CONTENT

Introduction to Logic Gates

Basic Logic Gates

Implementing XOR gate using Basic Logic gates
Universal Gates

Electrical Circuits to model the functionality of Logic gates
Boolean Algebra & Laws

Karnaugh-Maps

Designs simple logic circuits using Logic gates
Minterms and Maxterms

SOP to POS and POS to SOP conversions
Standard and Non-standard expressions
Designs logic circuits for a given scenario

Full adders and Half adders

Flip-Flops

Integrated Circuits

ictfromabc.com

10
14
19
22
31
36
40
43
48
51
58
65
74



Introduction
BESDO®

George Boole (1815-1864)

w

George Boole, an English mathematician
and logician, is known as the father of
Boolean algebra, which is the mathematical
framework used to describe the operation

of logic gates.

Qo3 GGG €3 MHBWEEE BOD
6sld RS, VB N0 BrImdBOG
B850 SO 90 »O® GHMOE HPD
D» QB B3 @6 Bk 6@ES ®ESED.

Claude Shannon (1916-2001)

Claude Shannon used Boolean algebra to
design digital circuits, laying the

foundation for modern computing.

DRI Brws B8  ©odsom  edesd
Svengns BHO eH) QBGE B8 ®Moe
O G g0, D HID SVOLDDODIC
oeH) gome® .
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What is a Boolean event?
ABe BEDRD ny @dc?

An event that has only two possible
outcomes, where one outcome is the
opposite of the other is known as a Boolean

event.

D BOEGD g BOEED HHDGER
D» 5@ e @IS s BedPn RBG
BERGD 6@ HERED.

Only one of the following can result here.
6®8 IO@ 6Et BB HIBED SHD
TFBs DS 5OH.

e Positive/ True/Yes—1
O®/e55/ 8

e Negative / False /No -0
€3a8n / epesns / BT

What is a logic gate?
BB ENdRE oy @O &2

An electronic component which takes one
or several inputs, processes them
according to the relevant logic and gives a

single output is known as a logic gate.
ey D 667 BBSGE ERIGSBS &0
DS Ve gxd T owe O O
58e®e @) 2 ee®»  9emelISm
500D DHED ENOGEE 6ERE BEHOR.

BE 1 PROCESSING

\ 30230
BE 2 Q N

OUTPUT
/ g802
BE 3
INPUTS
POD



NOTES

e A logic gate can have any number of

inputs.
MO ENOEO Bz OB eed®
230250 BB BTEE.

e Every input depends on a Boolean

event.
£5z® PODGEHO QTR BEDGD B O&)
e508.

e A logic gate can have only one output.
OB ENOEHO BRDG Heen D
5 eIDEE 5O,

e There are several types of logic gates
according to the performing logic.

1%shdldi :34lkh wkqj ;d¥lsl oajdr &%®
BBk BER.

e They also have different shapes

according to the logic.
Fn0 obomc gnd 5850 &) e
es308).

Logic gates can be mainly divided into

two types.
BB ENd gt Bmerns OV® ecwwO
eRe) crddB ®oD.

1. Basic Logic Gates
AR MHBD ENG

2. Combinational Logic Gates
£5003E0 VB ENO
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Input Combinations
PED 306G3E®

All possible combinations of unique binary
values (0s and 1s) that can be applied to the
inputs of a logic gate is known as input
combinations.

OB ENOED ey OO @) 6 e
20®n agmex ((0) o (1) da Boe®
DB 6ONE] 506355 ENEI® 50603385
e HESES.

The number of possible input combinations
depends on the number of inputs,
following the formula:

OB BT EIEI® 306D DEN® SHD
86 FHHOHG DO g0 DG PEID DB
B 6e) 5O8:

Number of Input Combinations = 2"
D 306CISD @DEND

n is the number of input variables.
n X e SOEB 3050 68.

For 1 input variable (A):
D epeyn BOEBEE aem:

Number of Input Combinations = 2" = 2
EEID 3060335 ®EID

_0
A
\1

For 2 input variables (AB):
epeyn SO 26 BEm:

Number of Input Combinations = 2% = 4
DB €306CISD DID

—> 00

AB —>01

—> 10
—>11




Basic Logic Gates
B> B &N

Basic logic gates are the fundamental
building blocks of digital circuits. They
perform basic logical functions that are

essential for digital computations.

OB OHB® SN0 BH oS DB
OB on® Tow 5. T OBS oS
®MHDE HO® oeH) gosdes DD BB
MO DIBBEES @) WAOEB.

There are 3 basic logic gates.
OB HED® ENO 3 & 5O

NOT Gate

—_ AND Gate

OR Gate

NOTE:
NOT gate is the only logic gate that has
only one input.

NOT &nde oy O o o
B5O8® D® BB 06 685.

All the other logic gates at least have two

inputs.
gonms HBHE® oHHBHm oD gdd®
D®BHS ENEID BGEDWNOD L.
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Combinational logic gates
oo bBm &nd

Gates which are made up of two or more
basic gates are known as Combinational
logic gates.

O oS &0 e 6m) BBesoD

e506@3smn De® @28 g SN0 o
O ENG 6EE BEHOEB.

NOR Gate

NAND Gate

XOR Gate

XNOR Gate

PAVALY

What is a truth table?
soso) ORDS o S

A truth table is a table that displays all
possible  input values and their
corresponding output values for a logical
expression or Boolean function.

5 DR BE VDD HDIBDGE 63
ABES HED e tOSE B BHEe®
PO gmns e ITNed gndEzess ogBeH®
FOBES 655550® DROS.

It helps visualize how a logic circuit or
Boolean operation behaves under different
conditions.

D BB 3B 63 QBHS 6®6mn®ess

B0 OGBS O06E ) DO® OB &7t
@O0 cesd 6d.



NOT Gate (Negation)
NOT 2606 (e3stdc)

A{>¢F

Gives the output as the inverse of the input.
DA BERIOG 6@ BBEIDG QRIGE.

F is the inverse of A.
F o A S 6586@3@%aE.

ICN Input (A) Output (F)
1 False (0) True (1)
2 True (1) False (0)

AND Gate (Conjuction)
AND €810 (ssoges®)

Output becomes positive only if all the

inputs are positive.
ee)® Bode s O 80 &0 8e®e
o5 68.

Output becomes negative when at least
one input is negative.

D POIWNED 6®3 aeos O O &§Be®G
eSS 68,

Should have two or more inputs.
EEND B 6 HESHE OB [(GIRE.

Output is always the product of the inputs.
BBODG BX) ICIVDESEE RHVDEE.

2 input AND gate
ao® ecen AND &0nde

A_
F
B —

ICN A B F
1 0 0 0
2 0 1 0
3 1 0 0
4 1 1 1

Expression for F = A.B (A AND B)

F becomes true when A and B is true.
A e B s & 80 F s 68.

ictfromabc.com

3 input AND gate
epey® ex AND &0noan

A —]
B — F

F becomes true when A AND B AND C is
true.
A e B s C esons & 80 F esos 8.

ICN A B C F
1 0 0 0 0
2 0 0 1 0
3 0 1 0 0
4 0 1 1 0
5 1 0 0 0
6 1 0 1 0
7 1 1 0 0
8 1 1 1 1

F=AB.C(AAND B AND C)

OR Gate (Disjuction)
OR &006x (Bgosam)

Output becomes positive if at least one
input is positive.

O PoDED 6w s O» B0 HBNG
o 68.

Output becomes negative when all the
inputs are negative.

BoE mew goos D 80 38e®E s
8.

Should have two or more inputs.
PEH BEWD 6X5 DSBS TOHG (GNE.



2 input OR gate NAND gate

epe)® ecety OR o NAND &&noe

This gate is made by providing the output
A ‘ of an AND gate as the input to a NOT gate.
B AND E&andsm g8erme NOT 06O

&SR BHO OBS 6®® &eNdK e5E6s.

Output becomes the inverse of AND gate.

ICN A B F g8eme Ox5es5 AND &nvecn® &Se)®»edd
1 0 0 0 5563®GE.

2 0 1 1

3 1 0 1 Here, output becomes negative only when
4 1 1 1 all the inputs are positive. Output becomes

positive when at least one input is negative.
c®BE ey BrEE s Dn 8D uSe)®e
s OH g0 PeI® DD 68 ges DD
0 35e®G 55 68.

Expression for F= A+ B (A ORB)

F becomes true when A OR B is true.
A 693 B esos ®x 80 F esoos 8.

2 input NAND gate

3 input OR gate o® ecem NAND &noe

epeym e OR &non

A — K F
A B —
B F
C
F becomes true when A OR B OR Cis true. I1CN Q g g g :
A e®l B e C esoos & 80 F esoos 8.
2 0 1 0 0 1
Truth table 3 |1 10 |0 0 |1
4 1 1 1 1 0
ICN A B C F
1 0 0 0 0
2 0 0 1 1 A —
3 0 1 0 1 - F
4 0 1 1 1
5 1 0 0 1
3 1 ? (1) 1 ICN A B F
8 1 1 1 1 ! 0 0 !
2 0 1 1
F=A+B+C(AORBORC) 3 1 0 1
4 1 1 0

F = A.B (A NAND B)
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3 input NAND gate
ey 68 NAND &de

A —

B— F

c—
ICN A B C F
1 0 0 0 1
2 0 0 1 1
3 0 1 0 1
4 0 1 1 1
5 1 0 0 1
6 1 0 1 1
7 1 1 0 1
8 1 1 1 0

F=AB.C

NOR gate

NOR &moa

This gate is made by providing the output
of an OR gate as the input to a NOT gate.

OR Zodow odeomwe NOT E80emO
HBORBR) OO BKS 6@ ENOnG t5E6s.

Output becomes the inverse of OR gate.

a58ermei OR EDNOEEHES u8ermedcd
586@3®0E.

Here, output becomes positive only when
all the inputs are negative. Output becomes
negative when at least one input becomes
positive.

eOBE ey Brde geos O B0 aBe®EG

&5 DB g0 Pe)D D 66 s D 8O
BE®DEB peaDs 6.
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2 input NOR gate

epey® ecem NOR €6

A K F
B

ICN| A B K K F
1 0 0 0 0 1
2 0 1 1 1 0
3 1 0 1 1 0
4 1 1 1 1 0
A
F
B
ICN A B F
1 0 0 1
2 0 1 0
3 1 0 0
4 1 1 0
F=A+B
3 input NOR gate
e e® NOR éndan
A
B F
C
ICN A B C F
1 0 0 0 1
2 0 0 1 0
3 0 1 0 0
4 0 1 1 0
5 1 0 0 0
6 1 0 1 0
7 1 1 0 0
8 1 1 1 0
F=A+B+C




XOR Gate 3 input XOR gate

XOR &enoe epey® pex XOR Endn
2 input XOR gate
Pe® ecewn XOR Edda g‘ =
C
A
F Output becomes positive when the positive
B number of inputs is an odd number.
BB PED ®IND DS 50D B O
8e®6 s 68.
T 2 2 ICN | A B C F
L 0 0 0 1 0 0 0 0
2 0 1 ! 2 0 0 1 1
3 L 0 1 3 0 1 0 1
4 1 1 0 4 0 1 1 0
5 1 0 0 1
F=A B
@ 6 1 0 1 0
Output becomes positive when and only ! ! ! 0 0
when one input is positive. 8 1 1 1 1
DD PeIDEE DS DO ) DN PHEIWE
SOHSO 35 DB SBEODG S5OB 8. F=A® BDBC
F becomes true when ONLY A OR ONLY B NOTE: (Basic Knowledge)
is true.
F esoon D86 A 5080 6693 B 508z 650 Even numbers 6060 olim:
Do HOEG. Divisible by 2 (Ex. 0, 2, 4, 6).
25 980 25D GRED M.
Odd numbers ®5fes eso@x:
Not divisible by 2 (Ex. 1, 3, 5, 7).
255 95D HtHD 6RED GXDIMTD.
NOTE:
The definition of a 3-input XOR gate is also
valid for a 2-input XOR gate. But the " 1
definition of a 2-input XOR gate is not valid :
for a 3-input XOR gate. 2-Input 3-Input
e 5e®® XOR EéMdnm abd erdd® XOR :(OR
me® 6cem® XOR EMdnes sem & Do® Definition Definition
68. D ey 6cem® XOR Endnm atdd
cemd® epeyn em® XOR &dmesS esem
DE@o® 6HED.
7
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XNOR gate
XNOR &£tn6a

This gate is made by connecting the output
of an XOR gate to the input of a NOT gate.

XOR & g8erme  NOT &0mmd
00 BOHO BB 6B 0K eE6d.

Output becomes the inverse of XOR gate.
58w XOR  &20cn® &BeHH6s
556@I®GE.

2 input XNOR gate
ey ecen XNOR &ndm

Output becomes negative when and only
one input is positive.

DD peDGED o5 DO ®) DD PHSWED
50D 55 DB BIBSWE epesds 68.

F becomes false when ONLY A OR ONLY B

is true.
s DBES SOHND 65 SO DS DB
BO&cs.

A
s F
B
ICN| A B K K | F
1 0 0 0 0 1
2 |0 1 1 1 |0
3 1 0 1 1 0
4 |1 1 0 0 |1
A
F
B
ICN A B F
1 0 0 1
2 0 1 0
3 1 0 0
4 1 1 1
F=A® B

ictfromabc.com

3 input XNOR gate
epey® ex XNOR Ende

A
B F
C

Output becomes negative when the
positive number of inputs of an input

combination is an odd number.
BB PED ®END DD O O» 8O
8e®6 s 68.

ICN A B C F
1 0 0 0 1
2 0 0 1 0
3 0 1 0 0
4 0 1 1 1
5 1 0 0 0
6 1 0 1 1
7 1 1 0 1
8 1 1 1 0
F=A® BODC



Implementing XOR gate from basic logic 2. POS

gate
O3> VB End @Bmexnsd XOR &nde
Shenn S53O AB (A+B)
¢ Two input XOR gate - (A+B) + (B\+E—5)
A DA(—B B (A+B)
B
A |B |A |B |(A+B) | (A+B)|F
A B K o lo [1 |1 Jo 1 0
0 0 0 o |1 [1 [0 [1 1 1
0 1 1 1 o o [1 [1 1 1
1 0 1 1 [1 o [o [1 0 0
1 1 0

_ _ Note: A@B=(A+B).(A+B
Ksor= A.B+ A.B ©® ( ) ( )

Keos = (A + B). (A + B)

. . . Th i t XOR gat
By using basic logic gates ° ree inpu gate
AR ED N0 HDDEES 6HIIRNBTEE.

A .
1. sop B—D—A(-BB@C
C—ﬁ
A —>— AB
AB + AB A B C K
0 0 0 0
B— AB 0 0 1 1
0 1 0 1
A|B|A|B|AB |AB | F 0 1 1 0
olo[1]1]o0 0 0 1 0 0 1
o110/ 0 1 1 0 1 0
1lolol1]o0 1 1 1 1 0 0
111]lololo 0 0 1 1 1 1

ees0 236 D8 K = F 68. . _
Keos= (A+B+C).(A+B+C).(A+B+0C).

Note: A® B = AB + AB (A+B+0)

ictfromabc.com



By using basic logic gates
OB NHED NG NDDEES 6EDTEH®.

1. SOP
ABC )
>L|;:I3 3 (AB.C)
n—j_
A
>_L (A.B.C)
T c (AB.C) + (AB.C) + (ABQ) + (AB.Q)
~ ] \(ABO)
B/
C
__— (ABQ)
L 1/
A |B |[C |[A |B |C |ABC A.B.C A.B.C A.B.C F
o o o [1 [1 |1 ]o0 0 0 0 0
o o |1 [1 [1 |0 |1 0 0 0 1
o |1 o [1 |0 |1 |oO 1 0 0 1
o |1 |1 [1 0o |0 |O 0 0 0 0
1T 1o o |o |1 [1 ]o 0 1 0 1
1 o |1 o |1 |0 |oO 0 0 0 0
1 |1 o |o |o [1 |o 0 0 0 0
1 |1 |1 o |o [0 |oO 0 0 1 1

Note: A@B@C=AB.C+AB.C+AB.C+A.B.C

10
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2. POS

ABC

::}——m+B+Q.m+B+Q.m+B+®.@+E+Q

A |B |C |A |B |C |A+B+C|A+B+C|A+B+C|A+B+C|F
0 0 0 1 1 1 0 1 1 1 0
0 0 1 1 1 0 1 1 1 1 1
0 1 0 1 0 1 1 1 1 1 1
0 1 1 1 0 0 1 0 1 1 0
1 0 0 0 1 1 1 1 1 1 1
1 0 1 0 1 0 1 1 0 1 0
1 1 0 0 0 1 1 1 1 0 0
1 1 1 0 0 0 1 1 1 1 1

Note: AGB@®C=(A+B+C).(A+B+C).(A+B+C).(A+B+C)

11
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Logic gates and their relevant Ven diagram.
B> N0 w® TND geg 6D Gz 0HD.

INPUT

OUTPUT

AANDB

ANOTB

AXORB

ANAND B

ictfromabc.com
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[

AORB

BNOTA

AXNORB

ANORB



Universal Gates
Dy BB ENG

A universal gate is a logic gate that can be
used to implement any Boolean function
and construct all other basic logic gates
(AND, OR, NOT) using only NAND gates or
only NOR gates, without needing any other

gate type.

DY ENOGE B DE® RBGIH BHoD
E50m 8D, 6O HEE, N0 DV®ED
FOGIMOBS 608 NAND &80 ex3 NOR
ENG 50 D) OB Feo Bre®
O B o (AND, OR, NOT)
6MBHTBHRD IO DG D IOHSD
ENOEE.

Reasons for using Universal gates
WOy €S B SO0 e

1. Lower Cost & Simpler Manufacturing
ef) 8086 650 830 BEEeHn

Using only one type of gate (NAND or
NOR) reduces manufacturing complexity
and lowers cost in digital circuit design.

D Obmem ENdrm (NAND e NOR)
50 D) SO BBesre® 3oDVEIO
g8) @0 god oS 6desd HHEEned
808t ef) DOa.

2. Easier Standardization & Optimization
o588 SOBDOMEG 658 SHEBDOSEG

Standardizing circuits with only NAND or
NOR gates simplifies design and
troubleshooting.

NAND @3 NOR &6 @81 8D estesd
RS BS®OG BOO, e5oEe® SOO® em
6e3®m BOHOSNEB 0@ OB.

ictfromabc.com
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3. Flexibility in Logic Design
BB SHEngned HOsBBOE

Any Boolean function can be implemented
using just NAND or NOR gates, making
them highly versatile in circuit design.

Dz® QBEY &Bxe NAND eI NOR &
0D HDDEHES HEIBOD BE BB g0,
T esdesd SB@Enede g Rt 68.

4. Reliability & Fault Tolerance
DEOEBREOn ©® 6cid af) 5®

NAND and NOR gates are less prone to
electrical noise and delays, improving
reliability in circuits.

NAND &® NOR &6 8RB ets3ed &
5MEERO &f) OIS &S g, DOBS
2302300@ B6DeSnson i) Eren woB.

Efficiency Concern
MBEDSOO BBRe dNDG

Implementing a circuit with only
NAND/NOR might require more logic
levels, increasing propagation delay
compared to using dedicated AND, OR,
and NOT gates.

NAND/NOR eo®#mS &8  desdnm
5osdm 508 sem onbSn @008 &)
®# gOes DB BB gm0, DBO® 6D
AND, OR, @& NOT &6 #)8m) SBO
230655580 608 5EN0HN H®EH D) 6.

More gates mean more power usage,
which may not be ideal for low-power
applications.

8 N0 o0 6y OB e
esdetiesnns O g, &f) PGS 6ke®
E® 83863 6DG BTG,



1. NOR GATE

Implementing NOT gate from NOR gate
(Inverter)
NOR €876c8s8 NOT éndees e300

HO®
A A+ A
Proof:
=A+A
=AA De Morgan’s Law
=A Idempotent Law

Implementing AND gate from NOR gate

NOR €868 AND &0nocesS e
560

De morgan’s Law
Double inverse Law

ictfromabc.com
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Implementing OR gate from NOR gate

NOR &200668% OR &66s eSMesma
55®

(A+B)+(A+B

Proof:

=(A+B)+(A+DB)
=(A+B).(A+B)
=(A+B).(A+B)
= (A+B)
= (A+B)

De Morgan'’s Law
Double inverse Law
ldempotent Law

Implementing Buffer from NOR gate
NOR €968« Buffer dms StH@gncs S5O

Implementing NAND gate from NOR
gate

NOR €685 NAND &06ns e3dsea
500




Implementing Exclusive-OR (XOR) gate
from NOR gate

NOR 8r06Bs XOR &6 e
55®

De Morgan'’s Law
Double inverse Law
De Morgan'’s Law
Distributive Law

=0+ AB+AB+0 Inverse Law
= AB + AB Identity Law
Note

AB+AB=A®B

ictfromabc.com

15

Implementing

Exclusive-NOR

gate

(XNOR) from NOR gate
NOR &n6nis® XNOR &nors e3desemas

568

Proof:

(AB) + (AB)

(AB). (AB)
(A+B).(A+B)
(A+B).(A+B)

AA + AB + AB + BB
0+AB+AB+0
AB + AB

Note
AB+AB=AO@B

De Morgan'’s Law

Double inverse Law
Double inverse Law
Distributive Law
Inverse Law
Identity Law



2. NAND GATE

A — —
AB
B =

Implementing NOT gate from NAND
gate (Inverter)
NAND &6 NOT édeses e8esma

560
A
- )=
Proof
= AA
=A+A De Morgan'’s Law
=A Idempotent Law

Implementing AND gate from NAND
gate
NAND 80683 AND éddces eSdeseds

568

De Morgan'’s Law

Double inverse Law
.B) Idempotent Law

Implementing OR gate from NAND gate

NAND Zo6nBs OR Enons e3dsHne
EnielC)]

o

B_[}—B’_}

ictfromabc.com
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e
-
‘ o
o
=+

De Morgan’s Law
Double inverse Law

> 2l
+ + w
@ i

Implementing buffer from NAND gate

NAND &20css Buffer doed SW@réncs
558

A A
DD
Implementing Exclusive-OR gate (XOR)

from NAND gate

NAND 86633 XOR E66s eMesma
500

A AB
B

Implementing Exclusive - NOR gate
(XNOR) from NAND gate

NAND €860B8s5 XNOR &noesd e
500

A+B

A®B

A+B

A
B
Proof
=(AB).(A.B
—_— == De Morgan’s Law
= (A.B) + (A.B)
= (A.B) + (A.B) Double inverse Law
= (A.B) + (A.B) Associate law



Bais
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Electric circuits to model the The convention used when drawing

functionality of logic gates circuits.
Bz 300 tnboend obBm EHode 6580 gre®8 wndm oD OFSG.

S5ermdde pebmnes SO

Circuits built using electronic components INPUT & OUTPUT
such as transistors, diodes, and resistors to POD 5 IBO®
replicate the behavior of basic logic gates

(AND, OR, NQT, etc.) in digital systems.

DBOF 808 nE OBn VBD 0D True -1
(AND, OR, NOT en8x) ®c8d® ammosncs 8o8
OO esem) PSEE3D0, B3R 5t 5O

8 9e@medIB® 00D  NDDHEES

e@MBH® &t 5desd 68.

False -0
DB
Components Used
0O O 3060D
e SWITCH
¢ Inputs > Switch 8006
pe® > 88506
On-1
S
[ ] Outputs 9 Bulbs Oﬂr -0
58 > AR
e BULBS
3D
On-1

e Connections 2> Wires
685D 2> dY

e Power Supply = Batteries
e esE® > VOB Ooff -0

il

18
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Gate Implementations
ENo Smrsiend 568

1. AND Gate
AND &6

SIS

:

Qe

S1 S, B
0 0 0
0 1 0
1 0 0
1 1 1
2. OR Gate
OR &6
$4
S,
S1 S B
0 0 0
0 1 1
1 0 1
1 1 1

ictfromabc.com

3. NOT Gate (Inverter) 6. XOR Gate

NOT &enoe XOR &6
S
‘ ol g, S, ] 0
11 1
T = ]
S B Sq S B
0 1 0 0 0
1 0 0 1 1
1 0 1
4. NAND Gate 1 1 0
NAND &enda
7. XNOR Gate
XNOR énde
$4
k B
S 0 0
[ E R
1 1
S S, B B
=T
0 1 1
1 0 1
1 1 0
Sy S B
5. NOR Gate 0 0 1
NOR &6 0 1 0
1 0 0
1 1 1

S5 S, B
0 0 1
0 1 0
1 0 0
1 1 0
19



Boolean algebra
RABmE B8 ahHor

Boolean algebra is a mathematical
framework used to manipulate and simplify
logical expressions, especially in the design

of digital circuits and computer systems.
QB B8 oMos 6B NOED HDIGD
BBODPD ©® ©oE SBOBD, Bexeerns
BDBOF sdesd e sdmsnm sES eEed®
BB 5103 D GOLHDOG NHEDS.

It operates with binary variables (0Os and 1s)
and is governed by a set of basic principles

known as postulates or axioms.
D E0Bk BOEsm (0 59 1) 60® ) oD

g0 s 3EHn O%es postulates ]

axioms 6@ »HESO® ¥ BRIV
B3GR,

Postulates (Axioms) in Boolean Algebra
QB B¢ afoed Postulates (Axioms)

Postulates are the fundamental
assumptions in Boolean algebra that are
accepted as true without proof.

Postulates ©a RQB®S e ®&Hoed s
OB covgew d»n gnd T D8
6B 55 6@ BE®H) QI6R.

These postulates define the basic behavior
of Boolean operations and form the
starting point for all further reasoning
within the algebraic system.

e®® postulates QBxS 6Oe»EEDR {B®
o830 SHODDE @o® gd &G SEBG
2C OBgd VD Hem MOBHD EBBSGD
e30ef3.

ictfromabc.com
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Importance of simplifying logic circuits
using Boolean Laws

ABEE B8 boensd bBm obed 8o
B556® Ore®DD®

e Reduces Complexity - Fewer
components make circuits easier to
design and understand.

SoDENDD &gf) OB — &f) 00D

£30R0% BBS e3Besd e3zEe® B 5
630t® ®TD® 5ty WOEB.

e Lowers Cost — Simplified circuits use
fewer gates, reducing material and

manufacturing costs.

808 gf) OB - 68O g sdesd &f)
N0 egmesS Do) OB, Breds o
Bdesrewm 8Os af) @OB.

e Improves Speed - Less processing

delay leads to faster operations.
6dmn i) Brgn OB - of) trme®
85@en 650D 6@emER® D @® .

e Saves Power - Fewer components

consume less energy.
PDe ®BE 980 OB - &f) 00D
30RO 55e3) &pf) W Becd 68.

e Enhances Reliability — Simple circuits
have fewer failure points, increasing
durability.

D&OBBHBDOE D) OB - ©oE
5%e300@ &t DedHO® edes i) O»
g0 DO Se5cD® B8 OE.

e Optimizes Space - Requires less
physical space on circuit boards.
FOMBEB 5®ESD OB - esdesd 500t B

&f) 695D 9B FO®S 68.



Boolean Algebraic Laws

1.

ictfromabc.com

Double complement law
ED5D 5Be@I® »BIG

A=A

Idempotent law
DEEOHE DB
A+A=A

A. A=A

Identity law
&3BDENBS DBIC
A.0=0
A.1=A
A+0=A
A+1=1

Inverse law / complement law
56@I® ®BIG

A.A=0
A+A=1

Commutative law
DBIGE® IBIC
A.B=B.A
A+B=B+A

Associative law

€50650%) DB

A.(B.C) = (A.B).C
A+(B+C)=(A+B)+C

Distributive law
Bes0® DBIC

A.B+C)=AB+AC
A+ (B.C)=(A+B).(A+0)

De Morgan'’s Law
& ®od »edn
AB=A+B

A+

| +
| ™

oo}

Redundancy law
508D DBIGB

A+AB=A
A+AB=A+B
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Double inverse law/Double

complement law
EBsD u8ei® e

Double inverse law states that inverting a
variable twice will produce the same

original variable again.

0550 5560 ®BG SOEBSES SO@BGBE
6eDOD 5S8R Bde®x GF DOE@SG HTOD
QIeR® RO,

Let's take two NOT gates connected in
series.

DO oty Do ©@R®D) @@ NOT &no
eI BERDE)

A K=A F=K
A K K F
0 1 1 0
1 0 0 1

From the above Boolean expressions
9B RJBEHES HmIe® DB

K = A (K is the inverse of A)
F = K (F is the inverse of K)

F = A (F is the double inverse of A)

Looking at the truth tables for all

instances,
BB OF 6 D OO 520
FOBNODED,

F = A (F looks the same as A)

Because L.H.S of both above equations are
the same it proves the double inverse law

9B &8O 66O L.H.S 6@ O» cds
Do 2D 555e@I® 36 DT WOGB.



Idempotent law (type 1)
26508 2306 (68§ pmIO®)

Adding the same value again by it does not

make any difference in Boolean algebra.
R0 B3 ®PHDEEE o8 gmnmd DO gmn®
DD Dy BOO OBS 6D BE 66D

Boolean addition (OR operation) s
represented by the OR gate.

RB0S Doy 8D® (OR e®e®@r®) OR &0
BB BdzsEnn OB

AD
F
B

ICN A B F
1 0 0 0
2 0 1 1
3 1 0 1
4 1 1 1

Input combination 1 and 4 represent the

addition of the same value.
1 €589 4 epEI® e3063e5® B Dd® g™
Dy HOO® Hdzesgnn wOG.

F=A4+B
F=A4+A(WhenB=AatICN 1and4)

N
_\o>

But F = A from the truth table

From the above simplified truth table, we
can clearly see the output value is the same
as the input. It proves the ldempotent law.
9®® 5O ®O®» @ GO ODREDS
858960 gm ez eI @1 RO
g0  5ccERO  crdmd B, DA
26E0MNE 6 OO 68.
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Idempotent law (type 2)
26508 06 ( 6cH® mIOB)

Multiplying the same value again by it
does not make any difference in Boolean

algebra.
ARG B3 @FNDEEE B FHHESS DO gmn®
@ BOO SOO OB 6OHesw e 6ED

Boolean multiplication (AND operation) is
represented by the AND gate.

RABS @en 858 (AND 6®@ex@E®) AND
N BB Bdzessn OB

A_
F
B—}

ICN A B F
1 0 0 0
2 0 1 0
3 1 0 0
4 1 1 1

Input combination 1 and 4 represent the

multiplication of the same value.
1 €389 4 eI 50635 BB D® a®me
®8 HOO BozesHG DOEA.

F=A.B
F=AA(WhenB=AatICN 1and4)

A=B {} F

ICN
1
4

1
ve]
M

_\O>
o

But F = A from the truth table

From the above simplified truth table, we
can clearly see the output value is the same
as the input. It proves the Idempotent law.
9y §O DO® @ OS5 OReOS
8586 gme eE@D0® ee)mnd 65@1® DO
g0  eccERD  crm®md WG, DB
D6EDMNS I DHDOT 68.



Identity law (type 1)
V0eNBB DG (568 eP®IO®)

Multiplying something by 0 in Boolean
algebra always produces 0.

RB0S T eFmed 6@ 0 & @on HDe®s
&5z® 50® 0 @Ie®

Boolean multiplication (AND operation) is
represented by the AND gate.

RBwS @on S8 (AND 6®sm®) AND
NGB BmsS BdzesEns OB

. }
F
B

ICN A B F
1 0 0 0
2 0 1 0
3 1 0 0
4 1 1 1

Input combination 1 and 3 represent

multiplication by zero.
1 €589 3 epEI® 3060335 B&KS 0 &5 Q&N
BB® BOzesgns OG.

F=A.B
F=A.0(MWhenB=0atICN 1and 3)

A P
F
Sl )

ICN A B=0 F
1 0 0 0
3 1 0 0

But F = 0 from the truth table

From the above simplified truth table, we
can clearly see the output is 0. It proves the

Identity law.

9®® 5O ®O®» @ GO ODREDS
8589606 guc 65z@808 0 D e DOB
3BDeN®B 9B DT 68.
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Identity law (type 2)
e3bOeN®8 D@ (6D EIOE)

Multiplying a value by 1 in Boolean algebra
always produces the same value again
RABwS B3 @FNmeE O 1 &5 @on SdHe®S
€328 808 5dn DO gBmn® Qred

ICN A B F
1 0 0 0
2 0 1 0
3 1 0 0
4 1 1 1

Input combination 2 and 4 represent

multiplication by 1.
2 €509 4 eEI® 350635 O®S 1 & @D
BO® Bozesgns wOEB.

F=A.B
F=A.1(WhenB=1atICN 2 and4)

A -1
F
(>

ICN A B=1 F
2 0 1 0
4 1 1 1

But F = A from the truth table

From the above simplified truth table, we
can clearly see the output is A. It proves the

Identity law.
e HO O®» @ OS5 OREDS

8ermed ame eEd®T0O A D 6562



Identity law (type 3)
eb0eN®B 26 (BO® EEIOE)

Adding 0 to something in Boolean algebra

doesn't change it
RB0S J emed & @m0 0 dox e 8O
B 60mE5 6168

Boolean addition (OR operation) s

represented by the OR gate.

RB0S Do BHO (OR 6®em@®) OR o
O®S Hdzes#ns OB

AD
F
B

ICN

_\_\OO>

= O|=|O|Wm
Al |O |

1
2
3
4

Input combination 1 and 3 represent

adding zero.
1 €589 3 ePEI® 35060335 A& 0 & D BO®
Bozesgne OB

F=A+B
F=A+0(WhenB=0atICN1and 3)

ICN A B=0 F
1 0 0 0
3 1 0 1

But F = A from the truth table

From the above simplified truth table, we
can clearly see the output is A.

9w 6O OB @ O8N OREDS
a8ermed eme ©5Ed@d08 A RO 6563

It proves the Identity law.
DO®S eHDENBB I BT 68.

ictfromabc.com

Identity law (type 4)
OB DG (WBHOOD IEIORE)

This law states that adding 1 to something

in Boolean algebra always gives 1
RABES B3 eFmed O 1 dwmy »E O
&z@00® 1 @6

AD
F
B

ICN

—O|=|O|w
—_ (= O™

_\_\oo>

Nlw|in (=

Input combination 2 and 4 represent

addition of 1.
2 &% 4 gD 506EIsD B®S 15 D
BOO BOzesgns wOEB.

F=A4+B
F=A+4+1(WhenB=1atICN 2 and 4)

ICN A B=0 F
1 0 1 1
3 1 1 1

But F = A from the truth table

From the above simplified truth table, we

can clearly see the output is 1.
e HO OD @ OS5 OREDS

8ermed ame ¢z®D00 1 RO 6563

It proves the Identity law.
DS e3VOEN®B BB DHYOT 68.



Inverse law (type 1)
8630 2206 (368 pmIO®)

Adding its own complement to a variable

always sums to 1 in Boolean algebra.
RBEH B3 ®NDHEEE BOEBEDO DODEEE
FRHODG D BHO OB e5c@B0® 1 @RI6E

A
F

B

ICN A B F
1 0 0 0
2 0 1 1
3 1 0 1
4 1 1 1

Input combination 2 and 3 represent

adding its complement.
2 0% 3 gD 5060k BBS Gmedmn
Dy HOO® Hdzesgne OB

F=A+B
F=A+A (WhenB=AatICN 2 and 3)

ICN A B=A F
2 0 1 1
3 1 0 1

But F = 1 from the truth table

From the above simplified truth table, we

can clearly see the output is 1
9y 5O ®O®» @ 65 OReDSS
586960 g®me 5z@D08 1 RO 6565

It proves the Inverse law.
DO®S 5BeEI® 5B DA 68.

ictfromabc.com
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Inverse law (type 2)
58e@i® 30 (6D HOE®)

Multiplying its own complement from a
variable always produces 0 in Boolean

algebra.
AR T ©HEEE TOEsD DODEEE
FBODE BB @En SHHe®8 dD0® 0

@ed

: }
F
B

ICN A B F
1 0 0 0
2 0 1 0
3 1 0 0
4 1 1 1

Input combination 2 and 3 represent

multiplication from its complement.
2 5% 3 IeID €30635D BBS SmEIODEns
®#0 HOO BdzesH OB

F=A.B
F=A.A(WhenB=AatICN 2 and 3)

A —
_ F

ICN A B=A F
2 0 1 0
3 1 0 0

But F = 0 from the truth table

From the above simplified truth table, we
can clearly see the output is always 0. It

proves the Inverse law.

9y §O DO® @ S5 OReDS
886l gmn 6520808 0 RO 65623 DBBS
556@3® 36 DHYOT 68.



Associative law (type 1)
£30830® BB (868 PwIOR)

This law states that the order of multiplying
Boolean variables does not affect the

outcome.

RABs D05 @ DO® FRNBEOE FOLIB
5560 REeHRes M DD PR e
Bored

Left Hand Side Expression

A }A.(B.Cj
B —
c— (B.C)

ICN | A B C B.C | P=A.(B.C)
1 0 0 0 0 0
2 0 0 1 0 0
3 0 1 0 0 0
4 0 1 1 1 0
5 1 0 0 0 0
6 1 0 1 0 0
7 1 1 0 0 0
8 1 1 1 1 1

Right Hand Side Expression

A— (A.B)
B —
. }(A.B}.C

ICN |A |B |C |AB | Q=(AB)C
1 0O |0 |0 |O 0
2 0 |0 1 0 0
3 0 1 0 |0 0
4 0 1 1 0 0
5 1 0 |0 |0 0
6 1 0 1 0 0
7 1 1 0 1 0
8 1 1 1 1 1

P=Q, so A.(B.C)=(A.B).C

ictfromabc.com
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Associative law (type 2)

83080 HBE (6cd® eP@IO®)

This law states that the order of adding
Boolean variables does not affect the

outcome
ARG TDEs Do O GRBEedE gdeND
85860 REeNses ®d DO 6®® BBEnS

Bced

Left Hand Side Expression

A+(B+C)
B
c (B+Q)
ICN | A B C B+C | P=A+(B+C)
1 0 0 0 0 0
2 0 0 1 1 1
3 0 1 0 1 1
4 0 1 1 1 1
5 1 0 0 0 1
6 1 0 1 1 1
7 1 1 0 1 1
8 1 1 1 1 1

Right Hand Side Expression

A

B (A+B)

c (A+B)+C
ICN |A |B [C | A+B | Q=(A+B)+C
1 0O [0 |0 |O 0

2 0 |0 1 0 1

3 0 1 0 1 1

4 0 1 1 1 1

5 1 0 |0 1 1

6 1 0 1 1 1

7 1 1 0 1 1

8 1 1 1 1 1

P=Q, so A+(B+C)=(A+B)+C




Distributive law

B0 ®»BE

A.B+C) =AB + AC

Left Hand Side Expression

A B
A.(B+C)
B
¢ (B+C)
ICN | A B C (B+C) | P=A.(B+C)
1 0O [0 |0 |O 0
2 0O |0 |1 1 0
3 0 |1 0 |1 0
4 0o |1 1 1 0
5 1 0O |0 |O 0
6 1 0 |1 1 1
7 1 1 0o |1 1
8 1 1 1 1 1
Right Hand Side Expression
A— (A.B)
B_
(A.B)+(A.C)
A—]
C— (A.Q)
ICN|A |B |C | (B+O) | Q=(A+B)+C
1 0 |0 [0 |O 0
2 0O |0 |1 |1 0
3 0O [1 [0 (1 0
4 o |1 |1 |1 0
5 1 10 [0 |O 0
6 110 [1 |1 1
7 111 [0 |1 1
8 1T 11 [1 |1 1

ictfromabc.com
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Distributive law
Bes0® &m0

A+(B.C) = (A+B).(A+C)

Left Hand Side Expression

T~
A+(B.C)

B_

C— (B.C)

ICN |A |[B |C |BC P=A+B.C
1 0 |0 |0 |O 0
2 0 |0 |1 [O 0
3 0O |1 ]0 |0 0
4 O |1 |1 |1 1
5 1 /0 |0 |O 1
6 1 10 |1 |0 1
7 1 |1 ]0 |0 1
8 1T 1 11 |1 1

Right Hand Side Expression

A (A+B)
} (A+B).(A+C)
A

ICN | A|B|C|A+B | A+C | Q=(A+B).(A+C)
1 0|0|0]O0 0 0
2 00110 1 0
3 O|1T]0]1 0 0
4 O|1]1]1 1 1
5 110|011 1 1
6 1101111 1 1
7 1111011 1 1
8 1111111 1 1




De Morgan’s Law De Morgan’s Law
¢ @b gedr ¢ GO gedr
A B=A+B A+B=AB

Left Hand Side Expression Left Hand Side Expression

A A.B B A (A+B) (A+B)
B B

ICN | A B AB A.B ICN | A B A+B | A+B
1 0 0 0 1 1 0 0 0 1
2 0 1 0 1 2 0 1 1 0
3 1 0 0 1 3 1 0 1 0
4 1 1 1 0 4 1 1 1 0
Right Hand Side Expression Right Hand Side Expression
o > E
Do
B— _
ey
ICN |A |B A| B| A+B ICN |A |B Al B A.B
1 0 |0 [1 |1 |1 1 0O |0 |1 |1 |1
2 0 |1 [1 |0 |1 2 0 |1 [1 |0 |0
3 1 |0 o |1 |1 3 17 10 [0 |1 |0
4 1 |1 |0 |0 |oO 4 1 |1 |0 |0 |oO
SUMMARY

Postulates ceodes®
Fundamental assumptions defining Boolean algebra operations.
QB s e 6®eHE® SHODHEB WO GBD® CODSHEBE.

Axioms gosEe/80x0 883

Self-evident truths forming the basis of Boolean algebra.
RABES Des @6 5eH® 38D e3DBo-e5cHERD LDBHRCE.

Laws/Theorems 88/g68x

Derived rules used to simplify and manipulate Boolean expressions.
QBB ZI®® 85O BOBO 6369 ®EODBO B WO® OFBBD S 68.
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Karnaugh Maps
men) 8808

Maurice Karnaugh developed Karnaugh
Maps (K-maps) in 1953.

@S ex’ B 1953 & men’ BS:®
(K-8868) S@rgncs »edw.

He worked at Bell Labs, a leading research
center in telecommunications and digital

systems.

B BB toed®m 5w BBOF 88 8Ede
88R obedesn BVsLENMBEE O» 6
@RS & 63D egH.

K-Maps vs. Boolean Laws

K-maps were primarily designed to
simplify the logic behind digital circuits
used in circuit switching.

Circuit switching ®e& ©8m) D0 oS
05O Beses e DO 30 BOHO e3eHm)
e’ BBHEE @B D®EnS SH@NENG WO
oD,

Circuit switching is a communication
method where a dedicated path is
established between two endpoints
before data transmission and remains
reserved for the entire session.

Circuit switching g cofo t3@ed®ginO
6050 XD QWSS 6L b TesE)
BB®EE SNB DO GO 28n gM® BG
6% O OE® BRSeDe® HOGS.

K-maps simplified complex expressions by
grouping terms efficiently, reducing the
number of required logic gates.

e BEHEE OGS GIIGD WIVEDBOD
DD DO oSHEN GBS O
OB 30O e35z8®0 gdms MBS &0
®$D ) WeSH.

Over time, K-maps became the standard
for simplifying Boolean expressions in
digital electronics.

MREBS  BO®, gD eREWEIDISD
MDBHIEEE JBGE IIH® ©oQ SBOH®
E®) 6H] BBHEE HB5G DO BBOG.

Aspect Karnaugh Map (K-Map) Boolean Algebra Laws
Complexity Simple for up to 5 variables; harder Can be complex but scales better for
oBBEBOD beyond that large expressions
BOEs 50 e 80E 68; @ o5ty SoSVEn B ®D DD D@IE TIGBD
EpESDEICS sem) D) eeNe sO@IBEE
Speed Faster for small expressions (2-5 Can be time-consuming without
68w variables) practice
DD PDIBB SEXW) 6B®OBH 85997 SRS 60D DIRG @D DK BTEBG
Ease of Use Intuitive and visual Requires understanding of Boolean
)0 BH6® RQEDOG &9 cams 68 theorems
SO~ B BB BEde adedINGEE gO®s 60
Best For Circuit optimization and logic design Theoretical proofs and mathematical
DENSO 6080 EESEBDOMCE 5 DB simplifications
®TEOSSES &N NSO ENDDES 83 GEDOB O
Se(C)

ictfromabc.com
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2 input variable k maps
PED 66 D) BB

ictfromabc.com

A

0 1
AB AB
AB A.B
A A

0 1
A+B A+B
A+B A+B

30

GREY CODE
(REFLECTED BINARY CODE)

Frank Gray, a researcher at Bell Labs,
patented the concept of Grey code in 1953.
1953 & 6@ Bemnmd e shedsmenm 8
OB eg OB Grey 6o omEBGO
630550 RESHG @D ®BEHE.

Frank Gray

This is a way of ordering binary numbers
where only one-bit changes between any

twoconsecutive values.

605 Bnz® GRHIR) GuEs 6D GO Di-
DO Do s 6Ol D sHE EBBG
50D 6e5R®re3ded HBGE.

According to Grey code, only one
variable is allowed to change when
shifting between two nearby cells

horizontally or vertically in a K-map.
men’ B8800n xcie emi® ecwm god
86630 em) 86630 @S BHeBE 6dwe3 5RO
FODBG e O SDEBEmO SO 368
6@ GHREES BEred.

00 01 10 11

00 01 11 10
o1t 11 10 00
11 10 00 01

10 00 01 11

SNSS S X



3 input variable k maps
P B D] BHES

00 01 11 10

00 01 11 10

00 01 11 10

BC Lo AC L0
00 | 1 5 00 | 1 3
01 2 6 01 2 4
11 | 4 8 11 6 8
10| 3 7 10 | 5 7

ictfromabc.com
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4 input variable k maps

Pe® ®oed men) B85EE

AB
CcD

00
01
11

10

AB
00

01

11

10

00 01 11 10
115139
2 |6 |14]10
418 [16]12
307 11511
0 1
1 2
3 4
7 8
5 6




K-map grouping rules.
e BBBE D B 5280 PR BS

1. All outputs of a truth table, 1s and Os,

should be represented in the k map.
5 O®ED 5O8® 165 0 BrE® 635
DRed O&® 1 5% 0 Boe® G8IBH®IGR]
B80S DE QRY) DO (REG.

2. Only one type of element can be
used tomake groups. 1s or 0s. groups
cannot be made using different types of

elements.
NG 528D 5EH) IS DR BIDEE DD
OmeD gded o8, 6dxng e OE

gOEd mHR) ®E emmem. 1s or 0s

QDPE

3. The number of elements in a group

shouldalways be a power of 2.
SR 3D OB @D e5z@808 2 &
REr®O 6@1® Bi Gme.

1 1 1 1 Q 1)0 0
0

7
Ci)o(1)o 11)0
e (R
olo 0o olo|olo

ictfromabc.com

4. All elements of the selected type

should be contained in a group.

MG 528® BEem) 6IN®SE® OV®ed
000 BrRE SR E8® gdenned ®
NHEDO BB Bo GoG.

1 0|]0f|oO 1 01010
-

ol 0f0]oO o000

1 1 1 1 1 1 1 1

0| 0|00 o | 0|00

5. A group should be as large as possible,
and the number of groups should be

minimum.
MHED B O D6 G oo
) @B DB OB D GIE.

amnp dapap
0/000M0aAD0

6. Elements which are already in one
group can be shared with another group

if needed.
MHED DR O sOS® gdEd
®DNE INHVEEE B® 6REDEETE® &e,
DR WIBE.

doPPdaD ok

0] 0|0




7. Groups cannot be diagonal.

Dtgn Ee® FIE) e5tOEB DT,

Do [ o™ [T

o

oo Bn

N

%

NOTE

A K-map is a torus
D] BB 6y 6030 D

o101
0111
0110

0001

1111
1110

0011
, 0010

1010

8. Groups can be wrapped around.
DIBGD DeD] BEEOD OO

OB WD

o8

;\\ 010 |/1

B

9. A group should always be horizontal or
vertical. Its shape should be square or

rectangular.

MHGD  ©zOD0B oSO 65 83D
508G G g O s BODROENDIO

™) e5aejem3FMEN0O BB @mE.

m 01O 0|1

doD

ictfromabc.com
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( —
1 1 1 1 .
17 1 1 1 1

|

1
1 1 1
1 1 1

NOTE: Subgroups (groups where all their
elements belong to one other group) may
be created during grouping. They should
be removed as it increases the number of
groupsand makes the simplified Boolean

expression bigger.

B 5z86BE HE6® FOGE BrER 6D®S
PR DO 6w B8 O® &x DIFHD)
B@rgnn Bk 0. cBRES DS ®#®
8D 6@ OB RC JYB® SI®E t50SVEN DD
DS T 665 B xR,

()OO (DOO
Yar il Py

NOT IN SYLLABUS

Don't care conditions (where we don't care
whether the output of that input
combination is1 or 0) can be grouped or
neglected considering either 1s or Os as

necessary for the instance.

OB e)® 506EIEsHemD g0 &SEH®G
EDBE, PEIDBE, GG D) 6HOD
Don't care g®e3d) es08® 8O n@3e) e5z860E
T gdms sOHE EBE) esem 1 63 0 6@
3@ WTDEG.

ABD.

0 0 040

[l
dDE

N




Designs simple digital circuits using
logic gates

OB ENO HHBDDEES 8o gode 8desd
L@ OB.

According to the syllabus, the steps
involved in designing a logic circuit for a

given scenario is usually as follows.

Ben SHeimnd and, & i adSdhdn
8E®) MHBD desdrn SH@rgnn BHeBE
FROODG DG G BrDO eBINBGHES 5D
08 6d.

(™ Event
8&3x

@ Truth table <€—

S35 ORO

V

() Boolean Expression —]
RABEE HDHGHGB

v

o (@ Simplification
80 85

\— © Logic circuits —

B sBsdB

However, you should be able to,
enet] 6O RO,

1. Obtain the truth table for a given logic

circuit and a Boolean expression.

8 g oS odsdes 6’ QBEH
2IBDH EH) IS DRD @R @O
et B Gome.

2. Draw the logic circuit for a given Boolean

expression.
8 o8 QBOH LIIGHGED BEH) MHBD
58300 ez8@0 s B [IRG.

3. Derive the Boolean expression from a

given Logic circuit.
& &8 VB 50e30Es NEDEES JYBEIN
BBDB DBDOED DG ® BB GIEG.

ictfromabc.com
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Designing a Boolean expression for a

given logic circuit.
8 gt o8 ©dsdns scH QB
5B SHEHEE BBHO.

—

Let's derive a Boolean expression for the
output F.

F 8o s QBOIE G 50535
08).

A (A + B) Dc(A +J B)
B

(A + B)——
F=C.(A+B)




Designing a logic circuit for a given
Boolean expression.

€ a8 RQBOE SHeDED HeH) MNHSD
8B SHEgNE BHO.

A logic circuit is derived from a Boolean
expression by methodically “peeling away” its

operators according to a fixed hierarchy.
ABEE HINGHESE NHBD  sBesdEE
Oes® DO ®F ERBED Brm HMHOZHDO
and OB g 60emEd® PORNED ‘9O
558" 965.

In this approach, the operators are handled
one level at a time, always treating the
remaining expression as a fresh entity once

an operator is removed.

6®® edweiE, 6Pe®EO® B BDOBSS
0008 @R® &0, BB 6EEHEONGEE 9O
DE o5 950 O HeRNE BT %O
BDIBEE 6ERE LRDE @EB.

The operator precedence is defined as

follows:
6@enrEd® MO vwe B8 gbd ered:

Bar (NOT):
When a bar is seen over an entire expression
or subexpression, a NOT gate is drawn to

represent the inversion.
BN HMBGRDGED 6B C85 HMGREED B

bar o esen® O, BeRI®G Hdzesnc
B8 e NOT Enoes a8y @ued.

It is important that any variables or
subexpressions under a bar are not modified
until that bar is removed.

Bar ®m& 006 &t Boz® SOE@BGE 683 ¢es

5B®EE DB bar D 9O WO 6% 6OME3
6BH® 9o Bie®s 68.

Plus (OR):
After all full bars have been processed, the
expression is scanned for plus signs.

8og® full bars w80 @ e o6,
BDEE TS OB @Y 6630 BN QIGR.

An OR gate is used for any plus operation
that is not hidden inside brackets or under
another bar.
BO®S DE 607 60D bar o 0SS 5™

6O Buz® O demE®x te® OR
EDNOEE eNdo) 6med.
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Expressions within brackets are treated as
atomic until they are isolated; nothing inside
the bracket is “touched” until the rest of the

expression has been derived.

DO®S DG e HDIB® BEDE) DD 6w TN
5 SIHIGEE 6@ HBRDYE QIGR); LIGNDGNE
980 e Dxenm D® 6 DO®D DG
e HBOD “eSesth®m” eened.

Dot (AND):
Finally, the dot (AND) operations are handled.

g0em  O®en®, BB (AND) oe®emnE®
300X QTeR.

Again, only operators that are at the outer
level (i.e., not nested inside brackets or under

a bar) are processed.
2O O, &G BDDED (DB, GBS DE

e®) bar Do 063 D) eeNBTE) 6®EMHHEO®D
BSOS DR QTERD.

The process is iterative:
6®® §mOBs bt dbo®we 65:

The entire expression is examined for the
highest-priority operator (NOT).

9nE® vERm 6®ewndx»n (NOT) eewm
58H%0 3INEDEHEE ) DOX QTeR.

Once a NOT operation is extracted (by

drawing a NOT gate), the modified
expression is re-evaluated as a new
expression.

NOT e®6®@®= ¢ o oty (NOT éndcs
FoEe0%), DN WE LIIBHB DO LIGHEBE)
6R MO o0 @D 6wed.

This same procedure is applied next to OR
operators, and then to AND operators, until
the full expression is converted into a
network of logic gates.

58N IMIBHE MHBD ENO eHEGE DO
OB O e Be®O OR 6®e®cd®
60205 9% 5630 AND 6®6e®mndmn 600D
600 §r) BEedr® &g »wox @red.



For instance, consider the expression:
COBDOMBE 6EL, GBD JMBHEG LD
Daxw:

((A+B).0)

The derivation proceeds as follows:
D55 §IOBn v SOE ed:

The outermost operator is a bar over the

entire expression
B020 606HEONG B 3BVLN BWIGDEG

®® & bar &8.

A NOT gate is drawn for the whole
expression.

DD Bhgn meHn oe® NOT
ENGi g8y @Ted.

((A+B).0) ((A+B).0)

The expression ((A +B).C) is now treated
as a hew expression.

((A+B).0) v oo
DIGHOEE 6ERE DY) OTed.

e »d

The expression (A+B).C shows an AND (dot)
operation connecting the entire bracketed
(A+B) and C.
(A+B).C gyomm® BB 8ehgn B0®S E

&ge8® (A+B) s C es@R530 wos AND (dot)
6®6mRA 655508 @RDEB.

An AND gate is drawn that takes the
isolated expression (A+B) and C as its
inputs.

BeD™E) HGRG O (A+B) e C e
6@t ®%) @@® AND Eddns s @ied.

(A+B) ((A+B).0)

TN
.+

((A+B).0)

>
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Notice that the bracketed (A+B) is treated
as a single entity until it is isolated by the
AND operation.

DOHs e 8 (A+B) gowe AND 6®e®@n®
OB mewE) O» ood 58 DSnd e
B &8 DD 68NES BOWBENE DOB®D.

Now that (A+B) has been isolated as one of
the inputs for the AND gate, it is processed
internally.

ez (A+B) c» gonmes AND 6k esem
D® e OB D 6@ KD DO TS
DS, DB BsSDOD E5EE) QIeR.

The plus sign inside (A+B) is then
recognized as an OR operation, and an OR
gate is drawn to complete the internal logic
of that expression.

(A+B) e at® O» g Bomd OR
6Pe»EE 6QL ®ED O god, DO
HIIBNEE FHBRDO DHDHG BBHL HOO

e OR Enoes ey @ied.

(A+B)

((A+B).0)
A j : :
B
C —/— ((A+B).0)

1




Creating a truth table for a given logic circuit
g g5 obSm sdDs0nE seH) osm) dRdr SLH®rgncs BOO

Intermediate outputs O&E &

N

A (A +B) (A + B)

Inputs B > F=C.(A+B)
D
C /
C

Final output
DEN® BIBEH®EG

ICN - Input Combination Number

ICN A B C (A+B) | (A+B) F=C.(A+B)
1 0 0 0 0 1 0
2 0 0 1 0 1 1
3 0 1 0 1 0 0
4 0 1 1 1 0 0
5 1 0 0 1 0 0
6 1 0 1 1 0 0
7 1 1 0 1 0 0
8 1 1 1 1 0 0
EX.
X X +Y)
Y F=(X+Y).Z
ICN X Y Z 7 X+Y) F=X+Y).Z
1 0 0 0 1 0 0
2 0 0 1 0 0 0
3 0 1 0 1 1 1
4 0 1 1 0 1 0
5 1 0 0 1 1 1
6 1 0 1 0 1 0
7 1 1 0 1 1 1
8 1 1 1 0 1 0
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Minterms and Maxterms
R & 6% Doy B
Why do we need Minterms and

Maxterms?
g0 Ffo oc o0 Don o gdms Hes
eot3?

Minterms and maxterms ensure that any
Boolean function can be expressed in a
systematic and unambiguous way.

QD e o Doy e OB Buz® QJBGS
B DOIRMED 5 THER EIDIOGES
BB DG B DO 5&Em DOE.

Helps in Simplification and Optimization
80R 808 ©n eSO Bem csmd
e®

Boolean expressions often need

simplification to reduce the number of

logic gates in a circuit.

030G BB N0 ®omn of) SO
BeH) RBGH e DED 616w 80 0@
B850 ad®s 68.

Using minterms and maxterms, techniques
like Karnaugh Maps (K-maps) can be
applied for efficient simplification.

QD g ©mw Doy e DD OB,
IVERBOD 30 BHB e, BO® 5CH) DIED]

8808 (K-8800) 88 BRB06 9@ 6(1e) B
TS,

This results in faster, cheaper, and less

power-consuming digital circuits.

6®n 6D, @B ©®w o) KD
5063 OD o e5desddE HesedBO
e 68.
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Design of Combinational Circuits
o oded SH@gnc

They help in designing combinational logic

(e.g.,
decoders) by providing a clear relationship

circuits adders,  multiplexers,

between input combinations and output

states.

B BB EI® 506EIS® B®w HHO®
SOOGS0 S5cwER SBRDBNNOGEE @R
Be®% 50@wD MHED e (Ee): PHDED,

multiplexers, Bexox®) SV@ens HBO
coond 68.

Analysis and Verification
DBeCBENG 65 BSDBSHE

They make it easier to analyze and verify

the correctness of a Boolean function.
605 QB®IE Honm BODes D BRedBENG
@0 B0 BOO esewey wOEB.

By examining the minterms or maxterms,
you can determine whether the function
covers all possible input combinations and

whether it meets the design requirements.
QD e 6] Doy e ods BHe®S,
Boe OBX ©dSG ® BEE® HEH®
£306033e52 EPBDOHGB DOBESE, 65 DB €50Re®
OGS 3INRBEBE (3D HoOHMG BHAO
RO #TCs.

Conversion Between SOP and POS
SOP &® POS g0 st0bm®cE

Allow easy conversion between SOP and
POS forms, which is useful depending on
the type of logic gates available or the
design constraints.

SOP e&®w POS owa® god oo
SOOVDBRGDO 98 @RI 6D &0 OB HD)
BOBO &S BB ED10 OV®E 6% t35@d
B0 O 5eHBD 563D 68.



Minterms

R &8¢

In a truth table, minterms represent how
inputs must be multiplied to obtain the

output 1 corresponding to a given input.
2555 DRDW O eNEIDEWO SR BBEIWEG
1 Qod® BCH) POD R DR G PIOG
RFDSE OB BOzes®G DOB.

Minterms are used to represent a Boolean

function in its Sum of Products (SOP) form.
RABEE Goow D8 NI DD

(SOP) epmmdeced Sdzesgncs SO®O Minterms
0O 68.

Each minterm corresponds to a single row
in the truth table where the function is true
(1.

©z® minterm DO o5 ORed &G
true (1) ®» 8 638n®O axdzes 8.

Minterms of 2 inputs
IS 2 REDSE

ICN A B F

1 0 0 m0=K.§

2 0 1 mi = A.B

3 1 0 m.= A.B

4 1 1 m3 = A.B
Minterms of 3 inputs
POD 3 REIDSE

ICN | A B C F

1 0 0 0 mo = A.B.C
2 0 0 1 mi1 = A.B.C
3 0 1 0 m; = A.B.C
4 0 1 1 ms;=A.B.C
5 1 0 0 ms= A.B.C
6 1 0 1 m5=A.§C
7 1 1 0 me = A.B.C
8 1 1 1 mz = A.B.C
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Maxterms
Doy s

In a truth table, Maxterms represent how
the inputs must be added to get the output

0 for a given input.

3B ORDW BB PHEIDEWO SR BBEIDEG
0 ©®d® e pe® DY DR G IO
Do e BB Bdzesmn AB.

Maxterms are used to represent a Boolean
function in its Product of Sums (POS) form.
Maxterms ©08mn @Oxed RYBGIE BDGD

D8 Doxsesd ®«&Hm gmenes (POS)
OBEHES Beriesmn SBHOOG.

Each maxterm corresponds to a single row
in the truth table where the function is false
(0).

0z® 00 OGO o) DRed GG
false (0) ®» o8 6880w gxmdzes 8.

Maxterms of 2 inputs
D 2 DL,

ICN A B F

1 0 0 Mo=A+B

2 0 1 M;=A+B

3 1 0 M.=A+B

4 1 1 M:=A+B
Maxterms of 3 inputs

o 3 Donese

ICN | A B C F

1 0 0 0 Mo=A+B+C
2 0 0 1 Mi=A+B+C
3 0 1 0 M,=A+B+C
4 0 1 1 Ms=A+B+C
5 1 0 0 Ms=A+B+C
6 1 0 1 Ms=A+B+C
7 1 1 0 M¢=A+B+C
8 1 1 1 M;=A+B+C




Minterms & Maxterms

ICN A B C F Minterms Maxterms

1 0 0 0 0 Mo=A+B+C
2 0 0 1 0 Mi=A+B+C
3 0 1 0 0 M.=A+B+C
4 0 1 1 1 ms = A.B.C

5 1 0 0 0 Ms=A+B+C
6 1 0 1 1 ms= A.B.C

7 1 1 0 1 me= A.B.C

8 1 1 1 1 m7 = A.B.C

For Minterms

=Mm3+ M5+ Mg+ M7
=A.B.C+A.B.C+AB.C+A.B.C

Logic circuit based on SOP
SOP @ 3c»8 § anbBm sdsds

-

>
> h
>

-

ABC
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For Maxterms

Fspos = Mo AND M7 AND M2 AND My
=Mo.Mi. M. My
=(A+B+C).(A+B+0).

(A+B+C).(A+B+0)

Logic circuit based on POS
POS ®® s5c»8® § oS 8dsdx

ABC

chioi

- )F




Converting SOP to POS
SOP 80 POS 280 s5dbdxc S56®

The logic behind converting SOP to POS is
that minterms (SOP) and maxterms (POS)
are complements of each other, so we use
De Morgan's Theorem to switch between
AND-OR (SOP) by taking the function’s
complement twice, ensuring the logic
remains unchanged.

SOP, POS @80 estobomc OO 8Qeses &od
DG O @& e (POS) o dony &e

(SOP) ®Bemm0 gxmedn B8, dRedS aes
585 Hoed obHwmec emedm»el O® D

&5 26085 AND-OR (SOP) gd @®dc
580, &oed axndmsc e @M
®eBedS, & 6@®IBH6r 6Bk T WOX
@REB.

These conversions are important because
they help design circuits in different forms,
making them easier to simplify, optimize,
and implement using different types of

logic gates.

6®® o&HOVDH Oews e TFon OB
%650 830 SO0, uwedn BB, 5w BBe
DmeS NHED N0  HNODEES T
osdm OO of) ©esd®x 53R
PMOBREHR D3O HHENGIBEO @8 @D
RS,

Steps to convert SOP into POS
SOP, POS 290 s80bman 8668 8Os

e Find the complement (F) of the given
function.
& at® Goed ameyome (F) eemimess.
Apply De Morgan’s Theorem: Convert
AND operations (¢) to OR (+)
e 6®msier ©ed®nn emiex®: AND

6®e®»E® (¢) OR (+) DO &sdHOVD®G
DOS®.

e Simplify the obtained expression
QR @D HWGRGB 83 WORD.

e Take the complement of F again (E =F)
to get the original function in POS form.
POS epemdens 3 Gon @) @tS®0 F

8 eameoe (F =F) oo o0 @)
OBD.

ictfromabc.com

41

Converting POS to SOP
POS 80 SOP @80 stdbdmn S6@

To transform a POS expression into SOP, we
apply the distributive law to expand the
product of sums into a sum of products.

POS gomnmmes SOP @80 sddbome 80O
BEeH, Dy Do QD B¢ QEFHD Do Do
e OO peNdsn SBHOO Bed® DG
BIEH) QIGR.

If necessary, Boolean simplifications can be

applied to simplify the resulting expression.
FO®S B, BOQED 6ERE @IGRD LHDIGNDED
80 518 sew RRBME 60e SBB 60:E®
BT,

Steps to convert POS into SOP
POS, SOP @00 stdtbann 5568 8w:O6

e Apply the Distributive Law
BesO HB/IG GIESD

Apply this expansion to all sum terms in
the given POS expression.

& o POS gmmmaed 8Boe® dwy e
EE®) 60D g5ENOLHB GLIERD.

e Expand Until No Parentheses Remain
DOHS 980 6O® 6% 5ENOLIE
OS5

e Simplify If Necessary
#O®S DB 0@ WOBD

Apply Boolean simplifications such as
Idempotent Law, Absorption Law, and
Complement Law if needed.

gO®S HO® DHECOMNED HRIG, E50e0%

DBIG €59 BERIO DB DS RBEHIH
0@ OB 6rIeHD.



SOP to POS conversions

Example 1.

1.

Find the complement (F) of the given function.
8 a8 Boed qaxyons (F) eenmmes.

Fsop=A.B + A.C + A.B.C

F=

2.

AB + A.C + A.B.C

Simplify the obtained expression
@) OB GGG 5O DoOS®.

l
1
1

=
(@]
=

@l >+ B

De Morgan'’s law
De Morgan'’s law
Redundancy law
+C.B.C  Distributive law
C Idempotent law
Redundancy law
Idempotent law

Il
+
os]|
+
@]

N/

[ 1
CNIEN
+ + =
w| W
A
+ ot ™
w4+ W o
olw + ~
> 1 O I
+ >

olol x>l 4 -

Il
===l D B
+ + + =l
@l @I >l +
ol ol Wl |

+ + wm

. Take the complement of F again (? =F) to get the original function in POS form.

POS eomndeces §F Boo @) @880 F & emedoa (F =F) 0o adn @) os5®.

F =A+B.C

F=A+B.C Double complement
F=AB.C De Morgan'’s

F=A (E + E) De Morgan'’s

Fpos =A.(B+C) De Morgan'’s

Therefore, [A.B + A.C 4+ A.B.Clsop = [A. (B + O)]pos
@5 [A.B + A.C + A.B.Clsop = [A. (B + C)]pos @5.
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Example 2.

1. Find the complement (F) of the given function.
8 a8 Goed gaedwa (F) eenmmes.

Fsop=XY.Z+XY+Y.Z+XY.Z

Z+XY+Y.Z+XY.Z

il
[
>
=<

2. Simplify the obtained expression
@) OB GGG 5O DoOS®.

=XY.Z.X.Y.Y.Z.XY.Z De Morgan'’s law
= Y+?+Z).(Y+?).(?+Z).(X+?+Z) De Morgan's law
=(X+Y+2).X+V.(Y+Z) X+Y+17Z) Double inverse law
= (XX+XY+Y.X+Y.Y+ZX+ZY).(Y+Z).(X+Y+Z)  Distributive law
=X+ZY.(Y+Z).X+Y+7Z) Redundancy law
=X+ZY).(YX+Y.Y+Y.Z+ZX+ZY+ZZ) Redundancy law
=X+ZY.(Y.X+Z) Redundancy law
=X+ZY.(Z+Y.X) Associative law
=(XZ+XYX+ZY.Z+ZY.Y.X) Distributive law
=(XZ+0+0+0) Inverse law
=(X.Z) Identity law
F=(X2Z) Identity law

3. Take the complement of F again (f =F) to get the original function in POS form.
POS epmmndecs’ §F Gos @ @800 F 8 amedoa (F =F) odo ®do @) o5®.

F=(XZ)
Fpos = (X + Z)

XY.Z+XY+Y.Z+XY.Zsop = [(X+ Z)]pos
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Example 3.

1.

ictfromabc.com

Find the complement (F) of the given function.
8 a8 Goed gaedwa (F) eenmmes.

Fsop=X.Y+XZ+Y.Z

F=XY+XZ+Y.Z

Simplify the obtained expression
@) ®B SBHG 5O DoS®.

=XY). (X.Z ) .(Y.Z) De Morgan's law
=X+Y).X+Z2).(Y+172) De Morgan's law
=X+Y).X+Z).(Y+7Z) Double Inverse law
=XX+XZ+Y.X+Y.2).(Y+1Z) Distributive law
=(0+XZ+Y.X+Y.2).(Y+7Z) Inverse law
XZY+YXY+Y.ZY+ XZZ+Y.XZ+Y.Z.7) Distributive law
XZY+Y.XY+ X.Z.Z+Y.X.7) Inverse law
=XZY+Y.X+ XZ+VY.XZ Idempotent law

. Take the complement of F again (f =F) to get the original function in POS form.

POS epemdecns §F Bos @ @800 F 8 amtdoa (F =F) odo ®do @) os5®.

F=XZY+YX+ XZ+Y.XZ)

Fpos = (X.Z.Y). (Y—) (X.Z).(Y.X.Z) De Morgan's law
=(X+Z+Y).(Y+X).X+Z2).¥+X+7Z) De Morgan'’s law
=X4+Z+Y).(Y+X).X+Z).(Y+X+1Z) Double Inverse law

XY +XZ+Y.Z] sop= [X+Z+Y).(Y+X). X+ Z).(Y+X+ Z)]pos
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POS to SOP conversions
Example 1.

1. Apply the Distributive Law
Bes0® BB 6rIESDD

Fros = X+ Z)(Y+ Z)
=XY+XZ+ZY+ Z.7)

2. Apply Boolean simplifications.
RAB®S ©dE SO® emcE®.

=(XY+ZY +XZ 4+ Z.7)
=XY+ZY +XZ+ 7) Idempotent Law
=XY+Z Redundancy Law

[(X+Z)(Y+ Z)]pos = [Z + X. Y]sop
Example 2.

Fros = (X+Y+Z)X+Y)
=XX+Y.X+ZX + XY+Y.Y+ZY)

=XX+Y.X+ZX + XY+Y.Y+ZY)

=XX+Y.X+ZX + XY+Y+ZY) Idempotent Law
=0 +Y.X+ZX + XY+Y+ZY) Inverse Law
=.X+ZX + XY+Y) Redundancy Law
=Y.X+ZX+Y) Redundancy Law
=(ZX+Y) Redundancy Law
=Y+XZ Commutative Law

Example 3.

Fros = X+ Y)X+Z)(Y+Z)
=XX+ XY+ZX+Y.Z)Y+7Z)
=XXY + XYY+ ZXY+Y.ZY+XXZ+ XY.Z+ZXZ+Y.Z.2)

=XXY + XYY+ ZXY+Y.ZY+XXZ+ XY.Z+ZXZ+Y.Z.2)

=XXY + XY+ZXY+Y.Z+XXZ+ XY.Z+ZX+Y.Z) ldempotent Law
=0.Y +XY+ZXY+Y.Z+0.Z + XY.Z+ZX+Y.Z) Inverse Law

=XY+ZXY+Y.Z+ X.Y.Z+ Z.X) ldempotent Law
=XY+Y.Z+XZ Redundancy Law

[(X+Y).X+Z).(Y+Z)]pos = [X.Y+Y.Z+ X Z]sop

45
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Standard and non-standard expressions
080D 6% 680D 6OD IMIBD

Standard Expression
680 gmI®®

A Boolean expression where each term
contains all variables of the function, either
in complemented or uncomplemented

form.

0z® erm® B 4rd BEE® SOEBGS
FHHOD 68 FRKoD 62DH  EIDOGHS)
go® OB YBENH) LMGDEE.

Ex. F(A,B,C) = (A.B.C) + (A.B.C) + (A.B.C)

Non-Standard Expression
080D 6mO® HWIGHE

A Boolean expression where not all terms

contain all variables.
BrE® 5cde Bre® BOEBGES Glo® 65D
RQBEIE) SNIGBHEE.

Ex. F(A,B,C) = A+ B.C

How to convert a non-standard

expression into a standard expression
000D 6xO® HMIGHHD B8O
S5DIBHDEE DOO BOVDHE DOD FDIOGB?

To convert a non-standard SOP or POS
expression into a standard SOP or POS
expression, you need to ensure that each
product term (minterm) in SOP and each
sum term (maxterm) in POS includes all the
variables in the function.

&0 6D SOP e®3 POS sHm®mdct
&®®» SOP e®3 POS goencs 80
sV BO® eew), SOP & »B &zd
@D 5e6® (minterm) &, POS & »® &z®

Dod serm® (maxterm) & ool Boe®
BOE@BES e DD DO D DS (HRE.

This often involves expanding the
expression by using Boolean algebraic

properties.
6®n0 ee®] O YBHH B8 6N &S
NODEHBS LIBRGB 5OR BO® e 68.

1. Conversion of a non-standard SOP expression into a standard SOP expression
08 60 SOP gmenns 8@ SOP gmeoen 200 sHobdne

EX. 1
Fsop=A.§+A.§.C+A.B.C.D

=A.B+A.B.C.1+A.B.C.D

Identity law

=A.B+AB.C.(D+D)+A.B.C.D

Inverse law

=AB+A.B.CD+AB.CD+A.B.C.D

Distributive law

=A.B.1.1+AB.CD+AB.C.D+A.B.C.D

Identity law

=AB.(C+C).(D+D)+AB.C.D+A.B.C.D+A.B.C.D

Inverse law

=A.B.[(C+C).D+(C+C).D]+A.B.C.D+A.B.C.D+A.B.C.D

Distributive law

=A.B.[C.D+C.D+C.D+C.D]+A.B.C.D+A.B.C.D+A.B.C.D

Distributive law

A.B.C.D

=AB.CD+AB.C.D+A.B.CD+ AB.CCD+A.B.CD+AB.C.D+

Distributive law

Fsso,=A.B.CD+A.B.CD+A.B.CD+ AB.CD+A.B.CD+A.B.CD+AB.C.D
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EX. 2

Fsop=A.B+A.(_:+B.C

=AB.1+A.C+B.C

|dentity law

=AB.(C+C)+AC+B.C

Inverse law

=AB.C+ABC+AC+B.C

Distributive law

=A.B.C+ABC+AC1+B.C

|dentity law

=A.B.C+AB.C+A.C.(B+B)+B.C

Inverse law

=AB.C+ABC+A.C.CB+A.C.B+B.C

Distributive law

=A.B.C+ABC+ACB+ACB+B.C1

|dentity law

=AB.C+ABC+ACB+ACB+B.C.(A+A)

Inverse law

=A.B.C+AB.C+A.CCB+A.CB+B.CCA+B.C.A

Distributive law

=A.B.C+ABC+ACB+ACB+B.CA

ldempotent law

=AB.C+ABC+ACB+B.CA

ldempotent law

=AB.C+ABC+AB.C+A.B.C

Commutative law

Fssor=A.B.C+A.B.C+A.B.C+A.B.C

EX. 3

Fsor=X+X.Z+Y.Z

=X11+X1.7Z+1Y.Z

Identity law

=X(Y+Y).Z+Z)+X Y +Y).Z+X+X).Y.Z

Inverse law

=XY.Z+XY.Z+XY.Z+XY.Z+XY.Z+XY.Z

Distributive law

=XY.Z+XY.Z+XY.Z+XY.Z

ldempotent law

Fssop,=X.Y.Z+X.Y.Z+XY.Z+XY.Z
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2. Conversion of a non-standard POS statement into a standard POS statement

©00 60» POS sme®ns 8@ POS gmm®ns 200 sdHdbo®e

EX. 1

Fros=(A+B).(A+B+C).(A+B+C+D)

=(A+B).(A+B+C+0).(A+B+C+D)

|dentity law

=(A+B).(A+B+C+ (D.D)).(A+B+C+D)

Inverse law

=(A+B).(A+B+C+D).(A+B+C+D).(A+B+C+D)

=(A+B+0+0).(A+B+C+D).(A+B+C+D).(A+B+C+D)

|dentity law

=[A+B(C.C) + (D.D). (A+B+C+D).(A+B+C+D).(A+B+C+D)

Inverse law

=[A+B((C.C)+D.(C.C)+D)].(A+B+C+D).(A+B+C+D).
(A+B+C+D)

=[A+B(C+D).(C+D).(C+D).(C+D)].(A+B+C+D).
(A+B+C+D).(A+B+C+D)

=(A+B+C+D).(A+B+C+D).(A+B+C+D).(A+B+C+D).
(A+B+C+D).(A+B+C+D).(A+B+C+D)

Fseos=(A+B+C+D).(A+B+C+D).(A+B+C+D).(A+B+C+D).(A+B+C+D).

(A+B+C+D).(A+B+C+D)

EX. 2

Fros=(X+Z).(Y+Z)X+Y+1Z)

=(X+0+2Z).(0+Y+Z).X+Y+2)

Identity law

:(X+(Y.?)+Z).((X.X)+Y+Z).(X+?+Z)

Inverse law

=(X+Y+Z2).X+Y+Z).(X+Y+Z).X+Y+2).X+Y+7Z)

Distributive law

=(X+Y+2).X+Y+Z).X+Y+Z).X+Y+1Z)

ldempotent law

Fssor= (X+Y+Z).X+Y+Z).(X+Y+Z).(X+Y+1Z)
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Designs simple digital circuits using logic gates for a given scenario
VB ENO NEEES @ & g8 gdessNds secm 0@ HB0QE sdsd ShEngnn DOB.

A company has a high-security safe that requires keys K1, K2 and K3. To unlock the safe, at
least two of these keys must be used together. The presence of each key is represented as a
binary variable, where 1 means the key is used and 0 means it is not used.

@m0 K1, K2 e K3 opde dms O» ad epdnBo 6t38e0n Sel. 6e35ed and ard@0,
g0 ODwen® 608 Hmir GCEBOD DD NI DG ERG. DN DD el &ts® &8

BOEBEE 6@t HOzesENn 6wed, DB 1 BHeHS Femwts WOSES O D) @O &es DS 0
BBEDS gemel ODES DB NDD O 6NBTS RDBYG.

The safe opens (S = 1) only when at least two keys are used. Otherwise, the safe remains locked
(S=0).

6e3e3e50) BDa» Ox36 (S = 1) d® O®ek®S BGROT GEMDOD IO e DO &0, Detd 6D,
6e5e3e50 a® e® 08 (S = 0)

1. Construct the truth table representing this situation.
6B esem s ORD ENEHD.

Defining the inputs and outputs
YD &5t 5B BVODHG HOHO

A key (K1, K2 or K3) is used
0w (K1, K2 63 K3) o0& emed

A key (K1, K2 or K3) is not used

0w (K1, K2 3 or K3) 08 eanemed 0
The safe (S) is open 1
6e33530 (S) BB

The safe (S) is closed 0

6e3e3¢30 (S) e eped

The safe will only open if at least two keys are used. This means that if one key is used, the

safe remains locked. If two or three keys are used, the safe opens.

6e3e3030) Bay DXeS GO D®EHRR BGHROT GEMWOD NOD) WEEMI O, 6®BS agewes
DOSES D BROD DD DEGENS 6655850 rd 0 sO8m ROAB. &ed ROB. o B6EDED
6] DD DD WEEHID 663350 BB 68.

K1 K2 K3 S
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1
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2. Construct the SOP (Sum of Products) expression using minterms.
Minterms 08m6rs SOP dnaaies @D SmmeHE SHENENE DOS®.

SOP is a simplified OR (sum) of multiple AND (product) terms. We take the rows where S=1
(safe opens) and write each as an AND expression.

SOP w2y OR (sum) e 88escw 86 ¢ AND ®ond) 68. S=1 (pési8nd Bdam d»)
638 6m» & 5z Dwwd® AND gme®ns 6@t BD6 Gme.

K1 K2 K3 S Minterms
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1 K1.K2.K3
1 0 0 0
1 0 1 1 K1.K2.K3
1 1 0 1 K1.K2.K3
1 1 1 1 K1.K2.K3

Seop = K1.K2.K3 + K1.K2 .K3 + K1.K2 .K3 + K1.K2 .K3

3. Construct the POS (Product of Sums) expression using maxterms.
Maxterms 982608 POS gemnc SH@ngns mosis.

POS is a simplified AND (product) of multiple OR (sum) terms. We take the rows where
S=0 (safe remains locked) and write each as an OR expression.

POS @ AND ®on) se 88escm 680@ ¢ OR (sum) 8. S=0 ( 633830 epdw8od and®
e® ats) 638 em® & 520 Dwed® OR g5mm®m®iesS 6@ BDG M.

K1 K2 K3 S Maxterms

0 0 0 0 K1+ K2 + K3
0 0 1 0 K1+ K2 + K3
0 1 0 0 K1+ K2 + K3
0 1 1 1

1 0 0 0 K1+ K2 + K3
1 0 1 1

1 1 0 1

1 1 1 1

Seos = (K1 + K2 + K3).(K1+ K2 + K3).(K1+ K2 + K3).(K1+ K2 + K3)
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4. Simplify the SOP and POS expressions using Boolean laws.
RABE® 88 o0oernx SOP 6o POS gme® 6@ @OD.

SOoP

= K1.K2.K3 + K1.K2 .K3 + K1.K2 .K3 + K1.K2 .K3

We can make the simplification easier and shorter by adding K1.K2 .K3 for every term in

the expression using the Idempotent law.
26EOMNE BHOG HHDDEES IGNEE 652® senk em® K1.K2 .K3 dnn 8deds eesd
8B0Q BOO esmwey 658 60 WE BTDE.

=K1.K2.K3 + K1.K2 .K3 + K1.K2.K3 + K1.K2 .K3 + K1.K2 .K3 + K1.K2 .K3
= K2.K3.(K1+ K1) + K1.K3.(K2 + K2) + K1.K2. (K3 + K3) Distributive Law

= K2.K3.(1) +K1.K3.(1) + K1.K2.(1) Inverse Law

= K2 .K3 + K1.K3 + K1.K2 Identity Law
Ssop.= K1.K2 + K2 .K3 + K1 .K3 Commutative Law
POS

= (K1+ K2 + K3).(K1+ K2 + K3).(K1+ K2 + K3).(K1+ K2 + K3)
= (K1+ K2 + K3).(K1+ K2 + K3).(K1+ K2 + K3)(K1+ K2 + K3).(K1+ K2 + K3).

(K1+ K2 + K3) Idempotent law
= (K1 + K2 + (K3. K3)). (K1 + K3 + (K2.K2)). (K2 + K3 + (K1.K1))  Distributive law
= (K1 + K2 + (0)). (K1 + K3 + (0)). (K2 + K3 + (0)) Inverse law
Spos= (K1 + K2). (K1 + K3). (K2 + K3) Identity law

5. Simplify the SOP and POS expressions using Karnaugh-maps.
ex) 8868 mndmecns SOP & POS gmm® 0@ 205®.

sopP

K1 K2 K1.K2.K3
k3™, 00 01 11 10 K1.K2.K3

010]0 m 0 = K1.K2

10(11

/ N

1.K2.K3 K1.K2.K3
1.K2.K3 K1.K2.K3
= K2.K3 = K1.K3

Ssop = K1.K2 + K2 .K3 + K1 .K3
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POS

K1 K2
3\ 00 01 11 10

) - T+K2 +K3
0 L0 j@g 1 <§:‘*____' 1+ K2 +K3

1 1\0 1 1 1 = K2 + K3
K1+ K2 + K1+ K2 + K3

K1+K2+ K1+ K2 + K3

= K1 +K2 = K1 +K3

Spos = (K1 + K2). (K1 + K3). (K2 + K3)

6. Design the circuit diagrams for the simplified SOP and POS expressions using basic
logic gates.
B B D6 HHBern® 830 8 SOP 6% POS gme® 5w 860 60me g8xim.

S.p = K1.K2 + K2 .K3 + K1.K3 Spos= (K1 + K2). (K1 + K3). (K2 + K3)

K1 K2 K3 K1K2 K3

- ] -
BDeDalsD-Ds
- -
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7. Design the circuit diagrams for the simplified SOP and POS expressions using
universal gates. (NAND and NOR)

Oy €06 tnBoen® 6@ e SOP &m POS gmme® sem) dsd a0®S gEH®.

SOP - NAND

K1K2 K3

This circuit can be further simplified by removing the repeating NOT gates as follows
230N B®E O NOT 20 908 BHe®s 6@ 50306 3D B3B8 HOEHOD B0R WE BWTwD.

K1K2 K3
K1K2 K3

g

)

Y Y Y

53

ictfromabc.com



SOP - NOR

K1K2 K3

POS - NAND

K1 K2 K3
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POS - NAND

K1K2 K3

This circuit can also be further simplified by removing the repeating NOT gates as follows

230D O NOT 0 @08 HDe®s 6®® &5dsdG & 5| SHE DHDEODS BoE e
BT,

K1 K2 K3

K1 K2 K3
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Building blocks of CPU
CPU 8 oon® Tom

Adders
PR

An adder is a digital logic circuit that

performs binary addition.
PDWEWED Gf) CO0G Dwm OO &Be ®O®
o BB e3BSOGE.

1. Half Adder
gbd) pOEDmE

Adds two single-bit binary numbers and
produces two outputs called Sum (A @ B)
and Carry (A « B), without considering any

carry input from a previous addition.
6630 8 wO® @ D) SHOBS Bdg Slems
3168 PEBWED 5EBBRD GME®D, -G

8D E8OG 505 6em® D O Sum O
(A @ B) e&» Carry &> (A * B) 6@t
BEBOD BD e BesedB.

Inputs
POD
Two single-bit binary numbers, usually

denoted as A and B.

@563 A 5% B 6@t cried® -0
EDBG 305 GBI,

Outputs
g8on

Sum (S) - This is the result of adding the

two input bits.
600 e)® D 6cw Dwn BVe® HBO@GE.

Carry (C) - This indicates if there is a carry-
out from the addition. A carry is produced
when the sum of the two bits is greater
than what can be represented by a single
bit (ex:- greater than 1).

Sem® ® (C) - Doy BHeOS 6®HEION
Bele B55m 6®BS 665598 OB, DY e6cewn
Dod 8 VOOES a8, 1 O &) )
B6:33D6 DE 0o @K BE) O § B8O
Lem® (3@ SH@%nc 8.
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Functionality
Soamndsidn

The Sum (S) output is generated using an
XOR gate, which performs the binary
addition of A and B.

Do (S) 8ermn £eNEHG DOH ERSES
XOR &dn6is endmens O aod Do A 5w
B 8 &80n dwn 5BO &g mAOG.

The Carry (C) output is generated using an
AND gate, which produces a 1 only when
both A and B are 1, indicating a carry over.
Semm @ (O o8t &S5 DOYH

@R%65 AND ED10cs dmens dm oo,
DOBS lem® IO 655RD DOTS 1

Besedsiexs A e B o ecwm® 1 O B¢

The truth table for a half adder is as follows
B0 EPHWEWEB EICH) DB DRD 5w B8
(o)

A B Sum(S) | Carry(c)
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

Logic Equations
o8 aBodg

From the truth table, the logic equations for

the sum and carry can be derived
S5 OREeDS, Dod &®m lem® IO
BC®) MHBD BBwOEN DFDSDD WE W

Sum (s) = A @ B (A XOR B)
Carry (s) = A.B (A AND B)



Logic Circuit
BB B3I

A half adder circuit can be implemented
using basic logic gates:

OB MHBD ENO DDEES GHE) HDED
230806 HEIDOD DE B!

XOR Gate - Used to produce the Sum
output.

XOR &b
BN DOEB.

- Sum g8emn Sesede®O

AND Gate - Used to produce the Carry
output.

AND é&noe - Carry g8ome Sscd®o
0O OE.

A—
Sum
B
Carry Out
Block Diagram
A — Sum
HA
B — — Cout
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Logic Circuit for Half Adder without XOR
gate

XOR &6 68 b0 PDODE BcH
BB sdsOG

D_I—D_ .
Practical Applications
638D 6:e®

AB

Carry Out

Half adders are the building blocks for
more complex adders used in computers,
such as full adders and multi-bit adders.
s pED e multi-bit poeme D8
sODIDOQ D) ®O® OEND oD
MDD BEH D erd® Tow b HDED
CRE tTRDB BT,

Used in various digital systems where
binary addition is required.

EDen Dy SO0 gdms D»n DD oD
5O D) 685.

Understanding  half adders is a
fundamental step in learning how
computers perform arithmetic operations
and is crucial for anyone studying digital
electronics or computer engineering.

gl e 630t® &S0 odorsw
GOHNHDOG 606HEB B oD EMIOGE EHBD
t8e® QB Brdow d® gd oD
96EEGOBD Besd 643 sO®HD o630t
Bed ®e)0® Bz® ememD DB @M
Bre®m 68.



Full Adder
gbgn PGB

Adds two single-bit binary numbers along
with a carry input (Ciy) from a previous
stage, producing a Sum and a Carry-out,
making it suitable for multi-bit addition.

650 FEBORS em® ©®» &emn®  (Cin)
£OBE 8-V EODOG B 6D DD

wO® g6, Sum d e Carry-out s
Besedn) @RB. 606 DY BB D SO
BE® ey 68.

Carry out (Coyt)

L OO . Digit of Number1

1701100 1/1
+ 100100 1 1~Digit of number 2

1010001101

Sum

Digit 1 | Digit2 | Sum Cout
0 0 0 0

0 1 1 0

1 0 1 0

1 1 0 1
Inputs
POD

A and B are the two binary digits (0 or 1)
that are to be added.

A e B x) don o6 g £0800 9pn®
eew (0 @3 1) 68.

Cin is the carry bit from the previous stage
of addition.

Cin 05 Do Bde® 650 g8ned 80 lem®
D5 @R® DODE.

Outputs
o) w8 )

The Sum (S) — The result of the addition
D) BDe®S Qred® BBORG

The Carry (Cou) — The carried-out bit after

the addition.
Do BB o5ty Glem®® ® e DOD.
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Functionality
Soamndsidn

The Sum (S) output is generated using two
XOR gates in series.

Do (S) 8ermn £eNEHG DOH RS
e em& XOR EMdns 8o mOBS.

The Carry (Cou) output is generated using
three AND gates and one OR gate.
&em® B (Cout) BBODG BSDHDE DOR

eRexd AND &6 eecww w®» & OR
NG D) DOBS.

The truth table for a full adder is as

follows
&gbgn PEDEB BEH) S8 ORD sHD 808
e®

A B Cin Sum | Cout
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

Logic Equations
o8 aBodg

From the truth table, the logic equations

for the sum and carry-out can be derived.
38 OREDSS, DD €5t Sle®mSDEI®
BC®) MHBD B3OS DFDSDD WE BwTw.

Sum (S) = A® B & Ci,
Carry out (Cout) = (A.B) + (B.Cin) + (A.Cin)

Block Diagram

A Sum
B — FA
Cin_ Cout




Logic Circuit
BB B3I

Logic Circuit for Full Adder without
XOR gate

XOR €066 68D ebgn ODEDG 3E®)
NHBD sBSIEG
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Obtaining another equation for C..:of a
full adder.

&g gEBD Cout 5E®) DS BDOSNBD
@ ®DO.

First, let's get the truth table for Cout
5808 Cout 85850 55 DRD @) ®BE)

A B Cin Cout
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

Let's put this output in a Kmap.
608 BeI®NG WIGH) BBGEOD e wOg.

But here, it is done in a different way than

the usual way.
DB 6OBE D @S YOO OE) 6dxed
eBMOBEDO Be, 69638.

BCi,
A 00 01 11 10

When grouping this Kmap, it should be

done as follows.
c®® e BBH® ) SBede i 5D
MO0 Be & .

BCin

A 00 01 11 10

000@0
0D




The next step is to obtain the simplified

expression using the grouped Kmap.

BE® BrD0 X6 IFE®D ™) BHHEO
NDDEES BOE WS HIBNDE @) GBSO,

A.B.Cin

A 00 01 11 10

0] 0 O@O
inoaD
L)

A.B.Cin

B

Cout = A.B + A.B.Cin + A.B.Cin

We can further simplify this as follows.

6®® 5D SHE HOEOOD BOE DG BTDE.

Cow=A.B + Cin.(A.B+A.B)
Cot=A.B + Cin.(A @ B)

Block diagram

Implementing a full adder using half

adders.
bt poeD NDDerS N coEEE
Sonsen 868.

The two outputs of a half adder are,
bl PHDOWED &B® 6ew DED,

Sum=A®B
Cout = AB

The two outputs of a full adder are,
2F HDEDB BB 6L D6,

Sum= A@® B® Cin
Cout=A.B + Cin.(A @ B)

So, we need to design a circuit that outputs

these two expressions using half adders.
DD, 60B HIIBD 6Cw FEOBEG DOD
e300 ) DED NDDEES SHEIENE
e .

We need two half adders and an OR gate
to implement a full adder.

eesd el epED e & OR &dnm
2H EPDRWED HHIBOD SO0 s 68.

ASDB
A —
HA AB Cin HA
B — *—
Cin

SUM=A@® B @ Ci,

Cin- (A D B)

Cout = AB + Cip . (A® B)

Circuit diagram

A—¢ ADB
B

—\ AB
|/

AB

\
D SUM=A@®B & Cp,
/

G- (A®B)

Cout=AB + Cin. (A B)
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8-bit adder block diagram 8-bit adder circuit diagram

Each full adder takes two input bits (A and CDN('_I;ROL (Add=0 Sub=1)
B) and a carry-in bit from the previous Input B Input A
i - TE543210 | 76543210
adder. and produces a sum bit and a carry 50308600 | H380660
out bit to the next adder.
520 8N PDEDGEDO® 6650 D DO o
608 e® DY ecwm (A e B) &5 Sle®m® - A sp
@60 DY D 6D BECH HDRWG 6OD D_ EZ
Do ®O® D D e lem® I6® DY ” o o
Dy HeseDE. N W
. . . s
The first adder in the series is a half adder - A s—o
because it does not have a carry-in. D— ﬂz
6EH6E 568 mHwewn DB le®m® IO ’ c, .
6BTE Hex) bl PHWEWB 6D
= g A 5&0
S§— =8 [— ; . EZ
:—| £33 ) >+
2 —> E > S L1C, C.
|_,|7' ’ A si—o
-": —_— a‘ q; k| Al S
—| BT ) >HsY
- 3 - = . y
) —l_) 1 Cm I:-:m'
| ;l ' El
S [ A >
) T ES - ; S0
< 7 U {D—— !3'2‘
E ] Cm CI}\.IT
1258 2 E
D SEE ,. oD : PR S
= ) >HeX
z - o Cm Ci;\ll'
== 8 7 3
% — o I_f‘ % —
1I— T = >z O S,
5 =11y
.= ,D— 8
] E —g‘ —“w Coun
St i) —>
B—3 =253 N
2 e —I—) s 0 s
I‘:l T
> 5o
. ) >HeX
o 5 33 Y Caur
s3] EF = ” Co Cour
: Fli B -g L}
fr:_) 7
O‘.-’ERFLDW])
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The circuit diagram of an 8-bit adder shows
the detailed connections of the eight full
adders.

8-bit adder dwm ©dsO ©O0W® P
PO 8 » IS0 BBV
6B,

Each full adder consists of logic gates
(AND, OR, XOR) that perform the addition

operation.
D O ¢En e Do Be® 6@6mn®

8B @0» BB cnd (AND, OR, XOR)
OB 305D 68.

Some other 8-bit adder circuit diagrams

The diagram below represents a typical
layout for an 8-bit adder.

s®D 0zes ©0®® 8-bit adder esem e@ws
8Besc@e@ Beriesns wOa.

These diagrams are essential for
understanding how binary addition is
performed in digital circuits and are
fundamental in designing arithmetic units

in computers.

6®® Ozes 850HS 500w 30sODQ EBBG
Do SO® 8 @O® oG GO O
®HO 3Cw) FBO®S O g0 OGSO
&0 OF Tow 5ceed BHeOE B 8.
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A7 BT7 A6 B6 A5 B5 A4 B4 A3 B3 A2 B2 A1 B1 A0 BO 0
| | | | | | | I I
FA |«— FA |« FA |« FA |« FA '« FA |« FA |4+ FA
Cout S7 S6 S5 S4 S3 S2 S1 S0
C7B7a7 CE6BEAR (CS5R5AS Ca B4 A ':|:3 f5as t:|2 E||2 TZ C|1I.B|1 TI CT B|D Tﬂ
Fi FA Fa FA FA = .
L. i
FA P FA 4 H A 4—m FA a—p FA
L A .
mﬁ = = = ]
T HA
I 53 52 51 30
- - A Ha
57 56 H



Storing bits in digital circuits
HB80Q sdesdd@ Y @VEN BHO

Combinational Circuits
o sdesd

Combinational circuits are types of digital
circuits where the output depends only on
the current input values.

0@ 300 6E) HBOBG DDOS D
FOGE O @M O) SOS® E5oRNoW
300 DY® 68.

There is no concept of memory or past

input states in these circuits.
6®® odsODE BB 68 650 eHeI®
OGS BERE, e30tDe3EE 6MBT.

These circuits perform specific operations
like arithmetic calculations, data routing,
and logic operations based on the input
signals provided at that moment.

6®® %50 DO 6@HEHIGH @R & & eI
e500E) B 5D GG GHMHE OB,

e Voo BHO mw MHED 6BOeHHED
8 Dexdo 6®6emn® & wOa.

Sequential Circuits
ened®o odsd

Sequential circuits, on the other hand, are
digital circuits where the output depends
on both the current input and the history of

past inputs.

FREBm 5050 B BIBDWE DSOS DG
3% ¢S P DR 98It B 6O BD
o6e) 5O oS0 38O 68.

These circuits have memory elements,
typically flip-flops or latches, that store

information about previous states.
6®® sdsddp o QOBrd &,

eNEDBEE® B8 e6eg e®) latches e
OGS BBRE 6mMODOT BRE)D DOB.

Sequential circuits are essential for tasks
like counting, storing data, and executing
instructions in a specific sequence.

®EDE BOO, 5 GRE) OO & BEOD

nBEedEmO cuect BEIDdn BBHO O
IBEES BEH) B 6desd gosdes 68.

Feature Combinational Circuits Sequential Circuits
e3o@ed &besd eaedn 505

Output Dependency | Only current inputs Current inputs + past states

58e)® B8O DO eperw sOH DS epe)® (+) 6850 DBOGBS

Memory No memory Has memory

Oleaes) BOWDED DD OlelmeimRaide)

Examples Logic gates, adders Counters, registers

CE®OED O ENO, D ®E0w, 608ED0

Complexity Simpler, faster More complex

€303V ENDID 03, 65®S 68 DENS e30VBN 68

Application Arithmetic and logic operations Data storage, sequencing

O &0t GHENDHOG 59 MHBD 60eHED | D G®RVEN BB,

Clock Signal Not required Required

80w 850D FO®B 636D PO®BC3
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Feedback loops
B8esisen s

A feedback loop is a process where a logic
gate's output is fed back into its input,
affecting future behavior.

Besisen EBEE Oy DWVBD GG
genmD HEdE DED DEeI® eHIIOEES D&
a8onn 98 gennd 90D R 6B
BHEIOREE.

To better understand a feedback loops, let's
use a real world scenario where a thief tries

to break into a house.

oBexsisen @urD O 6HER 6x0T®
®S®D, 6Nt BOHEDO grd® SO
CBE3 OB €3cRE DN 6NE) ®HE.

1. When the thief tries to open the door, an
alarm should be triggered. Let's assume we
have an OR gate set up for triggering the

alarm with two inputs; A and B.

6% 60 Ban BHOO cuien® o O,
g0t grmde® 9O IO DG
@RE. g0 Frmdd e HOO sem)
A &5 B eeBs e ecow o6& OR
ENOEE 3w et Bog).

When the thief triggers one of the inputs,

the alarm turns on.
66305 B8 D epeIBED [ wg DO,
g0 Gt e 685.

The problem here is, when the thief turns
off the trigger, the alarm also turns off.
6®8 gt OO DFeS e B trigger

D Hu D& wmg B0, grRdc grmde ¢
oy Bo& BBE.
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FoX

A
B

{;O

To make our circuit memorize that the thief
triggered the alarm, we can use a feedback

loop.

6t oo G FHISOm DG D
gese® ©dsdcd O DR ©S® ecHn,
8exsiBen @B DD BE WTHE.

A=0
B=0

v

Now, when the thief triggers the alarm, the

circuit is going to remember that.
ez, 6% gaRdc grmdd FEOm DE
B0, e5Bes06 i Do DR ®F.

—F =1
B=0
A: ——
3o F=1
]
0
A=x .
5 - o — F=1

1

But if we wanted to stop the alarm at one

point, there’s no option for us to do that.
28 s D FOSNODE gode r®md®
DDDOBD d®S e, D &g BHAO
58¢e, Bodsen 6a8.



Flip Flops
88 eng

Flip-flops are sequential circuits built using

logic gates that store one bit of data.
8g-etnE 0y oo ) D GRE) OB
OB ENO  NDDEEGES E@RD®) &S
0B 580 68.

They act as basic memory elements, storing
state until an input signal changes it
fundamental in Random-Access Memory

(RAM) and storage applications.

T @ @ G@lo® 6@ H©) O o
EID 3oROHS OE HDOG 6O WO®
6 DB ®RIEN DO D) ®F. e5es@mnd-g368®

®226 (RAM) 56 @RE) 6680 gBw 6d.

This is an extended version of a feedback

loop.
6®0 B56sIBEN EHGD ER G GOSMOS

To reset a triggered feedback loop, a Reset
input is added to force the output back to

zero.
8 ar® uBeiesn Qe D w0,
gBemn O 00 oot 508 oeH
DD D) WOH QTeR.

Creating a simple SR latch
0@ SR 88s0@s Sté@ngns S5
Let's modify the feedback loop a step more

to get an SR latch

SR @z8 9o @) 680 Sesiesn &5RO
2O BrOOD 60HES DO

SET_OI:ZD%_:::)_

Initially, both inputs and the output are 0.
B8 e 6cw® 6w 58cHmc 0 68.

1
RESET =0
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Instance 1 (Set)
When you turn the Set input to 1 OR gate will
output 1

®® Set epeyms 1 0 ®O®Omn 80 OR &Mde 1
586 OB

As the RESET is still 0, the NOT gate will also
output 1.

RESET @5 0 @85, NOT &nde & 1
8B OB

This will make the AND gate output 1. So the
final Q output is now 1.

e®c AND €d0ed 58e)mcn 1 B0 &8 OB
DB desm Q 58 e 1 68

Instance 2 (Memory)

When you turn the Set input back to 0 again,
as we use a feedback loop here, the OR gate
will still output 1.

B Set ey ®Hd® 0 60D ®ODH O, 6O

Besiesn @ors ®Om @o» &, OR
ENdn OB 1 58)mE OB

So, the final "Q" output will not get affected
and remain 1

DD, gdeny "Q" 5Be®ED Dz 9S
g0 6 1 650 sO8X &

This is a memory state
60x DD DDDOGEE

Instance 3 (Reset)
Now, when you turn the Reset to 1
NOT gate will output 0

ez, ®R Reset epeymen 10 6D 80 NOT
ENdes 0 BB OB

So, final output turns 0, as the AND gate
outputs 0,

DB, AND &noved gSermen 0 e gdessd
8586 0 DO 55 68

Instance 4 (Memory)

When you turn the RESET input back to 0, the
final output doesn't get affected and remain
0 since the OR gate still outputs 0.

®® RESET epeyencs 90 0 60D o0 80 OR
Eoe O8B% D5 0 gBo®n wOD Rds

g0 5BDHED RESZOD 6and d6 0 6@
® 508

This is also another memory state
6®ne, OB B ODDOEE



Universal Flip Flops SR-Latch using NOR gates

As manufacturers can't make specific
circuits for each and every situation they SET

make use of the idea of universal circuits.
BEesewmBB0  ©z® gdSDn® SEdDo
3030 28 6N Qs BDYS OB
&0y D06 o D) WO,

l

Here, the SR-Latch is made using universal
gates so that it can be used anywhere.

e®88 SR-Latch & @%z® e O DG
e D8 0D NG BB e3e) .

RESET

Some circuits may need the opposite
(inverse) of the output to for several use
cases.

B8B®HO 33O e O adeld) B
60xeds Sl BDOENG (556@)®)
&5 BB ®TG.

SR-Latch using NAND gates

SET —

To achieve this, there’'s both an output
terminal and an inverse of the output

terminal in an SR latch.

6®0 BB DO OB tseH), (&a) Do
g5 use)® sBHESDERD, &5eI®ed
56@IOG 65D SHEBDERD H 6cmd
T,

RESET ————

If Q is the output there's also a Q output
too.

Q 0x 886 B Q REdS SBEIDEEE
s08.

This can be easily achieved when using

universal logic gates.
0O o B woé®» B e®n
B309€360 €3IBS WOBD BTHCS.

ictfromabc.com 06



4 States of a NOR SR-Latch
There are 4 main stages here, lets analyse
them using the anti-theft alarm concept.

6®8 g5th® gEnd 4t &, anti-theft alarm
0@ NS HD) BBedeEG DOE).

First let's revise the truth table of a 2 input
NOR gate

ORBs® epepm 26w NOR Endmm esmsom
DR ects O VEY.

ICN

_\_\oo>
(O |= 1O | W
OO |lOoO|—= T

1
2
3
4

Here the output is O even if any input is 1.
cOBE Bwzd poymnm 1 e Serme 0
6d.

Instance 1 (\We're sleeping)

Initially the inputs (Set and Reset) of the
circuit are both turned to 0 and the output
(Q) is also 0, here we also have the inverse
of the output terminal (Q) so it should be
turned to .

B8 3dededd ecrxm O Set e Reset 6em®
0 O ®»6d» gd (Q) u8erwa ¢ 0 60, @

ges0 8 gged (Q) uBe@®n & ad
R OB 10 60D BTODEB NE.

First we set the circuit as below.
ORBBO a8 BB s SOE &wed WO

0

SET
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Instance 2 (Thief Breaks-In)

Now the thief opens the car door. Assume
that there is a door sensor as the SET input
which will turn to 1 when the door is

opened.
ey 6eNd) @Y OOl Do )0 By

20x @DB. SET eperas 6@es 66608 68 @0
ats  oedemnn gr® D comde®e
DOB®, Do 600 DDay ¢ TO 1 O ®wredy
.

e When the thief opens the door, this will
make the SET input to 1.

et 680 By g 50 dO&KsS SET
epe)®e 10 6wl O @REG.

e InaNORgate, evenifoneinputis 1, the
output will be 0, so this will make Q turn
to 0.
NOR é&onocm s epoymes 1 8de

5Be®e 0 Oy g, DS 6®n Q
58enG 60D HODH Gro.

e This O will be fed to the other NOR gate.

6®® 0 gemw NOR &n060 e58eesiegnc
OB @eR.

e Now both the inputs of the 2" NOR
gate is O it will make the Q output flip
to 1
ez 2 ®» NOR €nden® epey® 6cm®
0 e8. & Q 38cr®»n 1 0 ®»ODy @RE.

LN

SET

This will trigger the alarm as the Q output
is now 1.

Q 8e)mn et 1 D DR 6® aodt
DO epd®® OB



Instance 3 (Thief panics)

Thief will now try to turn off the alarm by
closing the door back but will not be
successful as this circuit keeps memory.
6N €8 60 ety e gomdc armd®
2O &0 cBEeN® DOX &r, DD 6O
2302300 AW DR ®SE) VDS D eV
6D .

Even though the door is closed, alarm will
not turn off as the previous output is fed
back to the input of the 1*' NOR gate.

6e)0 B SR, 6550 BO®G O» e
®» NOR 0060 ad @R eec® Riedss
D® D Fm) OB 6680.
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Instance 4 (Thief Busted)

Now we come in, deal with the thief and
turn off the alarm using the car key, here

the car key is the RESET input
e e et FRRE®D B0 MNDDEEHES
g0 Fr®OR HOD) cBY ERDB. 6@ O

RESET epermc 68

e We make the RESET input 1 using the
car key

ges oo ®Hdmens RESET eermes 1
DOSEDE)

e Even when a single input is 1, the
output Q will turn to 0

o8 epeyoes 1 Ox 80 &) Q a8e)®e
0 e®® ®6d

e This 0 will be fed to the other input of
the 1° NOR gate

6®® 0 58 ®» NOR &06ns® e
eI®E0 98 eesiegnn DOE.

e Now as both the inputs are 0 the output
Q will turn to 1

ez ey eem® 0 O AedesS Q &I
1 60D ®tedy) &g

18

0 N
RESET

T8

The alarm will turn off as the Q output is
now 0.

Q 5806 0 O eds aompdt grmd® )
RleoNCI)



4 States of a NAND SR-Latch Instance 2
NAND SR &0s0cm ade (4)
Now the SET input is turned to 0.

Here the functioning is completely the ez SET eperms 0 6o &ed &o.
opposite to that of a NOR SR-Latch
e®8 BudOn NOR SR edesdnmO e Even a single input is 0 output Q will
£8egnecs® 8D0Eh 68 turn to 1
B epeyonm 693 0 §0e Q B 1
First let's revise the truth table of a 2 input 60 ®6d
NAND gate
aRx® epeyw 263 NAND €ddcm eose) e This will be fed as an input to the other
DR et B VEY. NAND gate
6®c g NAND 90660 ene)mems
ICN A B F 6@t uBecieene Wiy Qred.
1 0 0 1 e When both inputs are 1 the output Q
2 0 1 1 will turn to 0
ee® 6em® 1 8 80 Q a6 0 60D
3 1 0 1 263
4 1 1 0
Here, the output is 1 even if any input is 0. SET

6OBE Bxwzd® peywe 0 HDe &8ermn 1 68.

Instance 1

In the initial state both the inputs are set

to 1 and the Q output is turned to 0 10
OBMD HDOGEE eI 6e® 1 6@ RESET

&) g gd Q 98e)m6 0 60D ®red

SET
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Instance 3

When the laser beam disconnects for a
small amount of time and reconnects again

the alarm should still sound.

6@t @eBwn 50 65D DesBn & Hrdm
&ORSR § B0 it grmdd DS o
B 6.

Now, even though the beam s
reconnected, alarm will not turn off as the
previous output is fed back to the input of
the 1°* NAND gate
ees EBMWG DO HPIRD e, DAOG
5w B8O 606d, DO 68D DBex 6e30
g&emn 58 d» NAND &édded epermes
6D HNOD @R 6e» RVdDS.
RN
SET ——

0

RESET

Instance 4

Now, the RESET input is turned to 0 to turn
off the alarm

e DB D F) BOBD BBO esee RESET

epey®G 0 680D HODR ERE.

0N

RESET
0 N
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Truth Table for a NOR SR-Latch

Ol

Description

Initial State

Alarm trigger
state

o
o|l o |o|=
- |o
ol o |~

Memory state

Alarm off state

Memory/initial
state

Not defined

Truth Table for a NAND SR-Latch

Description

Initial State

Alarm trigger
state

Memory state

Alarm off state

Memory/initial
state

Not defined




Data Latch using basic logic gates

SET

DATA &—¢

STORAGE

| >I RESET

Data Latch using NAND gates

: SET

DATA =—¢

STORAGE =

A Collection of Data Latches

DATA 3

:

4

D LATCH

- D LATCH }
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What are Integrated Circuits (ICs)?
So@aB &dsd (ICs) oy n@ie?

An Integrated Circuit (IC) is a compact
semiconductor chip that contains multiple
electronic components like transistors,
resistors, and capacitors, designed to
perform specific functions in electronic
devices.

o 8desdne (I0) oy 96EEENSD
EN0mOR BEDD HEES 9f OO tem
BHEEG O &g DSEIE300, B3BEOID 5
DD O B 96D €3500Dm llo®
&3003 &) esicm BescE.

These components are interconnected to
execute specific tasks such as amplification,
computation, signal processing, and
memory storage.

Be3mOHB, @EDi BOO, t500r) 5tDEB® €59
Oy GRE) BV S SEOD IBBES 9f

OO tsem) 600 300D DY BRSHD
68.

ICs have revolutionized the electronics
industry by enabling the creation of small,
efficient, and complex devices, ranging
from simple logic gates to advanced

MIiCroprocessors.

0o oUBm cOdde 80  ErH
®BeEN6N6EE0 W) W), IHERS® o)
BBV  EeNo®  BB@gns SBBO  ICs
96EBEMBD DHOBDEE D3edn 6dHes
8e 206 goo.

ictfromabc.com

72

4000 Series ICs (CMOS Logic Family)

The 4000 series ICs are based on CMOS
(Complementary Metal-Oxide-
Semiconductor) technology, known for
their low power consumption and high
noise immunity.

4000 series ICs , CMOS (Complementary

Metal-Oxide-Semiconductor) onSegncs @
5eo® B gi® god, Tned &) e
DI 5 9B GRE GBGBWHD e
5880,

These ICs typically operate within a wide
voltage range of 3V to 15V, making them
highly versatile for various applications.

6®® IC en®emsens 3V 80 15V exe) 53
63BN OB DG FID®D D &0,
Fon 880 6ke® te®) 9o Demitic 68.

Although they are slower than their TTL
counterparts, with propagation delays
usually in the tens of nanoseconds, their
energy efficiency makes them ideal for
battery-powered and portable devices.

Fen TTL O 88) @xemB 8de, e@Ims6cies
BDTED D3O C5 ®ENBW IO 3BIEEBSS
&0®, FTed DEHES MHGEHBODD ROd
REGMES SHEDODm O 5% G5 6M® ()
BT Ee300® e DN e 68.

Examples of 4000 series ICs include the
CD4001, a quad 2-input NOR gate, and the
CD4011, a quad 2-input NAND gate. These
ICs are particularly favored in applications
where conserving power is a priority.

4000 series ICs ®em co®osn 6@
CD4001, a quad 2-input NOR gate, &®

CD4011, a quad 2-input NAND gate
grEs 65. DEG o0BENG HERDMOG

D» 66cPOE 608 ICs Demeenss B DOG.



7400 Series ICs (TTL Logic Family)

The 7400 series ICs utilize TTL (Transistor-

Transistor Logic) technology and are
recognized for  their high-speed
performance.

7400 series ICs , TTL (Transistor-Transistor

Logic) oxcegos endon @o6® god Fdred
e SwdDOG Bem) BE®TES.

Operating typically at a fixed 5V, these ICs
feature low propagation delays, often just a
few nanoseconds, making them suitable for
high-speed digital circuits.

E@DBEES BNOO 5V & S§uinidm On 6®®

ICs edre®’ 80 ®rex] D580 BBescn
508 D af) SENOH &BEBS e, Fon
DB BBOAQ desd esem ey 6.

25 - April - 1961

Robert Noyce is granted a patent for
an integrated circuit.

ictfromabc.com
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However, this speed comes at the cost of
higher power consumption and lower noise
immunity compared to CMOS ICs.

emetS 6O, 6®® edmwre CMOS IC drd
635580 9HE RE®D D6MIIDEE 5%
af) o HBEHRGD BO® 5cB6.

The 7400 series is widely used in computers
and other high-speed applications where
performance is critical.

7400 6@G#HG SOOMNDOE €52 IV EDWMEB
) De®mD OB genwsd 4ed® 6ne®dE
DD D) 68.



GND

SSA
[ 11 EE Al O GAEE mm>_M_...m_

| ] \r@Lm |V
[© 3T Y[ S

[a] [ [a] [ [o] [e] [e]
KN EI N EI R A E

4011 quad NOR gate

Voo

N [ 3 [ 3 [ % [ 21 O 51 (1 I [ G T (3 1 (2 i I G 2 2 2 )

D W £ ed ¥ dOA aaa daa
€/0F
SCora
£¢0vaD
aNoS SSA v eza WO b 14 LY sn 7 D B> 8w
[] [o1 [s1 [¢1 [=1 [=1 [v] 7] 6] [:] [ [ 1 ] [0

alE aNENE [ -] [F]
Dol Do v¢n _@I _Ig
ol

VDD
NC

Qe

Q1

Al
AB

Q2
NC

A2
Qs

AS

:

Q3

A3
Q4

Ld Lo [ [ G fed [ I T L l CT [T bT LT BT ET 2
aan £V €q €0 D aa &Y €8 €0 O ¥8 Y AQA
690t L0V
g180%
ans AL 2L 4L vl g2 we _|>_ mm_ ﬁ_Hn__ ﬁwm—u ﬁ_ﬁ__u TIO_ _w_ aND
L 9 5 [ 3 2 L
oliololcliclicin B EFE

Y]] [ %T ﬁ

==

C101 [ 1 [ 1]

LT T T

VSS
Ad

4049

4000 Series ICs (CMOS Logic Family)

I G Y 3 1 I [ G 1 X I 51 I I3 1 R X I 0 O 3 O £
pl4 AC AE Ve a€ J€ DDA 218S  ceieq sy 0D 0 [4e] A aap

5£0vad 21e6 YON penb £10t 21eb YON penb Loor

74

ictfromabc.com



7400 Series ICs (TTL Logic Family)

7432 4x2inputXOR
Vcc
T [=]

D
D-

12346

7408 4X2 input nor
Ve

[l [s] [o] [] o] [o]

e (D]
0] [T

agaga v

B

]
[-]
[]

(n)
=

D

74024X2 input nor
Vec

[l [ [ [ G E

L3

Fl
Ll L] B Ld L] Lol 12

GND
7415266 PINOUT

Vcc
[5] [i2] [] [ro] [o] [s]
D N

D

—

BREROEEREREA
GND
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7486 4x2inputXOR
Ve

[ [s] [o] [] [ro] [e] [e]

WSS
0D

L L] L] Ld LoF Lo L2

GND

7404 6xNOT
Vob

[l [l [ro] [ [o] [o] [e]

T b b

Do Doy Do
Ll Lol L] Lf LF Lol L2

GND

7400 4X2 input nand
Vce

[l [s] [r2] [r1] [ro] [o] [e]

D

GND
74L511
Ve
4] [3] [2] [0 [o] [o] [&
) >
Ll L] B Lf B 2
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ATMega328P and Arduino Uno Pin Mapping

Arduino function
resel

digital pin 0 (RX)
digital pin 1 (TX)

(PCINT14/RESET) PC&[]
(PCINT16/RX0D) POO ]2

(PCINT17/TXD) PO ]2 260 PC3 (ADC3/PCINT11)

digital pin 2 (PCINT18/NTO) PD2 ] 25 PC2 (ADC2/PCINT 10}
digital pin 3 (PWM)  (PCINT19/0C2B/INT 1) PD3 )5 2401 PC1 (ADC1/PCINTS)
digital pin 4 (PCINT20/XCKITO) PD4 []s 2] PCO (ADCO/PCINTS)
vCeC Voo =z GND

GND GND[]= #1"] AREF

cryslal (PCINTB/XTAL1/TOSC1) PBG o 2] AVCC

crystal (PCINTZ/XTAL2/TOSC2) PET ] 1wl PBS (SCK/PCINTS)

digital pin 5 (PWM)
digital pin 6 (PWM)

(PCINT21/OCOB/T1) PDS [0
(PCINT22/0C0AMAINDG) PDE ]2

18] PB4 (MISO/PCINTA4)

207 PCS (ADCS/SCL/PCINT13)
27 ] PC4 (ADC4/SDA/PCINT12)

Arduino function
analog input 5
analog input 4
analog input 3
analog input 2
analog input 1
analog input 0

GND

analog relerence
VCC

digital pin 13
digital pin 12

17| PB3 (MOSIHOC2A/PCINTA) digital pin 11(PWM})

digital pin 7 (PCINT23/AINT) PD7 []1a 18] PB2 (SS/OC1BPCINT2)  digital pin 10 (FWM)
digital pin 8 (PCINTO/CLKONCP1) PBO 4 157 PB1 (OC1APCINT1) digital pin 9 (PWM)
Digital Pins 11,12 & 13 are usad by the ICSP header for MOS|
MISO, SCK connactions (Atmegaiss pins 17,18 & 15} Avoid low-
impadance lads on these pins whan using the ICSP header
LM321 LM358 Lm324
5-Pin SOT23 8-Pin SOIC/MSOP 14-Pin SOIC/TSSOP
(-T Suffix) (-S and -V Suffixes) (-S and -T Suffixes)
+n | 1 5 | +Vs OutA | 1 8 +Vs QutA | 1 O 14 | OutD
Vs | 2 -inA | 2 7 | OutB -inA | 2 13| -InD
n| 3 4 | Out +InA | 3 A 6 I -InB +nA | 3 ! 12 | +InD
ve [4] [5] e v [4] [11] v
+InB | 5 B 10 | +inC
-inB | 6 9 |-nC
Qut B 7 8 | OutC
L )
RAZ =—=[ |1 18] =—= RA1
RAZ =] |2 17| == RAD
RALTOCK] == | 3 ] 16| - QOSC1CLEIN
MCLR —=[] 4 0 15[ OSCICLKOUT
Ve —= [ 6 & 4[] =—nvoo
RENINT =[] & ®  13[=—=RrET @ 5
RE1 =+[]7 S 12[] =~ RES E > 5 8 2 3 2 g
RB2 =—=[] 8 11 [ == RBS T
RES - |: o 10 : - RB4 L B R L A R A B N
® .
vooa [ 11 | i24]cPos
LNA :E_ : }( i ::2_3 SD_DATA_1
LM741 Pinout Diagram F=eo 3 o
VDD3P3 _E_: : ! l_ZE SD_DATA_O
_/ vooara [31 ! Cm SD_CLK
OFFSET NULL =] 8-NC T ESP8266 e
voo TG [51 | 20| sp_cwp
INVERTING INPUT vt Tout [ 61 | | 19| so_oaas
CHIP_EN i{‘: i 3 :_Jé SD_DATA_2
NON=INVERTING — OUTPUT L. _
INPUT xwoococ|el .o 33GNDy 47| voorsT
V- — — OFFSET NULL IS il T4V Ta fal iE féy g
2 B % & B8 8 8 &
s = g = = 5 & &
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