ INTA IR2 8
. ‘ lRa ) Interrupt
<o 4 [¢ sources
.Froc;r;::dd;:ass—b CS IR
IRg f¢——
oD IRe e
| L
- Q111. Define Micro-operation with example ? ~ (PTU, Dec. 2014

Ans. Micro-operations : A micro-operation is a basic elementary operation defined on the data
stored in registers. ' ;
We can also say that a microoperation is an elementary operation performed on the information
stored in one or more registers. The result of the operation may replace the previous binary information
of a register or may be transferred to another register. _ ' < o '
The microoperations are classified into following four categories :
1. Arithmetic microoperation D '
RS <« H1 + RQ
2. Logic microoperation.
P:R; «< RyR,
3. Shift microoperation
Ry « ShI R,
Ro « ShrR,
4. Arithmetic logic shift unit. . _
Q 112. What are microinstructions ? Give the microinstruction format ?
. : : (PTU, May 2015 ; Dec.2014) |
Ans. A microinstruction specifies one or more microoperation for the system and a sequence of
microinstruction constitutes a microprogram, which b'esides in control memory.
Microinstruction format : The microinstruction format is shown in the following figure.

3 3 3 2 2 - 45
Fs{ F2| F3 | cD | BR AD

F1, Fa, F3 : Microoperation fields,
CD : Condition for branching
BR : Branch field
_ AD : Address field
Microinstruction code format (20 bits).
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00 bits of the microinstruction are divideq i - :
T:eeciiy microoperations for the compitar Into four functional parts. The three fields F, F,

#9735 stands for conditional branching that selects st ' iti i ifi
C S eanchto be use. The AD field sontaing atus bit conditions. The BR field specifies

branch ' iald i -
m‘e;}’sm ce the control memory has 128=27 words, address. The address field is seven bits
yides a113. What is bus arbitration and itg types ? (PTU, Dec. 2014)
’ .

Ans. BUS arbitration : The possibility exists that several master or slave units connected to a
gared bus will refquest ac_cegs 10 the bus at the same time. A selection mechanism called bus
pitration 1S therefore require to enable the current master which will still refer to a bus controller to
jcide among such competing request. Centralized and distributed are the two types of bus arbitration

niques. ' . : .
o ?n this we mention three types of bus arbitration
O Daisy chaining
Q Polling ,

0 Independent requesting

Q114. How asynchronous data transferis achieved with the help of handshaking method?

' (PTU, May 2015)

Ans. In a comput_er system, CPU and an I/O interface are designed independently of each.
oher. When internal timing in each unit is independent from the other and when registers in interface

andregisters of CPU uses its own private clock. In that case the two units are said to be asynchronous
toeach other. CPU and I/O device must coordinate for data transfers. "

- Methods used in asynchronous data transfer
Q Strobe control
Q Handshaking. .

Handshaking method is used to accompany each data item being transferred with a control
signal that indicates the presence of data in the bus. The unit receiving the data item respohds with
anather control signal to acknowledge receipt of the data. ;

In case of source initiated data transfer under strobe control method, the source unit has no
way of knowing whether destination unit has received the data or not. Similarly, destination initiated
transfer has no method of knowing whether the source unit has placed the data on the data bus.
Handshaking mechanism solve this problem by introducing a second control signal that provides a
'eply to the unit that initiate the transfer. There are two control lines in handshaking technique :

U Source to destination unit '

Q Destination to source unit. . 7

Source Initiated Transfer : Handshaking signals are used to.synchronize the bus activities.

he two handshaking lines are data valid, which is generated by the source unit, and data accepted,
Senerated by the destination unit. The timing diagram shows exechange of signals between two units.

-~

Data —4—Valid data
. .
: 1 ‘ Strobe

S Databus . i /’ ; —

ource Data valid .| Destination
- uni » i Data accepted

unit Data accepted unit P

Block diagram Timing diagram

The se : ( it initiates the transfer by placing the data on the bus
quence of events : The source uni ; 9 Ge _
angd enabling its data valid signal. The data accepted signalis activated by the destination unit after it
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. disables its data valid sugnam
bus. The source unit then - I 'nVa}i ‘
accepts the data from the bus. 1! . isables its data accepted signal and the gy, ¢
the data on the bus. The destination unit then disable ys‘em";&

into its initial state. Source tmit

* Place data on bt_Js
Enable data valid

Destination unit
Accept data from bus

Enable data accepted
Disable data valid / .

9

Invalidate data on bus

Disable data accepted..
Ready to accept data

| Sequence of events

Destination initiated transfer using handshaking : In this case the name of the signal Qenery
by the destination unit is ready for data. The source unit does not place the data on the bus U
receives the ready for data signal from the destination unit. The handshaking procedure follows th
same pattern as in source initiated case. The sequence of events in both the cases is almost Same
except the ready for signal has been converted from data accepted in case of source initiateq,

Ready for Data

Data bus .
Sout_'ce Data valid .| Destination Data 4
unit Ready for data unit
Data bus Valld data"w
B ) '_'_——_
Block diagram - Timing diagram - -
Destination unit ‘
Source unit Ready to accept data.

Place data on bus Enable ready for data.

Enable data valid \
P Accept data from buys.

Disable data valid. / Dis_able ready for data.
Invalidate data on bys

: " Sequence of events
Q 115. What are the components of an I/Ointerface ?

(') Extemal oo ortas Tollowing two general categories :
- (ii) Computer orientated interface | |
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i ; 6. Name various data transfer modes. (PTU, Dec. 201 5),
01" iiferent modes of data transfer are :
nsr'ogrammed l/O

1. initiated 1/O
. 'S;tﬁact memory access (DMA) - .
3. 117. What is hardwired control ? What are its advantages ? ~ (PTU, Dec. 2019)

s. Hardwired control iS. a control mechanism that generates control signals by using an
riate control signals by using an appropriate finite state machine. -
aPP’OF;\dvantageS : _
1. Faster mode qf operation.
2' Faster than micro programmed control unit.
"user in RISC processor :
4 Inflexible to modify .
5. Itis also flexible as changes could be easily made to the design.
6. It simplifies the design of the control unit.
q 118. What is Microprocessor ? (PTU, Dec. 2019)
Ans. A microprocessor is an electroure component that is used by a computer to do is work. It
. 5 central processing unit on a single integrated circuit chip containing millions of very small
'S mponents including transistors, resistors and diodes that work together.
¢ a 119. Explain the design and working of a micro programmed control unit.
' : : (PTU, Dec. 2019)
Ans. The logic of the control unit is specified by a micro-program. A micro program is also
called firmware. It consists of :
(a) One or more micro operations to be executed and ‘ '
(b) The information about the micro instruction to be executed next. The general configuration
of amicro programed control unit is as follows :

Instruction register |

A

- Decoder
: A 4
Flaés from ALU — »{ Sequencing | Address register
Clock signals - Logic for control memory

:

» Control memory

Read
Signal

L
Control Memory
Buffer Register

(Control signals for
generating address of
next micro instruction)

Decoder

4

v . v

Control signal can be
within CPU or to system bus

' Operation of micro-programmed control unit
The micro-instructions are stored in the control memory. The address register for the control

. . i . .
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memory contain the address of the next instruction that is to be Tiaﬂ-s:;ﬁg;%""’ ol me oy RN
Register receives the micro-instruction that has been read. A 'mlcred v determ?xecunon p%mi
involves the generations of desired control signals and signals us 0 ne the Mgy,
instruction to be executed. The sequencing logic section loads the control memory addregg g,
Italso issues a read command to control memory. The following functions are performeq by the ly
rogrammed control unit ;
Pros 1. The sequence logic unit specifies the address of the control memory word thatis 1, be
in the Address Register of the control memory. It also issues the READ Signa, "egq

2. The desired control memory word is read into control memory Buffer Fieglst'er,

3. The content of control memory buffer register is decoded to create control Slgnals g

~ address information for the sequencing logic unit.

4. The sequencing logic unit finds the address of the next control word on the basis of g,

address information from the decoder and the ALU flags.
This decoder translates the opcode of the IR into a cont_rol memory address. .
Q 120. Give five examples of external interrupt and five examples of 3"‘?;'_}:: igtermpt
] . - VeC, 20

Ans. External Interrupts : External interrupts come from I/0 devices. from a liming dewl.
from a circuit monitoring the power supply or from any other external resource. ;

Examples of external interrupts are :

1. User requests for process changes.

2. Any request from an Input/output device.

3. Elapsed time of an event. .

4. Power failure.

S. Any error/event that changes the way that the computer works on any given set of instructions

Internal interrupts : Internal interrupts arise from illegal or erroneous use of an instruction
data. Internal interrupts are also called the traps. '

Examples of internal interrupts :

1. When a program requires the operating system to read through a cache or buffer before
Stopping and becoming available for other tasks.

2. Register overflow

3. Attempt to divide by zero.

4. Stack overflow '

5. Protection violation & invalid operation.

L

QQa




Pipelining

sic concept of pipelining, throughput and speedup, pipeline hazards.

ors : Introducti ‘par:
paralle! Process 'on to parallel processors, Concurrent access to memory and
ache coherency.

* POINTS TO REMEMBER @] |

@ Pipelining is the technique of decomposing a sequential process into suboperations, with each
suboperation beginning executed in a special dedicated segment that operate concurrently with

gl the other segments. ‘ :

@ Asuper scalar processor has a form of parallelism on a single chips allowing the system as a

whole to runmuch faster that it would otherwise be able to at a given clock speed. A superscalar

processor fetches, executes and returns results from move than one instruction during a single

pipeline stage. \ .

¥ Ascalar processor processes one data item at a time on the other hand. In a vector processor

_single instruction operates simultaneously on'multiple data items.

¥ Acomputer with vector instructions and pipelined floating point arithmetic operations is referred

to as a supercomputer. . . :

¥ Anarray processor is a processor that performs computations on large arrays of data. The term

is used to refer two different types of processors. An attached array processor is an auxillary

processor attached to a general purpose computer. ‘

¥ Parallel processing is a term used to denotes a large class of techniques that are used to provide

simultaneous data processing tasks for the purpose of increasing the computational speed of a

computer system. . '

'¥ The purpose of parallel prOcessing is to speed up the computer processing capability andincrease

its throughout, that is, the amount of processing that can be accomplished during a given internal

of time. ' Mo gm g ,

A multiprocessor system is the interconnection of two or more CPUs with memory and input

output equipment. . Lo

Inasynchronous bus, each data itemis tranferred during a time slice known in advance to both source
and destination. Synchronization is achieved by during both units from a common clock source.

¥ Inan asynchronous bus, each data item being transferred is accomplished by control signals to
indicate when the data is transfer from the source and received by destination.
Abbrivations : .

SISD : Single Instruction. Stream, single data stream.

SIMD : Single Instruction Stream, Multiple Data Stream.

MISD : Multiple Instruction Stream, Single Data Stream.
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| "’,’#//El#ff’* o
L | Multiple Data Stream- f"

MIMD : Multiple Instruction Stream,

MDH : Message Passing Distributed Memory- | | | |
DSH : Distributed Shared Memory- i hrocessor system must provide a mg, o
functioning .nd other shared resources. Thig h iy,

6= Mutual Exclusion : A properly memory a :
that will guarantee overly access to shafed - re processors. This Mech Ssa,y
to protect data from being changed SIMU iy

has been termed as ‘Mutual Exclusion’. . ‘
| QUESTION-ANSWERS
jonofa Instruction? (PTU, Mévzo

] ut instructi
in a faster exec ne pro cessing. When an instruction commetes)

' ‘ l
xected in stages in pipe : : ‘ '
e stage. This way instructions canbe execu-ted in pa’alletl

Q 1. How pipeline helps
Ans. The instructions are &
- astage, another instruction can move to the sta
. and results in faster execution.
Q 2. What is super pipelining ? -
Ans. Pipelining is an effective way of organizin
instruction pipeline can overlap the processing of up of
more than two stages to maximize the Instruction throughno!
- maximum number of stages into which instruction processing
ipeline stages range from 3 to dozen or more. : ,
o Q3. V%hat isginstruction pipelining? (PTU, May 2018 ; Dec. 2019, 200y
Ans. An instruction pipeline is a technique used in the design of corpputers.and other digia
electronic devices to increase their instruction throughput (the number of instructions that can be

executed in a unit of time). : ) ool giY
The fundamental idea is to split the processing of a computer instruction into a series of
nd of each step. This allows the computer’s control circuitryte

independent steps, with storage atthe e e
issue instructions at the processing rate of the slowest step, which is much faster than the time

needed to perform all steps at once. The term pipeline refers to the fact that each step is carrying data
at once (like water), and each step is connected to the next (like the links of a pipe). -

. (PTU, Dec, 2005
g 11 activity in Computer System. An SUgey
multiple instruction, sO it desirable o lse
hout. The value of multiple depends op the
can be efficiently broken. The pg, o

é:tagei 2 Fétch

Stage 2:"Q_ecdde_ i)

HEX
i
XX
XXX

 Stage 3 Execute

Stage 4 Write-back

E

B

LI
e
LENE

Generic 4-stage pipeline ; the colored boxes represerit instructions
independent of each other




135

nind S er e =3
| .
ﬂ,ﬂ 4. gxplain pipelining in CPU design. (PTU, Dec. 2006)

. Apipeline ‘tso??t: : Ldj: a processing elements connected in series, so that the output of
entis the INPULO extone. The elements of a pipeline are often executed in 11 or in time-

M=t :
ee ashion; in t.ha'(_C,aS?, Some amount of buffer stroage is often inserted between elements
0 ° elated pipelines includes :

(,-orﬂpu |nstruction Pipeline
Arithmetic Pipeline
Graphics Pipeline
q5. What is pipeline processor ? What are advantages of it 2
. . (PTU, Dec. 2019, 2014 ; May 2004)
ANS. Pipe“lje. pr(?cessor I§ a processor which involves pipelining technique for executing
sructions- Pipelining is a technique and decomposing a sequential process into sub-operations,
:vith each subprocess being Qxecuted In a special dedicated segment that operates concurrently with
Jlother segments.

Pipeline involves a collection of processing segments though which binary information flows.
The result obtained from each segmentis transferred to the next segment in the pipeline. Final result
s obtained when data have passed through all the segments. _

Itis composed of registers which holds the data and also combinatorial circuits that performs
quboperations in particular segment.- 7 :

Information flows between adjacent stages under the control of a common clock applied to the
registers simultaneously. : Lo

Clock -

\" ' V- A"
L Output
—

Input | ‘
Py S, R, S, R S3 1 Rs—> Ss R,

" 4-segment pipeline

Basically, there are two types of pipelining.
1. Arithmetic Pipeline :-It divides an arithemetic operation into sub-operations for excecution
in pipeline segment. N «
2. Instruction Pipeline :- It operater on a stream of instructions by overlapping the.fetch, -
decode and execute phases of instruction cycle. . ‘
Advantages: ' : _
1. Several computations can be performed simultanmeously in distinct segments: so, it
increases the speed. A ' .
-2, ltis efficient for those applications that need to repeat same task many times with different
_ sets of data. |
3. Theyare used to implement floating-point operations. so, useful in very high speed computers.
4. They are used in scientific problems as they.can perfom complex tasks at faster speed.
They are basically used for performing complex instructions.

Q6. Determine the methods of handle branches ina pipeline intruction execution unit.
_ (PTU, May 2004)
Ans. A branch instruction can be of two types conditional or unconditional. An unconditional

@

o
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- stages, where each of the pipe stages has associated with it state information, and where instructiong

w by loading the program counter with y, tStuer-.
ct the target instruction if condition s Satisf-argei
thods are used to hangg blr:%'
Instrucl - Ml
instructions. : One way of handling a conditional branch is to prefe,

1. Prefetch target instruction _ Prefery;,
target instruction in addition to instruction followmg'the branch. Both a:;e sa\{(ei: Sut:lll]tct:'ranch is ex%me’:‘e
If branch condition is sucessful, the pipeline continues from branch targe ion. _

2. Branch Target Buffer : The branch target buffer (BTB) is an association memory incluyge "
fetch segment of the pipeline. Each entry in BTB consists of address of a prgvuously 9X99Uted bray h
instruction and target instruction for that branch. It also stores next few 'nSfrUCfion§ after by,
target instruction. When pipeline decode a branch instructlon,' it S_earchgs the associative Memg
BTB for the address of instruction. If if is in BTB, the instruction is available directly ang p’efetcrz

conditions from new path. .
3. Loop Buffer : This is a small very high speed register fi m ] ety
segement of pipeline. When a program loop is detected in program, it is stored in the loop buffer
4. Branch predictions : A pipeline with branch peredition uses some additional logic to Quegg
the outcome of a conditional branch instruction before it is executed. 3 ‘
5. Delayed branch : It is a procedure employed in most RISC processors. In this Procedurs
compiles detects the branch instructions and rearrange the machine language code sequence by
inserting useful instruction that keep pipeline operating without interuptions.
... Insertion of a no-operation instruction after a branch instruction.

Q 7. What cause a processor pipeline to be underpipelined ? . (PTU, May 2006)
.~ Ans. The causes of a processor pipeline to be underpiped are as follows: : -
1. A pipelined processor with a plurality of execution pipelines each with a plurality of pipe

branch always alters the sequential program flo
address. In a conditional branch, the control sele adatow)
next sequential instruction if not-satisfied. Now, following

le maintained by instruction

issued info an execution pipeline are processed in each pipe stage, thereby altering the associateg
state information for that pipe stage, comprising : :

(a) atleast first and second execution pipelines with respective corresponding pipe stages;

(b) instruction issue circuitry that issues first and second sequences of instructions respectively
into the first and second execution pipelines, with at least some of the instructions in the
first sequence of instructions being issued into the first execution pipeline substantially
simultaneously with instructions in the second sequence of instructions being issued into
the second execution pipeline ; and :

(c) pipe control circuitry. that monitors the execution of instructions issued into at least the first
and second execution pipelines, including the state information associated with the respective
cbrresponding pipe stages of the first and second execution plpelines ;

. (d) in response to such state information, the pipe control circuitry controlling the flow of the
first and second sequences of instructions between the respective corresponding pil:{e
stages of the first.and second execution pipelines such that an instruction in the first
execution pipeline moves from a current pipe stage to a next pipe stage independent ofthe,
movement of instructions in corresponding pipe stages of the second execution pipeline.

2. The pipelined processor of claim 1, where in the first and second sequeces of instructiohs

include respectively first and second instructions issued substantially simultaneously into respectively
the first and second execution pipelines, with the first instruction being senior, and 'with the second
instruction having a data dependency on the first instruction, and wherein the associated state information *
for a corresponding pipe stage of the second execution pipeline that is a current pipe stage for the




S cludes an indication of wherme, oo : ‘

N f nsm,(;non i‘n 0 dlcat!on of Whether data de d —

ﬂﬂ o instruc"on in the current pipe stage, Pendency must be resolved to process

}asecoThe o pelined processor of claim 1, wherein, for at| -
3;) : pectivel‘/ the first and second executic;n pi;a)el'

597 1 de both instructions th ines, the first and se

| fw?rﬁcﬂons ir::(g:sing " more that one cf:)tcckoz]p(ljete processingin a single clock aiodnicr:sst‘rat?;t?on:: tshgi

::;smpwte P(;O e stages includes an in dica'tiorL g;’:\?;i‘;the_associated state information for-the first
0 ag=s _ _ er a current in ion in ei [

aﬂd'; cornf,\g-,pondmg pipe stage will require more than one ¢lock to coStrL:Ctlon ot

| gt0 LA pipelined processor with a plurali PR PrOGesEng:

ty of execution pipeli i
' BiNe* i : Sally pipelines each with a pluralit [
instruCt'O”S issued into an execution Plpellne are processed, thereby alter?ng prlosc’:;);::)?gs?:tz

east first and second corrésponding pipe

ising -
P ction issue means for i et e fi '
7 @ instru Independently issuing first and second instructions respectively

into the first and second execution pipelines, with the first instructions being senior, and
with the second instruction having a data dependency on the first instructi here d
dependency refers to a read-after-write data hazard ; and REfpcton Where e
(o) pipe control means‘ for njon.itoring the execution of instructions issued into at least the first
gnd second execution pipelines, including data dependencies between issued instructions,
50 as to control the flow of mstruchons between the stages of such execution pipelines ;
(c) thepipe control mgans controlling the flow of the first and second instructions between the
stages of respective execution pipelines such that the second instruction is not delayed
due to the data dependency on the first instruction unless the data dependency must be
~ resolved for proper processing of the second instruction in its current stage.

5. The pipelined processor of claim 4, wherein instructions reference a set of fogical registers,
ndwherein the processor includes a registér file with a greate'r.nur‘nber of physical registers than the
umber of logical registers, further comprising : . ,

(a) register translation means for selectively implementing register renaming by mapping a

logical register referenced by an instruction to a physical register in the register file ;

(b) the instruction issue means independently issuing third and fourth instructions respectively

into the first and second execution pipelines, with the third instruction being senior, and
with the fourth instruction having a write-after-read or a write-after-write dependency on the .
third instruction ; and . 7 '

(c) the register translation means using register renaming to eliminate such dependency for

the fourth instruction. - :

6. The pipelined processor of claim 4, W

fom the second instruction referencing a source

herein the read-after-write data dependency results
register that is the same as a destination register of
the first instruction, and wherein the pipe control means includes forwarding means for selectively
lorwarding data from the first instruction to the second instruction by modifying a source register
"eferenced by the second instruction to climinate the data dependency between the first and second
Mstructions. ; _

7.The pipelined processor of claim 4, wherein the is | '
dwherein each execution pipeliné includes at least address calculation _amd_ execution stages.
* 8. Amethod of issuing and controlling the flow of instructions ip a pl_pelm'ed processor with at
irst and second execution pipelines with respective corresponding pipe stages, where each of

®Pipe stages has associated with it state information, and where instructions issued into an execution

e ' i eby altering the associated state information for that
bip are processed in each pipe stage. thereby | g

® Stage, comprising the steps :

sue means comprises an instruction decoder,
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(a) issuing first and second sequences of instructions respectively into the firg an %
execution pipelines, with at least some of the instructions in the first sequence of instsechu
being issued into the first execution pipeline substantially simultaneously wity ins;ucﬁo"*
in the second sequence of instructions being issued into the second executign ,“Gtion8

. and ‘ p'peﬁna.

(b) monitoring the execution of instructions issued into at least the first and secon dey .
pipelines, including the state information associated with the respective coneSpOndiicutlun
stages of the first and second execution pipelines ; and o

(¢) inresponse to such state information, controlling the flow of the firstand seconq seq .

‘ of instructions between the respective corresponding pipe stages of the first apq s:-nces

execution pipelines such that an instruction in the first @xecution pipeline moyeg ,,gonu

- current pipe stage to a next stage independent of the movement of instrycy,
corresponding pipe stages of the second éxecution pipeline.

9. The method of claim 8, wherein instructions reference a set of logical registers, anqg wh
the processor includes a register file with a greater number of physical registers than the num
logical registers, further comprising the steps : ' .

(@) selectively implementing register renaming by mapping a logical register referenceq byay
instruction to a physical register in the register file ; . '

(b) independently issuing third and fourth instructions respectively into the first and Secong
execution pipelines, with the third instruction being senior, and with the fourth instr‘ucﬁQn
having a write-after-read or a write-after-write dependency on the third instruction ; ang

(c) renaming a destination 'register of the fourth instruction to be a different physical register
than a physical register that is a destination register of the third instruction, thereby eliminatig
‘'such dependency for the fourth instruction.

10. The method of claim 8, wherein the read-after-write data dependency results from the
second instruction referencing a source register that is the same as a destination register of the it
instruction, further comprising the step of : selectively forwarding data from the first instruction to the
second instruction by modifying a source register referenced by the second instruction to eliminats
the dalta dependency between the first and second instructions. :

11. The method of claim 8; wherein the associated state information for the corresponding pipe
stages of the first and second execution pipelines includes an indication of whether a data dependency

q
Ons in

Crain
beryy

‘between first and second instructions has resolved, further comprising the steps of : issuing thefirst

and second instructions issued substantially simultaneously into respectively the first and second
execution pipelines, with the first instruction being senior, and with the second instruction havinga
data dependency on the first instruction, and then controlling the movement of the second interaction
from the current pipe stage to a next pipe stage dependent on whether the data dependency mustbe |
resolved to process the second instruction in the current pipe stage. '

12. The method of claim 8, wherein, for at least first and second corresponding pipe stages of
respectively the first and second execution pipelines, the first and second sequences of instructions

" include both instructions that complete processing in a single clock and instructions that completé

processing in more than one clock, and wherein the associated state information for the first an
second pipe stages includes an indication of whether a current instruction in either the first or seCOnd. ;
corresponding pipe stages will require more than one clock to complete processing. g

Q 8. What are the different types of hazards in case of instruction pipeline? o
' " (PTU, May 2011}

Ans. ® Instruction hazard
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. Il
e Structuralhazard : .
e Control hazard. \
hat is meant by superscalar . :
a :{axrocessol‘ » . Processor ? E_xp(l:m the concept ‘of Pipeline in
5C : o TU, May 2010, 2009, Dec. 2006
9P ans. r]\'h(; ﬁ;g;:ii:g?{i; g'fgga'ir;ed 'fn 19?7 (AGER 87), refers to a machine that is designeg
_eovs the o N of scalar instructions. In most appciations, the bulk of the
b sons are on scalar quantities. Accordingly, the Superscalar approach represents the next step in
Opeevoluti_on of high-performance general-purpose processors, : |
e The essence of the superscalar approach is the abilit
The concept can be f_UTthef eXplplted by allowing instructions to be executed in an order different
om the program order. F!g-_Sh9W§. IN general terms the superscalar approach. There are multiple
ctional units, each of which is implem

; . ented as a pipeline, which support parallel execution of
veral instructions. In this example, two inte

: . _ ger, two floating-point,and one memory (either load or
Jore) operations can be executing at the same time. : ;

y to execute instructions independently in
gfer '

Many researchers have investigated superscalar- like processors and their research indicates
hat some degree of performance improvement is possible. present the reported performance
avantages. The differences in the results arise from differences both in the hardware of the simulated
machine and in the applications being simulated. ‘ _

Superscalar Versus Superpipelined : An alternative approach to achieving greater performance
steferred to as super pipelining, a term first cained in 1998 (JOUP 88) . Superpipelining exploits the
facts that many pipeline stages perform tasks that require less than half a clock cycle. Thus, a-
doubled internal clock speed allows the performance of two tasks in one external clock cycle. We
have seen one example of this approach with the MIPS Rs. 4000 Clock Cycle. We have seen one
example of this approach with the MIPS Rs. 4000. Compares the two approaches. The base pipelines
issues one instruction per clock cycle and can perform one pipelines stage'per clock cycle. The
pipeline has four stages. instruction fetch, operation decode, operation execution and result write
back. The execution stage is cross hatched for clarity. Nowthan although several insturctions are
eXecuting concurrently, only one instruction its execution stage at anyone time.

Integer registe\r file Floating-point register file

A N

4l : h

: ; 7 e NN AN

Pipelined 7,11 {,ﬁ‘ .{...: NN \\\}

functional ,",l“ 77 RN &\? : \\?
units 777/ /7 KX AN BN

The next part of the diagram shows a super pipelined implemention thatis capable of performing
\ O pipeling stage per clock cycle. An altérnative way looking at this is that the function pertormed in
iach stage o an be split into monoverlapping parts and each execute in ha\f aclock cycle. An Superline
gi] plemantation that behaves in this fashion is said to be of degree 2. Finally the lowest part of the
D:rarn fln shows g supercalar implementation capable of executors two instances of each stage in
8l,

igher-degree superpipeline and superscalar implementations are of course possible.

o
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~ Both the superpipeline andthe superscalar implementations depfcteq in have the g, b |-
ofinstructions executing at the same time in steady stage. The Superpipelined process G“Umbar

orf
the superscalar processor the start of the program and at each brance target. ally behind

‘Ifetch |Decode

Base machine

I
] y
Suberpfpelined '
i
I

Successive instructions

0 2 . 9
; . Time in base cycles
Q 10. How pipelining would improve the performance of CPU? Justify. (PTU, Dec.200)

Ans. Pipelining is & technique used to improve the execution throughput of a CPU by usingé
processor resources in a more efficient manner. ‘ ‘

The basic idea is to split the processor instructions into a serial of small -ihdependerit stages.

[Each stage is designed to perform a certain part of the instruction. At a very basic level, these stages

can be brokendowninto: . .

QO Fetch Unit . Fetch an instruction from memory
O Decode Unit Decode the instruction be executed
O Execute Unit Execute the instruction

Q Write Unit

There will be a dedicated CPU module for each of the stages mentioned above. _ r f
On a non-pipelined CPU, when a Instruction is being processed at a particular stage. the omel‘;__‘
stages are at an idle state — which is very inefficient. If you look at the diagram, when the 13
instruction is being decoded, the Fetch, Execute and Write Units of the CPU are not being used ™
it takes 8 clock cycles to execute the 2 insfructions.
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) onthe other hand, on a pipelined CPU, all the stages work in parallel. When the 1st instruction

e coded by the Decoder pnit, the 2nd instruction is being fetched by the Fetch Unit. It only
EDEHS Jlock cycles to execute 2 instructions on a pipelined CPU.
RS

i

Instruction 1 2
Fetch '
Decode . el

Execute JE Non-Pipelined
Write g

Clock 112(3f4|s5({6]|7]8

Instruction 1] 2

Fetch

Decode

Execute
Write .
Clock 1 2 3 41 5

Pipelined

Note that increasing the number of stages in the pipeline will not always result in an increase of
the execution throughput. On a non-pipelined CPU, an instruction could only take 3 cycles, but a
pipelined CPU it could take 4 cycles because of the different stages involved. Therefore, a single
instruction might require more clock cycles to execute on a pipelined CPU. But the time taken to
-complete the execution of multiple instructions gets faster in pipelined CPUs.

Q 11. Compare and Contrast Super pipelined machine and Super.scalar machines.
e . (PTU, Dec. 2008)
‘Ans. An superpipeline is atechnique used inthe design of computers and other digital electronic
de\_fices to increase their instruction throughout (the number of instructions that can be executedina
unt of time). |
~ The fundamental idea is to split the processing of a computer instruction into a series d
"dependent steps, with storage at the end of each step. This allows the computer’s contro) circury
issue instructions at the processing rate of the slowest step, which is much faster than the time
"eeded to perform all steps at once. The term pipeline refers to the fact that each step is carrying data
Aonce (ike water), and each step is connected to the next (like the finks of a pipe).
fopg oSt modern CPUs are driven by @ clock. The CPU consists intamally &t gicant memory (ko
o ). than the clock signal arrives, the flip flops take their new value gnd the logic then requires a
Iod of time to decode the new values. Then the next clock pulse arrives and the flip flops again
® lheir new values, and so on. By breaking the logic into smaller pieces and inserting fip flops
: een The pieces of logic, the delay before the logic gives valid outputs is reduced. In this way the
: Operno d can be reduced. For example, the RISC pipeline is broken into five stages with a set of
Ps between each stage. | |
. Instruction fetch - :
2. Instruction decode and register fetch

-
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3. Execute

4. Memory access

5. Register write back

Advantages and Disadvantages

Pipelining does not help in all cases.
pipeline is said to be fully pipelined if it can acceptane
is not fully pipelined has wait cycles that delay the prog

Advantages of Pipelining :

1. The cycle time or the processor is red
cases.

2. Some combinatorial circuits s
more circuitry. If pipelining is used instea

. combinatorial circuit, _
- Disadvantages of Pipelining : ,

1. Anon-pipelined processor executes onlya

© delays (in effect, every branch is delayed) an
executed concurrently. Consequently the design is simpl

2. The instruction latency in a non-pipelined processor is S
equivalent. This is due to the fact that extra flip flops mus
pipelined processor.

3. Anon-pipelined processor will have
pipelined processor is much harder to predict and may vary m
programs. : o _ ‘

A superscalar CPU architecture implements a form of parallelism called instruction-level
parallelism within a single processor. It thereby allows faster CPU throughput than would otherwise be
possible at the same clock rate. A superscalar processor exegutes more than one instruction during
a clock cycle by simultaneously dispatching multiple instructions to redundant functional units on the
pracessor. Each functional unit is not a separate CPU core but an execution resource within a single
~ CPU such as an arithmetic logic unit, a bit shifter, or a multiplier.

_ While a superscaler CPU is typically also pipelined, they are two different performance
enhancement techniques. It is theoretically possible to have a non-pipelined superscalar CPUora

pipelined non-superscalar CPU. _
The superscalar technique is traditionally associated with several identifying characteristics.

Note these are applied within a given CPU core.
0O Instructions are issued from a sequential instruction stream. :
O CPU hardware dynamically checks for data dependencies between instructions at run time
(versus software checking at compile time).
O Accepts multiple instructions per clock cycle.

There are several possible disadvantages. An inSthct'
w instruction every ¢lock cycle. A pipgjing l;]n
ress.of the pipeline. | a

uch as address or multipliers can be made faster by addin
d, it can save circuitry vs. a more COMpley

single instruction ata time. This prevents brane,
d problems with serial instructions being
er and cheaper to manufactyrg.

lightly lower than in a pipelineg
t be added to the data path of

a stable instruction bandwidth. The performance of 3
ore widely between different

Q 12. What are the limits on how much a processor's performance can be improved '

using pipelining ? (PTU, Dec. 2004)

. OR
How does pipelining improve performance ? (PTU, Dec. 2009, 2005)
| - OR '
How can you evaluate the performance of processor architecture? (PTU, May 2009)

Ans. The limits on which processor's performance can be improved using pipelining are
follows : .

e
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uced, thus increasing instruction issue-rate i Mo
s !

|
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7 5P " ko of time tak Jcessing over an equivalent non pipeline processing
( a5 the ratio of time taken by the non Pipeline system to the ti - : P

5deﬁnesame operation. | ; e time taken by pipeline system
N .

: |
ik n+n

")

(i) cycle Time ?f Fr:fee |(I)?ThProce§sqrs :’Th_e cycle time of pipeline processor is dependent on
{actors = the cycle é e Uf}p‘p‘el‘lned diversion of the processor, the number of pipeline
v o5, hoW evenly the datapath logic divided among the stages, and the latency of the pipeline
5‘a?ste,s, i the logic can be divided evenly among the pipeline stages, the clock period of the pipelined

eesSOr >

- Cycle Time Unpipelined
cycle Time Pipelined = =y =% Pipeline Stages  * Pipeline Line Latency

(iii) pipeline Latency : The latqncy of a pipeline is the amount of time that a single Instruction
des 0 pass through the pipeline, which is the product of number of pipeline stages and clock cycle
ime.
7 Pipeline Latency = Pipeline Stages x Clock Cycle Time. _

(iv) Cycle Per Instruction : ltis the number of clock cycles required to execute each Instruction,
rown as cycles per Instruction. The CPI of a given program on a given system is calculated by
diiding the number of clock cycles required to execute the program by the number of Instructions.
aecuted in running the program. ’

Q 13. Write short note on Hazards of pipelining. - - (PTU, May 2009)

Ans. Hazards of pipelining : When a programmer (or compiler) writes assembly code, they
make the assumption that each instruction is executed before execution of the subsequent instruction
s begun. This assumption is invalidated by pipelining. When this causes a program to behave
incorrectly, the situation is known as a hazard. Various techniques for resolving hazards such as
fowarding and stalling exist. ' ' : .

A non-pipeline architecture is inefficient because some CPU components (modules) are idle
while another module is active during the instruction cycle. Pipelining does not completely cancel out
detime ina CPU but making those modules work in parallelimproves program execution significantly.

Processors with pipelining are organized inside into stages which can semi-independently work
o separate jobs. Each stage is organized and linked into a ‘chain’ so each stage’s output is fed to
other stage until the job is done. This organization of the processor allows overall processing time
l0be significantly reduced. . |

Unfortunately, not all instructions are independent.[na simple pipeline, completing an instruction
May require 5 stages. To operate at full performance, this pipeline will need to run 4 subsequent
Ndependent instructions while the first is completing. It 4 instructions that do not depend on the
DUt of the first instruction are not available, the pipeline control logic must insert a stall or wasted

°°kf3ycle into the pipéline until the dependency is resolved. Fortunately, techniques such as forwarding
oA Significantly reduce the cases where stalling is required. While pipelining can in theory increase
re Ormance over an unpipelined core by a factor of the number of stages (assuming the clock

E;‘:Uency also scales with the number of stages), in reality, most code does not allow for ideal
Cution,

Disadvantages of Pipelining :

A non-pipelined processor executesonly a single instruction ata time. This prevents branch

e
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Q 14 How many clock cycles-are reqwred to process 100 tasks i in five segment pj

Ans. Number of clock cycles = number of segments (k)+(number of tasks (n )*1)

delays (in effect, every branch is delayed) and problems with serlam
exécuted concurrently. Consequently the design is simpler and cheaper to Manufa, eing‘
The instruction latency in a non-pipelined processor is slightly lower than i 5 i g,

equivalent. This is due to the fact that extra flip flops must be added to the gat, ap t?]"”ed

pipelined processor.
A non-pipelined processor will have a stable mstructlon bandwidth. The performg

pipelined processor is much harder to predict and may vary more widely between dif rf
programs. o

Pipal;
(PTU, May 2017, 2015 - Degﬂm
L)

=k+(n-1)
=5+ (100-1)
'=5+99

= 104 cycles.

Q 15. What are the reasons of Pipe-Line conflicts in a Pipe Lined Processor? Hoy y,
they resolved?: : (PTU, Dec. 2016;; May 2003

Ans, Pipelining, a standard feature in RISC processors, is much like an‘assembly line. Becaus
the processor works on different steps of the instruction at the same time, more instructions can bg
executed in a shorter period of time.

A useful method of demonstrating this is the laundry analogy. Let's say that there are four loagg
of dirty laundry that need to be washed, dried, and folded. We could put the first load in the washerfor
30 minutes, dry it for 40 minutes, and then take 20 minutes to fold the clothes. Then pick up the .
second load and wash, dry, and fold, and repeat for the third.ahd fourth loads. Supposing we starteg
at 6 PM and worked as efficiently as possible, we would still be doing laundry until midnight,

~o0a—~0

X0 o —

6 PM - 7 8 9 1o 11 Midnigh

Time -

_I-_|_| I_I?o-i 30 ,Tllzl I I'_I

However, a smarter approach to the problem would be to put the second load of dirty Iaunﬂfig
into the washer after the first was already clean and whirling happily in the dryer Then, while the
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,vf":g peing folded, the second load woy|qg dry, and a third |

5 i ' 'y
¢ g \,y. J5ing this method, the laun dry_ Would be finishag by goad could be added to the pipeline of

» 30.
: PM 7
6 8 _
: | 9 10 11 Midnight
_4
| | 2o|
'
a
5
k.
0
o
g
e
r 1
(]

% RISC Pipeli.nes A BISC processor pipeline operates in much the éame way, although the
stages in the pipeline are different. While different processors have different numbers of steps, they

yebasically variations of these five, used in the MIPS R3000 processor : :
1. fetch instruction from memory e

2. read registers and decode the instruction _

3. execute the instruction or calculate an address

4. access an operand in data memory '

5. write the result into a register. . _ :

Q 16. Explain about MIMD Machines. _' - (PTU, May 2006)

‘Ans. MIMD : It stands for multiple instruction multiple data stream. These are multiprocessors
andmulticomputer systems-and unpracticable. Sue

Q17. Compare SPMD and MIMD machine. - *(PTU, May 2008 ; Dec. 2013, 2007)
Ans. AR ’ o |
. Flynn’s taxonomy

, : Single Instruction - | Multiple Instruction
Single Data siIsb ~ . MISD
Multiple Data - -~ SIMD : MIMD

The four classifications defined by Flynn are based upon the number of concurrent instruction
rcontrol) and data streams available in the architecture
Single Instruction, Single Data stream (SISD) : A sequential computer which exploits no
elism in either the instruction or data streams. Examples of SISD architecture are the traditional

Para|)
ni : '
Processor machines like a PC or old mainframes.
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Single Instruction, Multiple Data streams (SIMD) : A CQmP‘Ut:r Wh'gh exploits MUl >
 streams against a single instruction stream to perform operations which may be naturally para-"efiz:l;-'
For example, an array processor or GPU. o . et

Muftiple Instrtsl’cption, Single Data stream (MISD) : Multiple instructions operatg o, 5

data stream. Uncommon architecture which is generally used for fault tolerance. Hetgro e“gle‘

~ systems operate on the same data stream and must agree on the result. Examples include Spgg:‘

Shuttle flight control computer. | ,

Mu?tiple Instructi?)n, Multiple Data streams (MIMD) : Muitiple autonomouys Procesg,

simultaneously executing different instructions on different data. Distributed systems arg gene, ';

~ recognized to be MIMD architectures ; either exploiting a smgle shared memory space or 3 distfibum

memory space. .

SyPl\[I:D (Single Process, Multiple Data) or (Single Program, M”'F'P'e Data) tIn COmDuting

SPMD (Single Process, Multiple Data) or (Single Program, Multiple .Data) IS a techn_lque emp'°yed;(;

achieve parallelism : it is a subcategory of MIMD. Tasks are split up and run Simultaneoys|y ,

multiple processors with different input in order to obtain results faster. SPMD is the MOst commg,

style of parallel programming. ltis also a prerequisite for research concgpts such as active Messagey
and distributed shared memory. : . _ _

' SPMD vs SIMD : In SPMD, multiple autonomous processors sw_nultaneously gxecute the 3am,

rprogram at independent points, rather than in the lockstep that SIMD imposes on different data, i,

SPMD, tasks can be executed on general purpose CPUs ; SIMD requires vector processors |y
maninpulate data streams. Note that the two are not mutually exclusive. L

MIMD (Multiple Instruction stream, Multiple Data stream) : In computing, MIMD (Multiple

“Instruction Streém, Multiple Data stream) is a technique employed to achieve parallellsm. Machines
using MIMD have a number of processors that function asynchronous_ly and |nFjependently. Atany
time, different processors may be executing different instructions on dlfferent'pleces qf'data. MIMD
architectures may be used in a number of application areas such as computer-aided design/compute
aided manufacturing, simulation, modeling and as communication switches. MIMD machines cante
of either shared memory or distributed memory categories. These classifications are based on how
MIMD processors access memory. Shared memory machines may be of the bus-based, extended, or

hierarchical type. Distributed memory machines may have hypercube ormesh injercohnection schemes.

Instruction Pool

PU PU

S PU - | ru

a .

b

o |- -

° PU PU
PU|. PU
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oelining : :
I q 18. What is a multiprocessor? Explain the term SIMD.

Ans. Multiprocessing is the use of two or more centra| processing unit (CPUs) within a single
ster system. The term also refers to the abijit g unit (CPUs) g

y of a system'to support more than one processor
“ °°d/orme ability to allocate tasks between them. : PP . | 0ne proce

| Multiprocessing sometimes refers to the executior of multiple concurrent software prdcesses
asystein as Ppposed to a single process at any one instant, However, the terms multitasking or
qliprogramming are more appropriate to describe this concept, which is implemented mostly in
ftware, whereas multlproc.:essmg IS more appropriate to describe the use of multiple hardware CPUs.
psystem can be both multiprocessing and multiprogramming, only one of the two, or neither of the

147
(PTU, May 2010 ; Dec. 2008)

WO :
Flynn’s taxonomy
_ Single Instruction’ Multiple Instruction
Single Data SISD - MISD
Multiple Data | SIMD . : MIMD

SIMD multiprocessing

SIMD multiprocessing is well suited to parallel or vector processing, in which a very large set
oldat can be divided into parts that are individually subjected to identical but independent operations.
Asingle instruction stream directs the operation of multiple processing units to perform the same
manipulations simultaneously on potentially large ameunts of data.

For certain types of computing applications, this type af architecture can produce enormous
increases in performance, in terms of the elapsed time required to cor‘ﬁg!eﬂté agiven task. However, a
drawback to this architecture is that a large part of the system félls"idle'when programs or system
lasks are executed that cannot be divided into units that can be processed in parallel.

SIMD multiprocessing finds wide use in certain domains such as computer simulation, but is of
itle use in general-purpose desktop and business computing environments.

Q19. Explain in brief about SPMD machines. | . (PTU, Dec. 2004) 7

Ans. Single Program Multiple Data (SPMD) : Single Program Multiple Data (SPMD) program
aeaspecial class of SIMD programs which emphasize medium-grain parallelism and synchronization
dtthe subprogram level rather than at the instruction level. In this sense, the data-parallel programming
Model applies to both synchronous SIMD and loosely coupled MIMD computers. Prograr conversion

Ween different machine architectures is very much needed to broaden software portability. Procedure
vl corresponds to medium-grain size at the task, procedural, subroutine, and coroutine levels. A
Ypical grain at this level contains less than 2000 instructions. Detection of parallelism at this level is
™eh more difficult than at the finer-grain levels. Interprocedural dependence analysis is much more
Molved ang history-sensitive.

The communication requirement is often less compared with that required in MIMD execution

deE.‘SPMDexecuﬁon mode is a special case at this level. Multitasking, also belongs in this category.
Onificant efforts by programmers may be needed to restructure a program at this level, and some
re1mp”e assistance is also needed. Subprogram Levie_corresponds to' the le\{el of job steps and
. aled Subprograms. The grain size may typically contain thousa_nds of instructions. Job steps can,
Yerlap across different jobs. Subprograms can be scheduled for different processors in SPMD mode.
020. Give an overview of CISC Architecture. (PTU, May 2016 ; Dec. 2009, 2005)

Cong, Ans. cisc Characteristics : The design of an instruction set. for a computer must take into
" Slderatigp, not only machine language.constructs, but also the requirements imposed on the use of

Ao
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high-level prograrhming languages. The transglation from high-level to mgchme |angua99 pfogr irg ,
done by means of a compiler program. One reason for the trend 1o provide acamplex '”Btrum%h
is the desire to simplify the compilation and improve the overall computer performance, Thg . Mz, |
compiler is to generate a sequence of machine Inst'ructions for each high-level language Btat,.k("a
The task is simplified if there are maghlne instructions tha}t |mp|9ment the Sﬁalementg dire «‘fnr,m_
essential goal of a CISC architeture is to attempt to provide a single machlne INstruction :'Th"
"statement that is written in a high-level language. Examples of CISC architectures arq the D?a”h
Equipment Corporation VAX computer anq the |BM 370 computer. ' by
Another characteristic of CISC architecture is the incorporation of variable length inst
formats. Instructions that require register operands may be only two bytes in length, hut iﬂstr;“ fiy
that need two memory addresses may need five bytes to include the entire instruction COdemzo
computer has 32-bit words (four bytes), the first instruction occupies half a word, while the s'e'ti‘-e
instruction needs one word in addition to one byte in the next word. Packing variable inStryey
formats in a fixed-length memory word requires special decording circuits that count byteg w}r,'n
words and frame the instructions according to their byts length. thin
The instructions in a typical CISC processor provide direct manipulation of operands residing;
memory. For example,an ADD instruction may specify one operand in memory through index addresy;
and a second operand in memory through a direct addressing. Another memory location mj, K
included in the instruction to store the sum. This requires three memory references during eXecution
of the instruction. Although CISC processors have instructions that use only processor register, the
availability of other modes of operations tend to simplify high-level language compilation. HoweVe,as
more instructions and addressing modes are incoproated into a computer, the more hardwave logicis
needed to implement and support them, and this may cause the computations to slow down, |,
summary, the major character istics of architecture are : _
' 1. A large number of instructions-typically from 100 to 250 instruction.
2. Some instructions that perform specialized tasks and are used infrequently.

3. A large variety of addressign modes-typically from 5 to 20 different modes.

4, Variable-length instruction formats.

5. Instructions that manipulate operands in memory.

Q 21. What do you mean by parallel and distributed computers? Explain.

. ' (PTU, Dec. 2010, 2006; May 2006)

Ans. Parallel computing is a form of computation in which many calculations are carried out
simultaneously, operating on the principle that large problems can often be divided into smaller ones,
which are then solved concurrently (“in parallel’). There are several different forms of parallel computing
- bit-level, instruction leve, data, and task parallelism. Parallelism has been employed for many years,
mainly in high-performance computing, butinterest in it has grown lately due to the physical constraints
preventing frequency scaling. As power consumption (and consequently heat generation) by computers
has.become a concern in recent years, parallel computing has become the dominant paradigmin
computer architecture, mainly in the form of multicore processors.

Parallel computers can be roughly classified according to the level at which the hardware
supports parallelism — with multi-core and multi-processor computers having multiple processing
elements within a single machine, while clusters, MPPs and grids use multiple computers to work on
the same task. Specialized parallel computer architectures are sometimes used alongside traditional
processors, for accelerating specific tasks.

Distributed computing : Distributed computing deals with hardware and software sy519m5
containing more than one processing element or storage element, concurrent processes, 0 multiple
programs, running under a loosely or tightly controlled regime.
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-‘ ﬂuéii ;‘;’;‘:;gsgrz ﬁgarar IES) split up into parts that run simultaﬁeously on mﬁltiple
; uters cO ' orK. Distributed computing is a form of i

o : parallel computing, but

°°ra||e| compuf;f;?Sl?anhC;S; Efl:rc:]mmonly used to describe program’ parts running simultaneously on

Jiple proces i e C_ompute{r, B.oth types of processing require dividing a program into

gots that can I’U? Sl kUl_c':ls?eously, put dlstnbgted programes often must deal with heterogenous

enviroﬂmems' network links of varying latencies, and unpredictable failures in the network or the

 Ans. Multiprocessor (Array Processors) : An array processors that berforms computations
on large arrays qf data. The term is used to refer to two different types of processors. An attached
array processor is an auxiliary processor attached to a general-purpose computer. It is intended to
improve tk_je performance of the host computer in specific numerical computation tasks. The normal
operation of a computer is to fetch instrutions from memory and execute them in the processor.

computers into four major groups. . ; :
SISD Uniprocessor Architecture : SISD (single instruction stream, single date stream) is the
organization of a single computer containing a processing unit, a control unit and a memory unit as
show in Fig. 1. Instructions are executed sequentially (one by one with system clock time period) and
system may or may not have internal parallel processing capabilities. The sequence of instructions
read from memory unit constitutes an instruction stream and the operation perfornted on the data in
the processor consitutes a data stream, Parallel processing can be achieved by using pipeline processing
technique or by using multiple functional units.
Instruction stream

«

" control . |Instruction| Processing | Data | Memory
~unit stream unit Stream unit

1O <4

~ SISD uniprocessor architecture

SIMD Array Processor : SIMD (single instruction stream, multiple data stream) is the
Organization of a single computer containing multiple processors connected with a common control
Unit and a shared memory unit. All processing elements (PEs) receive the same instruction stream
(18) from the control unit but operate on different data stream (DS). The shared memory unit contain
Multiple modules so that it can communicate with all the processors simultaneously.

A general block diagram of an array processor is shown in Fig. It contains a set of identical
Processing elements (PEs), each having a local memory M. Each processor element includes an

U a floating-point arithmetic unit, and working registers. The master control unit (control processor)
Controls the operations in the processor elements. The main memory is used for storage of the
Program. The function of the master control unitis to decode the instructions and determine how the

Nstruction is to be executed, The common control unit is responsible for fetching and interpreting

MStructiong, When it encounters an arithmetic or other data processing instruction, it broadcasts the

"Sltuction to all PEs, when then all perform the same operation.

L

computers' Jlain about .
Q ?2. Explain about the E)n:ltlprocessor. - (PTU, Dec. 2006)
Explain in»bl‘»lef about M(I)I\ll:lzD machines. 4 - (PTU, Dec. 2009, 2005)
Explain briefly Array Processor. - . (PTU, Dec. 2019)

paralle! processing may occur in the instruction stream, in the data stream or in both. Flynn classified .
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Scalar and program control instructions are directly executed within the master com
instructions are broadcast to all PEs simultaneously. Each_PE uses oper ands” stored in it logg
memory. Vector operands are distributed to the local memories prior to t'he parallel executign Of the
instruction. On each clock cycle, the control processor issues an_mstruchon to each processg, Usin
the control bus. Each processor performs that instruption and (th!onlly) returns a resultto the Mem oy

via the data bus. ~ L unit f
Consider for example the vector addition C = A + B. The master control unit first storeg the 1n

components a; and b, of A and B in local memory. M; for i = 1..2.3 -------- n It thel‘l_broadcasts the
floating-point add instruction C, = a, + b; to all PEs, causing the addition to take_ place snmulataneoUsly'
The componets of C; are stored in fixed locations in each local memory.This produces .the desirgg
vector sum in one add cycle. A key division of vector processors arises from the way the INstructiong

access their operands.

Control 170 : Main
processor (¥ memory
IS DS ' DS DS DS.
PEoo = Moo ] PEm Mm i PEoz Moz ] PEm Mm
| [ ] | | [ | |
PEyH Mo H | PEai H M2y | PE,,H M, H FE M, H
IS n I [ I l [ T
PE,, My H | PEsy H My, PE,, - M3, - PE,, M, H
IS 7 I I | | I ]
Control Data
bus bus
PEnO Mno PEM Mn1 . PEnz an —t ' PEnn Mnn [~
IS 7 I T l [ I l ,

SIMD architecture with distributive memory

In the memory to memory organization the operands are fetched from memory and routed directly o
the functional unit. Results are streamed back out to memory as the operation proceeds.

In the register to register organization operands are first loaded into a set of vector registers.
each of which can hold a segment of a register, for example 64 elements. The vector operation then
proceeds by fetching the operands from the vector registers and registers and returning the results o
a vector register.

The advantage of memory to memory machines is the ability to process very long vectors,
whereas register to register machines must break long vectors into fixed length segments. Unfortunately.
this flexibility is offset by a relatively large overhead known as the startup time, which is-the timé
between the initialization of the instruction and the time the first result emerges from the pipeline. The
long startup time on a memory to memory machine is a function of memory latency,which is longer
than the time it takes to access a value in an internal register. Once the pipeline is full, however. &
result is produced every cycle or perhaps évery other cycle.
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oS gach PE has a flag that is set when the PE active and reset when the PE is inactive.
ﬁ‘"ﬁnsures that only those PEs that need to participate are active during the execution of the
P son. FO example, suppose that the array processor contains a set of 64 PEs. If a vector
ﬁtﬂﬁ |gss than 64 data items is to be processed, the control unit selects the proper number of PEs

of 185 - |
4 sctive. vectors of greater length than 64 must be divided into 64-word portions by the control

!
(4 The best known SIMD array processor is the ILLIAC IV computer developed at the University of

(52 dmangfe}ctured by the Burroughs Corp. This computeris nolonger in operation. SIMD processors
oy specialized COMPpUtEs. They are suited primarily for numerical problems that can be expressed
iivectOT or matrlx form: Howevgr, they are not very efficient in other types of computations or in dealing

i con\fentlonall data-processing programs. o o L
~ msD Architecturg :‘MISD (multiple instruction stream, single data stream) is the organization
i 01as‘mgle computer Con.tam.mg multiple processors connected with multiple control units and acommon
| mory unit as shown in Fig.. All processing elements (PEs) receive the different instruction stream
3 of a program from the cgntrol units and operate simultaneously over single data stream (DS)
y common memary unit. Therefore MISD organization refers to a computer system capable of

! gend
processing several instructions over single data stream at the same time.

A

3

.! ' 4 ) . A Y v
| S s [cu | Teg,] [eu,] -~ [cu,

¥
:
W

1
; s ]I IS 1S
| Memory v + ‘L
5 (program and —» PE, PE, PE, —»| PE, |—>
‘; Data) DS D DS— DS ,
o D8

: MISD architecture .
: MIMD Architecture : MIMD (multiple instruction stream, multiple data stream) is the organization of
| asigle computer containing multiple processors connected with multiple control units and a shared
memory unit as shown in Fig. All processing elelments (PEs) receive the different instruction stream (IS)

/O 1O /O , /O
. A ) b A
sy ¢ 1Sy v 1Sy . 1S
Cu, cu, cu, | - cu,
IS | s IS s )
PE, PE, PE, | - PE,
DS | DS DS{ DS
Shared memory
L v ‘ ‘ v« |

MiIMD 'Archltecture

¢ Mas“ing schemes are used to control the status of each PE during the execution of vector |

—
e ey

|
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of a program from the control units (CUS) and operate simultaneouslhy over the mum'p|e data "y
) multiple modules SO that it can communicate wit, af
ers to a computer system capablet g
o

(DS). The shared memory unit contain m
processors simultaneously. Therfore MIMD organization ref
processing several programs at the same time. | .
Non-Uniform Memory Access - MIMD Technique : One drsgdvaﬂtage of the MIMD sharg
memory model is that all the processors must communicate with a single bank Of' memory,ang lh'd
gives rise to the danger of memory bottlenecks. Earlier designs of MIMDS.USed agmgle memo 8
to connect the processors with the memory; with only SO much bus bandwidth available, adding mors
* processors quickly saturates the bus capacity and kills scalability. ¢
To get around this, MIMD machines have borrowed ideas fro

F’farallel Processing (MPP) systems to produce a hybrid.Non—Unifro
Distributed Shared Memory design. The Fig. illustrates this idea.

m distributed memory Magsg;,
m Memory Access (NUMA)eg

- Main
~ memory .
CUgo PEoo [ Mao CUpHPEstH Mor . 77777 CUon [ PEonf—| Mon
[ 1 [ [ [ LI
CUHPELH Moo H - [CUH PExH Mas ceennen |CUpal PE2n [H. Man )
| ] | | | 7 ~ | ]
DATA ;
, BUS
CUnO PEqo [ Mno ICUm PE, My mewam=. C;Unn ] F’Enn Mnn
[ 1 [ 1 [ I,

MIMD Computer with distributive memory

~ Inthis 'moFiel the memory is physically distributed and resides with each individual processor,
but the combination of the operating system and extra hardware controllers maintain the single shared-

memory image at the user level.
buted Memory (MDM) : Distributed memory systems employing $0-

Message-passing Distri
called message passing can accommodate thousands of processors. Each processor has a private

hich to draw data. The drawbacks? Such systems tend to be slower because

block of memory from w |
data often must be shuffled back and forth between the processors and they'rs more diffecul to

program. Also there's less available software as compared wit

on SMP and DSM architectures. As a result , a lot gf“applicar:i:)zesnhuaTgeeri%r:E trg rtr;: fpa:)fte;r;??rgﬂ
other types of processors, or custom-built--an expensive proposition. : :

. Distributed Shared Memory (DSM) : New, hybird or distributed memory s
that maximize the strengths of each of the previous systems. Groups of processors (called I
share a local memcry; the nodes are networked so that any processor can access any porﬁon 0

ystems are emergnd
odes)

memory. These system should have the advantage of being scalable and quite easy 10 program- -
is becoming -

Though these system are still somewhat experimental more and more software for them is

~available.

R
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W 023 pescribe the following terminology associated with multiprocessor :
Mutual Exclusion , ' '

critical Section
¢ Hardware Lock
gsemaphores. . o
) Test and Set‘lnstruch‘on : . (PTU, May 2007)
ans. The following termlqology associated with multiprocessors : o '
A properly functioning mg!tlprocessor system must provide a mechanism that will guarantee
(y aCCess tg shared memory and other shared resources. This necessary to protect data from
7 changed simultaneously by two or more processors. This mechanism has been termed ‘mutual
Jusion’ Mutual ex.clusion must be provided in a multiprocessor system to enable one processor
iwexc_lude or lock O‘;‘? acce,ss.to a shared resource by critical section other processors when itis in a
'Iariﬂcal section. A critical section is a program sequence that, once begun, must complete execution
‘betore another processor access the same shared resource; | - '
A binary variable called a scmaphore is often used ot indicate whether or not a proessor is
pecuting @ critical section. A semaphore is a software controlled flag that is stored in a memory
wation that all processors can access. When the semaphore is equal to 1, it means that a processor
' sexecuting @ critical program, so that the shared memory is not available to other processors. When
resemaphore is equal to 0, the"shared memory is available to any requesting processor. Processors
| natshare the same memory segment agree by convention not to use the memory segment unless
'tesemaphore is equal to 0, indicating that memory is available. They also agree to setthe semaphore
‘hlwhen they are executing a critical section and to clear it to 0 when they are finished.
' * Testing and setting the semaphore is itself a critical operation and must be performed as a
sngle indivisible operation. If it is not, two or more processors may test the semaphore simultaneously
adthen each set it, allowing them to enter a critical section at the same time. This action would allow
snutaneousexecution of critical section, which can result in erroneous initialization of control
"Darameters and a loss of essential information. B '

Asemaphore can be intiliazed by means of a test and set instruction in hardware lock conjuction
liha hardware lock mechanism.'A hardware lock is a processor generated signal that serves to
Fevent other processors from using the system bus as long as the signal is active. The test-and-set :
"Siuction tests and sets a semaphore and activates the lock'mechanism during the time that the
Ese‘f;lction is being executed. This prevents lother processors from chaging the semaphore between
Isa;]me that the processor is testing it and the tir‘ne‘t.hat it is setting it. Assume that the semaphore

EmIt n the.least significant position of a memory word whose.address is symbolized by SEM. Let
Nemonic TS| designate the “ test and set while locked”operation. The instruction

, TSL - SEM
i e\:”" be executed in two memory cycles (the first to read and the second to write) without
. enceasfollows: ' :

R <M [SEM]  Testsemaphore
' e ‘MI[SEM) « 1 Set semaphore :
L The va j‘emaphore is tested by transferring its value to a processor register R and then it is set to
'semaph € in R determiners what to do next. If the processor finds that R = 1, it knows that the

Thalmegrne Was originally set. (The fact that it is set again does not change the semaphore value.)
Sthat another processor is executing a critical section, so the processor that checked the

- 1583

'
y

|
|
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semaphore does not access the shared memory. If R =0, it means that the common memary =

shared resource that the semaphore represents) is available. The semaphore is set to 1 t;y (Zvé‘ :
other processors from accessing memory. The'processor can now execute the_ critical sectigp 5 n -
last instruction in the program must clear location SEM to zero to release the shared reasayroq
other processors.

Q 24. Write and explain types of parallel processor systems. .

; 5 (PTU, Dec. 2013’20 .

‘Ans. Paralfel processing is a term used to denote a large class pf techniques that arg Usedy
provide simultaneous data processing taskes for purpose of increasmg computational Speeg 01u
computer system. Instead of processing each instruction sequentially. asina cqnventiona! °°mpu[:,
system, a parallel system is able to perform concurrent data processing to ac;hueve faster execut,
time for example, while an instruction is being executed by an ALU, the next mstr_uction can readf;
memory. The system have two or more ALU and be able to execute two or more instruction at S0mg
time. Furthermore, the system have two or more processor operating concurrenty.

The purpose of parallel processing is to speed up for computer processing capabilitieg ang

increase its throughput. In other words amount of processing that can be accomplished during agy |
interval of time. : : \ :

The amount of hardware increases with parallel processing and with this cost of systemincreage

However technological developments have reduced hardware costs to the point where paray
processing techniques are economically feasible.
Paralle! process can be viewed from various levels of complexity. At lowest level we distinguig

between parallel and serial operations by the type of registers used. Processor with multiple functi
unit discussion diagram. : |

»| Adder Substraction >

v

» inega Multiply

> Logic unit —>
Memory «—¥ : R ' _ I
Processor R Shift unit >

_register i
:\ > Incrementer >

Floating point >
add-subtract

v

Floating point
multiply

v

Floating point
Sk divide

Processor with multiple functional unit
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o diagram shown one possible way of separating execution unit into eight functional units
y associated‘ with complex control unitto

ingin parallel. A multifunctional organization is usuall
amate all the activities among the various component.

A There are variety of ways that parallel processing can be cléssiﬁed. It can considered from the
: onnection struct between processors or from flow of information through the system. One
isiﬁcation mtroduce.d by M.J. Flynn cor_mmders the organization of a computer system by the number
1strUCti0n and Qata items that ar'e manipulated simultaneously. The normal operation of a computer
Jfetch instruction frqm memo'ry and gxecute them in the processor. The sequence of instructions
girom memory consut_utes an Instruction stream. The operations read from memory consitutes data

Pparallel proces_smg may- occur in instruction stream or in both. Flynn's classification divides
guters into four major groups as follows :

gingle instruction stream, single data stream (SISD)

single instruction stream, multiple data stream (SIMD)

Multiple instruction stream, single data stream (MISD)

Multiple instruction stream, multiple data stream (MIMD) :

SISD (single instruction stream, single data stream) represent the organization of a single
ymputer containing a control unit, a processor unit and a memory unit. Instructions are executes
quentially and the system may or may not have internal parallel processing capabilities. Parallel
weessing in this case, may be means of multiple functional units or by pipeline processing.

SIMD represents an organization that includes many processing units under supervision of a
qmmon control unit. All processors receive same instruction from control unit but operate on different
wms of data. The shared memory unit must contain multiple modules so that it can communicate

ithall processors simultaneously.

MISD structure is only of theoretical interest since no practical system has been constructed
ising this organisation.

- Single Instruction Multiple Instruction
Single Data SISD - MISD
Multiple Data SIMD MIMD

MIMD organization refers to a computer system capable of processing several programs at
e time. Most mu|tiprdcessor and multi computer systems can be classified in few category.
Flynn’s classification depends upon dis function between performance of control unit and data
Yocessing unit, It emphasize the behaviour characteristics of computer system rather than its
"ralional and structural interconnections one type of parallel processing that doesn't fit flynn’s
. -“a:f"“‘?aﬁon is pipelining. Parallel processing computers are required to meet de_mand of large computer
Y scientific, engineering, military, medical, aritificial intelligence and basic research areas.

025, Distinguish between SIMD and MIMD. ' g (PTU, Dec..20?6 ; May 2009)
| Com, Ans. SIMD (single instruction stream, multiple data stream) is the o'rgannzatuon of a single
ni p,:llercomaining multiple processors connected with a common control unitand a shared memory

' Processing elements (PEs) receive the same instruction stream (IS) from the control unit bu_t

o

FErale On different data stream (DS).

Cny 'niLMD (myltiple instruction stream, multi.ple d '
oy in?:'mmtlple processors connected with multl
 fom N I9. All processing elelments (PEs) receive't
- SOntrol units (CUs) and operate simultaneously overthe m

ata stream) is the organization of a single computer
ple control units and a shared memory unit as
he different instruction stream (IS) of a program
ultiple data streams (DS).

S
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Q 26. What is the purpose of prefetch buffers in instfuctlon pipelining? %ye |

» . (PTU, 1.
- Ans. Prefetech buffer is used to match the instruction fetch rate to the pipeline o ay%m]
rate. In one memory-access time a “block of consecutive instructions are fetched ingq asummi“h
buffer as shown in the fig. below. The block access can be achieved by interleavedme‘nic.ry "Sloy
or using the cache to shorten the effective memory access time. MOt

Sequential instructions indicated by program counter -

T | seq.Buffer 1 |

Seq. Buffer 2

L

Fetch 'YX ) ¢

Memory

>

unit = -
I__»Targei Buffer 1l= | |nstruction Pipeline

/ Target Buffer2|

Instructions from branched locations

"The use of sequential and target buffers

‘Q27. What is parallel computers? - (PTU, May 3y
Ans. Parallel computer can be roughly classified according to the level at which the hardwa,qe
sgpports paralle]ism, with multi-core and multi-processor computers having multiple processor elemen
within a single machine. Special computer architectures are sometimes used alongside tradiq,
processors for accelerating specified tasks. Parallel computer programs are more difficult o wi
than sequential ones, because concurrency introduces several new classes of potential softwy
~ bugs. Communication and synchronization between the different subtasks are typically one dt;
greatest obstacles to getting good parallel program performance. Being faster parallel computersa
used in wide range of application like biinformatics, simulation etc. ' '
Q 28. Explain arithmetic pipeline. - . £
Ans. Pipeline arithmetic units an usually found in very high speed computers. They are useh
implement floating point operations, multiplication of fixed points numbers and similar computatin
ehcountered in scientific problems. :
Q 29. What is array processor? _ |
Ans. An array processor is a processor that performs computations an large arrays of dala
Q 30. What is attached array processor? :
Ans. An attached array processor is designed as a peripheral for a conventional hast comp¥
and its purpose is to enhance the performance of the computer by providing vector processingf
complex scientific applications. It achieves high performance by means of parallel processing
multiple functional units. It includes an arithmetic unit containing one or more pipelined floating P
address and multipliers. ‘ 4
Q 31. What is vector processing? (PTU, Mavm ‘
Ans. There is a class of computational problems that an beyond the capabilities of aCOﬂVG",Q'
computer. These problems are characterized by the fact that they requires 2 vast num 9-
computations that will take a conventional computer days or even weeks to complete. ! 7%
science and engineering applications, the problems can be formulated in terms of vectors and me
that lend themselves to vector processing. - :
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!

m ?he various applications of vector processing?

n.5~ Thﬁ fZI:Ong are the representative application areas where the vector processing is of
wanortant. v

‘l;;‘l‘;meum Exploration

‘Medical diagnosis

“gismic data analysis

‘Long range weather forecasting :

"perodynamics and space flight simulations

“|mage processing

] Amficial.intelligence and expert system

. Mappind the human genome.

y33. What is parallel processing? TN (PTU, Dec. 2016)
\ns. Parallel processing is a term used to denote a large class of techniques that are used to
,gsimultaneous data processing tasks for the purpose of increasing the computational speed of
uter system. . | _

A parallel processing system is able to perform concurrent data processing to achieve the
execution time. The main purpose of parallel processing is to speed up the computer processing
jityand increase its throughput i.e. the amount of processing that can be accomplished during
ninterval of time. t o . ' 'm- - -

Q34. What is interprocess synchronization? =50 ~ (PTU, May 2016)

Ans. All processes prevent casual exchange of data. However, occasionally two processes
Inced to communicate with each other. One method that enablés processes to communicate is
dinterprocess synchronization. ' '

035.What is semphore? L .

Ars. Semaphore is a bucket. When a semaphore is allocated, a bucket that contains a fixed
ber of keys is created. Processes using semaphores. must first procure a key from the bucket
rethey can continue to execute. If a specific process requires a key, only a fixed number of
irences of that process can.be in progress simultaneously. All others must wait until a sufficient
erof keys is returned to the bucket. Semaphores are typically used for mutual exclusion, access
olto shared resources, and for basic synchronization. '

Semaphore is a built-in class that provides the following methods :

 Create a semaphore with a specified number of keys : new (_)

% Obtain one or more keys from the bucket : get () -

* Return one or more keys into the bucket : put ( )

'Y Try to obtain one or more keys without blocking : try_get ( )

036. What is inter-process communication? il uvi
leCh.A"s' Inter-process communication, which.is s

Wes ang mechanisms that facilitate communica
by ! Computing, Inter-process communication (P

019 MUltiple threads in one or more processes.
‘Ynchre'_s"%nnected by a network. IPC methods are divided into methods for message passing,

v&,yha’“lauon. shared memory, and remote procedure calls (RPC). The method of IPC used may
beingcsm on the' bandwidth and latency-of communication between the threads, and the type of data
emUnicatec:'I, . :
Y ® are several reasons for providing an environmen
Mormation sharing

hort is known as IPC, deals mainly with the

tion between processes.
C) is a set of methods for the exchange of

Processes may be running on one or more

t that allows process cooperation :
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Computational speedup N

[
® Modularity
® Convenience
® Privilege separation
IPC may also be referred to as
Q 37. What is pipelining? (PTU, Dec. 2914
Ans. Pipelining is a key implementation technique used to build fast processors, |y allo’w t
execution of multiple instructions to overlap in time. A pipeline within & processor is similay tos
assembly line. Each assembly station is called a pipe stage or 2 pipe segment. the throughg o
instruction pipeline is the measure of how often an instruction exits the pipeline. &
Q 38. List some properties of SIMD. (PTU, May 2015 ; Dec, 20
Ans. Single instruction, multiple data (SIMD), is a class of parallel computers in Fiyny
taxonomy. It describes computers with multiple processing elements that perform the same Operaliy,
on multiple data simultaneously. Thus, such machines exploit data level parallelism.
Q 39. A given program consists of 50 instruction loop that is executed 35 times. |t takeg
6,000 cycles to execute the program on a given system. Find the computer performance I Ch
(cycles per instruction). - " (PTY, MGWOW)
Ans. The 50-instruction loop is executed 35 times,
~ so the total number of instructions executed is 50 x 35 = 1750.
It takes 6,000 cycles to execute the program,
so the CPl is 6,000/1750 = 3.43. :
'Q 40. What do you understand by the terms “loosely coupled” and “tightly coupled"
parallel computers? ¢ i (PTU, May 2013
Ans. Loosely coupled is a type of coupling that describes how multiple computer systems
even those using incompatible technologies, can be joined together for transactions, regardlessd
hardware, software and other functional components. Loosely coupled systems describe those tha
work on an exchange relationship where little input is needed from each of the additional systems.!
a loosely coupled system hardware and software may interact but they are not dependent on eau:
other to work. Computers in a network are considered loose-coupled systems as a client machim
- may request data from the server, but the two systems also work independently of each other.
Tightly coupledis atype of coupling that describes a system in which hardware and software arend
only linked together, but are also dependent upon each other. In a tightly coupled system where muﬂiph
systems share a workload, the entire system usually would need to be powered down to fix a mad
hardware problem, not just the single system with the issue. _
Q 41. What do you understand by instruction pipeline? Discuss the major difficu
cause the instruction pipeline to deviate from this normal operation. (PTU, Dec. 2010
Ans. An instruction pipeline is a technique used in the design of computers to increaserme‘
instruction throughput (the number of instructions that can be executed in a unit of time). Pipelin™
does not reduce the time to complete an instruction, but jncreases the number of instructions thatc’
be processed at once. _ e
Each instruction is split into a sequence of dependent steps. The first step is always 10
the instruction from memory ; the final step is usually writing the results of the instruction t0 proces
registers or to memory. Pipelining seeks 1o let the processor work on as many instru
are dependent steps, but as an assembly line builds many vehicles at once, rather th
one vehicle has passed through the line before admitting the next one. As the goal of the

”
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> each assembl i .
08 0 ’:%‘;F;y aith Sore :\:{r&f:zgucn\ég at .a!l times, pipelining seeks to use every porti

08880 ATdealiv] 1ons. Pipelining lets the computer's evele trm oo of the
P st step, an 'I eally lets one instruction complete in eve yelé fime be the time of the
" problems in Instruction Pipelining : Seve ry cycle.

: : ral difficulti - : S
as simple as. th.e above description suggests. The princ;g:] era\ﬁg:n:s::;’?“on plpghmng from
Timing Variations : Not all stages take the same amount of time. This méans that the speed

ipeline will be determined by its s| i

ol a.plp : _ : : y Owest stage. This problem is particular ini i

e55ing, suncg dliferenltf| Instructions have different operand require?'nents an)éas%ur:lee't?r:mn:strsgﬂ?ln
grent processing time. Moreover, synchronization mechanisms are required to ensure that d ts .
ed from stage to stage only when both stages are ready Lo Al
Dat;:h!;asz:r:]desd; :/;lh\t/a\rlweseveral Instructions are in partial execution, a problem arises if they
’erereniﬁan 2 orovadinc instrur;?;r: ?fntShL‘lre t_hat a later instruction does not attempt to access data
qgoner . » I this will lead to incorrect results. For example, instruction N +
;must not be _pe":ﬂlltted to fetch an operand that is yet to be stored into by instruction N.
Branchu"ng Hin order to fetch the “next” instruction, we must know which one is required. lf the'
esentinstruction s a conditional branch, the next instruction may not be known until the current one
sprocessed. : | ol s
Interrupts : Interrupts Insert unplanned “extra” instructions into the instruction stream. The
qerrupt must take effect between instructions, that is, when one instruction has completed and the

rext has not yet begun. With vpipelinining, the next instruction has usu'ally begun before the current
nehas completed. . _ ) at

Q42. Describe the principle of operation and role of stack memory in program execution. -
statethe microinstructions executed in stack operation. - ' (PTU, May 2012)
‘Ans. Incomputer science, a stack is a last in, first out (LIFO) abstract data type and linear data
stucture. A stack can have any abstract data type as an element, but is characterized by two
lindamental operations, called push and pop (or pull). The push operation adds a new item to the top
of the stack, or initializes the stack if it is empty. If the stack is full and does not contain enough
space to accept the given item, the stack is then considered to be in an overflow state. The pop
operation removes an item from the top of the stack. A pop either reveals previously concealed items,
orresults in an empty stack, but if the stack is empty then it goes into underflow state (It means no
tems are present in stack to be removed). A stack pointer is the register which holds the value of the
stack. The stack pointer always points to the top value of the stack.

Astack is a restricted data structure, because only a small number of operations are performed
oit. The nature of the pop and push operations also means that stack elements have a natural order.
Elements are removed from the stack in the reverse order to the order of their addition : therefore, the
lower elements are those that have been on the stack the longest. _

At the lowest level the stack is the place where certain instructions store or retrieve data and
~ Yheredata is stored when an interrupt occurs. Microprocessors vary, butthere are 5 general types of

t,eiﬂg

qf

St§°k'specific instructions :

1. Push : Put data onto the stack

2.POP (or PULL) : “Remove” data from the stack | A

3.CALL : Jump to a subroutine and put the return address on the staci_<. )

4. Return : Return from a subroutine by loading tr:je é):l)-gl;-ram counter wnth the stack top

S INT : Soft interrupt ; a specialize .

hen gogrﬁxls)s:o?ci):tgrz:zinoccurps (due to an external dgvice), the CPU vylll save thg\ cur;_e:}pt

- "ogram Counter and (usually) the flags register on the stack and jump to the handling subroutlng. is
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urn to whatever the Cpum :
With

f:lllows the handling subroutine to process the interruptand ret
its current state preserved. |

While a microprocessor has only one sta
appear as if there are multiple stacks. At leastoné for the

thread. In fact, the threads themselves may implement M d will of ;
At a higher level, whatever language is used to implement @ thread will often use the Stagk

its own purposes to store functional call parameters, local variables and functiqn call return value: ’
Role of stack memory in program execution : Stack 1 used largely delng a function °a||b'-
depending on the language and level of programming it may be used to temporarily store progeg,

register data or other variables.
. Further, the stack may also

recursive functions that store partia
1. Return address ‘ :
2. Return value
3. Parameters to called function
4. Local variables in the called function
5. Processor registers that will be reuse

Q 43. Write short notes on the following :

(a) Transaction processing benchmarks - ! ,

(b) SPMD. 2 ) (PTU, May 201

Ans. (a) Transaction Processing Benchmarks and Klips Ratings : On-line transction
essing for large number of relatively simple

processing applications demand rapid, interactive proc . ,
abase. Automated teller machines ang

transctions. They are typically supported by very large dat
airline reservation systems are familiar examples. The throughput of computers for on-line transction

prc_)cessing is often measured in transac tions per second (TPS), Each transction may involve a
database search, query answering, and database update operations. Business computers shouldbe

designed to deliver a high TPS rate. _
" The TPI (Transétion processing) benchmark was originally proposed in 1985 for measuring the
transaction processing of business application computers. This benchmark has also become a standard

hmark is closely related to the Debit Credt

~for gauging relational database performances. The benc
benchmark.Based on today's standards, any computer exceeding 100 TPS is considered fast for
transaction’ processing. For example, the VAX 9000 exected 70 TPS processor. The Sequentia

Symmetry multiprocessor achieved 140 TPS using a shared memory system with 24 processors.
(b) SPMD (single process, multiple data ; or single program, multiple data) is a technique

employed to achieve parallelism ; itis a subcategory of MIMD. Tasks are split up and run simultaneous)
on multiple processors with different input in order to obtain results faster. SPMD is the most commd®
style of parellel programming. Itis also aprerequisite for research.concepts such as active messages
and distributed shared memory. :

In-.SPMD, multiple autonomous processors simultaneously execute the same
independent points. With SPMD, tasks can be executed on general purpose CPUs.

Q 44. What are the benchmarks for evaluating the performance of a multiprocessor syt
(MIMD)? Explain with example. - (PTU, Dec- 2011)

Ans. The Benchmark approach is evaluated with the following issues : , :

1. Time effort to build and maintain a benchmark performance estimator

2. Probability
3. Measurement complexity

ck active at a time, the operating system can;ﬁ e
05, one for each process and ong hraekei-,,_:
ach

ultiple stacks.

m large-scale storage of data when yg, 4
g

be used for short-ter :
d call themselves again.

| data in the stack an

din the ¢atled function.

program al




4. Local and global performance influence of t achi i

5. Pattern matching "get machine and compiler
6. Prediction accuracy

The following fig. shows the performance ey
A performance evaluator based on benc
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Q 45. How the architecture of parallel processors is different from pipeline processors?

Give the application areas of the both. o (PTU, May 2011)
Ans. Parallel processing is a term used to denote a large class of techniques are used to
Provide simultaneous data-processing tasks for the purpose of increasing the computational speed of
acomputer system. Instead of processing each instruction sequentially as in a conventional computer,
aparallel Pprocessing system is able to perform concurrent data processing to achieve faster execution
'™Me for example, while an instruction is being executed in the ALU, the next instructions can be read
‘oM memory. The system may have two or more ALUs and be able to execute two or more instructions
3the same time furthermore the system may have two or more processess operating concurently.
€ purpose of parallel processing is to speed up the computer processing capab_i!ity gnd increas_e its
"oUghput, that is, the amount of processing that can be accomplished during a given interval of time.

€ amount of hardware increases with parallel processing, and with it, the cost of the .system increases. 1

OWever, technological developments have reduced hardware costs to the point where parallel |

fOCessing techniques are economically feasible.
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om various levels-of complexity. At tf?e '°W93tje \
y the type of registers used. Shift registers
h parallel load operate with all the bitg of{
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Parallel processing can be v!ewed fr '
distinguish between parallel and serial opel_'atlons t')t ol
In serial fashion one bit at a time. While registers wi Dlexity €an-bs aéhigveg i ‘."{’gg |

: : iagher | f com q,
Simultaneously parallel processing at a higher level of , - SN e
multiplicity of functional-units that perform identical or different operations SImultaneously- Parg '

processing is established by distributing the data among the multlplgtfuggg?rl:: Iour:;:s, For CXampy
the arithmetic logic and shift operations can be separated into thrge uniis Perands divertgy o
i ision of a control unit. _ . ) R
saen uSnflltol\J:sd 5;;h§ozz?;;vv§;c;/ of separating the exec_utioq unit into e{ght functlopal units °pefaﬁngqn
- parallel. The operands in the registers are applied to oné of the units depending on the OPerati,
specified by the instruction associated with the operands. -
Processor with multiple functional units

——.'P Adder — Subtractgr

- ‘ — Integer multiply —>
—» . Logicunit” - ——>
. ‘Shift unit ——>
—» Incrementer S
* “To memory <—p , :
-Processor N Floating-Point :
registers- — > | . add-subtract .
— ‘Flating - point :

; ' _ Sn L " multiply

5 Floatipg - point
divide
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iaind ; ‘ y
: ﬂ“’" 5 time- The overlapping of computation is made possible b
53"’t in the pipeline. The registers provide isolation between
el gistinct data simultaneously. .
s the simplest way of viewing the pipeline structure s to j
re 1s.to imagine that each
segment

Y associating a register with each

| wns;gfs o ol circuit performs the suboperation in the part

::t i'gnal circuitin the given segmpnt is applied to the in%irt“rcelgias:esr%?ment o ouipurer s
o™ o all registers after enough time has elapsed to perform all T Tt ok
isaPP“eion flows through the pipeline one step to a time. AT i higvigy e
inforrﬂ; 46, What is a Cache Coherence ? ‘ PTU

ans.Ina shared memory multiprocessor system, all the processors sh;re cérw;‘c,): (r)r? . 200"‘)
o0 each procggsqr may hzve a Iocql memory, part or all of which may be a cache. Tt?;n s?e?r(r:g
gmation may reside in a number of copies in some cache and main memory. To ensure the ability
e system to excute memory operations correctly, the multiple copies must be kept identical. This
requirement imposes gcache coherence prqblem. A memory scheme is coherent if the value returned
ona|°ad instru_ctlon is always »t‘he value_ given by lotest store instruction with same address. Two
r jpes of cache coherence techmq_ues are: , -

1.Write through Cache policy : In a write through policy, main memory and cache are consistent

yith each other, i.e. only change made in cache memory is reflected in main memory.

. X=120 Main memory

Bus

[ ~ —

52 ‘ X=52 |Caches

X=120 X=

P, P, P3  |Processors

o 'Write through Cache policy
2, Write back Cache policy : In write back policy, main memory is not updated at time of store,

the copies in the other two cache and main memary are.inconsistent.

X=52 Main memory

Bus -

J )

=52 |Caches

X=120 | , X=52

Pj- Processors

P, ' P,
Write back Cache policy

each segment so that each can’

put register followed by a combinational circyit. The register holds the dat
ine data and the |
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Q 47. The time delay for the four segments in a piepline are a_s ;o,llows 1ty=5p
ns, t; = 95 ns, and t, = 45 ns. The interface registers delay time :;‘ = 'ns.l e
(a) How long would it take to add 100 pairs of numbers in e.pipe u:e.
(b) How can we reduce the total time to about one-half of the time ca cUI(aF:'T'E in pa"(a)a
. » May oo 7
' Ans. The time taken to add n pairs of numbers in an K-segment plpelme =(K+n- 1)+ py2°11)
GivenK=4andn=100 ‘ :
Calculating the clock cycle tP :
The total time delay in a segment °C. - . _
TD; = the time delay in the segment circuit and the time delay of the interface 'egisgter.
The maximum time delay of all segments - : _
TDmax = the maximum time delay in segments circuits + the time delay of the interfac
register y
+ = 95ns + 5ns = 100ns ‘
As we have a different time delay in each segment, the clock cycle must be larger tha
to the maximum delay. :
The clock cycle ty =100 ns. :
The time taken to add 100 pairs of number in the 4 segment pipeline = (K +n — e
B =(4 +100~-1) 100 ns = 10.3 ms. |
(b) To reduce the time calculated in part (a) to one half, we have to reduce the clock cycle l

he, ]a 4

N oreq

We can achieve this if we could reduce the maximumm time delay TD,,.x to 50ns.

‘This can be reached by reducing t; from 50ns to 45 ns and t; from 95, to 45,

Q 48. What is concurrent access to memory ? '

Ans. The ability to gain admitrance to a system or component by more than one user,
process-for example concurrent access to a computer means multiple users are interacting with the
system simultaneously. Concurrent access to a hardware component, such as a memory chip o
memory bank, means that the circuits are built with two or more input or signaling channels.

Q 49. Write short note on Array Processors. : (PTU, Dec. 2013

Ans. An array processor that performs computations on a large array of data. The termis used
to refer to two different types of processors. An attached array processor is an auxiliary processo
attached to a general purpose computer. Itis intended to improve the performance of the host compute
in specific numerical computation tasks. The normal operation of a computer is to fetch instructions
from memory and execute them in the processor. . _

Q 50. What is'the role of cache in pipelining ? . ' (PTU, Dec. 2015

Ans. The use of cache memory is to solve the. memory access problem. When cache is
included in the processor the access time to the cache is usually the same time needed to perfom
- other basic operation inside the processor.

- Q51. Discuss the data and control path methods in pipelining. (PTU, Dec. 2015
Ans. Data path synthesis
. O Resource binding
Q Connectivity synthesis
Connection of resources to : multiplexers busses and registers.
® Control unitinterface '
® |/O ports.
Q Physical data-path synthesis
. Control synthesis
L Synthesis of the control .unit
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‘52 Diﬂere“‘iate serial and parallel commuhication.

‘ d Parallel Communication : Data ca (PTU, May §O1 6)

o, Serial and P e + Data can be transmitted between
‘o two main ways : ._‘:‘.erlal and Parallel. Serial communication is the method of t?aSe?dgr anda
ime through @ medium. nsferring one

\

S 0 0

0 0

1 0
rallel commumcgtuon is the method of transferring blocks e.g. BYTEs of data at the same

Jeflo-e

1
0

Q53. What is the difference between serial and parallel processing ?  (PTU, Dec. 2017)
Ans. The following are the differences between serial and parallel processing.: '

1. I serial processing, same tasks are completed at the same time but in Parallel processing
Yletion time may vary. '

2. Parallel processor is costly as compared to serial processor.

3. Serial processing takes more time than parallel processor. .

4.In serial processing data transfers in bit by bit form while in parallel processing data transfers
fte form i.e in 8 bits form. .,

Q54. Write short note on Vector processors. < (PTU, May 2018)

Ans. Vector Processors : Vector processor is a processor that solves computational problem
\are beyond the capabilities of a conventional computer. These problems are characterized by the
thatthey requires a vast number of computations that will take a conventional computer days or
nweeks to complete. ’

oaa



Memory interleaving, concept of hierarchy memory organization, ca-c‘l.'lememory, Cache gjy,
vs. block size, mapping functions, replacement algorithms, write policies.

B B 55 g

B

- word is not found in cache, it is in main memory it counts as a miss.

POINTS TO REMEMBER Z A

‘A memory unit is the coliection of sforage calls together with associated circuits Needed 1,

transfer information in and out of storage. The memory stores binary information in the form of
bits known as ‘words’.

- ROM memory can be classified into :

Hasked programmed ROMs and

User programmed ROMs. : -
A control unit consists of two decorders, a sequence couhter_ and a number of contro| gat_es,

The memory unit that c‘ommuhicaté diret‘:tly with the CPU is called main memory and the devices
that provides backup storage are called Aucxilliary memory. '

A special very high speed memory called a cache is used to increase the speed of processing
by raking current programs and data available to CPU at 5 rapid speed.

Many operating systems are designed to enable the CPU to process.a number of independent

- Programs concurrently, this concept is called multiprogramming, refers to the exsistance of two

or more programs in different parts of the memory hierachy at the same time. .
The time required to find an item stored in.memory can be reduced:cons'iderab!y if stored data
can be identified for access by the content of the data jtself rather than by an address. A
memory unit accessed by content is called an associative memory or content addressable
memory (CAM). | _ ST

Analysis of a large number of typical programs has shown that the references to memory atany

given internal of time tend to be confirmed within a few localized areas in memory. This
phenomenon is known as the property of ‘locality of reference’.

The performance of cache memory is frequently Measured in térms of a quantity called Hit ratio.

When the CPU refers to memory and finds the word is cache, it is said to produce a hit. If the

Mapping is a process of tranformation of data from the main memory to the cache memory.

There are three types of mapping Procedures which are of Practical interest when consisdering
the organization of cache memory. These are :
(i) Associative mapping :
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~ ) Direct mappIng .

-:ﬁ) get associative mapping.

‘I . .
. yirutal memory 15 a Cﬁnc?pt used in large computer systems that permits the user to construct
b programms as though a large memory space were available, equal o the totality of auxilia

" emory. A virtual memory system provides a j ry

mechanism for translatin
i i ; rogram-gener
sddresses into currect main memory locations. g program-generated

QUESTION-ANSWERS

a 1. What do you mean by Associative memory and its application ?

o (PTU, May 201 8,2017,2004 ; Dec. 201 6,2015, 2014)
Ans. Associative memory also known as Content Addressable Memory (CAM), is a memory ‘

anipin which each DIt position can be compared. In regular dynamic RAM (DRAM) and static RAM
(SRAM) chips, the contents are gddressed by bit location and then transferred to the arithmetic logic
it (ALU) in the CPU for comparison. In CAM chips, the content is compared in each bit cell, allowing
for very fast table lookup. Since the entire chipis compared, the data content can often by randomly
stored without regard to an addressing scheme which would otherwise be required. However, CAM
chips are considerably smaller in storage capacity than ragular memory chips. .

Application : Associative memory will be significantly more expensive than the corresponding
regular memories. Associative memory are used only in applications where the time available for the
associative search is very limited. '

Q2. What is the need for a cache memory? Where is it located in a computer?
(PTU, May 2018, 2012, 2004 ; Dec. 2010, 2008, 2006)

Ans. ACPU cache is used by the central processing unit of a computer to reduce the average
time to access memory. The cache is a smaller, faster memory which stores copies of the data from
the most frequently used main memory locations. As long as most memory accesses are cached
memory locations, the average latency of memory accesses will be closer to the cache latency than
othe latency of main memory. '

When the processor needs to read from or write to a location in main memory, it first checks
whether a copy of that data is in the cache. If so, the processor immediately reads from or writes to
the cache, which is much faster than reading from or writing to main memory.

...................................................
.................................................

Memory Memory
Index Data Index Tag Data

0 xyz 0 2 'qbc
1 pdq :>< i 0 xyz
2 abc

....................
..............................................

€ diagram above shows two memories. Each location in each memory has a dgturq (acache
Iargerthich in different designs ranges in size from 8 to 512. The size of the cache line is usua:hé
yteg anthe size of the usual access requested by a CPU .lnstruc.:tlon, which ranges from 1 loh
'%ati' ach location in each memory also has an index, which is a unique number.usgd to refer to that
-The index for a location in main memory is called an address. Each location in the cache has

~Th
ng), wh
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s been cached. In a opr
. e datum in Mal" mermory that ha PUsgy
. ' y " ¢ S
a tag that contains the index e Of Cache blo . (PTU, — i |

cache these entries aré called cache | ;
rincreasing memory speed. For ik 004)

. ries ? .
Q 3. Explain Interleaved MemO of \echniques fo s
- o te of memory can R,
h Ans. Momay Im%ﬂeivs":grlsozg zt:c? Zr\?,en addresses: the next by y be acc%sse
with separate memory ban ' :
while the current byte is being refreshed. . igita somputers 2 o alo (P-J]U’ Do 2004)
. isters e of data along with th .
o e e e ;oll;:,;;n?‘:?nployed for the temPorey S;O;g is capable of storingzﬁzpa.b'“fv
to shift t?\:cf;:glzi?srs:rr\ n bit register has @ group of N f"pf'OP » AN bingp,

information of n bits. : . hierarchy ? - (PTU, Deg, 5
Lo < useful in memory ; 7 ~CC. 2004
(A) nss H\:I\i;tvhazzsogé?a‘:;zwg:‘ngg lr:\ap, each bit cell 18 c&mrair;;i with the content ang hencg
: ' . { Addressable Mé ,
gives very fast table lookup 9 BAL (B8 reference instruction BUN. (PTU, May2005)

- i ing of the memory- : 3 '
2:5-%(8:":‘;:; m:aglcti?)n iransfers the program to the IrISttr)l;C:f;dsfSc?r(:t::rgz rth? effectiys
address. Remember that PC holds the address of the instruction 10 , Y in the ney

: . the address of the next Instruction j,

: , - - e it for
Instruction cycle. PC is Incremented at ime T, to prepare - : :
the DTOgramysequence.The Bun Instruction allows the programmer 10 specify an Instruction oyt o

sequence and we say thatthe program branches (or jumps) unconditionally . The Instruction is executeg
with one micro-operation : '

PC « AR,SC <« O | _
Q 7. How Cache Memory is useful in memory hierarchy ? (PTU, Dec. 2008, 2005) .
d data are placed in a fast small memory, the

Ans. If the active portions of the program an : rast
average memory access time can be reduced, thus reducing the total execution time of the program,

Such a fast small memory is referred to as a Cache memory: |

Q 8. Compare and contrast characteristic features of different memories.’

' . . , ' (PTU, May 2006)

Ans. Main memory access time is not uniform. It can be stored memory or local memory.
~ Cache memory is a fast access memory but It has less storage capability.

Disk storage memory is very large than main memory but has low access time.
Q 9. How Virtual Memory is useful in memory hierarchy ? (PTU, May 2005)
Ans. In a memory hierarchy system, Programs and data are first stored in auxialiary memory.

- Portions of 2 Program or data are brought into main memory as they are needed by the CPU. Virua
Memory is a concept used in some large computer systems that permit the.user to construct programs
as though a large memory space were avialable equal to the totality of auxiliary memory. A virtudl

memory system provides a mechanism for translating pngram-generated addresses into correct
main locations. = = 7 : : ' :
Q 10. Explain about main memory s -
: . ‘ Dec. 2006)
Ans. Main Memory : The ma ' : ) , (PTU, ;
tively | y tV in memory is the central storage unit is a computer system: Its.
a relatively large and fast memory used to store programs and data durii oration.
The Principal technology used for main memory is based ;2 LIS thg cqmputer P
‘Q 11. Differentiate between block and pages Ofsemicondustor elrcuis: 01)
: (PTU, May 201

Ans. Block : The physical memory is broken into groups equal size called blocks, which ™

range from 4096 words each. .
Page : The term page refers to groups of address space of same si
: : . size.
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¥ rganisation . |
0 . i to implement virtual : '
) Wwrite to techniques P virtual memory. (PTU, May 20

' i ’ 07
012 Techniques that automatically move program and data blocks into the physicZI mairz

ne: enthey arere
memoryl- mplemem virtual anq memory are
A iual pemand Paging
1'Virtua' pemand Segmentation. | |
g Vitud! U= 5 o difference between physical address and logical address ?
‘ (PTU, May 2007)

sl

s | . | ' ‘ |
yeical Address Logical Address N

The concept of a physical address space | 1. Theconceptofa logical address space that
' is cental to proper memory mangement. is bound to a separate.

quired for execution are called virtual memory techniques. Two techniques

) physical address seen 'by the memory unit. | 2. Logical address generated by the CPU
: regerred to as virtual address.

4. Differentiate among direct mabping and associate mapping.
y ; ' (PTU, Dec. 2013, 2007)

In direct mapping, ‘associative memories ‘are compared to random
PU address of 15 bits is
d and the remaining six
ddress units required to

Q1

Ans. Direct Mapping :
Jiess memories because of added logic associated with each cell. The C

dvided into two fields. The nine least significant bits constitute the index fiel
iis from tag field. The number of bits in the index field is equal to number of a

j00ess cache memory.

Asssociative mapping : The fastest and most flexible cache organization uses an associative

mapping. The associative memory stores both address and content of memory word. This permit any
wation in cache to store any word in main memory. The address value of 15 bits is five digit octal
umber and it corresponding 12 bits word in four digit octal number. A CPU address of 15 bits is

paced in argument register and associate memory is searched for matching address.
The properties differences between the Direct mapping and Associative mapping is as follows:

Properties of Associative mapping
A main memory block can load into any line of cachz.

Memory address is interpreted as tag and word.
Tag uniguely identifies block of memory.

Every line's tage is examined for a match.
Cache searching gets expensive.

___ Properties of Direct mapping
___This can be very simple.

__ Consider the original CERN server.
__Based on Unix

L_Poor performance.

Cache management and garbagé
Collection is difficult.

Q15. What do you mean by mémory hierarchy? Briefly discuss.
(PTU, May 2010, Dec. 2008)

er architecture is called the
n computer programs. Each
nd lower latency than lower

mem::;:I The hierarchical arrangement of storage in current comput
fthe r‘:’arChy. ltis designed to take advantage of memory locality i
By, ierachy has the properties of higher bandwidth, smaller size, a

M : :
memoryo: tmodern CPUSs are so fast that for most program workloads, the locality of reference of
b iera c; esses and the efficiency of the caching and memory transfer between different levels of

chy are the practical limitation on processing speed. As a result, the CPU spends much of

e

1l
f
i

T

e - o~
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tectu
3
its time idling, waiting for memory 1/O to complete. This is sometimes called the spm

X
larger memory object is more likely to overflow a small/fast level and require use of a Iarge,/sl

level.
Q 16. What do you mean by interleaved memory? - (PTU, Dec. 2008 ; May 2004
- OR o '
Explain the importance of interleave memory. (PTU, May 5

Ans. Interleaved memory is a technique for compensating the relatively slow speed of Alal
The CPU can access alternative sections immediately without waltlng for memory to be cached
Muitiple memory banks take turns supplying data.

An interleaved memory with “n” banks is said to be n-way Jnterleaved If there are “ny ba anks
memory location “i” would reside in bank number i mod n.

One way of allocatlng virtual addresses to memory modules is to divide the memory space intg
contiguous blocks. The CPU can access alternate sections immediately, without waiting for memg
“to catch up (through wait states). Interleaved memory is one technique for compensating fo; the
relatively slow speed of dynamic RAM (DRAM). Other techniques include page -mode memory ang

memory caches.

In an interleaved memory system, there are still two physical banks of DRAM but logically the

system sees one bank of memory that is twice as large. In the interleaved bank, the first long worg of - |

bank O is followed by the first long word of bank 1, which is followed by the second long word of bank
0, which is followed by the second long word of bank 1, and so on. The below fig. shows this organization
for two physical banks of N long words. All even long words of the logical bank are Iocated in phys:ca|
bank 0 and all odd long words are Iocated in physical bank 1.

-------------------
----------------------------------

|2 | | s ] |
[N TSN DOV Ve
Y I S SO = M
| N2 | anet
e | e
I | v
TR P TN
|“ Buffer | | Buffer I
T e N
\I, System Data Bus \l/

-------------------------------------------------------------------------

Interleaved Memory Organization

Q17.A computer employs RAM chips of 256 x 8 and ROM chips of 1024 x 8. The compute! |
system needs 2k bytes of RAM, 4k bytes of ROM, and four interface units, each with fO:;
registers. A memory-mapped I/O configuration is used. The two highest-order bits of the addl’erv
bus are assigned 00 for RAM, 01 for ROM, and 10 for interface registers. Draw a mem:’w
address map for the system. (PTU, Dec. 2009, 2005, 20
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e 2048 |

RAM chips = 

Ans. Number o P 256 8T

" Chips. Als0 256 = 25. first § ines ’

§R M Chips = 2096 _,
number of ROM Chips = =27 =

Ghips-Sin ce each interface unit has four registers, thys 4inter

i - face units x iatist o
ed 10 select 16 registers, 4 lines are used. The memor 4 register =
ne8

16 régisters are

pevice Hexadecimal | Ad:r:::rszss ma? IS tabulated ag follows :
Address '

W Address - 16 15 14 13 12 14 10 9 g 7 6 5 4 3 2 1

RAM 0000-07FF 0000 0 3 X 8dec. x x XX X x x x

ROM 4000-4FFF | 0" 1 0 0 2 x 4dec x X X X x x x x

merface | 8000-8000F | 1 o ¢ | 00 0 o X x x X X X x

fora full buffer to empty when m < n 2

: . 5 Xxn
Ans. -t =_z " wheren=12._ . .. k.

Also explain in words how the 6hips are to be connected to the address bus ? |
A S | (PTU, May 2005)

o | 1024
Ans. (a) Number of RAM chips required = 1004 =1
. ' 16K 1‘6 x1024. ' '
| _ o — " =16, 16 K=24x 210 = 214 therefore
(b)Number of RAM chips réqU'red 1024 . 1024 : g

Yines of e address bus must be used to access 16K bytes of memory 1024 = 210, therefore 10
nes are féquired to address each chip. Remaining 14 — 10 = 4 lines are required to decoder for
*edlng 16 chips. . size of decoder 4 x 16 decoder. | 3
Q20. What are the advantages you got with virtual memory ? gu’
" B oo D YEUIEHE (PTU, May 2017 ; Dec. 2006)
% A,“s- Virtual merlnory is the separation of user logical memory from physical memory. Tlhls
smparat'Of\ allows an extremely large virtual memory to be provided for programmers hanon ys
Ea;?"er Physical Memory is available (Fig.). Virtual memory makes the task of Dfogfammlmgef:‘nl;c
ava;;rf,l "0aUse the Programmer no longer needs to worry about the amount of physical memory
' O about what code can be placed in overlays ; = lows
g - " addition 1 Separating logical memory from physical memory, V'rt“a’[l ;?;mc()rsyegt'isoz%:\g).
Thesh Memory to he shared by several different processes through page Ss creag:ion
Mg of Pages furhter allows performance improvements during proces '
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Virtual memory is commonly implemented by demand paging- I c.ar:\ ?:‘Seo \?\;;Tmememed iy
Segmentation system. Several systems provide a paged segmentation SCNe e © Segmeny A
broken into pages. Thus, the User view is segmentation, butthe operatlr!g syrst er:'\ can 'mplemem‘hisv 26
View with demand paging. Demand segmentation can alse be usedto provide vi l:a memory. Bu"Oughs- 5 ;
Computer systems have used demand segmentation. The II?M OS/2 operating system ag, Usgg 53
demand segamentation. However, segment-replacement algorithms are more complex than arg . o
replacement algorithms because the segments have variable Sizes. We do not cover demanc;
segmentation in this text: refer to the Bibliographical Notes for relevant references. RN L
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~ But what happens if the process tries to access a page that was not brought into memory? -
Access to a page marked invalid causes a page-fault trap. The paging hardware, in translating the -
address through the page table, will notice that the invalid bit is set, causing a trap to the operating -
system. This trap is the result of the operating system's failure to bring the desired page into memory :
(in an attempt to minimize disk-transfer overhead and memory requirements), rather than an invalid
address error as a result of an attempt to use an illegal memory address (such as an incorrectany.
subscript). We must therefore correct this oversight. The procedure for handing Athis page fault 5.
straightforward (Fig.) : ' : :

1. We chepk an internal table (usually kept with the process control block) for this process, o
determine whether the reference was a valid or invalid memory access. o

2. Ifthe reference Was invalid, we treminate the process. If it was valid, but we have not y¢
brought in that page, we now page it in. E

We find a free frame (by taking one form the free-frame list, for example$. i
We schedule a disk olperatloln to read the desired page into the newly allocated frame

3.
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5. When the disk read is complete, we modify the internal table kept with the process and the
page table to indicate that the page is now in memory. '
6. Werestart the instruction that was ingterrupted by the illegal address trap. The process can
~ now access the page as though it had always been in memory.
It is important to realize that, because we save the state (registers, condition code, intruction
conunter) of the interrupt process when the page fault occurs,we can restart the process in exactly the
same place and state, except that the desired page is now in memory and is accessible. In this way,

we are able to execute a process, even though portions of it are not (yet) in memory. When the

process tries to access locations that are not in memory, the'hardware traps to the operating system
(page fault). The operating system reads the desired page into memory and restarts the process as
though the page had always been in memory. .
Performance of Demand Paging .
Demand paging can have a significant effect on the performance of a computer system. To see
Why, let us computer the effective access time for a demand-paged memory. For most computer
S¥8tems, the memory-access time, denoted ma, now ranges from 1Q to 200 nanoseconds. As long as
We have no page faults, the effective access time is equal to the memory access time. If, however,
apage fault occurs, we must first read the relevant page from disk, and then access the desired WO(d.
Letpbethe probability of a page fault (0 < p < 1). We would expect p to be dose to zero; that s,
®re will be only a fei page faults. The effective access time is then .
effective access time = (1— p) x ma + p x page fault time. :

Q21. What is the difference between memories mapped I/O and Isolated I/O? What are
dvantages and disadvantages ofeach?  (PTU, May 2017, 2015 ; Dec. 2016, 201 3: 2007)
Ans. The differences betwen mapped I/0 and isolated I/O memories.are as follows : Mgny
“Mputers use one common bus to tranfer data between memory, /O and CPU. The distinction

|

S

B
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between a memory transfer and I/O transfer made through separate read and writfa lines. The Vo, »..re,
and /O write control lines are enabling during a I/O transfer. The memory read write lines arg enatfa
during memory transfer. This configuration isolates are I/O interfaces addresses from address assig ¥
to memory and referred as isolated I/O method for assigning address in common bus. eg
' Memory mapped I/O Isolated I/O , e
1. Tnmemory mapped IO there are no specific In isolated /O configuration, 3
input or output instructions, ¢ distinct input and output instructiong eac;
of these instruction is associateq With
address of an interface register.,
2. Inmemory mapped I/0, it uses same address _In isolated /O it uses different addregs
space for both memory and I/O. ~_space for both memory and I/Q. 4
3. In memory mapped, at a same time it not In isolates I/O, at a same time it enapjq 0
- enables I/O read and I/O write. | O read (for input) and I/O write C for outpyyg |
4. There is no specific input and output There are specific input and outpui
instruction. instructions.
5. The memory mapped I/O maps memory Isolated I/O method isolates memory ang
and |/O address. : I/O address.
6. In memory mapped I/O are instructions This informs external component that the
refers fo memory are also available for 1/O. “address is for a memory word and not for |/ ;
. Ointerface.. : :
7. The advantage of memory mapped I/0is | 7. In isolated I/O it places memory address | |
that load and . store instructions are used on address line and enables memory read
for reading and writing from memory can - or many write control lines. |
used to input. and output date from 1/O '
registers. :

‘Advantages and disadvantages of Isolated I/O :

Advantages: '

1. Uses separate memory space. _ , , | |

2. Limited instructions can be used. Those are IN, OUT, INS, OUTS.

3. Efficient I/O operations due to using s_eparate bus -

Disadvantages: _

1. Comparatively larger in size

2. Uses complex internal logic

3. Slower operations.

Advantages and disadvantages of Memory mapped 1/0 :

Advantages : ' :

1. Many operations, especially I/O intensive operations can be faster since content does not
need to be copied between kernel space and user space. .

2. Computers with memory mapped I/O can use the memory type instructions to access /0 |
data. It allows the computer to use the same instructions for either I/O transfers or for memory
transfers. o

Disadvantages :

1. Performance does not always increase with memory mapped I/O.

2. An |/O error on a memory mapped file cannot be caught.
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management hardware
~gxplain memory . . (PTU, Dec. 2019 : Ma
) A nemory managemen.t gystgm IS & collection of hardware and :software proced:rzglgz
An o various programs regndmg In memory. The memory management software is part of an
”ngerating system available in many computers. Here we are concerned with the hardware unit

lotz 4 with the memory management system. The basic Components of memory management
ia 2

? :A racility for dynamic storage relocation that maps logical memory references into physical
| address. .

) E;lprovision for shanng common programs stored in memory by different users.

3. protection of information ag_anpst unauthorized access between users and preventing users
h'a aging operating system functions.

CThe dynamic stoYage relocatlo-n hardware is a mapping process similar to the paging system.
Q23.A RAM chip 4096 x 8 bits has two enable lines. How many pins are needed for the
ated circuit package? Draw a block diagram and label al| input and outputs pins of the
| What is the main feature of random access memory?

(PTU, May 2008)

Ans. 4096 x 8
5y ; 4096
(a) Number of RAM chips are required = 1024 = 4
32K 32x1024

(b) Number of RAM chips/pins are required = = 32K

= 25 x 210 = 215

Theretore 15 lines of address bus must be used to access 32K bytes of memory. The bytes of
mory are 1024 = 210,

Therefore, 10 address lines are required to access addresses of each chips. Remaining 15-10
|ines are required 10 decoder for selecting 16 chips. L

(c) Block diagram of RAM chip : A RAM chip is better suited for communication with CPU if
'as one or more control chips inputs that select the chip only when needed. Another common
ilure is a bidirectional data bus that allows the transfer of data either from memory CPU during a
1 operation or from CPU to memory during write operation.

Abidirectional bus must be constructed with three state buffers. A three state buffer outputs
nbe placed in three possible states : a signal equivalent to logic 1 ; a signal equivalent to logic 0 ;
2ahigh impedance state. The logic 0 and 1 are normal digital signals. The high impedance state

m\{es like an open circuit, which means that output does not carry a signal and has no logic
licance. ‘ )

1024 ~ 1024

Clip select1 | - CS1

Clip select 2 CS2

Read RD RAM — 8 bit address
a

Write | WR
7 bit address AD7

A basic block diagram of RAM
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s

omputer system.

[ [ i torage unitin ac . i
(i) The main memory is central storag 6 programs an d data during the o :

(i) Itis relatively large and fast used memory to S0

operation. ; i
(ii) The principal technology used for main memory 18 based on semi conductolr integrme(j
circuit. ‘ i
(iv) Integrated circuits RAM chips are available in two operating mode static and dynap,,
(v) The static RAM consist of essentially internally flip-fiops that stores th? binary informatio
(vi) The dynamic RAM stores the binary information in form of electronic charges thy a?e
applied to capacitors. -
(vii) The dynamic RAM offers reduced power consumption and larger storage capaci, ing
single memory chip.  read and write cycles.

_(viii) The static RAM is easier to use and has shorte ‘ .
(ix) One of major application of static RAM is in implementing cache memories. -

(X) Most of the desktop personal computer are dynamic RAM with improved performang,

characteristics such as multi bank DRAM, extended data out DRAM, synchronous DRAM,

and direct RAM bus DRAM. -
A RAM chip is better suited for communication

select chip only when needed. Another common featu _ .
transfer of data either from memory CPU during a read operation or from CPU to memory during writg

- operation. A bidirectional data bus must be constructed with three state buffers. A three state buffer
outputs can be placed in three possible states : a signal equivalent logic 1, a signal equivalance logic
0 or high impedance state. The request RAM IC discussed below :

(a) Internal address decoding )

(b) IC for RAM ’ Lo f : 5

with CPU if it has one or more control inputs that
re is a bidirectional data bus that allows the

Internal addressdeéoding of RAM (Randbm Access Memory)

Memory Cell Arrays of 8 Bytes

Ap __,T_ CAO ,
Cell array
SEalPan - . has similar
| = functions, as 10
A2 — _ CA2 = . bUTfer registers o : : |
CA3 <+ Data common lines
Address : (Data Bus)
Decoder CA4
| CAS5 -
Sele CA® Wite Enable
Select
CAO0
4 4 A '

Read Enable
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.:4~'r'6 temory Cell Arrays of 8 Bytes
21
AO CA0 Cell array
has similar
Al CA1 functions, as 10
buffer registers
o ° °
15
A . <+— Data Common Lines
. . (Data bus)
Address .,'" Address e
Bus .
Dcoder
° [ ]
— Write Enable
CA2'-1
Chip A F 3 N
Select Read Enable

Q24. Explain the following terms :

(a)Cache Memory ‘

(b) Interleaved Memories

(c) Associative Memory . (PTU, May 2018, 2017, 2004 ; Dec. 2017, 2016, 2015)

Ans. (a) Cache Memory : Cache memory is smalll, very high speed memory comected directly
"CPU. It stores currently needed instructions and data. Its excess time is 10 new seconds and its
#pacity 2-3% of main memory. ‘ '
~ Whenthe CPU needs to access memory, the cache is examined. If the word is found in cache,
s tead from the fast memory. If the word addressed by CPU isn't found in the cache, main memory
Yacessed to read the word. The performance of cache memory is frequently measured in terms of
:alty called bit ratio. When CPU refire to memory and finds the word in cache, itis said to produce
(fa'tl(‘:f the would isn't found in the cache, it is said to have a miss. The ratio of no of bits divided by

PU references to memory is bit ratio. Hit ratio of 0. g & higher have been reproted.

g the basic characteristic of cache memory is its fest access the thus very little or no time must

Sted when searching for words cache. The trasforati is of date from main memory to cache

Mo
Mory i referred to as 4 mapping process three types of mappings area
A;sociative mapping
: Direct mapping
(3) Set associative mapping

I * g
ang o monc}elr leaved memories : In case of interleaved memory, the memory can be portitioned into
e arr: ® connected to a common memory address and data basis. A memory module is a
Wiragy o, 09ether with its own address and data registers. Each memory array has its own

by, 'eQister ARR d : , e : dd
ang ataregister DR. The address register receive information from a common add.

data req , . gl
{ieg o g; ‘.a register receive information via bidirectional data bus. The 2 L S B's of address can be

: .
Stingnish between 4 modules.

k .
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Address bus l
ﬁ:«H ' AR AR AR =,
: ‘ |
A X ' |
Memory Memory Memory Mzrr?:ry |
Array Array Array y '
h A B F 3 |

1} v v v
DR |
DR DFI DE% j |
A A A L
Database |

|

In an interleaved memory, different sets of addresses areé assigned t_o different memory MOdygg '
A modular memory is useful in system with pipeline and vector processing. -

(c) Associative memory : The time required to find an item stored in rr_wmory canbe reduceg l
considerably if stored data can be identified for access by contest of data itself rather than y ,, |
address. | . - |
A memory unit accessed by content is called an associative memory or‘cor?tem addressame;
‘memory (CAM). When a word is written is an associative memory, no address is given when a worg
is to be used from an associative memory, the contect of word, or past of word, is specified.

An associative memory is more expensive the a RAM because each cell must have storage
capability as well as logic circuit for matching its contac; with external original.

Argument register

(A)

A

Key register (K)

Match
I register |
/P —» . |
Associate memory
Read —» & M
- array logic
Write ——»
o/pP '
° Block diagram of Associative memory .

Q 25. How many bits of storage are required for tag array of 32-KB cache with 056"
cache lines and four-way-set assoclativity if the cache is write-back but does not requ o

additional bits of data in the tag array to implement the write -back policy ? Assume 200‘1
system containing the cache uses 32-bit addresses. (PTU, May 2005 Deé.2
~ Ans. A 32-KB cache with 256-byts lines contact 128 lines. Since cache is fou'"




— .\ has 32 sets (ie 25 = 32) and require 5 bits. Line 179
ative: ! . . Lines that are 256 b

?ﬁso:(?a _ 056). S0 13 bits of the address are used to select a set and detér);rta?: Ic:;g b odire
gbﬂmat gn address points to thgrefgre, the tag field of each tag array entry is 329_ 1e byte within the
liﬂ",ng 2 bits forthe_duty and vallq bits, we get 21 bits per tag array. Multiplying by t 3= 19 bits long.
i o5 2668 bits of storage in the tag array. 7, ng by the 128lines in the

he N - $ . )
g a26. \What is memory interleaving ? How is it different from Cache memory ?

| system'permi

; E)(am A
- dre;::’ ina two-module memory system, the even address
es in the other. When'the number of modules is a pow

g Wil

qs. Memory Interleaving : Pipelipe and vector processors often require simEJFI’tTU’ i
o mory from tv:?h(;rsn;rf:g tsirc;uer(f:r?)s’. /:‘“ instruction pipeline may require the fetching o?giﬁﬁztfﬁgggi
o operand @ e mt wo different segments. Similarly, an arithmetic pipeline usuall
s Mo or more op s to enter the pipeline at the same time. Instead of using two memo .
pses 0" simulataneous access, the memory can be partitioned into a number of modules connecterg |
acommon memory add.ress anq data buses. A memory module is a memory array together with it
4naddress and data registers. Fig. shows a memory unit with four medules. Each merr?o a: I hI .
isown address register AR and data register DR. The address registers receive inform'c;ytionr?ry s
;ommon address bus and the data registers communicate with a bidirectional data bus. The two :)m at1
sgnificant bits of the address can be used to distiguish between the four modules. The modiT:r'

ts one module to intiate a memory access while other modules are in ';he process of

rading or writing a word and each module can honor a memory request indenpent of the state of the

, olher moules.

Address bus

(AR ] AR [AR ] [AR]

A 4 A4 v

Memory | [Memory| [Memory| |Memory
~array array array array

A A YR 'y

e o

4

h 4 Y
Data bus.
: _ Multiple module memory organisation
The advantage of a modular memory is that it allows the use of a teachnique called interleaving.

Ihani
Ninterleaved memory, different sets of addresses are assigned to different memory modules. For
es may be in one module and the odd

er of 2, the least significant bits of the
te the specific location to be accessed

Udress g¢
S select a memory module and the remaining bits designa

i X‘e Selected module. : :
modular memory is useful in systems with pipeline and vect
ds fromn

8 mem
“Umbero?ry access, the effective memory cycle time can be reducted by a
Sthat modules. A CPU with instructiosn pipeline can take advantage of multip

dependent of memory access fr

€ac : ot :
Segmems. h segment in the pipeline can access memory in

or processing. A vector processor

different modules. By staggering
factor close to the

le memory modules
om other
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p of diagram.
(PTU, Dec. 2019 ; May 201g, 5,
rent computer architectures jg cal

her speed and lower latency, and ised
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n with the hel

Q 27. What is memory hierarchy? Explai

ent of storage in cur

Ans. The hi hical arran em ) .
e hierarchica g he hierarchy is of hig

the memory hierarchy. Each level of t
smaller size, than lower levels.

Most modern CPUs_are so fas :
memory accesses, andthe efficiency of the cachll.lg an
the hierarchy, is the practical limitation on processing spe
time idling, waiting for memory I/O to complete.

gram workloads the locality of referen,

d memory transfer between different leyg

ed. As aresult, the CPU spends much .:f,
§

t that for most pro

Sgsatlgr. i LO: [ ciston 1 GpU registérs hold words retrieved from
and g - cache memory :
costiller ' L1: On'Chlp L1 . .
(per byte) cache (SRAM) L{ cache holds cache lines retrieved
devices L2: Off-chip L2 : | ' ) _
cache (SRAM) L2 cache holds cache lines retrieved
- from memaory.
L3: Main Memory
DRAM ‘
Lo ( M) ‘ Main memory holds disk blocks
sloarer’ ) retrieved from local disks.
. and L4: Local secondary storage
cheaper (local disks) '
(per byte) ’ Local disks hold files retrieved
32)\;;%2 . from disks an remote network
. servers.
L5: Remote secondary-storage
v (distributed file systems, Web servers)

Q 28. V.Vhat is the negd of virtual memory? (PTU, Dec. 2019, 2014 ; May 2009)
Ans. Virtual memory is a memory management technique developed for multitasking kemels;
this technique virtualizes a computer architecture’s various hardware memory devices (such as RAM
modules and disk storage drives):
There is a lot of examples where VM is necessary : :
e No memory limit : a virtual memory helps OS and applications to works with huge virtua
memory whatever the physical memory capacity is.
® File mapping :t a wai not to be forced to load all the unnecessary parts of a file 0"
memory, a way to work on a file like a memory block. A lot of d
. . a o workon
very huge files though file mappings. tabases Usess
® ‘S.-;hared a;;ess memory rpapping : away to let processes to share a memory with the
r:::oor /;‘ erent access rights, with the same or different content for each block of this
rocesry. n‘ |Zxample is the q§t§ you share when forking a process, the data of the new
p s would be shared until it is modified (Copy-On-Write mechanism)
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',10'1 ) the various mapping schemes used in cache design. C '
i piscuss ) gn. Compare the schemes
029 stand performance. - (PTU, Dec. 2016 ; May 2015, 2011, 2010)

0 g : . e i
of € ping Techniques : Cache mapping is the method by which the contents of

'lgﬁﬂss CaChe Map :
An ? y are prought into the cache-and referenced by the CPU. The mapping method used
f meff?ects ihe performance of the entire computer system.
geC“Y apirect mapping Mgun memory Iocathns can only be copied into one location in the cache.
' ‘gccomplished by dividing main memory into pages that correspond in size with the cache
515 — | _ .
: _ Main Memory Pages JJ
Block‘Frame
-~ Data Set (0
Cache : ' Set 13
Control Set (2
Logic .
[ ] ;
. e
L —|Set (s-1)| -
\\ -
CPU
ETFC0053

Example of direct mapping used in cache memory

_ 2. Fully associative mapping : Fully associative cache mapping is the moét complex, butitis
most flexible with regards to where data can reside. A newly read block of main memory can be
aced anywhere in a fully associative cache. If the cache is full, a replacement algorithm is used to

termine which block in the cache gets replaced by the new data.

Main Memory

L

3 Block Frames

r | | J cesocee :lset(o)
BLK(0) BLK(1) BLK(2).... BLK(n-1)
t | | T
Cache '
Control |« > cPU i \
! Logic \

Example of fully associated mapping used in cache memory
| St i ines the best of direct and
& ity associative mapping : Set associative cache mapping combines the best of CITeX
-y Stil ° c.a che mapping techniques. As with a direct mapped cache, blocks of main rqemow data
3pinto as specific set, but they can now be in any N-cache block frames within each set.
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Main Memory
1
Block Frames B .
BLK(0) BLK(1) BLK(2)......: n-
= a ( ecoee Set (0)

N [Jset(a-
= ‘ . _
Cache _

CPU

Control |«
Logic

A\ 4

Example of set association mapping used in cache memory

Comparison of Cache Mapping Techniques : Thereisa critical tradeoff in cache performange

that has led to the creation of the various cache mapping techniques described in the previous

section. In order for the-cache to have good performance you want to maximize both of the following:

® Hit Ratio : You want to increase as much as possible the likelihood of the cache containing the
memory addresses that the processor wants. Otherwise, you lose much of the benefit of caching
because there will be too many misses. ' : N '

® Search Speed : Youwantto be able to determine as quickly as possible if you have scored a hit
in the cache. Otherwise, you lose a small amount of time on every access, hir or miss, while you

search the cache. : : _ _
Now let’s look at the three cache types and see how they differ : ‘
Direct Mapped Cache : The direct mapped cache is the simplest form of cache and the easiest

to check for a hit. Since there is only one possible place that any memory location can be cached,
there is nothing to search ; the line either contains the memory information we are looking for, or
it doesn’t. Unfortunately, the direct mapped cache also has the worst performance, because
again there is only one place that any address can be stored. Let's look again at our 512 KB level
~ 2 cache and 64 MB of system memory. As you recall this cache has 16,384 lines (assuming 32
byte cache lines) and so each one is shared by 4,096 memory addresses. In the absolute worst
case, imagine that the processor needs 2 different addresses (call them X and Y) that both map
to the same cache line, in alternating sequence (X, Y, X, Y). This could happen in & smallloop
you were unlucky. The processor will load X from memory and storen it in cache. Theniit will look
in the cache for Y, but Y uses the same cache line as X, so it won't be there. So Y is loaded from

memory, and stored in the cache for future use. But then the processor requests X, and looks in

the cache only to find Y. This tonflict repeats over and over. The net result is that the hit ratio here is

0%. This is a worst case scenario, but in general the performance is worst for this type of mappinq, X
y liné in.

e Fully Associative Cache : The fully associative cache has the best hit ratio because an
the cache can hold any address that needs to be cached. This means the problem seen in the
direct mapped cache disappears, because there is no dedicated single line that an address mus
use. However (you knew it was coming), this cache suffers from problems involving searchind
cache. If a given address can be stored in any of 16,384 lines, how do you know where it is? EV?

LOADd Ccomputer Organization & Architequ‘f'v 5
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4019 ized hardware to do the searching, a perforW
B ialize |

ed. And thi . |
JhsPE ol accesses to mgmory,_whether a cache hit occurs or not, becal/j\snt;j ltth :: %anflg- |
W,S.Iorme cache to determine a hit. In addition, more logic must be added to determine Which |
e in ious lines to use when a new evn?ry mu§t be addgd (usually SOme form of g “least
Y ﬂ;aufse d” algorithm Is employed to decide which cache line

en

to use next). i
t complexity and execution time, o : Al s Overhead
3105 605 | Associative Cache : The set associative cache is 9ood compro
Nway Se edand set associative caches. Let's consider the 4-way set associ
] ect maPPSs can be cached in any of 4 places. This means that in the examp
achtﬂ;g:g; ed cache description above, where we accessed alternately wo addresses that map 4
6 ‘

e
i ame cache line, they would now map to the same cache setinstead. This sethas 4 lineg
| gthes is raises the hit ratio from 02

+ soone could hold X and another could hold Y. Th
L 9. since the setonly has 4 lin

mise between the : ‘
ative cache, Here, '
le described in the ‘

inan extreme example, of course. As for searchin
Again ‘

®
w

S

2

F D
3

3

>

gsnr?: ?c?rm of LRU (least recently used)
] |

algorithm is typically used.
Here's @ summary table of the different ¢ca

che mapping techniques and their relative performance:

Cache Type- Hit Ratio Search Speed-
Direct Mapped - Good Best T
Fully Associative Best Moderate .
N-WaySet . Very Good, Better Good, Worse as N
Associative, N >1 as N Increases - Increases

Q30. What is logical address?

Ans. The address generated by the segm\ented pro
Q31. Explain the different levels of cache.

Ans. Level 1 (Primary) Cache : Level 1 or primary cache is the fastest memory an the PC. It
Binfact, built directly into the processor itself. This cache is very small, generally from 8 KB to 64‘;
KB, but it is extremély fast. It runs at the same speed as the procesor. If thg procesor Teques
formation ang canfinditin the level 1 cache, that is the best case because the information in these
inmediately and the system does not have to wait. ; _

Leve)I,2 Cache ?lm level 2 cache, cache memory that is externa! tothe micro progessl:)’:. It I;
docalled the Secondary cache, resides on a a separate chip from the micro processor chip. Althoug |

- Mero processor are including level 2 cache into their architectures. :
Q32 What is a segment? B , ; 6T
ns. A segment isga logically related instructions or data elements gssocne:t;g V\éﬂ:a; gle N
Me. Segments may be generated by the programmer or by the Operating fg; '
ments arg 5 Subroutine an array of data, a table of symbols or a il progf in improving the
Der Q33, What do you understand by locality of reference? How is it helpfu (PTU, Dec. 20 1) i
Mance of memory? Dj ith example. ' i It says..
y? Discuss with e P n in Computer Science. ' says, ‘
ha, ns, Locality. of reference is a phenomengn that can beﬂsieThere are two different kinds ot I
‘ 'OCalit: Sfme value, or the place where it is stored is accessed often. R
Ot ref .

gram is called a logical address.

T

erence

| i iah o ility it will be referenced
~mPoral locality : If a value s referenced, there is a high probability i
again g short time from now, ). If this

- e (memory, disk, . .
eat0cality : A value is stored n a certain location i?1 S:Zr:agph(ysically close to do it will

| location ig referenced, it is very probably that locations tha :

% Steferenced as.well,
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There are many reasons why locality of reference 0CCUTS . \ _

Q' Predictability : Well-written programs only behave in apredioiable way.
Q Structure of the program : Often programs act on severa tems, one at time, This |
will be accessed more than once as computation or processing 1s dong, o, |
O Linear data structures : Programs may have loops thatact on arrays orlists. The,, fefore
an item by its index in the array or list. o Pt ¢
Q 34. What a main memory of a computer conSisﬂ_‘v or? v U, Deg,
‘Ans. The memory unit thatydirectly communicates with the CPU is called the majy, mef:(] )
Main memory or primary memory is a fast memory storing data and code for the CPU tq pfOCessry'
can be used for both reading and writing and is not sequential i.e. the contents can be accesseqp lt
order, hence the name RAM (Random Access Memory). Modern memories usually DRAM (p arr?'y
Ezcilndom Access Memory) while in the good old days they were core memories, working with magnetlig
Induction. ‘ : ' -

Both the cache and the main memory are short-term or volatile memories. They are noy c
of holding the stored information after the computer has been switched off. Non-volatile mep,
storage devices as some are mostly called come in several different flayours.

- Q 35. How many 128 x 8 memory chips are needed to provide a memory capagi
4096 x 167 : _
Ans. The total energy capacity = 4096 x 16 = 212 x 24
The capacity of one RAM chip = 128 = 27

apab[e

tyo
(PTU, May 20

. ; 4
.The number of memory chip needed = 212 x ?—7— =512 chips.
: | ) 5
Q 36. Cache size is 64 KB, Block size is 32B and the cache is two-way set associative, For
a 32 bit physical address, give the division between block offset, indese and tag.

(PTU, May 2011
“Ans. 64K/32 = 2000 blocks ,

2 way set assoc — 2000 = 1000 lines = 10 bits for index.
Q 37. List the various memories in order of their features and discuss their comparison, -
(PTU, Dec. 2010)

high-speed buffer
y to need in the near

Ans. Cache : The cache memory is the fastest memory. It is used as a
~ between main memory and CPU, storing instructions and data the CPU is likel
future. The cache +is constructed with semiconductor technology. , AR
, ‘Main Memory : Main memory or primary memory is fast memory storing data and codeforthe |
CPU to process. It can be used for both reading and writing and is not sequential, i.e. the contents can
be accessed in any order, hence the name RAM (Random Access Memory). Modern- memories aré
usually DRAM (Dynamic Random Access Memory) while in the good old days they were core memories,
working with magnetic induction, both the cache and the main memory are short term or volatie
memories, They are not capable of holding the stored information after the computer has been switched
off. Non volatile memories or storage devices as some are mostly called come in several different
flavours. . .
Magnetic Discs : Magnetic discs hold their information even when the computer has been shut

off. These are often called secondary memory or hard discs and is the internal long-term storage form
used in most computers. :

Other : Other kinds of non-volatile storage devices/memories aré :
e® Magnetic tapes, often used for systems backup.
e CD ROM (Compact Disc Read Only Memory). The CD-ROM

' s
platter is very fastand 12
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v , Oroé & ; g o
orY : dvantage is the incapability of dynami iti
=" pacity the disa ynamically writing to the di
nigh p D ROM 3 ISC.
#

iteable :
w .optical discs

ory (RAM or ROM).
jrtual memory. (PTU, Dec. 2017, 2016, 2014, 2010 ; May 2016, 20
30 virtual Memory : In a memory hierarchy system, programs and data are first st:)rec} 9)
l\nS-e ory. Portions of a program or data are brought into main memory as they are needed t;n
au,,niar)l mvjnual memory is a concept used in some large computer system that permit the useer tz
A ct‘pfo rams as thou‘gh a large memory space were available, equal to the totality of auxilia
constrd gach address thatis referred by the CPU goes through an address mapping from-the so-call r(;j(
mofyadress to a physical address in main memory. Virtual memory is used to give programmes tﬁe

me
idual @ on
'm:;n tatthey Nave £ o large memory at their disposal, even though the computer actually has a
5 tively small main memory.

reld Q 39. Write note on the MIMD machines. (PTU, Dec. 2010)

Ans. MIMD Machines : MIMD (Multiple instruction stream, multiple data str;am)'is the
organizaﬁon of asingle cgmputer contgining multiple processors connected with multiple‘control units
Jnda shared memory unit. All processing elements (PEs) receive the different instruction stream (IS)
of aprogram from the control qn|t (CU§) and operate simultaneously over the multiple data streams
0S). The shared memory unit contain multiple modules so that it can communicate with all the
processors .simultaneously. Therefore MIMD organization refers to a computer system capable of
processing several programs at the same time.

/0 I/0 1/ 110

A 4 4
IS 1 - IS v I ISy ¢ - IS Jr 4
CU, CuU, CUy | -oeem Cu,
IS IS |
h 4 v > Y IS A4
PE, PE, PE; | == PE, -
DS DS v DS DSy
Shared memory : 3
3 v
y Y

Q40. What is the difference between Cache size and block size ?
Ans. The storage array’s controller organizes its cache into blocks which are chunks of memory

t . .
hat can be 4, 8, 16 or 32 kbs in size. All volumes on the storage systém share the same cache .

?ﬁ:g?éﬂgerefore, the volume can have only one cache block size. Cache blocks are not the same as

blocks éizwe bl09ks that are used by the logical block system of the disks. Applications use different

anager £8, Which can have an impact on storage performance. By default, the block size in system

o syate Is 8KB but you can set the value to 4, 8, 16 or 32 KiBs. A smalle( sizeisa good chonce for

ata tran?fs or databaS.e applications. A large size is a good choice for applications that require large
Q4 €IS sequential /0, or high bandwidth, such as multimedia. ‘

A 1. What do you mean by control memory? . - (PTU, Dec. 2.013)

Ser Thns' The control memory holds a fixed microprogram that can not be altered by the occasional

+ e microprogram consists of microinstructions that specify various internal control signals for

—— Sp—

S —
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. , c i eries of microinsty i
execution of register microoperations. Each machine instruction '”':':Iitgﬁ: tf) fetch thg‘;ﬁ;‘i’r'nsquc
+ Incontrol memory. These microinstructions generate the mlcroopeeration specified by the !"°t'°n_f{
main memory; to evaluate the effective address, t0 execute the oP Mstrugy

0
i ; . o
and to return control to the fetch phase in order to repeat the cycle for the nextinstruction, - J

Control Memory | * cOn:rolworfj
Address (ROM) (Microinstructlon)

= 4

Computer Organization

The control memory is assumed to be a ROM. _-—

Q 42. Give difference between register and memory. CPU inst (t' U, Dec, 2013

Ans. Registers are storage locations internal in the processor. IS "tUC lons operae ,
these values directly. On RISC processors, all data must be moved into a register before it can b
operated. On CISC chips, there are a few operations that can Ioaq data 'from RAM, process it ang
save the result back out, but the fastest operations work directly with registers.

Also, there are registers that are setaside for certain tasks, these generally include a Program
counter, stack and flags. S

Each register also hasa size that determines the maximum gmount of dgta that can be procegggy
 atatime. The registers on Pentium chips, for example are 32 bits. .

Memory, or RAM is located external to the CPU. Data has to be Iqaded into a"CPU register from
memory before the CPU can process it. RAM is much slower than registers, there is a lot more RAM
than registers, and generally memory can be addressed on a byte boundaries, where registers May
not be able to access all the bytes in a register. A ' :

Other words, Registers are temporary storage in the CPU that holds the data the processor g
currently working on, while RAM holds the program instructions and the data the program requires;

. Q43. What is the difference between access time and cycle time of a memory?
o e (PTU, May 2014)

Ans. Access time : Access time is the time between the.read is requested and the desired
word arrives. : S

Cycle time : Cycle time is the minimum time between requests ta memory (cycle time >
access time because need for stabilization of address lines). 7

Q 44. The address of a memory location to be accessed is in register Ry, and the memofy :
data are to be loaded into Register R,. Specify the sequence of operations involved. 3

- N ' "~ (PTU,May2014)

Ans. Sequence of operation’: _ , : P

(a) Fetching the instruction of Ry from PC. Cstart > v

(b) Decode the instruction of Ry: : [Load address to PC |
(c) The effective address is read from an indirect address. .

(d) Execute the instruction. [ Load PC content to MAR | .

| Update PC to next addres_s_l &

l Load data Required to MDR]

¥

rMAR contents to CIR l
v

[ Decode CIR Contents]
¢ "

Interrupt
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ot v )t; lpage-table Is required in a virtual memory System. Explain different ways of ‘
a table :

X _ Y Space i.e
o the main memory, physically available to processor for exec

u
e "2 ansferred to and from auxiliary memory and main memor;}lgggég rc?r? rdam, Soprograms
Iasﬂ Jdatd a&eAS the address of virtual memory is of larger bit then that of main memgmand IMmposed
’! pyte P is' required. To obtain the actual main memory address of the data from its \r}ilr,tﬁolmappmg
| lechqueF.o rthis purpose a page table is required which holds the Page number of virtyg| mz oy
addressl'( numbers of the main memory. F_urther, each word of page table also has ‘preserzzgrzgr;d | |
jhe blO ‘hether this page is prese.nt_ly available in main memory or not, : e
| don eTh o different ways of organizing a page table are
| (i) In the R/AW memory : It is called memory page table, But it
ization and it required two main memory references to read a data, t
| ;Hxlecution ofprogram. _ _ N -
(ii) By using associative logic : It is more efflqlent Wway to organize the page table, ag it can be
qonstructed with no. of words equal to no. of blocks in main memory. -
0 46. Name two types of memory interleaving.
ns. High—Order
: Low —Order
Q 47. Define latency time. : _ (PTU, Dec. 2014)
Ans. Latency : Latency is a time measure of the communication overhead incurred between
machine subsystems. For example, the memory latency is the time required by a processor to access
lhememory. Orin 2nd example, the hard disk platters are spinning around at high speed, and the spin
speed is not synchronized to the process that moves the read/write heads to the correct cylinder on
arandom access on the hard disk. Therefore, at the time that the heads arrive at the correct cylinder,
the actual sector that is needed may be anywhere. After the actuator assembly has completed its
seektothe correct track, the drive must wait for the correct sector to come around to where the read/ |
write heads are located. This time is called latency. Latency is directly related to the spindle speed of
the drive and such is influenced solely by the drive's spindle characteristics. This operation page
dscussing spindle speeds also contains information relevant to latency.
Conceptually, latency is rather simple to understand.it is also easy to calculate. The faster the
disk is spinning, the quicker the correct sector will rotate under the heads, and the lower latency will
be. Sometimes the sector will be at just the right spot when'the seek is completed, and the latency for
‘hﬁlt access will be close to zero. Sometimes the needed sector will have just passed the head and in
Lhush“vlvorst case”, a full rotation will be needed before the sector can be read. On average, latency will 1
- "¢ half the time it takes for a full rotation of the disk.
Q48.Why does the DMA gets priority over CPU when both request men;g-lr_{, tl’gn:f;g-;‘” {
; s e & £
o tAns. Since the data transfer rate using DMA is quite higher than the CPU and memory transfer
1he DMA have priority over the CPU when both request a memory transfer. e BE
" HQ 49. An address space is specified by 24 bits and corresponding Tem?:guspl\:ay 251 5)
' ::’ ménv words are there in address space and in memory space ?  (PTU, qi
S. U Address space = 24 bits H
224 = 24920 = 16M words ' |
Q gflﬁsmory space : 16 bits !
=64 K words. , May 2015)
250- Write register transfer sequence for read and write from memory. (PTU, May
NS. Read: DR « M[AR] ‘
Write : M[AR] « R,

_ . o ~ (PTU, Dec. 5017 .
rganll'"gl o any computer the address space is larger than memor ( €¢. 2017 ; May 2014)
09" ans.

is inefficient w.rt. storage
hus reducing the speed of {

(PTU, Dec. 2014)
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Q 51. The address of a memory location to be ac
data are to be loaded into register R,. Specify the sequ

Ans. LDR R2, [R1] : ' .
Will load R2 with the contents of memory pointed at by register R1. ,
Q 52. What are the registers generally contained in the processor :
e A (PTU, Dec. 2017 ; May 2018, 2015.
Ans. MAR —Memory address register )
MDR — Memory data register
IR — Instruction register
Ro-R,, — General purpose register .
. PC - Program counter. -
Q 53. What is the role of registers in digital computers 7 (PTU, Dec. 2017, 201g
Ans. Registers are groups of flipflops where each flipflop 1S capabale of storing one p of
information. The basic function of a register is to hold information in a digital system and mayq it
available to the logic elements for the computing process. : _ :
Q 54. Explain how cache memory is different from virtual memory. Also, discuss varigyg
pPage replacement policies for virtual memory with examples. a (PTU, May 201g)
Ans. 1. Cache memory is a type of memory used for improving the main memory access timg,
It is a faster type of memory that resides between CPU and RAM to reduce the average memory
access latency. Virtual memory is a memory management method where it is a concept that et
program get its own virtual memory space, which is even larger than the real physical RAM available,
2. Cache memory is a type of hardware memory that actually exists physically. On the other
- hand, there is no hardware called virtual memory as it is a concept that uses RAM, harddisk, Memory
management unit and software to provide a virtual type of memory. "
_ 3. Cache memory management is done fully by hardware. Virtual memory is managed by the
operating system. '
" 4. Virtual memory involves data structures such as page tables but this type of data structures
is not necessary for cache memory. _ :
5. Cache memories take small sizes such as KB and MB. Virtual memory on the other hand
involves huge sizes that take GBs. :
Page Replacement Policies =,

cessed is in register R, am
ence of operations involveq, oy ;

_ (PTU, May201s) | |

1. Static Replacement Algorithms : The static paging algorithms implement the replacement ‘

policy when the frame allocation to a process is fixed.

(a) FIFO (First in First out) Replacement : On the page fault, the frame that has beenin
memory the longest is replaced.

Page reference stream:

1 23215216 256 31361 2 43

i 1 111 2 2 35166 25 5 33 1062

2 2 2 2 3 35162 25 3 311 6 2 4

3 335516255 31166 2 43
FIFO

Total 14 page faults. .
(b) Optimal Replacement : The Belady’s optimal algorith
see which frame to replace on a page fault. This it is not a real re

: _ placement algorithm. It gives 1°;
frame of reference for a given static frame access sequence. !

m cheats. It looks forward in time'%..
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W;tream;

— 11116 66 6 6 g —
1.1 1 6 66 2 o
1222222222222111114§

3 3.3 5 5 5 5 5 5 5 3 3 3 3 3 3 3 3

optimal — Total 9 Page faults.
c) Eeast Recently used (LRU) Replacement

cetl : On a page fault, the frame that was legst
ed s replaced.

ontly US
’ecemgage reference stream : |
1232152162563 13467 5,
11113215216 2566713 57
2232152162563 1347, -
32152'1.62.5631_361243

LRU

Total 11 page Faults

2. LRU aaproximation : Pages with a current co
removed. When more memory is needed to facilitate p
invalid bits is maintained. With each page table entry
1 (in memory)
0 (not in memory) ) . ,
Initially valid-invalied but is set to 0 on all entries.
In‘idle times, dirty frames are copied to disk.

Additional reference bit whether the frame was recently referenced. The reference bits are
refreshed on a periodic basis. '

Q55. What is the relation between address and memory space in a virtual memory system?

‘ | : * (PTU, Dec. 2016)
Ans. In a memory hierarchy system, programs and data are first stored in auxiliary memory.
Portions of a program or data are brought into main memory as they are needed by the CPU. Virtual
memory is a concept used in some large computer system that permits the user to construct programs
as though a large memory space were available, equal to the totality of auxiliary memory. Each
address that is referred by the CPU goes through an address mapping from the so-called virtual
address to g physical address in main-memory. Virtual memory is used to give programmes the

illusioq that they have a very large memory at their disposal, even though the computer actually has
arelatively small main memory.

Py on. disk are the first choice for pages to be
age replacement algorithm, a table of valid or
a valid-invalid bit is associated.

DCoCee

Q56. Explain any five memory reference instructions in detail. ~ (PTU, May 2%1 2

Ans, Memory reference instructions are those commands or instructions which arett;sedata
;:ake areference to the memory and allow a program to access the required data from where the

Stored, The following are five memory reference instructions. . s located at a
s 1. LDA: This instruction is used to load the accumulator with a value that i
Opcode Operand Description ,
:yntax LDA ‘16 bit address Load the accumulator
g i .

LDA 2500 H i 0 into the
i . location 2500 |
acey This command says that load the value that is stored at the memory

; . ddress.
Miator, H represents that the entered address is a hexadecimal memory a
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mstruction to Candidates :

1.
2,

3.

Q1.

Q2

Qs
Qa4

Qs
Qs

. Q7
Qs

Qg

() What is the need for a cache

Section - A is Compuisory consisting of TEN questions carrying TWO marks each.
Section - B contains FIVE questions carrying FIVE marks each and students have
to attempt any FOUR questions. ' |

Section - C contains THREE questions carrying TEN marks each and students
have to attempt any TWO questions,

SECTION - A

(a) Discuss Virtual memory. :
(b) What is the difference between
(c) What is the role of ROM mem
(d) What is the role of shift regist
(e) What do you understand by

(f) Differentiate between RISG
(9) Difference between comput
(h) What do you understand b

machine and instruction cycles?

ory in a computer system?

er in digital Computer? -

micro-programming ? Explain.

and CISC processors.

er architecture and computer organization.

y transaction processing benchmarks?
mefnory'? Where is it located in a computer? -

() Mention the limitations of 808

 SECTION - B

(@) Explain about the multiprocessor.
(b) Explain the various Addressing modes in detail.

Give five examples of external interrupt and internal interrupt.

(@) Draw the block diagram of computer and explain its various components.
(b) What is meant by DMA?

What are Multilevel memory systems? Explain with the help of a diagram.

Explain any five memory reference instructions in detail.
SECTION - C

static and dynamic network interconnections? Discuss
ion networks.

in computer? Draw the control unit of a basic computer.
phases are carried out.

What is the difference between
any three network interconnect
_ th is the neegd of control unit
Dlspuss how fetch and decode
Write short notes on the folldwing :

(a) Superscalar machines
) 8255 chip.
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Instruction to Candidates :

3.

1.
2

Q1.

carrying TWO marks each,

B e isting of TEN questions v
Section - A is Compulsory consisting ks each and students have

Section - B contains FIVE questions carrying FIVE mar
to attempt any FOUR questions. _
Section - C contains THREE questions carrying T

have to attempt any TWO questions.
SECTION—A
(@) What is control memory and Cache memory?

(b) Explain about I/O processor. .
(c) Role of microprogrammed control over hardwired control.

EN marks each and students

 (d) What is pipelining?

Q2.

Q 3.

Q4.

Q5.

Q6.

Q7.
. Qs

. Q9.

(e) Give the layered view of a computer system. .

(f) What is register transfer language? ,
(g) What is the difference between physical address and logical address ?
(h) What do you mean by programmed 1/O Concept ?

- (i) Briefly explain an instruction format.

(j) Write any six characteristics of RISC.

SECTION -B
(a) Explain the concept of register transfer? v
(b) Explain the significance of a layered architecture.
What is meant by superscalar processor ? Explain the concept of Pipeline in superscalar
processor ? _
What do you mean by instruction cycle, Fetch cycle, machine cycle and interrupt
acknowledgement cycle? :
What is memory organisation ? Explain various memories. L
What do you mean by software and hardware interrupts? How these are used in a
microprocessor system? ‘ '

SECTION - C

‘Explain the difference between Hardwired control and micro programmed 'control. Is it

possible to have hardwired control associated with a control memory ?
(a) What.is the concept of layers in architectural design?

(b) Give the features of a ROM cell.

Write short notes on the following : e - .
(a) DMA S

(b) Distributed Computing.

(c) Serial and Parallel interface.

QQa




