Unit-1: Logic Gates and Boolean Algebra
Short Answer Questions:

Q. What is POS? Explain. (Nov 22)
Ans. POS (Product of Sums) is a Boolean expression format where variables are grouped in OR
terms and then ANDed together. It is used to simplify logic functions in digital circuits.

POSﬁaBoolean“@éﬂ@ﬂéﬁﬂﬁ?%éORﬁ?Wﬁ@f&HAND 3T 7T J)
fog f3mie® Agdet (€0 BfHd AUds 96 B8 @ gf3nr Aer J|

Q. Draw the circuit diagram and truth table of a XOR gate. (Nov 22)
Ans. XOR Gate outputs HIGH (1) when the number of HIGH inputs is odd. It is used in parity
checkers and adders.

XOR die 3T HIGH (1) w8@cdc fder 3 A< HIGH Wﬁmﬁﬁﬁél f&d parity checkers W3
adders f3g Tafwr Aer J|

Q. What is SOP form? (Nov 23)
Ans. SOP (Sum of Products) is a form of expressing Boolean logic where multiple AND terms
are ORed together. It helps in designing simplified logic circuits.

SOP & Boolean &rid gu I f7r <8 AND €91 § OR S13" Aie" J| fod AIS &frid Adac S8

fég Hee aaT |

Q. Write at least two applications of Logic Gates. (Nov 24)
Ans. Logic Gates are used in digital circuits for decision making; applications include arithmetic
logic units and signal processing.

S dic f3iies Agdcet RT eng € &t @93 A I&| 8T arithmetic logic units W3 signal
processing f€g @33 A I&|

Q. Simplify the following Boolean expression XY+X(Y+Z) +Y(Y+Z). (Nov 24)
Ans. The Boolean expression XY + X(Y+Z) + Y(Y+Z) simplifies to X + Y, showing redundancy
elimination using Boolean laws.

Boolean WSR3t XY + X(Y+Z) + Y(Y+Z) § HAOSS o399 X + Y fuger I
f&J Boolean laws S @33 5 redundancy EJETQET%H‘@ETE}I

Q. What is K-Map? (Nov 24)
Ans. K-Map (Karnaugh Map) is a graphical tool used to simplify Boolean expressions by
grouping adjacent 1’s. It minimizes the number of logic gates in digital circuits.

K-Map & (a8 €8 I T Boolean Wisasdmi § AUTs Jd6 &Y I3 A I
fog Frfra diet & farest werger J|

Long Answer Questions:

Q. a) What is Boolean Algebra? Explain the role of De Morgan's theorem in Boolean
Algebra.

b) Explain three input NOR gate with truth table and logic circuit. (Nov 22)
Ans. a) Boolean Algebra and De Morgan's Theorem:
Boolean Algebra is a mathematical framework used to analyze and simplify digital (binary) logic
circuits. It involves variables that take values of 0 (false) or 1 (true) and uses logical operations
such as AND (+), OR (+), and NOT (- or ‘). Boolean algebra helps design and optimize logic gates
and digital systems.
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De Morgan’s Theorems are essential rules in Boolean algebra:

1. "(A+B)=-A--B

2. 7(A-B)=-A+-B
These theorems help in simplifying complex logic expressions and converting between AND-OR
and NAND-NOR logic, making them critical for circuit minimization and implementation using
universal gates.

a) I8 Hrarfes w3 3t Haas € A3

Boolean Algebra & Jife3tel wfor I 7 f3wies (g€iad) & Agdct § ferdas 3 AIS
0T o9 e gf3wr Aer J|

for S 23T 0 (35) At 1 (H) ¥ 82 I& W3 AND (), OR (+), W3 NOT (- At ') I3t B
Sudnst €t =93 It J|

Boolean Algebra 38 Sad A W3 Bfrd dict € (3986 W3 WUSTHEIRHS S 593
IECICIRSE]

De Morgan © A39J (Theorems):

1. 7(A+B)=-A--B
2. 2(A-B)=-A+-B
feg #39 B WigdaSMiT § AU9E 96 W3 AND-OR § NAND-NOR @9 Se8t 3¢ 93 AT

IJo|

feg AISCt § YIRS Jict o8 B II6 B¢ 53 QUi I5|

b) Three-input NOR Gate:

A NOR gate outputs true (1) only when all its inputs are false (0). It is the combination of an OR
gate followed by a NOT gate.

Truth Table:

A B C Output (Y==(A+B +())
0001
0010
0100
0110
1000
1010
1100
1110

Logic Circuit: The inputs A, B, and C connect to a 3-input OR gate, and the output of the OR gate
goes to a NOT gate, forming the NOR logic.

b) f3& fesye & NOR Ji€ (Three-Input NOR Gate):
NOR Gate 3% Jt wr@ee 1 foer I A< 3% fese 0 J=|
&g OR dic © S™E NOT I & Serfom Aer J|

Truth Table:
ABCY=-(A+B+()
0001

0010
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ABCY=-(A+B+()
0100

0110

1000

1010

1100

1110

Sfad AIA<E (Logic Circuit):

fesye A, B, W3 C$ 3-Input OR Gate T A AT J|
fG3 OR Gate T »GeUe NOT Gate § fe3 A I
for 3319 5% NOR Gate i Aer J|

Q. What is a Logic gate? Which gates are called as the universal gates? What are its
advantages? Implement the basic gates using Universal gates. (Nov 23),(Nov 24)
Ans. A Logic gate is a fundamental building block of digital electronics. It performs a basic
logical function on one or more binary inputs to produce a single binary output. The common
logic gates are AND, OR, NOT, NAND, NOR, XOR, and XNOR. They are used in designing digital
circuits such as computers, calculators, and memory devices.
Universal gates are NAND and NOR gates. They are termed "universal" because any other logic
gate (AND, OR, NOT) can be constructed using only NAND or only NOR gates. This simplifies
circuit design and manufacturing, as one type of gate can be used to implement complex logic
functions.
Advantages of Universal Gates:

e Cost-effective fabrication

e Simpler and more flexible circuit design

e Greater fault tolerance and easier replacement in IC design
Implementation of Basic Gates Using NAND:

e NOT Gate: Connect both inputs of a NAND gate to a single input A = Output: A’

e AND Gate: Use two NAND gates. First NAND gate gives A:B’, second NAND of the first

output gives (A-B)"
¢ OR Gate: Apply De Morgan’s Law: A + B = (A'-B")". So, first invert A and B using NAND as
NOT, then apply NAND to outputs.

Similar logic applies to building gates using NOR.

F dic f3riics fdacfoan T 48 991 J| fog g A 209 Feiadt fesue 3 wogs &
FElsdl wrede fier I AOds Ffad diet &9 AND, OR, NOT, NAND, NOR, XOR W3 XNOR
THS I6| g dfuges, dugicd W3 AHS! iid f3Hies Agse © famrdis Ry 293 AR I6|

WAIRIAS Jic (Universal Gates): NAND w3 NOR de § Galegn® dic faor A J|
foeg for &€ 93 FR I6 Q1 g9 J9 BfAa i (AND, OR, NOT) & fige NAND H fHae NOR
&8 ST 7 AeeT J| o ASE f3rdis w3 §3Ues & wWiHS w3 We-HIoig ST I5 |

Haledn® dict @ %9 (Advantages):
o WZ TP TH fIY foaHT

¢ HAOJIS W3 BIAB AJAC 386

o T THC IBIA WS WHS 5281 (IC 3a8s €9)
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NAND Gate ™8 HE8 Jict € Implementation:

1. NOT Gate:
e g Gt fosde A § ¥ fesder 3 ®WE > wWEede = A
(ANAND A=A)
2. AND Gate:

o Ufgs" Aw3 B & I NAND Gate f€9 fe€ - w@cdc = (A-B)'

o fegfeg e d fad RIS NAND Gate 9 Wi 578 - wWigede = ((A-B)")' = A'B
3. OR Gate (De Morgan's Law §)

e A+B=(ABY

o Ufgs' A3 B S RIS-fFA NAND Gate © &% NOT o3

o feI € @ wrGcc § 3 NAND Gate R9 fe€ - wr@ede = OR

NOTE:
fon 39t € BfHa 573, NOR Gate T 33 I3d & AND, OR, NOT JIc S8 7" Hae I6 |

Q. Write a detailed note on Simplification of Boolean Expression using K-Maps. (Nov 24)
Ans. Simplification of Boolean Expressions Using Karnaugh Maps (K-Maps)

Karnaugh Maps (K-Maps) are a graphical method used to simplify Boolean expressions without
using Boolean algebra theorems extensively. They help in minimizing logic functions by reducing
the number of logic gates needed in digital circuits, making them more efficient and cost-
effective.

A K-Map is a grid-like structure where each cell represents a minterm of the function. The
number of cells in a K-Map depends on the number of variables: for 2 variables, it has 4 cells; for
3 variables, 8 cells; and for 4 variables, 16 cells. The values from the truth table or minterm list
are plotted into the corresponding cells of the K-Map.

The simplification process involves grouping adjacent 1's in powers of two (1, 2, 4, 8, etc.). These
groups may be horizontal or vertical and should be as large as possible to reduce the expression
to its minimal form. Each group results in a simplified product term, and the final simplified
expression is the logical OR of all the product terms derived from the groups.

K-Maps eliminate the risk of errors in manual simplification and are widely used for designing
combinational logic circuits such as adders, multiplexers, and encoders.

Karnaugh Maps (K-Maps) € T33 &3 g8m& wifgea3 €t A"g3™: Karnaugh Maps (K-
Maps)ﬁammaﬁBooleanméwmeWﬁﬁﬂﬁg
Boolean Algebra © H3J' € 203 83 &4t U1 fog & Sams § wer 9 3Hies Agae e
B Jict & [Ire3t wege I6, fiA o8 AIae e Ygreaat w3 We HaoigT see J
K-Map & qiidz-wrarg & Agy der J fr 8 99 A% fan fiflear (minterm) § ©ImEer J1
K-Map 35 A5 €t forest Sdieast &t fore3t '3 fsggg sget &:

o« 23TEEBH -4 AT

o 3B BE -8R

. ALQEI'TQS’EBE'!T—16ﬁ"&”5TruthTable1_-|+ﬁ-i?ED-fﬁ%’H‘c’?Z‘?QEITQ);\I"EK-Mapé“{?j_gﬂ@ﬁ!&+

ICEESREER)

AO93T & Yfafonr g 3= I8 1's § 2 & W3 (1, 2, 4, 8 wife) © AYT' ff9 rfgwr A I
fog AT Ifores 7 298 I HaR I6 w3 fid €3 JT, 8% 3 s T wifseast @&t it 2t
J4t
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J9 AYd @& A3 product term féer I W3 WSt Boolean WfSea3t €I AT product terms
TTOR IS J|

K-Maps I N3t Foa3T 9 IB3 © Aud ?;'5 W?T@é I& W3 f8I adders, multiplexers, W3
encoders 9T combinational logic circuits € f8aEs R fowud 39 '3 =93 e I8 |

Q. Find the minimum SOP expression for F(a, b, ¢, d) =Xm (1,3,5,8,9,10,11,12,13,15) using
K map. (Nov 23)

Ans. To find the minimum SOP (Sum of Products) expression for the Boolean function
F(a,b,c,d)=2m(1, 3,5,8,9,10, 11, 12, 13, 15) using a 4-variable K-map, follow these steps:

Step 1: Setup the K-map

The K-map for 4 variables (a, b, c, d) has 16 cells representing minterms from 0 to 15.
cd—- 00 01 11 10

abl

00 0 1 3 2

01 4 5 7 6

11 12 13 15 14

10 8 9 11 10

Step 2: Fill 1s for given minterms
Fill 1 in the cells for minterms: 1, 3,5, 8,9, 10,11, 12,13, 15.

Step 3: Grouping
Make largest possible adjacent groups of 1s in powers of 2:
e Groupl (4-cell): m(8,9,10,11) —» a'b
e Group?2 (4-cell): m(12,13,15,11) = ab
e Group3 (2-cell): m(1,3) = a'b'd
e Group4 (2-cell): m(5,13) = bd'c

Step 4: Write simplified SOP expression

The minimized SOP expression is:

F(a,b,c,d)=a'b+ab+a'b'd+bd'c

This expression uses fewer terms and variables, making it optimal for implementation in digital
logic circuits.

F(a, b, ¢, d) =Im(1, 3,5, 8,9, 10, 11, 12, 13, 15) T w2-we SOP wifgea3l T B8 K-Map ©t

CCES

JEH 1: K-Map g€
4 IS (3, b, ¢, d) TH K-Map RT 5 16 AB I8 Is (fHeaw 0 I 15 39|
K-MapETE"EIﬂE’:

cd -

00 01 11 10
abl
00 0 1 3 2
01 4 5 7 6
11 12 13 15 14
10 8 9 11 10

e 2: fe3 fHeaw f<g 133
fiean: 1,3,5,8,9,10, 11, 12,13, 15 — o A& K91’ 331
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qEH3: 1'sTII AYT HTQ (U=awe21ed: 2,4,8..)
Group 1 (4 A®): m(8,9,10,11) » a'b

Group 2 (4 A®): m(12, 13,15,11) > ab

Group 3 (2 ﬁ“&‘): m(1,3)—a'b'd

Group 4 (2 ﬁ“&‘): m(5,13) = bd'c

ITH 4: W2-ue SOP wifseast fad
F(a,b,c,d)=a'b+ab+a'b'd+bd'c
k:
o foTwisedst e can w3 REs &% J, fan J9a fug f3Hies orfnd Adee o9t As 3
YA (Optimal) I
o I HTI3T K-Map T ©93 999 JE fo&T B3 = A3 7 Ade! J|
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Unit-1I: Combinational Logic Circuits
Short Answer Questions:

Q. What is a Decoder? (Nov 22),(Nov 24)
Ans. Decoder is a combinational circuit that converts binary input into a unique active output
line. It is used in memory address decoding and display systems.

Fidzg s Aga3 Sfid Addc I 1 Sdiad frsde § i fedue lafee wgede 3ds <o
gToTJ| T ARI was R SRf3a w3 3Ru fimreH g eafswr A I

Q. How do multiplexer differ from demultiplexer? (Nov 23)
Ans. A Multiplexer selects one input from many and sends it to a single output line, while a
Demultiplexer takes one input and distributes it to multiple outputs.

HBSUBIHAT 593 A'S ey &9 i geer I w3 i wiee gt 3Aer J1 f3Hsudang fid
foesie er I w3 fong ae ey Re 33w J|

Q. What is the truth table of Half Subtracter? (Nov 24)

Ans. The truth table of a Half Subtracter shows two inputs (A and B) and outputs difference (D
= A@B) and borrow (B = A'B).

for 39 T fosye (A W3 B) I8 I& W3 WEeue &9 Difference (D = A@B) W3 Borrow (B = AB)

oS I8|

Q. Differentiate between encoder and decoder. (Nov 24)
Ans. An Encoder converts active input signals into coded binary output, whereas a Decoder
performs the reverse by decoding binary input into distinct outputs

Encoder Wafce foade § Afs3 sdiadt wi@edce €9 ST&e J| Decoder fogt Af33 fosdet §
Y-y WiEcle Trole ffg ufgedfs3 sav J|
Q. Name two uses of multiplexers. (Nov 24)

Ans. Multiplexers are used in data routing and communication systems to manage multiple
data lines and reduce hardware complexity.

HEUBIHT 37T IRIET W3 Aod Yera &g =afamr Hier J| feg &t 37T gdiat § AgS
JIZend ©f Afes 3T werGer J|

Long Answer Questions:

Q. What is a Multiplexer? Explain with a truth table and logic circuit the design ofan 8 to 1
line multiplexer. (Nov 23), (Nov 22)

Ans. A Multiplexer (MUX) is a combinational logic circuit that selects one of several input
signals and forwards the selected input to a single output line. It acts like a digital switch,
allowing the transmission of data from multiple sources to one destination.

An 8-to-1 multiplexer has 8 input lines (I, to I;), 3 select lines (S, S1, So), and 1 output line
(Y). The select lines determine which one of the 8 inputs is connected to the output.

Truth Table:

S2 S;1 So Output (Y)

0 00 I

1L
0 I,
1 I3
0

L4

= o O O

0
1
1
0
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S2 S;1 So Output (Y)

1011

1101

1111,

Logic Circuit:

The output Y is expressed using the selectlinesas: _ _

Y =S2S51S0°Io + S2S1S0°I1 + S2S1So°I2 + S2S1S0°I5 + S2S1S0°14 + S2S1S0°Is + S2S1S0°I6 + S2S1S0°1
This implementation uses AND, OR, and NOT gates. Each input is ANDed with the corresponding
combination of select lines, and the results are ORed together to form the output. Multiplexers

are widely used in communication systems, data routing, and ALUs.
Multiplexer (MUX):

HBIBIAT B JEiSHES Sfad Agdc ger I 7 S8 frade fraest fod fa geer Iw3 A $
B fHas wBede odls '3 3rer J1 fog e fadies Afdg <far o ager I A ot A9 3 i
HTS 5 37T 3rE T wifami fider J|

8-to-1 Multiplexer:
. gfesucwds:],31,

o 3fA8ae®ES:S,, S1, So
e 1wg@eycwEs: Y
e srdst fog 3w I9emi I& 1 8 fradet &9 faadt g Y &5 g3t

Truth Table:

S2 S1 So Y = Output
00 Ip

I

N N I = N R

_ om0 O R RO

_ O Rk O R O R
=

Sfad ASAE (Logic Expression):

Y = gzglgo'lg + gzglso'll + gzslgo'lz + §25150-13 + 82§1§0‘14 + Szglso‘ls + stlgo'le + 528180‘17
« I3 feade S S AND dic It G © fidae Beia o Afmr AT J|
« H3 ANDWEUS $ ORJIe It fH&™ A wrigede Y g=rdt et I

HESUBIAT <t 793 HESUSIHT afigfsans farew, swer ggfdar w3 wdtmifea srfaa
gfse (ALU) RY fenvmig 39 '3 293 AR I6|

Q. Explain Binary Adder/Subtractor with the help of an example. (Nov 22)
Ans. A Binary Adder/Subtractor is a combinational circuit that performs both binary addition
and subtraction using logic gates. It uses full adders and an XOR gate to control whether the
operation is addition or subtraction.
Working Principle:

e Addition: When the control signal M = 0, the circuit performs binary addition.
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e Subtraction: When M = 1, it performs binary subtraction using 2's complement (invert
the second number and add 1).
Circuit Components:
e XOR gates to invert B inputs during subtraction.
e Full Adders to perform bit-wise addition.
e A control signal (M) to choose between addition and subtraction.
Example:
Let’s take two 4-bit binary numbers:
A=0101(5)
B=0011(3)
e Addition (M = 0):
o Bremains 0011
o A+B=0101+0011=1000 (8)
e Subtraction (M = 1):
o Bbecomes 1100 (1’s complement of 0011)
o Add 1 toget?2’s complement: 1101
o A+ 2’scomplement of B: 0101 + 1101 =0010 (2)

Conclusion: A binary adder/subtractor efficiently handles both operations using the same
hardware. This dual functionality is essential in arithmetic logic units (ALUs) of processors.

T8ladl Wigd/AE<aed (Binary Adder/Subtractor):

TEiGSt W39/ARdacd B deténes sfra Agdace I 7 T8ad AF W3 WT'g °F I9H d9
AT J| fog g% W39 (Full Adders) W3 XOR die T =33 sde' I 1 fvo fogugs aoe s fa
AIIE WI FI9T o AT |

FrId a9& e fAT3 (Working Principle):
« 3 (Addition): 7 IS fiAI6® M = 0 I, 37 AIdc fHO Sretadl A S9T I
+ WG (Subtraction): AT M = 1 I3, 3" g 2's IHUBIHE T =I3 FTd WG IST I (BG
fosede a3d 1 Afgwr A J) |

HAJde © HY fJR (Circuit Components):
 XORJITH: Subtraction €96 B © e § feseae d9a &
o Full Adders: I3 fic T 73 995 8¢ |
« Control Signal (M): fed fogurgz ager I fa Wz a9 I 7 AEdaC|

€¥J9& (Example):

I3 T 4-fc gdiadt a9 sae:
A=0101 (5)

B=0011 (3)

Addition (M = 0):
e BWHITIIIIr- 0011

e A+B=0101+0011=1000 (8)

Subtraction (M = 1):

e BT 1's IHUBIHAT > 1100
o 2'sIHUBHEBE 173 > 1101
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o A+ 2sIHUBHIC of B=0101+ 1101 = 0010 (2)

&3 (Conclusion): Binary Adder/Subtractor ffd It I/ggen@ &% ©° HF W3 W@ 59
Aaer J| fog s SaHaSS YARD © Arithmetic Logic Units (ALUs) fR9 g3 HI3=uds It
I

Q. Explain the following terms in detail: (Nov 24)
a) Half Adder
b) Full Subtractor
Ans. a) Half Adder: A Half Adder is a basic combinational logic circuit used to perform the
addition of two single-bit binary numbers. It has two inputs (A and B) and two outputs: Sum
(S) and Carry (C).
e The Sum is given by: S = A @ B (XOR gate)
e The Carry is given by: C = A - B (AND gate)
The Half Adder cannot account for a carry-in from a previous stage, so it is mainly used
in the first stage of binary addition. It is simple and forms the basis for building Full
Adders.

a) I'€ W39 (Half Adder): I€ W39 RS 45 dSHGS B AGa< I o © Ka-fic Feead
ST T 1 96 B9 B AT J| A T @ fesue I8 I6: A w3 B, W3 @ wr@ede: Sum (S)
W3 Carry (C)|

e Sum:S=A® B (XOR Jic &)

e Carry: C=A-B (AND dic e'd")
JIewzd fan fusd A<t (Carry-in) § fimrs R odt Suer, oA &d frg i 39 3 adiadt g &
Ufgst A ffg saf3nwr AT J| g Agg JerIn3 ggnsa ge@es owag J|

b) Full Subtractor: A Full Subtractor is a combinational circuit that performs binary
subtraction of three bits: minuend (A), subtrahend (B), and borrow-in (Bin). It has two
outputs: Difference (D) and Borrow-out (Bout).
e The Difference is given by: D = A & B @ Bin
o The Borrow-out is: Bout = B-Bin + B'A + Bin-A
The Full Subtractor handles subtraction with a previous borrow, unlike a Half Subtractor.
[t is essential in multi-bit binary subtraction operations in ALUs and digital processors.

b) Ef'&'ﬂﬂéﬁ?? (Full Subtractor):
&8 AEcdcd e defiéress sna Agde I 1 fs fiet o adiadt weg daer 3:
e Minuend (A)
e Subtrahend (B)
e Borrow-in (Bin)
oA € @ wr@ede JT I: Difference (D) ™3 Borrow-out (Bout)
o Difference:D =A@ B & Bin
e Borrow-out: Bout = B-Bin + B-A + Bin-A

% Agcdcd fusd =3 (Borrow-in) § & H®T I, A & g€ Audacd & 59 Aol
f& multi-bit STEI&St WET@ W3 ALU/Processor AISC ({9 g3 Agdt Jer I

Q. Write a detailed note on following: (Nov 24)
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a) Demultiplexer

b) Decoders

Ans. a) Demultiplexer: A Demultiplexer (DEMUX) is a combinational logic circuit that takes a
single input and routes it to one of several output lines, depending on the values of select
lines. It functions as a reverse of a multiplexer. An n-to-2" demultiplexer has 1 data input, n
select lines, and 2" output lines. For example, a 1-to-4 DEMUX uses 2 select lines to direct input
to one of four outputs. It is widely used in data distribution, memory addressing, and digital
signal routing, where a single data source needs to be sent to multiple destinations based on
control signals.

a) SHBAUZIAI (Demultiplexer - DEMUX): SHBAUZTAT i dHidH6® BfAd AT
der I 7 6 fHars fessdie § 8er I i3 fadace sdiat © s © wog '3 ford a8 wigede sdia
& fo R < 3 I g HEAUBIAI T @8 aH JgTr J|
o f8dn-to-2" DEMUX &9 1 fesie, n fAdde Sdla, w3 2" wrgeue Sda Jomi Ia |
o BTI95 T, €S 1-to-4 DEMUX 2 fR3aC S8l ©f 293 994 fesde & 4 wrEeyet &9
foi i 5 3mer I
T93: DEMUX T 293'Q 377 3%, i wzfiar, »3 fsviies fimes g@fdar Ru iz wier 3,
8 fis Ha® 3e" AI3 & 42 HimgT '3 3HeT I

b) Decoders: A Decoder is a digital logic circuit that converts binary input codes into a
unique output line. It has n input lines and 2" output lines, with only one output active at a
time, corresponding to the binary value of the input. For example, a 3-to-8 decoder activates
one of 8 outputs based on the 3-bit binary input. Decoders are used in memory address
decoding, instruction decoding in CPUs, and enabling devices in microprocessors. They are
essential for translating encoded data into a human- or machine-readable form, ensuring proper
routing and control within digital systems.

b) 1339 (Decoder): AT K f3tiles Bfra AT I 7 Tead feade a3 § K feduz
(unique) W< BHls &9 39S J9 J|

. for ST n fesde sdat W3 2" wrieede SEist Jehif Ia |

o II AA fAge fEa wr@eie nidfee get 3 1 fralc © Sdiad! ¥ © wierg get et J1
8Tggs TH: R 3-to-8 FHA39 3-fc fewdc @ wog '3 8 Y & wigede géis & niafes
I J|
T93: Sz § WSt wiadn FAfsar, cpu Ro fracdans afdan, »3 wétladyane e
fs=éin Wdas a6 B afw 7w I feg 353 3727 § ugsner gu f9 se8e »3 Adt
fseizgs w3 g@féar 3¢t g3 HI3=yIa Io|

Q. Design a full-adder with the help of logic gates. (Nov 23)
Ans. A Full Adder is a digital combinational circuit that adds three input bits: A, B, and
Carry-in (Cin), and produces two outputs: Sum (S) and Carry-out (Cout). It is used in binary
addition to handle carry from previous stages, unlike a Half Adder.
Logic Expression:

e Sum (S)=AR2 B0 Cin

e Carry-out (Cout) = (A-B) + (B Cin) + (A - Cin)
Logic Gate Implementation:

1. First XOR gate computes: X1=A02B

2. Second XOR gate computes the final sum: Sum = X1 @ Cin
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3. AND gates compute intermediate carries:
C1=A-B
C2 =B-Cin
C3=A-Cin
4. OR gate combines the intermediate carries: Cout=C1+C2+C3
Circuit Description:
e The full adder requires two XOR gates, three AND gates, and one OR gate.
e It forms the basic building block of multi-bit binary adders like Ripple Carry Adders.
e Full Adders are essential in Arithmetic Logic Units (ALUs), digital processors, and
calculators.
This gate-level design ensures accurate bit-wise addition with proper carry handling.

€8 W39 (Full Adder): 23 W33 9 f3rites dHdHe® AFde J A {35 fesue fiet — A, B3
Carry-in (Cin) — T 1F gJ I W3 © wr@eye f&er J: Sum (S) W3 Carry-out (Cout)| f&g
Half Adder &8 20 3JH8 I f@fx fog led adt § & Agrg Aaer J|

& faa Wam]He (Logic Expression):

e Sum (S): AP B Cin

e Carry-out (Cout): (A-B) + (B Cin) + (A - Cin)
T die WeAa ffusians:

o UfIB'XORFS: X1=AEOB

e« TA'XORJIE:  Sum=X10Cin

e AND JicH ©3J" Intermediate Carries:

Cl1=A-B
C2 =B-Cin
C3=A:-Cin
e ORGdIE I Carry-out: Cout=C1+C2+C3

HJdC €' <€de6 (Circuit Description):

2o N3d gerhE Bt 3R I
e 2XORdlT,
e 3ANDJIT,
e 10RdlE

ffg Ripple Carry Adders T34 H&dl-fie W39 g0 =9 Sffg fOsfEa =3 I
€% "3 ALU (Arithmetic Logic Units), fSTies JAng, »3 dsadean <8 573 7ga A
fogrGerJ| fog de-Bes fsudls Adt fie-arfen A »3 A I3 § welld g=ger J|

GIMT College, Budhlada | COMPUTER SYSTEM ARCHITECTURE



Unit-11I: Sequential Logic Circuits
Short Answer Questions:

Q. What is Race around condition in a Flip flop? (Nov 22)
Ans. Race around condition in a flip-flop occurs when the output changes continuously due to
continuous input while the clock is high, mainly in JK flip-flops.

Race-around condition €I AH EjET I 7 JK Sfeu-aBY &9 I HIGH JT ©I& wgeye
BIr3Td gEsT Ifder J| fog fimier3g 3% geT I AR fesle BarsTa niafee 39|

Q. What are the different applications of Flip flops? (Nov 22)
Ans. Flip-flops are used in registers, counters, memory units, and digital clocks for storing
binary data and state transition.

Flip-flops IfACT, TG, AT Gise w3 f3Hies Wi (S Srdlad! e Horge e 293 AT
I5| feg AeC IHiHS BEl & HI3TYTS TS|

Q. What is a Latch? (Nov 22)
Ans. A Latch is a basic memory device that holds the binary state as long as power is supplied,
and is level-triggered.

B9 i gfowst M 328 I 7 Feadt AfFSt § 39 Suer I 7e 3 ueg fisel I3
feg dew-féaas Jer |

Q. What can be done to avoid racing problem in JK flip flop? (Nov 23)
Ans. To avoid race-around condition in JK flip-flop, master-slave configuration or edge-
triggered flip-flops are used.

JK SfEy-e8y S8 IA-WIEs 3 S0t B8 HACT-ABT Joleddns A WH-fIes efsu-ady
II3 AT IS
Q. What is a sequential circuit? Give an example. (Nov 24)

Ans. A Sequential circuit is a digital circuit where output depends on current inputs and
previous states; e.g., flip-flops and counters.

Sequential AJAC 9 f3ies AJac der I faA Rg wri@ede Ager frsde w3 fusgd A '3
fsgg9 daTr J| Berade: SBU-eBU W3 IEed|

Q. How a D Flip flop is converted in to T flip flop? (Nov 24)
Ans. A D flip-flop can be converted into a T flip-flop by connecting the Q' output to the D input,
allowing toggling behavior.

D SfBu-edy § T =fBu-gdy R9 =e8e 38 Q wgede § D fiade &8 Afwr #e I
o &% 2af8qT fegargd fHeeT I

Long Answer Questions:
Q. Explain the working of a JK flip-flop with a truth table and logic circuit. (Nov 22)
Ans. A JK Flip-Flop is a bistable sequential circuit that operates with two inputs, J and K, a
clock signal (CLK), and two outputs: Q and Q. It is an improved version of the SR flip-flop,
overcoming the undefined state when both inputs are high.
Working Principle:

e The output changes only on the rising or falling edge of the clock, depending on the

design.

e Ituses feedback to control toggling and ensures stability.

Truth Table:
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J] K CLK Q (Next State) Description
00 7T Q (No change) Memory state
01 71 0 Reset

10 1 1 Set

11 7 Q (Toggle) Toggle output

(T represents a rising clock edge)

Logic Circuit:

The JK flip-flop can be built using AND, OR, NOT, and NAND gates or using two SR flip-flops
with additional logic. Inputs ] and K are ANDed with the clock and feedback from outputs Q and
Q to generate the set/reset conditions.

Applications:

JK flip-flops are widely used in counters, shift registers, and memory storage, where
controlled toggling or state change is essential.

JK 2fSU-@8y (JK Flip-Flop):

K efeu-ady fig fandes Alaens Adde J fan &9 © fesde I8 I&: | w3 K, B9 ada
fiAes® (CLK) »3 @ wr@ede: Q w3 Q (Q bar)| g SR efeu-edy v Aurfas gu I 7 ©<
fosye I8t JT & wefogorias weRe § g J9T |

grad fAg3 (Working Principle):
o wWgee fige a84 2 rising A falling edge '3 It SE3T J (3ads 3 fsIsa a9 )|
o fog d3aq TI3T I A toggling § 5319z Iaer I W3 AFEI3™ (stability) & wWaltar

gegTr I

<= 298 (Truth Table):
) ] K CLK Q (W& Afes) fesg=

001 QEFEEBWEH) BESIBIEE]

017 0 Jie

101 1 Ae

111 Q™) nreeYe TS I
(1 384 L rising edge § TIAET'J)

®'fHd AFAC (Logic Circuit): JK SBU-8Y § AND, OR, NOT w3 NAND dJic’ € 293 Jad
ST 7T AfeT J A € SR SfSU-@BY &% T S AF d| | w3 K feade § add w3 wi@ede
Q/Q &% AND JJd Set/Reset WeHER Serehf Aiehfi IS |

T33 (Applications): JK SfBU-28Y ar@ean, fiaee IfAcan, 3 MF A KT =33 AT
J& i feti3faz Sarfder 7t Afast seem vgdl I2 o5
Q. Explain the working of following flip-flops with a truth table and logic circuit: (Nov 23)

a) R-S Flip Flop
b) Master-Slave ]J-K Flip Flop
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Ans. a) R-S (Reset-Set) Flip-Flop: The RS Flip-Flop is a basic bistable circuit with two inputs:
R (Reset) and S (Set), and two outputs: Q and Q. It stores a single bit of data and changes state
based on the input values. It can be built using NOR or NAND gates.

Truth Table (NOR-based RS Flip-Flop):

S R Q(Next) State

0 0 Nochange Memory

0 1 0 Reset

1 0 1 Set

1 1 Invalid Not allowed

e Q=1,whenS=1,R=0 (Set)
e Q=0,whenS=0,R=1 (Reset)
Logic Circuit:
Two cross-coupled NOR gates with S and R inputs.

b) Master-Slave J-K Flip-Flop: The Master-Slave JK Flip-Flop is a sequential circuit composed
of two JK flip-flops connected in series. It eliminates race conditions by using a master-slave
configuration controlled by the clock.

Truth Table:
J] K CLK Q (Next) Description
0o 0 1 Q No change
0o 1 1 0 Reset
1 0 1T 1 Set
11 1 Q Toggle

Working:
e When CLK = 1, the master latches input and the slave is off.
e When CLK = 0, the slave updates its output based on the master.
e This ensures output changes only on the clock edge, preventing glitches

(a) R-S (Reset-Set) SfBU-gBU: RS SfBU-aBY g gfonwr<! fardes Agde J fam o ©
fesue I8 I&: R (GAC) W3 S (AQ), w3 B wr@ede: Q w3 Q| g s fiie 3o dgser I w3

-
-

fesyet @ wiarg '3 wiyet werReEr ST J1 A NOR #F NAND dieH & 293 &% gerfonr 7

AIe I

NOR-»O'J3 Truth Table:
S R Qe AES Afgst
0 0 NoChange St
0 1 0 JAe
1 0 1 Ae
1 1 Invalid MHTOW

e Q=1,AES=1,R=0 (Set)
e Q=0,7TS=0,R=1 (Reset)
Sfad Agd<:
€ NOR die 7 Wur 30 a9 H-auUs3 I6, rsdc I SW3 R|
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(b) HASI-AST J-K SfBU-a8U: HASI-A8T JK efgu-ady s Milaens Agde J 7 ¢ JK
efeu-edun § sdleg A7 a gerfonr A 3| fog 37 weHET (Race Condition) $ TJ I9T" I
faBfa fog HAeg-Ad< fedt '3 o age I 7 a8d (Clock) ©WT fou3faz Jer I

Truth Table:

] K CLK QI& Afa3h) feeas
00 1 Q J&t gEs™ &It
01 1 0 dHe
10 1 1 Ae
111 Q 51
grad fedt (Working):

« T CLK =1, WA feauc § & Serd 3 Ade S IfJer J|
« 7T CLK = 0, A8 H'HIJ T WRHE © WeHI WEede § mudc sger J|
fog fedt a@a W '3t wr@ede § sese S nwiamr i&St 3, fA &8 A1f8T (glitch) & e

Q. a) What is meant by JK Flip Flop? Explain the race-around condition in detail.
b) Write a detailed note on Applications of Flip-Flops. (Nov 24)

Ans. a) JK Flip-Flop and Race-Around Condition: A JK Flip-Flop is a sequential logic circuit
with inputs J, K, and Clock (CLK), and outputs Q and Q. It performs the functions of Set, Reset,
and Toggle based on input combinations. When J = K = 1, it toggles the output.
The Race-Around Condition occurs when J = K = 1 and the clock pulse remains high for a
longer duration. In this case, the output toggles repeatedly within a single clock cycle, leading
to unpredictable behavior. To avoid this, techniques like edge-triggering or master-slave JK
flip-flops are used for stable operation.

b) Applications of Flip-Flops: Flip-Flops are fundamental memory elements in digital
electronics used to store a single bit of data. They are widely used in various applications:

e Counters: Used in digital clocks, timers, and frequency dividers.
Registers: Store and shift data in CPUs and memory units.
Data Storage: Temporary data holding in RAM and buffers.
Control Circuits: Used in sequence detectors and state machines.
Frequency Division: Divide input clock frequency in digital systems.
Their ability to switch states predictably makes them essential in synchronous digital
systems, forming the core of all digital computing hardware.

a) JK efsu-edu w3 3A WIE"'QB’ AfE3T (Race-Around Condition): JK Sfsy-ady i Alaeas
Sfad Agae J fan f9 J, K w3 a8 (CLK) frade w3 @ w3 @ wEedc 98 Is| fog fesye @
€ weAgd AT (Set), JACT (Reset) W3 SIB  (Toggle) SIHG oIwr I
AT ] = K = 1 I=, 3t WETU< toggle IIT" I (Q W=l gt werer € €% J A<l )| 3A-
WIgs AfFSt 37 IS I 7T ) = K = 1 I= 3 a8F USBH (Clock Pulse) frmier AX B¢ HIGH 3fJEt
J| for B9, wEede i I8 Adlas &9 99-9'J toggle JE BIET J, A 55 WengH a3
f€I9 (Unpredictable Behavior)ﬂETEjETal for miffmr 3 goT 9, I 3 3adter =33t
Hemi Is:

o Edge-Triggered JK Flip-Flop
e Master-Slave JK Flip-Flop
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fog IFatat @y § fige @ © WH '3t STBe & wifami i I6, A &8 AW 83 §
Sfemr Arer J|

b) efBU-TBUA T wuSldHAeT  (Applications of Flip-Flops): SfBu-adu fsdics
fedacfaan f9 g Hes Mid fedite I 7 fa fie 3 Acg daer I feg a8 397 © Guaas
IGEESEGESOT

« €T (Counters): s W, TEhHa, w3 ga=H f3edizs ol

« IfAATT (Registers): 3T g ACI W3 fHac 936 B8 CPUs w3 AR! gise R

o ITTASIA: RAM A ged Fg wHEd! Ier JuE 3|

o dcIS ATACH: HigeA f3ddeg w3 AT Hilts KO

o Qla<h fafers: W S et <3 58
fegst < Yfsadas Aie-Afefder mdar agd feg fiden feries famera © Yy fdR < aiH
9 I5, H fa 93 feries dfugfidaraasana & fse 31
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Unit-IV: Computer Organization
Short Answer Questions:

Q. What is an Address bus? (Nov 22)
Ans. An Address Bus carries the address of memory locations where data is to be read or
written; it is unidirectional.

WISH 57 €9 uzT & AT I AR WSt AEe 3 I ¥ A fous IR feo faa-femr
(Unidirectional) ger I

Q. Write a short note on Computer registers. (Nov 22)
Ans. Computer Registers are small, high-speed storage locations within the CPU used to hold
data temporarily during processing.

sfu§cg IfACT CPU RY 8¢ 31 ASIH < Jemi I6| o AR 96 wHEE 39 '3 3¢
JHE BE IS HE IS |
Q. List the different types of Instruction Formats. (Nov 22)

Ans. Instruction Formats include zero-address, one-address, two-address, and three-address
formats, based on the number of operands.

fesAcdars eane fiR8 0, 1, 2 A 3 SUIs I AaR Ia | fog Gt & fare3dt € w9 '3 =aditfiqz de
IS

Q. Differentiate between direct and indirect instruction modes. (Nov 23)
Ans. Direct instruction mode accesses memory directly, while indirect mode refers to a
memory location that holds the actual address.

Direct mode &g MRS T Uz fHOr fid37 Aer J| Indirect mode €0 €3 AT &3 AT I A WAHST
U3 e J|

Q. Explain three address instruction format. (Nov 23)
Ans. In a three-address instruction format, the instruction contains three operands—typically
two sources and one destination.

oA Trane &9 56 6UI3 I I6—wH 33 '3 © AI3 W3 B Ji3<d|

Q. Define computer architecture. (Nov 23)
Ans. Computer Architecture defines the structure, behavior, and design of a computer system’s
components and their interconnection.

dfugeg wradidaad fHAeH © fdfimit <t =39, fegra w3 f3adls & TIAg<t J|

Q. Write a note on Von Neumann architecture. (Nov 23)
Ans. The Von Neumann architecture is a computer design model where data and instructions
share the same memory and pathways.

£ H35 89 I frar RT 3o w3 foger fod ANt W3 IA3 A J9e IS | ((Nov 23))

Q. Define Control Bus and Data Bus. (Nov 24)
Ans. The Control Bus carries control signals, while the Data Bus carries actual data between
components in a computer.

dc3s gH didet fegard deds fees Bt | I SA Al 3¢ § foa f[JA 3 g [FA 39
fEArt J|
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Long Answer Questions:
Q. Explain the 16-bit common bus system of the computer with the help of a neat diagram.
(Nov 22)
Ans. The 16-bit Common Bus System is a structural model used in computer architecture to
allow multiple registers, ALU, and memory units to share a single data path for efficient data
transfer. The bus is 16 bits wide, meaning it can carry 16 bits of data simultaneously.
Components:

e Registers: Multiple registers like AR (Address Register), DR (Data Register), AC

(Accumulator), PC (Program Counter), etc.

e ALU (Arithmetic Logic Unit): Performs arithmetic and logic operations.

e Control Lines: Direct data flow by enabling or disabling specific components.

e Bus: A set of 16 parallel lines used to transfer data between components.
Working:

e Only one register at a time can place data on the bus using a bus enable line.

e Other registers or the ALU can read from the bus when their load signal is active.

e The control unit manages timing and control signals for coordinated data flow.

16-f8e aH& A fAAEH (Common Bus System) 16-fi¢ & =A fAdeH fa AdgasHa
H'33 I 1 dfUged wiasicagd fY =3famr Jer J| fog s IfAcd’, ALU (ISTEifes &ride
gfse), w3 Mt gise § B ser ug (/) AsT ags & wifgmrr fider 3 3F  3er T cfHed
YSTHI 941 &% 137 7 A | g 57 16-fae 9 I&t 3, fmer wigw 3 fa oo e i Rg 16 fae
I THET I9 HAT I

HY 33T (Components):

o« JIfAACT (Registers): & 3" T IfACT fi? AR (W3S A IfAAST), DR (<" IfFAST),
AC (MEEHBET), PC (USIH Igea) wife|

e ALU (Arithmetic Logic Unit): J1fE3 W3 Sl GU3na & daer I

« 3B BES (Control Lines): 3T € 28 § (&3 doeh 36| fog g9 g1 § o=
H (SHEES JIEmi I5|

+ HH (Bus): 16 AH33 SEI&' T fod AYd 7 37" § IfAST, ALU w3 AT fegad StHed
96 BE T3 AR J|

TIH IIS T Tl (Working):
. fog i &g fAge fia sfaAeg dt 57 '3 3¢ Sy Aaer J1 £ bus enable line It
fodfzz der |
o JIIMACIT A ALU S 3 3" 83 JJ AT I AT G ©f load signal Wafe J=|
o dcIB "fse cdffa w3 dcds faest § AIwel I 3F o misfed 3T y=a
(coordinated data flow) I 7|
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4096x 16 g >
Re!ad W}iie L-:?

AR | ¢ »o0
LID II‘ER GLIFE “—.

pc | > 1
D INR CLRA___{

> DR | e»2

T T A
LD INRCLR —%

—E]

Al ) s | o3
s o)

LD INR CLR —%

vyy

T T A
LD INR CLR —%

D A dciock
4—— 16 Bit Common Bus €—— |

Q. Explain with diagrammatic illustration the Von Neumann architecture. (Nov 22)
Ans. The Von Neumann Architecture is a computer design model proposed by John von
Neumann in 1945. It forms the basis of most modern computers. The architecture uses a single
memory to store both data and program instructions, and processes them using a Central
Processing Unit (CPU).
Key Components:
1. Central Processing Unit (CPU): Contains the Arithmetic Logic Unit (ALU) and
Control Unit (CU).
2. Memory Unit: Stores data and instructions.
3. Input/Output Devices: Facilitate communication with the external world.
4. Control Bus, Data Bus, Address Bus: Used for transferring signals, data, and memory
addresses.
Working Principle:
e Instructions and data are fetched from the same memory.
¢ The Control Unit fetches, decodes, and executes instructions sequentially.
e The ALU performs arithmetic and logical operations.
e Inputand output units allow interaction with the user and external devices.
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\
. o — E———

Arithmetic | |
I ! Qutput
Control Logic Unit P
Unit — t
Processor Accumulator

Von Neumann Basic Structure

<6 f68Ms wadldagd (Von Neumann Architecture): 26 {68 wradidaga K dfu@eg
f3afes 3% I 7 1945 f<9 John von Neumann E@l{ﬂ?f'ﬁ'?éﬂ?wfﬁl &g wrIstidagg
frmrer39 wifex dfuges & ala Juer J| for H3s Ko fid widt Guutar st A< 3 fan fRT
e w3 YIIgH {592 (instructions) TI° HIS A I, w3 gat § CPU It YAR iz Aer
J1

HY 37T (Key Components):
.« Heas YAfd gfese (CPU): fARE T I de I
o ALU (Arithmetic Logic Unit): 31f€3 W3 s Gudns ag<! I
o CU (Control Unit): fsaer & &<, 93 ad6 w3 &8s & finedt 8 J1
« dt gfse (Memory Unit): 32" w3 fogen § Hesel I
. fosye/wr@eyue f38A (Input/Output Devices): STIJ €aM &8 HI'd JI& B8
IS HEMT TS|
o =HAfAASH (Bus System):
o dASIBEHA (Control Bus) - ﬁ?ﬁB{EH@BTEéTI
o ST HHA (Data Bus) - ST THII B |
o WIJIHHH (Address Bus) - TS MII A € THed BT |

'IH dJ& € IJIaT (Working Principle):
o forAcanEs w3 3T i Mgt I se A Is|
e Control Unitﬁﬁéﬂé@ﬁ,ﬁﬁ?ﬂ?ﬁ*ﬂ?wmél
e ALUJIfE3 W3 3ITTHIS I el I
o Input/Output §f&e Grd w3 SISl f3T8A &% Ho'g € wifdmir fide I& |

Q. Write a note on register transfer and micro operations. (Nov 23)
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Ans. Register Transfer refers to the process of moving data from one register to another within
a computer system. It is fundamental to the internal operation of digital systems, especially in
CPUs, where data must frequently be moved, modified, or stored. Register transfer operations
are controlled by signals generated by the control unit, and are represented using symbolic
notations such as:

R1 < R2, meaning data from register R2 is transferred to R1.

Micro-operations are low-level operations performed on the data stored in registers. These are
the elementary operations that occur during the execution of machine instructions. Micro-
operations are categorized into four main types:

1. Register Transfer Micro-operations: Move data between registers.

2. Arithmetic Micro-operations: Perform operations like addition, subtraction,

increment, etc.

3. Logic Micro-operations: Perform bitwise operations like AND, OR, NOT, XOR.

4. Shift Micro-operations: Perform shift operations (left, right, logical, or arithmetic).
Each instruction in a computer is executed as a sequence of micro-operations. These operations
are synchronized with clock cycles and managed by the control logic of the processor. Together,
register transfers and micro-operations form the building blocks of instruction execution in
computer architecture.

IfAHcT THET (Register Transfer):

I TTHed © wae J fEa IfiAea 3 en Ifirea feg e & 37e & yfafawr, 7 3
dfugeg fAreH © niegd! argr & 593 Jt wenwd J| ¥H 594 CPU 39, g 3727 § Barsg
He, Hledl At Acg SizT AT J1 feg STHed deds gise <8 §3Us deds fasd It Jer J|
fard fors fodz gu g Tarrfmr Aer 3:

R1 «R2

wJg: IfArea R2 33§ R1 e 3fmr famr 3|

HEld-6UIHG (Micro-operations): HEI3-8UIHS 89 {6 3-f5 & argr 9% 1 IfrAedt ffg Hae
e '3 dI3 AT Io| feg dflgeg € 93 fEncans § 988 AN v 39 '3 I a9 At
R i3 AR I&|

1. Register Transfer Micro-operations: JfdAcd fegard 3 He JI< Ia|

2. Arithmetic Micro-operations: e CE§ (Addition), WSGE" (Subtraction), &

(Increment) Wre|
3. Logic Micro-operations: fS&<™€d AND, OR, NOT, XOR I SIS Srg=remf|
4. Shift Micro-operations: IC"$ ¥ H HA flidc 59" (Logical A Arithmetic Shift) |

Ay fée: fod & dfuges o oo fincams @ yfafonwr a8 i Gudns' & ot gu Rg dat
J| fog Ige IBF ATEIS &% AHIGS Jd A28 Tiee enirar Ao Sish Aiemif 35 |
Register Transfer "3 Micro-operations, dfU8cd wrasicaod Ry fergans weriifagns ©
fadt widr I |

Q. Explain data movement among registers using 16 bit common system. (Nov 23)
Ans. In a 16-bit common bus system, data movement among registers is handled through a

shared communication pathway called the bus. The bus is 16 bits wide, allowing it to
transfer 16 bits of data at a time. This system is used in computer architecture to reduce wiring
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complexity and allow efficient data flow among multiple components like registers, ALU, and
memory.
Components Involved:
e Registers (e.g., AR, DR, AC, PC): Hold temporary data or addresses.
e Bus: A set of 16 parallel lines for data transfer.
e Control Lines: Determine which register puts data onto the bus and which receives it.
Data Movement Process:
1. The control unit activates the output control signal (e.g., DRout) to place data from Data
Register (DR) onto the bus.
2. The bus carries the 16-bit data.
3. Another control signal (e.g., ACin) is activated to load the data into the Accumulator
(AQ).
4. All data transfers are synchronized with the clock to ensure proper timing.

Example:

To move data from DR to AC:

DRout — Bus — ACin

This controlled, step-by-step movement ensures data integrity and efficient internal
communication in a CPU.

16-fae At 57 Y=ot <9 37 & gueerd yfafonr: 16-fae ave SH fAreH &8, Sfrest
fegdrg 3T & nes-Yers S ATSt Ae'd HadT (Bus) Idt It I feg &7 16-fae SR I 3, faA
&8 fog B 279 R9 16-fae 3¢ cHed 39 Aaw! J1 feg y=rdt dfugea wadicagd fifg efefdar
<t Afes3T § w8 w3 IACT, ALU, W3 AR T feardmit fegard BT Icr gaeard!
TS 8 BE =I5t At I

W i
o JfAAST (Registers): fA€ AR (Address Register), DR (Data Register), AC
(Accumulator), PC (Program Counter) | o7 33T 3T 7 3T A JHT IS |
« HA(Bus): 16 AH3I UG T AYI 1 3T TTHED B8 93 HE I
« SIS BES (Control Lines): 0T foguras ggemit I& J fdgar IfAea SAE3 3<r
3reT I3 fagF IfAeT e U3 J3er J|

37T AT T yfafamrm:
1. Control Unit DR IfArcg 3 37" 51 €73 3H= B8 DRout TGS wadiee sgel J|
2. gA16-FHeze§ a3 Tn Imnca ST fBa Il
3. I § YU J9& BY ACin dcI8 HIes Wadiee i3 Aer J, AR &8 3T
Accumulator g 33 I AT J|
4. oIS AU 989 fe® o8 fHadodi J4 dI3 A I8, 3T 1 T EfHI 3 IJ|

gvags:

A9 DRI AC RY I Y I J= 3™

> DRout = Bus — ACin

for 3313 578 ICT AUI6, dTH T deH W3 (53093 ded® a8 CPU © wied HoHl 39 e St

"Her J|
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Q. Discuss any five memory reference instructions with the help of example. (Nov 22),
(Nov 24),(Nov 23)

Ans. Memory Reference Instructions are instructions that involve memory access to either
fetch, store, or manipulate data. These are commonly found in basic computer architectures like
the Basic Computer Model, and typically use the memory to hold operands or results.

Here are five commonly used memory reference instructions:

1. LDA (Load Accumulator): Loads data from a memory location into the accumulator.
Example: LDA 500 — Loads the content of memory location 500 into AC (Accumulator).

2. STA (Store Accumulator): Stores the content of the accumulator into a specified
memory location.
Example: STA 450 — Stores the content of AC into memory location 450.

3. ADD (Add to Accumulator): Adds the content of a memory location to the accumulator.
Example: ADD 300 - AC = AC + M[300].

4. SUB (Subtract from Accumulator): Subtracts the content of a memory location from
the accumulator.
Example: SUB 250 —» AC = AC - M[250].

5. BUN (Branch Unconditionally): Changes the Program Counter (PC) to the specified
address.
Example: BUN 600 — PC = 600; control jumps to address 600.

MGt 3eIA f5geH (Memory Reference Instructions): RHST SSoH fogen €I I8 I6 7 AHST
& "R H JI9d 3T § 99, AT, A Hfeude a9t Is| feg fsgen wiH 39 '3 dffa dfuges
H3® g =93 AR I8, il Gudz A &3t ARt &g St Aer I

A v it IedA fsaem:
1. LDA (B3 Wfagudes): MF I I aGydead Ko 83 o= I
€T995: LDA 500 - AHSI wIIH 500 € 287 AC [Re 83 age J|

2. STA (AT Wfaguded): fIgrBed & 28y f5aua3s Mgt wadH '3 AT dae J|
€TT9: STA 450 - AC T 289 450 W3I A '3 Bt 7t I
3. ADD (M3 g wWfagudea): WSt & Wy Ac Re #F A< I

€T'995: ADD 300 — AC = AC + M[300]

4, SUB (A9e3dde gH Wfa@uded): Md & I\ AC T wed 7 I
©¥99&: SUB 250 — AC = AC - M[250]

5. BUN (§9 Wadsaa®l): UIH JFgcd (PC) & & wWadH '3 8 Her J
€¥'99&: BUN 600 - PC = 600; Se3% 600 W3S H '3 AU 9 A J|

fog fsaen Y dfu@ea wradicayd &g v WaA |, 238 @8, n3 wiemifed/dfAa widnst
wE =g3 I gt R Ia|

Q. Write a detailed note on RISC and CISC Architecture. (Nov 23), (Nov 24)

Ans. RISC (Reduced Instruction Set Computer) and CISC (Complex Instruction Set
Computer) are two contrasting CPU design philosophies.

RISC Architecture: RISC focuses on a small set of simple instructions that can be executed in
one clock cycle. It emphasizes hardware simplicity and speed. All instructions are of fixed
length, and most operations are performed on registers, minimizing memory access. RISC uses
techniques like pipelining to increase instruction throughput.
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Features:

e Fewer instructions

e Simple addressing modes

o Faster execution

e Requires more instructions per program
Example: ARM, MIPS, SPARC

CISC Architecture: CISC provides a large set of complex instructions, some of which can
execute multi-step operations like memory-to-memory data transfer or arithmetic directly. It
reduces the number of instructions per program but can take multiple clock cycles to execute
each instruction.
Features:

e Many specialized instructions

e Complex addressing modes

e Slower but fewer instructions needed

e Hardware is more complex
Example: Intel x86, VAX

Comparison:

e RISC: Faster, simpler, requires more code

e CISC: Slower per instruction but more efficient in code size
Modern CPUs often combine both approaches, using RISC cores with CISC compatibility for
optimal performance.

RISC (Reduced Instruction Set Computer) W3 CISC (Complex Instruction Set Computer)
RISC W3 CISC € -3 CPU f3mfes T I5, 7 JAAT © f5aHE 3 o d96 © Idtfomit §

TITER Is|

4 Risc wrIeteaag (fus w3 39)
RISC B w3 WS fsgen '3 firns €7 I 1 e I8 999 <9 898 Ade I6| g w393
IfACI-MOT3 I I& W3 HH wai | uie JI< I6|
feRma<:
. e foged (o)
o WHSWIIMHIHI
o SHIIAIHAZIT
. BT I B fmer fogen 3 I8
€T 99&: ARM, MIPS, SPARC

B4 cisc wrastieagd (Afes ug we faaen)
CISC 8 593 AQ Afcs fsgen I8 I 1 g M K9 ot AcY & a9 a9 Age I, fis fa

memory-to-memory 3" <THGJ |

feRmzT=:
o SY3IAIYUHTEICH
o AfesWzIfFaTHz

o fooumye ygIadd T argerd I8t
o IIFNI e Afes
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QE"?JE?S: Intel x86, VAX

I&ST (Comparison):
femr RISC CISC
fogem S forest Wenw3wAs gg3 fmmrer w3 Afes
CEASRNCIC] 33 gcr
TISING WHS Alcs

H3Is CPU feares:

WOfES ARG RISC W3 CISC &= € feRms=! § 1< I6| 897996 2+, Intel CPU Wed RISC
9 TI3 AR IS UT CISC-MHIEs T8l fagans A A It I
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