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Module |

Solve the following function vsing K-Map and obtain simplified Boolean
1(a) expressions.

(i M boedi=%m(l,3,4.57 10,12)
(i) 2, boe,d) =5 m (5,8, 9, 10, 11, 12, 13, 14, [5)

10 Cal ka3

By Making use of the K Map technique solve the following function tor 10
(b | SOP and implement it using the basic pates. COl1| K3
{ i} fla.b.c,d)=[]M(57.13.14.15) + d(1,2.3,9)

OR
| Solve f (a, b, ¢, d) = [[M(0,6,7.8,12,13, 14,15) using K Map 1o get

2(a) | minimum POS expression. Implement using BASIC GATES, NAND only 0 ol K3
and NOR only gates,
By Making use of the K Map technique solve the following function for 10
(h) | POS and implement it using the basic gates. col K3

{ (i) fia,b,e.d)=]]M(0.1.68.11,12) +d(3.7.4.15)

Module 2

Construct a 3:8 decoder for the following functions and define multiplexer '
and explain 8 to | mux with the help of a logic diagram and corresponding |

3a) | expression. L COz| K
i) f1 (2. b, c)=F m (0.4,6.7) I
Lii) Ria. b,y =Y m(l.45
By Making use of EVM method. simplify the following funetion ani |
() | implement it by using 8:1 MUX. Assume D s MEV variable 1 COz| K3
(o be.d)=% m(0,1.2.4.569.10,12,13.14,15) l
D nR - —
Construct a 32-to-1 multiplexer using two 16-10-1 multiplexer and one 2- ]
4(a) | -1 multipleser and explain octal to binary encoder with truth table and 10 02| K3
write the boolean output functions.
(h) | Design o 3-to-8-line Decoder with circuit, truth table and logic dingram. 10 COor| K3
' Module 3
S(a) | Expluin the basic aperation concept behind working of computers. | 0 co3| K2
' OR
6(n) Write a note on addressing mode and explain any four types of addressing | 11} co’| K2
M | modes with suittble examples.
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1)L 5aive the Tollwiie Riniction ising K-Map indioblsin simplined Bodtesn evpiressions. | DFD=10M
M fab.e,d)=Sm(1,34,57,10,12)
(i) (b d)=S m (589 10,11, 12, 13, 14, 15)

) fi(a,boc,d)=Ym(l,3,4.5.7.10, 12)

i h(ab.ed =Y m(58910.11,12.13, 14, 15)
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Y

$3;- Making use of the K Map technique solve the following function for SOP and
implement it using the basic gates.

f{a, b,e.d)y=mM(57,13,14,15) + d(1,2,3,9)
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Solve f(a, b, e, d)=tM(0,6,7,8,12,13,14,15) using K Map 1o get minimum POS
expression. Implement using BASIC GATES, NAND ouly and NOR only gates.

C+D C+D C+D 4D

0olo
‘0|0

S = (B4C+D) - (B48) - (A+8)

Common Inverted Circuit

844

Nor Only Circuit

A B C D

2++6
= 10M
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By Making use of the K Map technique solve the
implement it using the basic pates.

following function for POS and

Fla, b, e.d)=mwM(0,1,68,11,12) +d(3,7,4,15)
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3(a) Ennm*m:t a 3:8 decoder for the following functions and define multiplexer and eﬂﬁlainl

to | mux with the help of a logic diagram and corresponding expression. 5 "L 2+-3
(M fab =Y m(046.7)
(i)  R@bo=3m148) = |OM

BM)

The multiplexer or MUX is a digital switch. also called as data selector. It is a Combinational
Logic Circuit with more than one input line, one output line and more than one select line. It
accepts the binary information from several input lines or sources and depending on the set _uf||
select lines. a particular input line is routed onto a single output line.
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8-10-1 multiplexer




| Iuis described by the equation: 2= A'B'C'ly + A'B'Ch + ABCh + A'BCh + AB'C'l, + AB Cl: +
ABC'ly + ABCl. Multiplexers can also have an additional input called an enable input

a’be'ly a'Woelg @be’l; ihely ab'c'ly abely abe'ly abcly
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3(h)
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By Making use of EVM method. simplify the following function and implement it by
using 8:1 MUX. Assume D as MEV variable.

fia, bye.d)=3 m (0,1,2,4,569,10,12,13,14,15)

f{ﬂ 'b"{'d'.) = Z_“'T [0: 1 J?Jb,gﬁétq Jlﬂal ?" [3‘11*‘}5)
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Aa) Construct 4 32-10-1 multiplexer using two 16-to-1 muliplexer and one 2-to-1

multiplexer and explain octal to binary encoder with truth table and write the boolean
output functions,

5151

32-to-1 multiplexer using two 16-to-1 multiplexer and one 2-to-1 multiplexer = |0 M
Do —
T
16x 1
MUY
s

ITIT | & — |(5M)

Dys —
4 Di7 E
A
éx 1
MILTX =
Dy ———
| T 11
B C D E
Octal To Binary Encoder

Anencoder is a digital circuit that performs the inverse operation of a decoder. An
entoder has 20 (or fewer) inpat lines and n output lines. The output lines. as an
ageregate, generate the binary code corresponding 1o the input value. An example of an
encoder is the octal-to-binary encoder.

[Boolean output functions:
z=DI+D3+ D5+ D7

y=D2+D3+ D6+ D7 @H)




Truth Table of an Octal-to-Binary Encoder

Inputs OQutpuls
Do Dy D Dy Dy Ds Dg Dy x y z
l 1] 0 0 {1 ] ] L] {1 (b ]
0 ! 0 ] 0 ] 0 0 ] 0 ] (ﬂ_}"{)
] 0 i ] [f] (1] i 0 [H] 1 0
i 1] i | L] 1] i [ {1 1 |
L] 1] il {1 | 1] ] ] | ) ]
] 1] 0 V] ] | 0 il 1 ] 1
i ] 0 0 0 0 1 0 1 1 ]
1 1 1

i 0 L 0 0 n 0 1

4(b) [Design a 3-to-8-line Decoder with circuit, truth table and logic diagram

A decoder is a combinational circuit that converts binary information from n input lines 2—[—5-”'3
to a maximum of 2n unigue output lines. [ the n -bit coded information has unused
combinations, the decoder may have fewer than 2n outputs.

A particular application of this decoder is binary=to-octal conversion. The input o [DH
variables represent a binary number. and the outputs represent the eight digits of a
number in the octal number system. However, a three-to-eight-line decoder can be used H)
for decoding any three-bit code to provide eight outputs, one for cach element of the LE
code,
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| Three-to-eight-line decoder




MAIN PARTS OF PROCESSOR
» The processor zantains ALU, cantro ~circultry and many registers,
» The processor contains 1" general-purpose registers Ra through Rt
+ The IR holds the instruction that is currently being executed,
+ The control-unit generates the timing-signals that determine when a given action is ta take place
+ The PC contains the memary-address of the next-instruction to be fetched & executed,
» During the execution of an instruction, the contents of PC are updated to point to next instruction,
+ The MAR holds the address of the memary-location to be accessed,
+ The MDR contains the data to be written intn or read cut of the addressed location,
MAR and MDR facilitates the communication with memary,
(IR = Instruction-Register, PC - Program Counter)
(MAR < Memary Address Register, MDR= Memory Data Register)
STEPS TO EXECUTE AN INSTRUCTION
1) The address of first instruction (to be executed) gets loaded into PC.
2] The contents of PC (1.2, address) ar2 transferred to the MAR & control-unit issues Read signal to
memary,
3) ARer certain amount of elapsed time, the first instruiction is read out of memary and placed inta
MDR,
4) Next, the contents of MOR are transferred to IR, At this paint, the Instruction can be decoded &
executed,
5) To fatch an operand, It's address is placed inta MAR & control-unit issues Read signal, As a result,
the operand s transferred from memary into MOR, and then it is transferred from MDR to ALU.
6) Likewise required number of operands is fetched into processar,
7) Finally, ALU performs the desired operation.
8) If the result of this oparation s to be stored in the memory, then the result is sent to the MOR,
9) The address of the location where the resuit 15 to be stared 1 sent to the MAR and a Write cycle 1s
Initiatad,
10) At some point during execution, contents of PC are incremented to point to next instruction In the
program.

5M)




ﬁin]

rite a note on addressing mode and explain any four tvpes of addressing modes
ith suitable examples.

e (Direct) Mode

The operand Is in a memary-lacation,

The gddress of memary-location s given explicitly in the instruction,

The absoluta mode can represent global variables in the program.

For example, the instruction

Move LOC, R2 Copy content of memory-lacation LOC into register R2

Indirect Mode
« The EA of the operand is the contents of a register(or memory-lacation),
» The reqister (or memary-location) that cantains the address of an operand is called 2 Pointer
+ We denote the indirection by
~ name of the register o
— N1ew adress given in the instruction.
E.g: Add (R1),R0 ;The operand is in memory, Register R1 gives the effective-address (B) of the
operand, The data Is read from Jocation B and added to contents of register
RO,

Immediate Mode

» The operand is given explicitly in the instruction.

» For example, the instruction

Mave #200, R0 ;Place the value 200 In register RO,

Clearly, the immediate mode is only used to specify the value of a source-operand,

NDEXING AND ARRAYS
A different kind of Aexiility for accessing operands is usefu
mode
The operation Is indicated as X(Ri)
where X=the constant value which defines an offset{also called 2 displacement),
Ri=the name of the index register which contains address of & new location

r The effective-address of the operand is given by EA=X+[RI]

The contents of the index-register are not thanged In the process of generating the effective-
gddress,

» The constant X may be given gither

-+ 85 an explicit number or

— 35 @ symbolic-name representing 8 numencal vaiue.

Ax5
= |0OM




B Liumvz MODE

v This is similar ta index-mode with ane difference:

The effective-address is determined using the PCin

» The operation is ingicated as X(PC).

X(PC) denotes an effective-address of the operand which s X
rontents of PC.

Since the addressed-location is identified "relative" to the PC, the name Relative mode Is associated

ith this type of addressing,

This made i5 used commnly in conditional branch instructions,

p A instruction such as

Branch >0 LO0P  :Causes program execution £ o to the branch target location
identified by name LOOP i branch condition 15 satisfied.

Rochana \| Muwilly
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H?]_ Questions Marks €O i.:?ul
Miusdule 1
Solve the following function using K-Map and obiain simplified Boolean a
aypressions,
1@ 17700 FABCDI=Im(1.23,6,89.10,12,13,14) o |cor| K3
iy FAB.C D=Em(74d(10,11,12,13,14,15)
. By Making use of the K Map technigue salve the following function for SOP
| (b)) | and implemént it using the hasic gates. 10 con K3
R . FIA,B,C.D)=X m{(),1, 2, 4, 5.6, 8,9,10,12,13)
OR
By Making use of the K Map technique. solve the following function for 10 |
2(a) | POS and implement it using the basic pates. Lcot K3
i} fia.b.c.d)=[]M(0.3.4.7 810,12, 14) + d(2,6)
Solve Mo, b. ¢, d)=Em(0,1,3,5 6,7,11 12 14) using K Map 1o get 10
(b) | minimum SOP expression, Implement using BASIC GATES, NAND only col K3
and NOR only gates, |
Module 2
Construct a 3:8 decoder for the following funetions
Ja) [N (abo)=5 m(04.6), 2, boe)=T m (0,5) . 304, bye)=% m (1.2,3,7) 10 c0o2 K3
(S Y2l =F m(L, 24,7 . Clay.2)=Y m (3,56, 7)
By Making use of EVM method, simplify the following function and
(h) | implement it by using 8:1 MUX. Assume D as MEY variable. 1 coz K3
f{a,b.e,d) =3 m(0.2,34,58910,11,12,13,15)
OR
o Cf}ng.[.mlﬂ a structural, datmflow and test bench model for the Full Adder 10 Co? K3
Cirguil
Pesign the following Boolean function with & mulliplexer
() i Fi,v,Z2)=Xm(1,2,6.7) 1 co?2 K3
(i) FIA.B.C,D)y=Xm (1,3, 4, 11,12, 13, 14, 15)
~ Module 3
S(a) | Expluin the basic operation concept behind working of computers,
OR
6(a)  Write a note on (i) Basic Performance Equation and (if) Clock Rate.

Yochama Udei-y v hal Lumear BN
Nuﬂ/%;;:t of Name & Signature of ﬁagﬁ

Course In eharge: Madule Coorilinator:




. K.S. INSTITUTE OF TECHNOLOGY, BANGALORE - 560109

CEAR] 11 SESSIONAL TEST QUESTION PAPER 2022 - 23 ODD SEMESTER
Set B SCHEME AND SOLUTION
Degree : B.E Semester : 1
Branch :  Computer Science - ICB Course Code : Integrated \
BCS302
Course Title : Digital Design and Com puter Max Marks : 50
Organization
O NO. ~ POINTS MARKS

I{a) |Selve the following function using K-Map and obtain simplified Boolean expressions.
ti] F{wtcmjzzml1.113.&-#,11“1!21'3,1‘”
~ (i)  FABC.DE=Em(Trd(10,11,12,13,14,15)

(i) FIABC.D=E m (1,2,3,6,8.9.10,12,13.14)

\?ﬁ P Cp CD

-|
=i

S=ABD+CD+AC

5+5=JoM

(5M)
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{ii) FA.B.C.DFEE m (7T+d(10,11.12,13,14,15)

~. b Tp cp CD

o 1 3

S=BCD

I(b) By Making use of the K Map technique solve the following function for SOP and 3 'H + 6
implement it using the basic gates,
F(AB.C.D)=E m(0.1, 2. 4, 5.6, 8.9,10,12,13)

= |OM

g=AD+8BD+C (IM)




A

y Making use of the K Map technique, solve the following function for POS and
implement it using the basic gates.

() f(a,b.e.d)=[]M(0,3,4,7,8,10,12,14) + d(2,6)

C+D D C+D C+b

(6M)

24116
= IDH.

(1M)




b)

A B C D
BN RN A
ER=—R ki
S
Solve f (a, b, ¢, d)=Zm(0,1,3,5,6,7,11,12,14) using K Map to get minimum Sop

ch Tn Cbp

-
Ch

expression. Implement using BASIC GATES, NAND only and NOR only gates.

h Tp cp €D
1{1}1

FITH AV
q1-u 0 H1
e 1*
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S=A/H00 +BC5+ ABDHAD $<ABEH B+ ABC-+ A+ AD
Circuit diagram for S¥ABCHBCDHABCABD+AD
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Construct a 3:8 decader for the following functions

3a)
il (a, bye) =% m (0.4,6), 2(a, b, ¢)=3 m (0,5), Bla, b, ¢) =% m (1,2,3.7)

S Y2 =Ym(1,2,47),Clx, v, 2) =Y m (3,56, 7)

DFT (2, b, o) =% m (0.4.6) . R2(a b,e)=3 m (05), B(a, b, e) =% m (1.2.3,7)

T T {I-
¥ ABC *
Y o
¥, ABC
s § '—""g
Decoder ¥, f—24 ’ 4
¥ ABC *
5
y. | ABC
. *
¥, A2

FUABO  FABO  FfABO
~Im046) ~Em05) ~Em1217)

515
~1I0M




L

p—=f30i 2XS
decoder
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y Making use of EVM method, simplify the following funct d implement it b
B@ﬁiing 81 MUX. Assume D as MEV var’i;g]*:. kil 3+3+3+
| = |OM

f(a, b, c,d) =¥ m(0.2,3,4,58.9,10,11,12,13.15)
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(o)

@ STRUCTURAL MODELING

maodule full adder s {
input a, b, cin,
CUTPUL sum, carmy

(X
wire wl, w2 w3, wd: [/ Internal cannections
xorwlia, b): TXOR gate for sum
xorsum(wl, cin)  // Sum output
and w2({a, b); {1 AND gate for carry generation
and w3(b, cin):
and wcin, a):
or carry{w2, wi. wd): // OR gate for curey output

endmodule

Construct a structural. dataflow and test bench model for the Full Adder Circuit

“* DATAFLOW MODELING

module lull adder d(
inputa, b, ein,
outpul sum. carry

%
assiegn sum=a " h * cin:
assign carry = (a2 & b) [ (b & cin) | (cin & a):

endmodule

< Test Bench

module full adder_th;

repn. b, cin:

Wire sum. carry:

full_adder s wut{a, b, cin, sum, carry):
initial begin

=0 b=0; cin="0:#10;
a:=10: b=0;cin = 1:#10:
a=0:b= l:cin=0:#10:
a=0:h=l2cin=1; #10:
a=l:b=0:¢cin=0: #10;
a=l:b=0¢in= 1 #1D
a=1l:h=l:cin=0;#11;
a=lsb=1l;cin= L:#U;

Shinishi )
end

endmadule

h+21h
= |0M
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(1)




(i)
(i}
(i)

(i)

L1 (b}esig'n the following Boolean function with a multiplexer
Fix,y.2)=Em(1,2,6,7)

FIAB.C,D)=Zm(l.3.4, 11,12, 13, 14, 15)

Fix;yv,2)=EXm (1,2,6,7)

FIA! Bi ct D’= E m [lg!t 4t ll.g I:-

]
i

]
]

0 0o F=0
b 110

E DY ra
IllF

(a) Truth table

| F=pr

0 F=0
3 5

F=0

4 = I MUIX
¥V —1Sy
X —'-'-".!'1
=10 ——
R —i}
0 —i2
P'—13
{hy Multipleser implementation
13. 14, 15)
£ IMUX

S

§

5:

L_n
1
-»———DD——E — !
T__3

1

i

f

1

21312+
3 = |0M

(a+ M)
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5(a) Explain the basic operation concept behind working of computers.
=1k 1

i
| [

H .

|-

*— Processor
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MAIN PARTS OF PROCESSOR
« Thé processor contains ALU, cantro -Circutry anc many registers,
« The processor cantalns ,n" general-purpose registers Ro through Ra-s
» The IR holds the instruction that is currently being executed.
» The control-unit generates the timng-signals that determing whan a gven action is to take place
» The PC contains the memory-address of the next-instruction to be fetched & executed,
» During the execution of an instruction, the contents of PC &re updated to point to next instruction,
» The MAR holds the address of the memory-location to be accessed,
» The MDR contains the data to be written into or read out of the addressed location,
MAR and MDR facilitates the communication with memary.
(IR,  Instruction-Register, PC - Program Counter}
(MAR 2 Memory Address Register, MDR= Memory Data Regster)
STEPS TO EXECUTE AN INSTRUCTION
1) The add-ess of first instruction (to be executed) gets loaded inta PC.
2) The contents of PC (1.¢. address) are transferred to the MAR & control-unit (ssues Read signal to
Memary.
3) After certain amount of elapsed time, the first instruction 1S read out of memory and placed into
MDR.
4] Next, the contants of MDR are transferred to IR. At this oint, the instruction can be decoded &
gkecuted.
5) To fetch an aperand, it's address is placed into MAR & contral-unit (ssues Read signal. As a reslt,
- the operand is fransferred from memary inta MOR, and then It is transferred fram MR to ALU,
6] Likewise raquired number of operands (s fetched into processar.
7) Finglly, ALU performs the desired oeration.
8) 1f tne result of this operation is to be stored in the memory, then the resLlt s sent to the MOR.
9) The address af the location where the result i to be stored is sent ta the MAR and a Wrte cycie i
Initiated,
10) At some point during &xecution, contents of PC are Incremented to point to next instruction In the
program,

[5H)




Gia)

Write a note on (i) Basic Performance Equation and (ii) Clock Rate.

BASIC PERFORMANCE EQUATION
Let T = Processor time required fo executed a program
N = Actual number of instruction executions.
S = Average number of basic steps needed to execute one machine instruction
R = Clock rate in cycles per second,
» The program execution time is given by

NxS§

T —

R
Equd is referred to as the basic performance equation
To achiev high performance, the computer designer must reduce the value of T, which
reducing N and §, and increasing R
 The value of N is reduced if source program is complled inta fewer machine Instructions
» The value of § is reduced if instructions have & smaller number of basic steps to perform
¢ The value of R can tie increased by using a higher frequency dlock.
i Care ias ta be taken while modifving values since changes in one parameter may affect the other

CLOCK RATE
o There are 2 possibities for ncreasing the clock rte R:
1) Improving the ICtechnclogy makes logic-crouts faster,
This reduces the tme neded to compute 3 basic tep, (IC = integrated crut)

This allows the clock period P t e reduced and the lockrate R to be increasee
2) Reducing the amaunt of processing done n e basi step 10 reduces the dock perod
I presence of 3 cache, the prcentags of acesse o the main-menary s smal
Honce, much ofpedormance-gain expectedfrom theuse offasertehilogy can e realned
The valie of T will e reduced by same fackor 3 R is ncreased "5 &N are ot afcted
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(1) Bus Structure.
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(i) Basic Performance Equation,
fivi  Performance Measurement.
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= i
Module 4 |
3a) Make Use Of Memory addressing mode using Branching technigue with 10 CO4 K3
| nn example.
3thy | Explain Accessing of 110} Devices. 5 o4 K2
| —_—
' OR |
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| 4(h) | Explain Polling and Vectored Interrupt. 5 co4 | .KI
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| By Making Use Of appropriate equations explain the following | '
1(a) (i)  Bus Structure. '
(ii) Processor Clock, I

(ii1) Basic Performance Equation.
Performance Measurement.

{iv)

(1) us Structure.

BUS

5

-

v N

STRUCTURE

Bus must have lines for data trunsfer, uddress & control purposes.
Because the bus can be used for ealy one transfer ot a time, only 2 unils can aclively |
usg the bus ut any given time.
Bus control lnes are used 1o arbitrale multiple requests for use ol the bus,

Main advaninge of single bus: Low cost and fexibility for ataching peripheral

devices.

Swstems thot contnin raultiple busas achieve more concurrency in operations by
allowing 2 or more tansfers to be carried out ot the same time, Advantage: Setter
performance. Dissdvantage: increased cost.

The devices connected to a bus vary widely in their speed of opemation. To
synchronize their operational speed. the upproach i 1o include bufler registers with

the devices 1o hold the information during transfers.

Buller regisiers prevent a high-speed processor from being locked to o slow 10 device

during u sequence of data transfers.

Fraput

Dutput

Memary

Processor

|

|

# A bus is a group of lines that serves as a conneeting path fer several deviees,

BM)




(i)

(iii)

(iv)

Processor Clock.

PROCESSOR CLOCK
» Processor circuits are comtrolled by a timing signal called a clock,
¥ Theclock defines regular time intervals called elock cycles.
» To execule 3 machine instruction, the processor divides the action to be performed
into & sequence of basic steps such that each step can be completed in one clock cycle.
¥ Let P=length of ane clock eyele R=clock rate, Relation between P and R is given by

1
R F
This is measured in eycles per second,
# Cycles per second is also called hertz(Hz)

Basic Performance Equation.

T - processor time required to execute a program that has been
prepared in high-level language

N - number of actual machine language instructions needed to
complete the execution (note: loop)

8 - average number of basic steps needed to execute one
machine instruction. Each step completes in one clock cycle

R - clock rate
Note: these are not independent to each other
Nx§
[=—o
R

Performance Measurement.

« T s difficult fo compute.
« Measure computer performance using benchmark programs.

e System Performance Evaluation Corporation (SPEC) selects and
publishes representative application programs for different application
domains, together with test results for many commercially available
comptuters.

o Compile and run (no simulation)
« Referemce computer

Running tme on the reference computer

SPEC rating = - :
Running time onthe computer under test

SPEC rating = [l_[ SPEC )"
=l

[ZM)




2(a) [Identify all the addressing modes and explain with an example.
Name Assem bler syntax  Addressing function
Immediate #Value Op erand = Value
Register Ri EA = Ri

_ Pubsai_ute (Direct)  LOC EA = LOC
Indirect (Ri) EA = [Ri]
(LoC) EA = [LOC]
Index XIR i) EA = [Ri]+ X
Base with index  (Ri,Rj) EA = [Ri]+ [Rf]
Base with index  X[R iRj) EA = [Ri]+ [Rj] + X,
and offset
Relative X(PC) EA = [PC] + X
Autoincremen t Ri}+ EA = [Ri];
Increment Ri
Autodecrement ~-[R1) Decremen t R ;
EA = [Ri]

Explanation of cach addressing modes with examples




(a)

Make Use Of Memory addressing mode using Branching technique with
an example.

BRANCIIING : _
¥ Consider the task of sdding 1 list of n numbers {Figure 2.10).
¥ The boop is a straight line sequence of instructions executed as many times as needed.
It starts at location LOOP and ends at the instruction Branch > 0.
» During each pass through this loup, the address of the next list entry i determined. and
that entry is fetched and added to RO,

Register R1 is vsed as a counter 1o determine the number of times the loop is

exccuted. Hence, the contents of location N are losded into register R1 ot the

beginning of the program.

Within the body of the loop, the instruction Decrement RI reduces the contents of R

by 1 each time through the loop,

Then Branch instruction loads a new value into the program counter. As a result, the

processor fetches and executes the instruction al this new address called the branch
target

7 A conditional branch instruction causes a branch only if a specified condition is

satisfied. If the condition s not satisfied, the PC is incremented in the normal way, and

the next instruction in sequential acklress oeder is fetehed and executed,

-

~

"f

et B w1 i Mo FNLIRET RO
| Eohaai o iv 4 _ Add MU RO
LOGoe T
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i(b)

Explain Accessing of /0 Devices.

ACCESSING /0 DEVICES

There ane 2 ways 1o deal with 10 devices (Figure 4.1).
1) Memory mapped 10
When VO devices and memory shere the same address space, the armangement is called
memary mapped 10
7 Memory amd 1O devices shire a commuon address-space.
# Any data-transfer instruction (ke Move, Load) can be used 1o exchange information.
For example,
Move DATAIN, RO,
This instruction reads data from DATAIN (input-buffer associted with keyboard) &
stores them into processar-register RO
Advantye:
I.No need of separaic address space.
2.No specinl instructions are needed.
3.Easy to implement.
Dhisadvantage:
Slow compare to other technigue.

WO deviee | ' sue ‘ L device n |

PRI 4.0
L A ungle bus struciure.

2) In 1O mapped /0
» Memory and /O address-spaces are different.
» A special instruction named IN and OUT is used for data transfer.
Advaniage:
1O devices deal with fewer address-lines.
I. Faster compare 10 other technigue,
2. Dedicated instructions for /O operation.
Disadvantage:
Complex 10 design

(5M)




-H'a}

Construct the Mechanism used for Interfacing 1'0O Devices.

MECHANISMS USED FOR INTERFACING 1/O DEVICES
1) Program Controlled 1O

» Processor repeatedly checks a status-flag to achicve required synchronization between
processor & input/output device. (We say that the processor polls the device).
# Main drawback: The processor wastes its time in checking the status of the device
before actual data transfer takes plice.
In figure 4 the status register are explined based on the program in figure 48 The
information needed to determine whether a device is requesting an interrupt is available in its
status register. When a device raises an interrupl request, it sets to | one of the bits in its status
register, which we will call the IRQ bit, For example, bits KIRQ and DIRQ are the interrup!
request bils for the keyboard and the display, respectively, The simplest way to ientify the
interrupting device is 1o have the inlerrupt-service routine poll all the 1O devices connected to
the bus. The first device encountered with its IRQ bit set is the device that should be serviced.
An appropriate subroutine is called fo provide the requested service,

2) lnterrupt UO

» Synchronization is achieved by having IO device send 2 special signal over bus
whenever it is ready for a data transfer operation,

3) Direct Memory Access (DMA)
» This involves having the device-interfuce transfer data direetly 10 or from the memory
withoul continuous involvement by the processor.

Nowing (1) Phogiear Coudtalled T lo
(i) Tubesdudpl T/o
(ii) Disel Hemptey A eeeks




4(b) [Explain Polling and Vectored Interrupt.

HANDLING MULTIPLE DEVICES

“The intermupt from multiple devices are handled by the

1. Poliing
2. Vectored Interrupt

' Polling

¥ Information peeded 10 determine whether a device is requesting an interrupl is
available in its status-register.
» When a device raises an interrupt-request, it sets IRQ bit 10 1 in ils status-register
(Figure 4.3). '
¥ KIRQ and DIRQ are the interrupt-request bits for keyboard & display.
» Sumplest way to identify inerrupting device is to have ISR poll all VO devices
connected o bus.
¥ The first device encountered with its IRQ bit set is the device that should be serviced.
After servicing this device, next requests may be serviced.
Advantage:
1. Simple
2. Easy to implement
Disadvantage:
Mare time spent polling IR bits of all devices (that may rot be requesting any service).

Vectored Interrupis

» In the program shown in figure 4.4, 1 deviee requesting an interrupt identifies iealf by
sending a specinl-code to processor over bus. (This ensbles processor (o identify
individual devices even if they share & single nterrupl-request ling).

The code represents sarting-address of ISR for that device,

ISR for a given device must always start al same location.

The address stored at the location pointed to by interrupting-device is called the
inferrupt-vector,

Processor

= loads mitzrupt-vector into PC &

—s executes appropriate [SR

L A

¥
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| Make Use Of appropriate diagrams to explain the following:
4. Byte addressability.
lia) | b. Big-Endian assignment. 1 O3 K3
¢. Little-Endian assignment,
d. Instruction and Instruction Sequencing.
OR
2(a) | Identify addressing modes, Explain each with examples. 1 co3 K3
Muodule 4
Make Use OF memaory address mode 1o explain Instruction Execution E
a) and Straight-Line Sequencing. i e "
3(b) | Explain 'O Interface for an Input Deviee. 5 Co4 k2
- OR
4(n) | Construct Interrupt Hardware technique. 1] 04 K3
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Make Use Of appropriate diagrams to explain the following:
| 1(a) ja. Byte addressability.
b. Big-Endian assignment.
c. Little-Endian assignment.
d. Instruction and Instruction Sequencing.
(a)
Byte addressability,
BYTE ADDRESSABILITY
¥ In byte nddressable memory, successive addresses refer 1o successive byte locations in
the memory.
» Byte locations have addresses 0, 1, 2..... ..
7 Ifthe word length is 32 bits, successive words are focated at addresses 0, 4, 8, .with
cach word having 4 bytes.
(b) Big-Endian assignment.
(c)

L]lﬂc-Endiun assignment.

BIG-ENDIAN AND LITTLE-ENDIAN ASSIGNMENTS
There are two wiys i which byte sddresses are arninged.
I. Big-endian assignment: Jower byte addresses are used for the more significant byles
of the word (Figure 2.3),
2. Little-endian: lower byle nddresses ore wsed for the less sipgnificant bytes ol the word
In both cases, byte addresses 0, 4, 8 . are taken us the addresses of successive words in
the memory,




el T
Ll N

A P R i

o

FIGLRE 23
Byle and wird sddrecing.

(d)  fnstruction and Instruction Sequencing.

REGISTER TRANSFER NOTATION (RTN) !
We identify a memory location by a symbolic name (in upperease alphabets). For example,

DATAIN, OUTSTATUS ete indicate VO registers,
Example,
R« JLOC/
Means that the contents of memory location LOC are transferred into processor register RI
{The contents of o location are denoted by placing | | sguare brackets around the name of the

locition).

Rie— [RI] + [R2}
Indicates the operation that adds the contents of registers R1 ond R2 Jand then places their
sum inle register R3.

> This type of nolation is known os RTN (Register Transfer Notation).

Move LOC, RI;
This instruction trunsfers data from memory-location LOC to processor-register R1. The
l contents of LOC are unchanged by the execution of this instruetion, but the old contents of
register R1 are overwritten, _
Add RI, R2, R3;
This instruction adids 2 numbers contined in processor-registers R1 and R2, and places their
sum in R3.

ASSEMBLY LANGUAGE NOTATION

To represent maching instructions and programs, assembly language format ean be used.
Example,

LOC, PLACE, NUM etc indicale mempry locations. RO, RS ete indicate prociessor register. .

0




2(a)

Identify addressing modes. Explain each with examples.

Name Assem bler syntax  Addressing function
Immediate #Value Op erand = Value
Register Ri EA = Ri
Absolute (Direct)  LOC EA = LOC
Indirect (Ri) EA = [Ri]
(LOC) EA = [LOC]
Index X(R i) EA = [Ri]+ X
Base withindex  (Ri,Rj) EA = [Ri]+ [Rf]
Base with index  X(R i Rj} EA = [Ri]+ [Rj]+ X
and offset
Relative X(PC) EA = [PC] + X
|
 Autoincremen t (Ri)+ EA = [Ri];
Increment R
Autodecrement —(R i) Decrement R/ ;
EA = [Ri]

Explanation of ¢ach addressing modes with examples

10




3(a) ]Make Use OF memory address mode to explain Instruction Execution and
Straight-Line Sequencing,

!INSTRUCTION EXECUTION & STRAIGHT LINE SEQUENCING
The program i executed as follows:
. Initially, the address of the first instruction is loaded into PC (Program counter 15 a
register which holds the address of the next instruction to be executed)
2. Then, the processor control circuits use the mformation in the PC to feleh and execule
instructions, one 4t a time, in the order of increasing addresses. This is called straight-
line sequencing (Figure 2.4)
During the exceution of each instruction, the PC is incremented by 4 to point to the
next instruction,
4, Executing given insiruction is a two-phase procedure,
L In fetch phase, the instruction is fetched from the memory location (whose
address is in the PC) and placed in the IR of the processor
il In execute phase, the contents of IR is examined o determme which
operation i 1o be performed. The specified operation is then performed by

b

the processor,
Adtdrest Canients
Fegin eveviam limn —== | Mave ARD J-instruction
ivl i~ B8RO E:mmi
je3 Move HOC
A —
n — Data for
the program
c
S
FIGURE 2.4
A program foe © == [A] + [B],

|0




3(b) [Explain I/O Interface for an Input Device.

1/O Interface for an Input Device

¥ Address decoder; decodes address sent on bus, so as to enable input-device (Figure
42),
» Data register: holds data being transferred to or from the processor.
¥ Status register: contains information relevant to operation of /O device.
¥ Address decoder, date- and stotus-registers, and control-circuitry required 1o
, eoordinate /O transfers constitute device's interface-cireuit.

Address lines
Buzs { Dara lines
Control lines
'r;-.-ﬂll—.';,;'-i-__" R i i
Address Control Duta and : o
decoder |1} circults status registers | 7 inerfoce
BT e s ST VTR Sy o S
Input device

FIGLRE 4.2
[0 ‘interface for an input device.




4(a) [Construct Interrupt Hardware technique.

Y v

e

"f

INTERRUPT HARDWARE
¥ An 1O device requests an interrupt by activating a bus-lire called imernupt-neguest

(IR).

A single IR Tine can be used to serve “n™ devices (Figure 4.6),

Al deviees are connected to TR Tine via switches 1o ground,

To request an interrupl, 2 device closes its associated swilch. Thus, if all IR signals are

inactive (i.¢. ifall switches are open), the voltage on the IR Tine will be equal to V.

When a device requests an interrupt by closing its switch, the voltage on the fine drops

to 0, cawsing the INTR received by the processor to goto 1.

The value of INTR is the logical OR of the requests from individual devices
INTR=INTR;+ INTRs. ... +INTR,

A special gate known os open-collector or oper-drain are used to drive the INTR line.

Resistor R is celled a pull-up resistor because it pulls the ling voltage up to the high-

voltuge state when the switches are open.

TR —0<]

CPU

(L—- Rl | H— wmR2 . /—— INTRn
FIGURE 4.6
An equivalent circult for an apen-cellector bus used to implement a common interrupt-
request line,

10




4(b) llllustrate a Program (hat reads one line from the keyboard and sends it to

the display:

—M
Move #LINERI Initialize memory pointer.

WAITK  TestBit #0STATUS  Test SIN.
Branch=0 WAITK Wait for character to be entered.
Move DATAINNR0O  Read character.

WAITD  TestBit #1 STATUS - Test SOUT.
Branch=0 WAITD Wait for display to become ready. .
Move RO,DATAOUT'  Send character (o display.
Move RO(R1)+ Store character and advance pointer,
Compare  #$0D,RO ' Check if carriage return.
Branch#0 WAITK If not, get another character.
Call PROCESS Call 2 subroutine Lo process the input

line.

Course in-charge
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l{a) Make use of a block disgram explain Centralized Arbitrtion in derail.
iCentralized Arbitration:- The bus arbiter may be the processor or 4 separgie unit
connected to the bus. A basic arrangement in which the processor contains the bus)
arbitration circuitry. In this vase, the processor is normally the bus master unless it grants
l-hus mastership 10 ene of the DMA controllers. A DMA controller indicates that it needs
ter become the bus master by activating the Bus-Request line. BR . The signal on the Bus-
Reéguest line is the logical OR of the bus requests from all the devices connected to it
When Bus-Request is activated, the processor activates the Bus-Grant signal, BGl, é-’-—g)
indicating to the DMA controllers that they may use the bus when it becomes free. This _

signal is connected to all DMA controllers using a daisy-chuin arrangement. Thus, i Q._PEJ%;
DM A controller | is requesting the bus, it blocks the propagation of the grant signal to '
wther devices. Otherwise, it passes the grant downstream by asserting BGL. 3-—?@!&3

I'he current bus master indicates to all device that it is using the bus by activating another

open-controller line called Bus-Busy. BBSY . Hence, afier receiving the Bus-Grant
signal. a DMA controller waits for Bus-Busy to become inactive. then assumes mastership

of the bus.

‘Centralized Bus Arbitration

T - | Tetad

A 1 1 ‘
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2(a)

Make use of Mapping Techniques explain in detail the Direct Mapping briefly.

Direct Mapping Technigue The cache systems are divided into three categories. to
implement cache system. As shown in figure, the lower order 4-bits from 16 words in
block constitute a word field, The second field is known as block field vsed to distinguish
a block from other blocks. Its length is 7-bits, when a new block enters the cache. the 7-
bit cache block field determines the cache position in which this block must be stored.
The third field is a Tag feld, used to store higher order 5-bits of the memory address of

the block, and to identify which of the 32blacks are mapped into the cache.

Tag Block
5 7 4

Word

Figure 8:Main Memory Address

It is the simplest mapping technique. in which each block from the main memory has only
one possible location in the cache organization. For example. the block 1 of the main
memory maps on 1o block T module 128 of the cache. Therefore. whenever one of the main
memory blocks 0, 128, 256. ....... Is loaded in the cache, it is stored in the block 0. Block

1. 129, 257...... are stared in block | of the cache and so on.

ain TAG
memory [ 4
Bddress
128 047
Biocka Blocks
|

5M




3a)

Make use of MOVE (Ry} Ry instruction write the complete control sequence and brief!

about performing an arithmetic or logic operation.
Write the complete control sequence for the instruction : Move (Rs),Rd

= This instruction copies the contents of memory-location pointed to by Rs into Rd. This
is a memaory read operation.

This requires the Tollowing actions

—= fetch the instruction

—= fetch the operand (i.e, the contents of the memorv-location pointed by Rs ).
—= transter the data to Rd.

* The contral-sequence is written as follows

1) PCout. MARIn. Read, Selectd, Add. Zin

2} Zout, PCin. Yin, WMFC

3) MDRout, [Rin

4) Rs . MARIn, Read

5) MDRin. WMEC

B MDRoul, Rd, End

PERFORMING AN ARITHMETIC OR LOGIC OPERATION

» The ALU performs arithmetic operations on the 2 operands applicd to its A and B
inputs,
 One of the operands is output of MUX & the other operand is oblained directly from

bus.
« The result (produced by the ALLY is stored temporarily in register £,

« The sequence of operations for [R3]=—[R1]+[R2] is as follows.

) Rlout. Yin !iransfer the contents of R to Y register

) R2o0ut. SelectY. Add. Zin //R2 content § are transferred directly to B input of ALL.
/! The numbers of added. Sum stored in register £

3) Zout, R3m {/sum is transferred 1w register R3

« The signals are activated for the duration of the clock cyele corresponding to that step.

All other signals are inactive.




3(h)

Explain the Role of Cache Memory along with 4 Stage Pipeline block diagram.

ROLE OF CACHE MEMORY:

Fach stage in a pipeline is expected to complete its operation in one clock cycle. Hence.
the clock period should be sufficiently long to complete the task being performed in any
stage. 17 different units require different amounts of time, the c¢lock period must allow the
longest task to be completed. A unit that completes its task early is idle for the remainder
of the clock period. Hence. pipelining is most effective in improving performance if the

tasks being performed in different stages require about the same amount of time.
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This consideration is particularly important for the instruction fetch step. which is
ussigned one clock period in Figure 8.2a. The clock cyele has to be equal to or greater
than the time needed to complete a fetch operation. However, the ace ess time of the main
memory may be as much as ten times greater than the time needed 10 perform basic
pipeline stage operations inside the processor. such as adding two numbers. Thus if each
instruction fetch required aceess w the main memory. pipelining would be of little value.
I'he use of cache memories solves the memory access problem. In particular. when g

cache is included on the same chip as the processor, access time to the cache usually the

came as the time needed to perform other basic operations inside the processor. Thi51

makes it possihle to divide instruction fetching and processing inta steps that are more or

less equal.
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| 4{a) Make use of block dingram and uppmpr:tﬁl.t: timing diagram explain how o fetch a

WORD from MEMORY.

ETCHING A WORD FROM MEMORY
s To feteh instruction/data from memory, processor transfers required address 1o MAR
(whose output is connected 1o address-lines of memory-bus).

AL the same time, processor issues Read signal on control-lines of memory-bus.

s When requested-data are received from memory, they are stored in MDR. From MDR.

they are transferned to other registers
s MFC (Memory Function Completed): Addressed-device sets MFC to 1 to indicate that

the contents of the spegified location.

— have been read &

— are available on data-lines of memory-bus

» Consider the instruction Move (R11L.R2. The sequence of steps is:

17 Riout. MARIn,

Read -desired address is loaded into MAR & Read command s

issued

2)yMDRinE. WMEC Joad MDR from memo ry bus & Wait for MFC response

from memaory

33 MDRout, R2in ‘foad R2 from MDR
where WMFEFC=control signal that causes processor's

Imternal processor
data bnes MDR bus

0N

i

control eireuitey to wait for arrival of MFC signal

—
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Figure 75 Timing o o memory Rsod opershon.

Explain Execution of A COMPLETE INSTRUCTION briefing all the 7 Steps.

EXECUTION OF A COMPLETE INSTRUCTION

« Consider the instruction Add (R3). R1 which adds the contents of & memory -location

Iy Fetch the instruction.

21 2) Fetch the first operand.
3) 3) Perform the addition,
43 4) Load the result into R1.

« Control sequence for execution of this instruction is as follows
1y PCout. MARIn, Read. Selectd, Add, Zin

2y Zout, PCin, Yin, WMFC

i} MDRuout, Irin

4} R3out. MARIn, Read

5 Rlout, Yin, WMFC

6)  MDRout, SelectY, Add. Zin

7) Zout. R lin. End

pointed by R3 to register R1. Executing this instruction requires the following actions:




* Instruction exceution proceeds as follows:
Stepl—> The instruction-fetch operation is initiated by loading contents of PC into MAR
& sending o Read request to memory, The Select signal is sot to Selectd, which causes
the Mux to select constant 4, This value is added o operand at input B (PC”s ¢ontent).
and the result is stored in Z.

Stepl--> Updated value in 7 is moved to PC.

Stepi-—= Fetched instruction is moved into MDR and then 1o IR.

Stepd--> Contents of B3 are loaded into MAR & a memory read sienal is issued.
Step3--> Contents of R1 are transferred o Y to prepare for addition.

Stepb—= When Read operation is completed, memaory-operand is available in MDR, and
the addition is performed.
Step7==> Sum is stored in 7. then vansterred 1o R1.The End signal causes a new

instruction fetch cvele to begin by returning to stepl.

oM
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1(a) Make use of a hloek diagram explain Distributed Arbitration in detail,

Distributed Arbitration: -Distributed arbitrution means that all devices wailting 1o usd
the bus have equal responsibility in carrying out the arbitration process, without using |
central arbiter. A simple method for distributed arbitration is illustrated in figure 6. l:ﬂm:h]:
device on the bus assigned a 4-bit identification number. When one or mote devices
request the bus. they assert the Start — Arbitration signal and place their 4-bit 1D numbers
on four open-collector lines, ARBO through ARB3 . A winner is selected a5 o result of the
interaction among the signals transmitted over those liens by all contenders. The net

outcome is that the code on the four lines represents the request that has the highest 1D

number,
)
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2(u)

i)

Make use of Mapping Techniques explain in detail the Associative Mapping briefly.

Associative Mapping Technique The figure shows the associative mapping. where in
which main memory block can be placed into any cache block position. in this case. 12
tag bits are required o identify a memory block when it is resident in the cache. The tag
hits of an address received from the processor are compared to the tag bits of cach block
!ui' the cache, to see if the desired block is present. This is called associative - mapping

technigue. It gives the complete freedom in choosing the cache location in which to place

the memory block.

Associative Mapping

Any Block of main memory can be placed any where in the cache

5 Thaz E Word Offset ]
1 bir 2 bitg
O
]
L1000 J a / 1
= e | 1 .
o e I -
51
[—— 3 : —
Cache Memoty _i
No of Binekd Nind 1
Pobaiiin Wby
Ko of Block{M) =8

Make use of the sequential execution and hardware organization diagram explain the basie

concepts of Pipelining.

BASIC CONCEPTS
The speed of execution of programs is influenced by many factors. One way o improve,
performance is 1o use faster circuit technology to build the processor and the main

memory. Another possibility is to arrange the hardware so that more than one operation

can be performed at the same time.
In this way. the number of operations performed per second is increased even though the
clapsed time needed to perform any one operation is not changed.

We have encountered concurrent activities several times before. Chapter | in-traduced the

concept of multipragramming and explained how it is possible for Transters and

Tolal
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computational activities to proceed simultancously. DMA devices make this possible
because they can perform 1O transfers independently once these transfers are initiated by
the processor Pipelining is a particularly effective way of organizing concurrent activity
in a computer system.

[ The basic idea is very simple. Itis frequently encountered in manufacturing plants, where

pipelining is commonly known as an assembly-line operation, Readers are undoubtedly
Tamiliar with the assembly line used in car manufacturing. The first station in an assembly

line may prepare the chassis of a car. the next station adds the body. and the next one

installs the engine, and so on, While one group of workers is installing the engine on one
car. another group is fitting a car bady on the chassis of another car, and vet another gmupl
is preparing a new chassis for a third car. It may take days to complete work on a gin:n|
car, but it 1s possible to have a new car rolling off the end of the assembly line every few
minutes. Consider how the idea ol pipelining can be used in o computer. The processor
cxccutes o program by fetching and excouting instructions, one after the other. Let Fi and
Ei refer to the fetch and execute steps for instruction li. Execution of a program consists
of a sequence of feteh and execute steps, as shown in Figure 8.la. Now consider a
computer that has two separate hardware units, one for fetching instructions and another
for executing them, as shown in Figure 8.1 b.

I'he instruction fetched by the fetch unit is deposited in an intermediate storage bufler,
[B1. This buffer is needed to enable the execution unit to execute the instruction while the
[feteh unit is fetching the next inst ruction. The results of execution are deposited in the

destination location specitied by the instruction. For the purposes of this discussion. wej

Essumc that both the source and the destination ol the data operated on by the instructions

re inside the block labelled Execution unit.

(5M)
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Explain the Role of Cache Memeory along with 4 Stage Pipeline block diagram.

ROLE OF CACHE MEMORY:

Fach stage in a pipeline is expected to complete its operation in one clock cyele, Hence,
the clock period should be sufficiently long 1o complete the task being performed in any
stage. If different units require different amounts of fime, the ¢lock period must allow the
longest task to be completed. A unit that completes its task carly is idle for the remainder
of the clock period. Hence. pipelining is most effective in improving performance il the

rasks being performed in different stages require about the same amount of time.
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This consideration is particularly important for the instruction fetch step. which is

-mssigncd one clock period in Figure 8.2a. The clock eyele has 1o be equal to or greater

than the time needed 10 complete a fetch operation. However, the acc ess time of the main

pipeline stage operations inside the processor, such as sdding two numbers. Thus if each

instruction fetch required access to the main memory, pipelining would be of little value)

memory may be as much as ten times greater than the time needed to perform basic

The use of cache memorics solves the memory access problem. In particular, when
cache is included on the same chip as the processor. access time to the cache usually th

same as the time needed o perform other basic operations: inside the processor. Thi

makes it possible to divide instruction fetching and processing into steps that are more of

less equal.
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Ha)  Make use of the date path inside the processor explain in detail the Single bus
|

}argran iZzation.
SINGLE BUS ORGANIZATION -
* MDR has 2 inputs and 2 outputs. Data may be loaded — into MDR either feom mcmuq—':
bus (external) or — From processor-bus (internal ).

* MAR"s input is connected v internal-bus. and MAR"s output is connected 1o
externalbus,

* Instruction-decoder & control-unit is responsible for — lIssuing the signals that control
the operation of all the units inside the processar (and for interacting with memaory bus).
— implementing the actions specified by the instruction (loaded in the IR)

* Registers RO through Rin-1) are provided for general purpose use by programmer.

* Three registers Y. Z & TEMP are used by processor for temporary storage during

execulion of some instructions. These are transparent to the programmer i.¢. programmen

meed not be concerned with them because they are neyer referenced explicitly by any
Einsh'ulrt'mn.
r » MUX(Multiplexer) selects either — output of Y or — constant-value 4(is used 1o
Fini:r!:mcnt PC content). This is provided as input A of ALU,
* B input of ALL is abtained directly from processor-bus.

* As instruction execution progresses. data are transferred from one register to another,
!'uﬁen passing through ALU to perform arithmetic or logic opération.
« An instruction can be executed by performing one or more of the following opermtions:
1} Transfer a word of data from one processor-register to another or to the ALLL
2) Perform arithmetic or o logic operation and store the result in a processor - register,
3) Feteh the contents of a given memory-location and load them into a processor - register,

4) Store a word of data from a processor-register into a given memory-location.
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Explain Input and Output Gating for one Register Bit.
» A 2-input multiplexer is used to select the data applied to the input ol an edge-triggered

D Aip-flop.
« Riin=1 - mux selects data on bus. This data will be loaded into Mip-fop at rising-edge

of clock. Riin=0 - mux feeds back the value currently stored in flip-flop (Figure7.3).
= (3 output of flip-flop is connected o bus via @ tri-state gate. Riout=0 - gate's output isin

Riout=1 - the gate drives the bus to 0 or 1. depending on the

he high-impedance state.
FEEHE of Q.
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