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o AKTU : DIGITAL SYSTEM DESIGN (BEC-302) Syllabus

UNIT-2 : Combinational circuits:
» Analysis and Design of combinational circuits

» MSI devices like comparators, multiplexers, demultiplexers, encoder, decoder,

» circuit realization using Multiplexers and decoders, half and full adders,) subtractors, serial

and parallel adders, BCD adder, barrel shifter and ALU.
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A combinational circuit is formed by the interconnection of logic gates. The output of the circuit depends only

on the present values of the input signals. These circuits process binary input data and generate the required

binary output data. S

S Combinationa) ' ;
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The circuit takes n input variables from an external source and produces m output variables, which are
delivered to an external destination through the internal logic network.

A combinational circuit can be fully defined in two ways:

» By a truth table listing all possible input combinations and their corresponding outputs.

» By m Boolean functions, one for each output, expressed in terms of the n input variables.

 Examples: Adders, Subtractors, Multiplexers, Demultiplexers, Encoders, Decoders, Comparators.
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Analysis Procedure

(Used when the circuit is already given, and we need to determine how it works.)

» ldentify inputs and outputs of the circuit.

» Determine the Boolean function for each output in terms of the inputs by tracing logic gates.
» Simplify the Boolean expressions (using Boolean algebra or Karnaugh maps).

» Construct the Truth Table to list outputs for all possible input combinations.

» Interpret results to understand the circuit’s function (e.g., is it an adder, comparator, etc.?).
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== Design Procedure -

(Used when the required function is given, and we need to build the circuit.)

» Problem statement: Define the circuit’s required behavior.
» List input and output variables:
Let the number of inputs =n & number of outputs =m
» Form the Truth Table that relates inputs to outputs.
» Derive Boolean functions for each output variable from the truth table.
» Simplify Boolean expressions (using Boolean algebra, Karnaugh maps, or Quine—McCluskey method).
» Draw the logic diagram using the simplified Boolean expressions and logic gates.

» Implement and verify the design.
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== Design Procedure -

(Used when the required function is given, and we need to build the circuit.)

» Problem statement: Define the circuit’s required behavior.
» List input and output variables:
Let the number of inputs =n & number of outputs =m
» Form the Truth Table that relates inputs to outputs.
» Derive Boolean functions for each output variable from the truth table.
» Simplify Boolean expressions (using Boolean algebra, Karnaugh maps, or Quine—McCluskey method).
» Draw the logic diagram using the simplified Boolean expressions and logic gates.

» Implement and verify the design.
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» An Adder is a combinational circuit that performs binary addition. It is one of the basic building blocks
of arithmetic circuits.
» There are mainly two basic types of adders:
» Half Adder (HA)
» Full Adder (FA)
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» A circuit that adds two 1-bit binary numbers (A and B). And has two outputs S(Sum) & Carry(C).

INPUTS OUTPUTS
Tnpud i ] Half 9§umLSth€uI Sum (S) Carry (C)
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Half -Adder
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Sum(s) = A@®B = AR+AS 0 | 0
Carry(O) = AB 1 | 0
» K Map Simplification - 1 ;0 1
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Limitation of Half Adder
» Cannot add previous carry (works only for 2 inputs).
» Example Let we must ADD two 2- bit numbers

A=A, A, andB =B, B,
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Using NAND Gate

Using NOR Gate
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» A circuit that adds three 1-bit binary numbers (A, B, and Cin — previous carry) And has two outputs

S(Sum) & Carry(C). A % s Sum (S
B e

> Ado\e”( 9&7’3 CC)
C{r\ T

Sum( s} = ?\_é(.‘m = _Aﬂzin Y P\—@E{V\ + mgq“ = A @B ®C
Covey owpud (<) = AR+ At BGn

» K Map Simplification
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Using NAND Gate /e‘éﬁ& /8@\{3/ Using NOR Gate
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UNIT-2 : Combinational circuits:

» Analysis and Design of combinational circuits

» MSI devices like comparators, multiplexers, demultiplexers, encoder, decoder,

» circuit realization using Multiplexers and decoders, half and full adders, serial

and parallel adders, BCD adder, barrel shifter and ALU.
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A subtractor is a combinational circuit that performs the arithmetic subtraction of two binary numbers.
Just like adders, there are two basic types:
» Half Subtractor «—

» Full Subtractor
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A half subtractor is a combinational circuit with two inputs and two outputs that subtracts one binary

digit from another. OUTPUTS
Inputs: A (minuend), B (subtrahend) Hal Diff%e)n B(z[r;c;w
ce .
N htvact
Outputs: Difference (D) Borrow (Bo) 8 Subtractar | d o 0 0 o
e~ Beorvo w
Qiffoene p = AR+AR = AOR B,) 1| o0 1 o 1
Bovvow B, AR 27 1 0 s | 0
5 1 1 0 O
» K Map Simplificationy =z e & B
ANS o ( A O |
A O | S AR Ao ‘\'_:‘-—»'R%
(o) | (V]
IR i
te 2 3 ) 3
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“""Half Subtractor does not consider a borrow from the previous stage = cannot be used alone for multi-bit

subtraction. USING BASIC GATES
Logic lmplementatlon o h L .
D = +§B = ADB Lo _Do}
- K D | A~ fB
¢ B AR+AR =D
Using Ex-OR Gate L A e @
A = A®R=D .- = |
A =

| A
Y o
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“" % Afull subtractor subtracts three inputs: A (minuend), B (subtrahend), and a borrow-in (Bin) from the

previous stage. A < DI (D)
A=B-6n
B_ | Sublack®r | @500y 8 Differe Borrow
nce (D)  (By)
P Bin ] ol - 0 0 o 0 0
D: ARBnY A \n+A%&m+ﬂ&$\,\ = A@BC“DCM - {
Ro= ABn +AB + BB gl L 0 5| D € :
» K Map Simplification _ 21 O 1 o | @)
i ABBn (a3, Bhin By R 2 [l I )
p\\ggoi_m ) '0//‘ () 00 olv\ l\“ . | 0 - 1 | 0 ‘ @
I |
ARR, io“? ll le (3;\0 o(‘_qg =l .3 0 0 @ 0
| ‘, . ' .
ld;[!‘r s (\Lﬂ 6 L 4l s \Ii § 3 1 0 1 0 0
AR, ABR, B ABim 1A R + BRin 6 1 1 0 0 0
7 ' }
@\'HW@ Bavvne ) ' L @ 8
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A parallel adder is a digital circuit used to add two binary numbers simultaneously (in parallel). A parallel adder

adds all the bits of two binary numbers at the same time using multiple full adders connected in parallel.

» Each bit of the numbers is added by a separate full adder.

» Carries generated from each stage are propagated to the next higher stage.

» Thus, it is much faster than a serial adder.
@) ~ / |
\ | < \K
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The 4-bit binary adder using full adder circuits is capable of adding two 4-bit numbers resulting in a 4-bit sum

and a carry output as shown in figure below. (\_—fi\”/\
T SR
C, FA-4 G« CRLENCY e (] FA-Z ( C, FA C°-<—<'
N
v
Cout Is l l l
3 S S Se

’ ' U

» Use 4 full adders in cascade.

» Carry-out of each stage is connected to carry-in of next stage.
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Let the 4-bit words to be added be represented by,
A;A,A;A;=1111 and B;B,B;B,=0011.

FA-2
L iyt adde¥
CARRY Tppud 1 @ : | Oi->cz¥‘s
A ‘ | A | | T> Ao
6 O O &, ‘ I‘—>) &o
1
L/ O‘ %& g 3:) Y Sum
Cout L?ou.)'fu} Cs:n"rla. 1
!
Advantages

» Very fast compared to serial adders (all bits processed simultaneously).
» Simple design using only full adders.
» Widely used in CPUs and ALUs.

2
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The addition and subtraction operations can be perform using a common adder circuit, where a EX-OR gate is

connected in the second input along with the mode selection bit M. if M=0 the circuit act as a adder, M=1 then

subtractor. If M=0 then output of the EX-OR gate is B act as adder, if M=1 then B’ act as a subtractor.

B py B2 A B A Bo Ao

o[ T

P | ; |

d Cout % Cin
FA-4 C,,}t C&d{‘ FA-3 C,‘nlf 1l FA-2 (m"i. Cad FA-| ’4—0




SW Ex. Design a 4-bit adder using three full adder and one half adder.

CATYNAY T AREN

l@3 A5 T lAz_ i' iA
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1. Definition and Circuit amft
» Uses two shift registers, one full adder, one D flip- 1| Register-| ]
CLK—'__’ 8‘“ Y —p| A S
flop, and an AND gate. Ext Full
\ TP | 40— 1% Agd
» The serial outputs of the registers feed into the ~»  Shift SO ‘ &
> Register-2 |
full adder. C LK : ﬂllcm Col|—,
» The sum goes back into one register, and the
carry is stored in the D flip-flop.
ry 3 ” g ol
» Clock pulses (through the AND gate) control 1 %
shifting and addition. (LK 47
D F-F
Clear v
o -
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2. Working Operation
Initially, the D flip-flop is cleared soQ=0and C,, =0.
At each clock pulse:

» The least significant bits (LSBs) from both

registers are added.

»The full adder produces sum (S) and carry (Cout).

Carry is stored in the D flip-flop for the next stage.

» Both registers shift right - next bits move to the
output.
»This repeats until all bits are added.

sh\ﬂ
vt L, SHiF t SO
CLc—a—> Register-| l_’ A &
" Fuld
ST —
=L 5] Sy ] S0 []© Addex
AT, o GASQ'EY-Z Cin CO
—
—Ig o
(K 4
D F-F
Clear ©

Y
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A I o @l |lo
5 | O |
2 o | Goll! | &8

[—> Sum ——5‘9
(w__}@ ’\ \ \ O <—'Ccmd oul

Example :- O o o
l O
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3. Advantages
= Adds one pair of bits at a time (step-by-step).Needs only n-1 clock cycles to finish
addition.
= Addition continues as long as shift control is enabled.

= Output sum is obtained in serial form.

4. Drawbacks
> Slow - takes more time compared to parallel adder.
= Circuit is more complex.
= Requires more components.

=S Output is in serial form, so complete result is not available at once.

4
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» |In digital system, the decimal number is represented in the form of binary coded decimal (BCD).

Va
SW BcD Adder

SATYNAY CLAREN

» The ten digit (0-9) decimal numbers are represented by the binary digits.

» The circuit which add the two BCD number is called BCD adder. The BCD cannot be greater than 9.
There are three different cases in BCD Addition

(i) Sum is less than or equal to 9 with carry 0

Consider the addition of two BCD numbers 6 and 3, The addition is performed as normal binary addition
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ii) Sum is greater than 9 with carry 0

.

consider the number 6 and 8 in BCD. The sum is

invalid BCD number, Add the sum with correction

7 )
&
iii) Sum equals 9 or less with carry 1

Consider the addition of 8 and 9 in BCD. The result
0001 0001 is valid BCD number but it is incorrect.

number 6 Add 6 to get correct number.
é ® \ \ O 4 , o O o
8 1 o O0 O G [ 0O o |
14 «<— 1 L1 1 o —>invaidBcD 2 1 o o0 o | =wad
o 1L S TN + 081 | O ApS
S0 0 ‘ CO0ol1 o0 1 1 1 C(owect
A T 110 0 [+ Valid B¢D ‘ , U 5. Rapti
+ | T Tor
After addition of 6 carry is produced into the I3

second decimal position.
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The procedure for BCD addition is

1. Add two BCD numbers using ordinary binary addition.

Because 10 (decimal) = 1010,, and we

: : d :
2. If four bit sum is less than or equal to zese, then correction it to %ol ouei® lnis the nesit dacinval

is not vequired . digit.

Adding 6 shifts invalid results (1010 to

1111) into the next valid BCD range.

then add 0110. This also generates a carry for the next
decimal place.

3. If the four bit sum is greater than 9 or if carry is generated

Implementation of BCD Adder

We require 4-bit binary adder for initial addition, Logic circuit
to detect sum greater than 9, and second 4 bit binary adder to

add 0110.
The following truth table is used to design a circuit for the

sum, which is greater than 9



= e e e e e e e O O ©O0 O O O 0O o

= RO O O O = = o= o= 0 O O o

= OO = = DO == DO = =D O

A - - A - - - SN - A - -

e e e = OO 00000000

Sum (S 1walid
Bcd number

S3S,|

p 9352 t 5351

@
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A comparator is a combinational circuit that compares two binary numbers (A and B) and determines their

Word A Waoyd (3
relative magnitudes, i.e., l i
whether: N bt
A=B, A>B, A<B Compatar

vy

Basic 1-bit Comparator A<’ A=B A>B

For two 1-bit inputs A and B: Truth Table A7
3
OUTPUT |
Yl1=A<B | Y2=A=B Y2=A>B
< y 3 > 3
0 1 0
1v 0 0 O

@ i
L\\G ® |
A o| O 1
A | O O
Y=A<B = AR
\/7,’-3(A:Q>3
o ¢ B
1\ O l
A ol ] )
+
ALl O 1

Y=RR4p8
Y= AOR
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Basic 1-bit Comparator Y, = (A7B) = AL (Realiu usina Ex -NoR Gade

Circuit Realization

A 7 B B Ty
E o, % | =
— D_AB L ‘ >—‘—\3
& — ¥ \/3:@‘\>B)
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A<B

and B = B1 BO Truth table
A1Ro %\%go EI\BO ?"l& ‘lg'gb A1Ro %\%go O 1 | O
Afo 00| LLl 1, A8, oo| | , . ¥
A As O N . ( ’ ‘ ¢ O] | & : . g
Aol | il o K Ul ! L4 - i
AJ%IO Q q 1.“ - [ O l 9 ]g - o

Let A=A1 A0

Vi=AR = AR, AR R + AoBiR,,

280 BR 6& BR
A1Ro 50 ‘guo ’ll O
AIAO 00 lo ' 3 9
A

Ol A { S T 4
Ahe
AT " 12 13 l (5 14
| Ao

[0 9 9 . ] -

EvR = AR+ ARR HARR,

T AR 3R

YQ:(A-’—&) = .A,—Ao—gl fzo +K‘A;§»‘ (s A\“‘o&,&o

= ﬁlz"l (/x‘)ié* %%}»}-A\&\«\Q%&‘— ;b§0)
:Q\\Brl —MZ-,) (ARt §o§o)
2= (AO%)) (A, ®8,)

= I = Y ™ W = N S =

= = e =D O O O

0
1
1
0
0
1

@ o

3

= O = O = O = O \mR/\O/=m O = O =

o~ R~ B R B~ B -
N

0
1
1
1+
0
0
1 v

1/

O O O 0O B O 0O OO0 m
\ \

(WY
N
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Circuit Realization
for A<

A, RoBot P8 +AcR, B =Y
For A>Q
Ao Bpt PRl + A,EI =7
for A= R
~ Robo (Al TARY) + Ao, (A, +A,B))
— AR 1AR) (Aolly +A0Bs)

=A |T\ 03B ""f‘ilAO-élGO PiRaR, B0 fA'E;%' E—O

= (AGB)), (R OB:) =%,

3/
BiBe |
| : AGR
! R ’:3' ) ‘®8| . \é”(/’“@
| pro Ao’ 2o
t —-£° )DO_ J |
} 6 1 T ‘ l A‘: AO@I@O
* | ‘ - - A.Aom>8
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n-bit Comparator
For larger numbers (like 4-bit or 8-bit), the same principle applies:
» Compare MSB first, then proceed bit by bit if equal.

» Usually implemented using cascaded 1-bit comparators.

[1C 7485 is 2 common 4-bit magnitude comparator that provides outputs for A>B, A=B, and A<B.

Applications of Comparators
» Digital sorting (ordering numbers).
> Searching in digital systems.

>
» Used in ALUs to check conditions (equal, less, greater).

V?'

Input matching in memory systems.
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A decoder is a combinational circuit that converts binary information from ‘n’ input lines into a maximum

CATYNAY AT

of 2" unique output lines.

A > OUTPUT
A 2 to 4 Line Decoder 2 to 4 |

.T_npuj‘ L’IT\E

S — Decoder
D= AR
P A B
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Circuit Realization
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Circuit Realization
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“.;;;gn a 4 to 16 Line Decoder using 3 to 8 Line Decoder
Circuit Realization
When A3=0
Decoder 1 active - generates outputs DO to D7.
When A3=1

Decoder 2 active - generates outputs D8 to D15.
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Applications of Decoders

» Memory Address Decoding = Selecting memory location in RAM/ROM.

» Instruction Decoding = In CPUs, to decode machine instructions.
» 7-Segment Display Decoder - Converts binary-coded input to display digits.
» Demultiplexing - Used to connect one input line to one of many output lines.

» Digital communication systems.

D
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( MSI or Medium scale integrated circuits are a set of basic, elementary logic circuits. They are available

as ICs (integrated chips) and implement specific, commonly used digital functions such as: Multiplexing and

O P
Demultiplexing ,Encoding and Decoding g | RS ) FA
D ) @ @ gz“ S | bt |1 W odpuk
Encoders 2 S+=7 1] 2 ) il 3

An encoder is a combinational circuit that performs the reverse operation of a decoder. It usually has 2@ input
lines and n output lines. The encoder converts active inputs into a unique binary code representing the position
of the active input.

When one of the input lines is active (high), the encoder produces a unique binary output corresponding to
that input's position.

Example: In an 8-to-3 encoder, if input IS is active, the output is the binary code for 5 (101).

Types of Encoders

i.  Priority Encoder (ii) Decimal to BCD Encoder  (iii) Octal/Hexadecimal to Binary Encoder:
b ENCod

J-
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SW  priority Encoders A % oW

CATYNAY CLANEN GATMWaAYCLAZIM

This is a special type of encoder. Priority is given to the input lines. If two or more input line are 1 at the same
time, then the input line with highest priority will be considered. There are four input DO, D1, D2, D3 and two

output YO, Y1. Out of the four input D3 has the highest priority and DO has the lowest priority. That means if D3

=1then Y1 = 1 irrespective of the other inputs.

Highe st 4 {2 OUTPUT
Py \OT\\\& Yl

i _
\ [ @0—-5- 0‘ \
|60 O o X Rm‘md
Ol § o——= Encoder Yy

O 0 1, o—

Lowest
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The 8 to 3 Encoder or octal to Binary encoder consists of 8 inputs: Y7 to YO and 3 outputs: A2, A1 & AO. Each

input line corresponds to each octal digit value and three outputs generate corresponding binary code.

6 o Tnput Output
T °”2 0 4 7 0

ige & +03 DO D1 D2 D3 D4 D5 D6 D7 V2 Y1 10|
3o oY -| o)p 0 0 O
4 o Encodev .

5 o- n 010

= )

. P 2 ~Q3 oY\~ | 0\

7 o o0~ o (1
Tput LAl

=)

0
0
m

—y

Y2=D7+D6+ D5+ D4

@@ O » 0 0 0 © O
= 0 O 0O 0 OO0 O O

© © © © B © © ©
N

0
0
1
0
0
0
0
0

U,
(=
= O = O = O =

Y1=D7+D6+D3+D2

YO=D7+D5+D3+D1



<) a
SW  Octal to Binary Encoder (8 to 3 Encoder) sw
D*[ 05 Ds & 'D_'Q 02 D Po

r l r )’2:: D4+DS"'Dé+D7

Y2=D7+D6+D5+D4
Y1=D7 +D6 + D3 + D2 11T 1
YO=D7+D5+D3+D1

|
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Decimal to BCD Encoder
Tnput

The decimal-to-binary encoder usually
DO D1 D2 D3 D4 D5 D6 D7 D8 D9 BO Bl B2 B3

consists of 10 input lines and 4 output

o

lines. Each input line corresponds to
each decimal digit and 4 outputs
correspond to the BCD code.

B3=D9+ D7 +D5 +D3 + D1
B2=D7+ D6+ D3 +D2

B1=D7+06+05o@

BO=D9 + D8
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~) Decimal to BCD Encoder

L

B3=D9+ D7 +D5 +D3 + D1
B2=D7+ D6+ D3 +D2
B1=D7 + D6 + D5 +D4
BO=D9 + D8
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'g"%v"" Application of Encoders “g}‘“""'
* Encoders are used to translate the decimal values to the binary in order to perform binary functions such as
addition, subtraction, multiplication, etc.

* Other applications especially for Priority Encoders may include detecting interrupts in microprocessor
applications.

Advantages of Encoders in Digital Logic

* Reduction in the number of lines to transmit information from multiple 1/p to a single o/p.

* Improved reliability By converting multiple inputs into a single serial code

* Improve performance by reducing time required to transmit information.

Disadvantages of Encoders in Digital Logic

* Encoders are typically more complex than multiplexers , and require additional components.

* Suitable for applications where a parallel set of inputs must be converted into a serial code.

* Limited flexibility
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&7 Multiplexers (Data Selector / Many to one) b=
There are n-data inputs, one output and m select inputs with 2™ =n. g I
It selects one of the n data inputs and routes it to the output. O —»
The selection of one of the n inputs is done by the selected input T
e selection of one of the n inputs is done by the selected inputs(m). 0, 5 OO
Depending on the digital code applied at the selected inputs, one out ! i
of n data sources is selected and transmitted to the single output Y. . Mux
E is enable (strobe) input which is useful for the cascading. Dn-1
—
E is generally an active low terminal that means it will perform the E ,
required operation when it is low. @ Enable
2 B 1"\?\4‘ s 2@_ RERTA T
| o
™= ge\ec,‘t Q“LQ \Sm-l SI Se

Multiplexers are classified As

Dine
21, 41, 81,16:1 ,32:1 Mux
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@)N 2:1 Multiplexer 2
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The 2x1 mux has two input lines, one output line, and a single "

selection line.

0 —> D—»r——© 5
D[ e &X‘ .__’Y D( 0%—*—’ @

E — E —»——©

Logical Expression of 2x1 Mux

Y = §o Dp + SODI

Y
0

@
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It is @ multiplexer that has 4 inputs and a single output and 2

select lines. Si_
Seo
The number of the Selection lines given by m = log,n o
i g:D" .
= » [ Se-
O, —» 4y INPUT OUTPUT o -
=" i SO s1 Y L
E —» b0 1 So
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2,
T T — | Si
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Gw 8:1 Multiplexer < S, S2Ma t sos,szm+soS;SzDs S _S‘
cavemar lasess : —+ SoS) S0+ $658.D J Sy ‘
It is a multiplexer that has 8 inputs and a single o zput
and 3 select lines. ¢ |
The number of the Selection lines given by m = log,n
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0 | 1 D1 T
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SW  16:1 Multiplexer INPUT OUTPUT

samm s %27 — : i SO S1 S2 Y
It is @ multiplexer that has 16 inputs imgf single 9 5 9 | o 50
output and 4 select lines. /6~ = o | o | o |1 D1
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The number of the Selection lines given by m = log,n
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Multiplexer tree 3-8 -l = zos=~1 e

A multiplexer tree (or mux tree) is a hierarchical way to build a large multiplexer (many-to-one
selector) out of smaller multiplexers.

For Example “An 8:1 multiplexer can be made with two 4:1 multiplexers and one 2:1 multiplexer. The two 4:1
outputs feed into the 2:1, giving total select bits 3.”

How To Calculate no. of Mux Required in a specific condition

Ex.:- How many MUX required to desngn 16:1 Mux usi

ing.2:1 MUX or 4:1 MUX
1671 P’\Ux&a 2 @

N 2 =

>+ D q_‘\ L
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> 2
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F-3
3
2
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@ Q.1. Design 4:1 MUX using 2:1 MUX
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@ Q.3 . Design 16:1 MUX using 8:1 MUX 4
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@ Q4. Implement the function F = Im(0,2,4,6) using Multiplexer.
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@ Q.5 . Implement the function F = Im(1,3,4,6) using 4:1 multiplexer.

A~
P Do © D2 D3
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G/Q Q.6 . Implement the function F = ¥m(0,1,3,4,7,8,9,11,14,15) using 8:1 MUX. Skl 2022
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@ Q.7 . Implement the function F(A,B,C,D,E) = Im(0,1,2,3,6,8,9,10,13,15,17,20,24) using 4:1 é)
by —

Multiplexer.
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A demultiplexer performs the reverse operation of a multiplexer i.e. it receives one input and distributes it

over several outputs. It has only one input, n outputs, m select input. At a time only one output line is selected

by the select lines and the input is transmitted to the selected output line.
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@/w 1 : 4 Demultiplexer
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é‘a Q.1. Design 1: 4 line Demultiplexer using 1: 2 Demux.
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@ Q.3 .Designl : 8 line Demultiplexer using 1: 4 Demux.
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@/w Q.4 . Implement a full adder using Demultiplexer.
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Q.1. Design 1: 32 line Demultiplexer using 1: 4 Demultiplexer.
Q.2 Implement the following expression using a multiplexer:
F(A,B,C)=Im (0,2,3,6,8,9, 11,12, 14)

Q.3 Implement the following function using a 4 to 16 line decoder:

F=Im(1,2,4,7,8,611,12,13)

4
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e Barrel Shifter
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A barrel shifter is a combinational circuit that can shift or rotate a binary number by a specific

number of bits in a single operation.

Unlike normal shifters (which shift bit by bit), barrel shifters perform the shift in parallel, making
them very fast.

Features

» Can shift data left or right. o
v

» Can perform both logical and circular (rotational) shifts.
» Controlled by select lines which decide how many positions to shift.

» Used in multipliers, dividers, floating-point arithmetic, and processors.
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An Arithmetic Logic Unit (ALU) circuit element is a combinational digital electronic circuit that

performs arithmetic and bitwise logic operations on integer binary numbers.
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ALU plays an important role as it executes and processes all the instructions, performs calculations,

manipulates binary data, and performs various decision-making operations.
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» Can do arithmetic operations: addition, subtraction, (sometimes multiplication, division)
» do logical operations: AND, OR, NOT, XOR, XNOR, etc.
» Contains two sub-units:
e AU = Arithmetic Unit
e LU = Logic Unit
» Receives control signals guiding which operation to perform

» After operation, result is sent to memory or output unit

Functions of ALU

» Arithmetic operations: addition, subtraction, multiplication, division
» Logical operations: AND, OR, NOT, etc.

» Comparison operations: equal to, less than, greater than, etc.

» Shift operations: bit shifts (left shift, right shift) to manipulate data at bit level

2
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Main Components / Sub-Units

Arithmetic Unit (AU)
» Adder: adds two binary numbers (half-adder, full-adder, ripple carry adder, etc.)
» Subtractor: often implemented using 2’s complement method to subtract binary numbers
» Multiplier & Divider: in more advanced ALUs, dedicated circuits for multiply/divide
Logic Unit (LU)
» Uses logic gates: AND, OR, NOT, NAND, NOR, XOR, XNOR
» Can be composed in combinations to carry out complex logic operations
» Some gates have special uses:
¢ XOR = “inequality detector” (gives 1 if inputs differ)

e XNOR = “equality detector” (gives 1 if inputs are same)
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How ALU Works (Working Principle)

Inputs & control signals

» Receives binary data inputs

» Receives control signals (from control unit) that tell which operation to do

Operation selection & execution

» Based on control signals, ALU picks which sub-unit to use (arithmetic, logic, shift, etc.)

» Performs the operation

Output result

» Sends result to memory or output units

2
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