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Logic Gates and Boolean Algebra
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‘H Logic Gates
SE® mOBm g0 3B.

A
L e BT e A gl e
NOT OR AND
Output = A’ Output=AORB Output = AAND B
Output = Complement of A Output = A+B Output =A.B
A N A B A+B A B A.B
0O O 0 0O O 0
0 1 o 1 1 0 1 0
1 0 1 O 1 1 0 0
1 1 1 1 1 1
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Output = NOT (A AND B) Output = NOT (A OR B)
Output = (A.B)’ Output = (A+B)’

A B (A.B) A B (A+B)
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Exclusive OR — XOR Gate

A
(A*B)+(AsB)=A®B

ATB = AB + BA

out
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A 3 inputs XOR Gate [ e

C B A Q

o o 0 0

A 0 0 1
B 0 ; 0

Q= ABC + ABcC + ABC + ABC NEEERE
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Write Boolean Expression for the given Logic Circuits

U

o7

* Write Sub Expression at the

output of each gate

A ™~ LB
B S/

B+C
C

 Then another sub-expression for

the next gates:

[ T\ AB

* Finally write Expression for the last gate:

B
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A Boolean Laws - 98wy Bws®
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A

Boolean Laws - 8wy Bws®

1. ®edDund amon(ldompotent Law)

58 MHOG,O05D) DRdhn 868 sno Bdssgna eb.

AA=A A+A=A AA=4 +A4=4
Al A JAA A Al A+A Al 4| 4| 44| |A| 4| 4| 4+4
o 0 of o o of 1 |1 |1 ol 1 |1 |1
1 1 1 11 1 110 o ]o 110 ] 0|1

g®D a8y D0® e S0eds socd a8» B e,
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A 2. abDen®s aman(ldentity Law)

1.A=A 0+A=A 0.A=0 1+4=1
Alr liallo Ja Jo+A]l o T 2T oal 714 | 1+A
0 1 JO 0 ]0 0 0 |1 0 110 1
T 11 |1 0 1 1 0o (o |0 T 1 1
) A in parallel with open O— L
A+D=A oo A dentity
ha Ain seriE:EI':ﬁ:ilth closed A - — S

A+0=A Avariable OR'ed with 0 is always equal to the variable.

A.1=A Avariable AND'ed with 1 is always equal to the variable.




A

3. 88e@)® amon(Inverse/Complement Law)

q&e eeoa(Multiplicative form) moe® pmoa(Additive form)
AA=0 A+ A=1

A A A A

0 1 0

T 0 0 T 0 T

Anton Gajasinghe - BSc. Unversity of Kelaniya, PGDIP for IT

. ) p 16
University of Peradeniya



A 4. De Morgan Theory - & @®38®sY 50500

De Morgan »»s0w 83 NAND 000w @0500 OR €890w=y, NOR ¢©odws @090 AND
E0wH WIBDIWE W BB. @® e OR e AND 3@ NOT 90820 208

AB A+B
1. (XY) =X+Y 1 e = :§D~
A+ B AB

L2 2 GV S T A e — :&}

2MRWBD 00¢ B8O (complement) a8 20D Sw 9O BIO
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1. (A’)+(B’)
2. A+B=(A’B’Y
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5. 2050 a8e@}® ®mmm (Double Complement Law)

A=A

A A

—
= 2 [l
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A

6. amedm amoa(Commutative Law)

q&la moa(Multiplicative form) D maoa(Additive form)
AB = BA A+B=B+ A

A B AB BA

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

0 1 0 0 0 0 0 0

. 0 0 0 0 1 T 1

K 1 1 LI L !

] ] T 11 T 1
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7. tota0én @®a(Associative Law)

®Ee mmida(Multiplicative form)
A(BC)=(AB)C

DoE® Hmoa(Additve form)
A+(B+C)=(A+B)+C
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A

8. Bedde® amac(Distributive Law)

Bede® a®Moa

A (B+C) = AB+AC

o X.(Y+Z) = (XY)+(X.2)
o X+(Y.Z) = (X+Y).(X+2)
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A

9. o88bniom »mac(Redundancy Law)

eped 1(Form 1)

A+ AB =A
A | B AB | A+AB
0 0 0 0
0 1 0 0
1 0 0 1
1 1 1 1

e Z2(Form 2)

A+ AB=A+B
Al B| A"l AB| A+A'B| A+B
o 0o 1 0 0 0
o 1] 1 1 1 1
11 0 0 0 1 1
11 1 0 0 1 1
(X+Y')Y = XY

(X.Y)+Y = X+Y

ABwir) Bw® wdnmewsy (A+B). (A+C) 8o 0 edOsTm. 888w adsin.
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(A+B).(A+C)

A. A+ A.C+AB+B.C

A+A.C+A.B+B.C

A(1+C)+A.B+B.C

A.1+A.B+B.C

A(1+B)+B.C

A.1+B.C

A+ (B.C)

— Distributive law

— ldempotent AND law (A.A=A)

— Distributive law

—ldentity OR law (1 + C=1)

— Distributive law

—Ildentity OR law (1 + B =1)

— Identity AND law (A.1 = A)
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A Simplify Boolean expression using Boolean laws

1. A'BC+ AB’C' + AB'C+ ABC’ + ABC ------- >A + BC
2. A'BC+ AB'C+ ABC’ + ABC -—--——-—-——-- >BC+AC+ AB



A

E.g. 01 E.g. 02
Q = ABC + A'BC + ABC F = (A+B) (A+C)
= AB (C+ E} + 4BC Detcm HBGG = AA + AC + BA + BC - Setlco @500

= A+ AC +BA + BC - sed®mdmnion
= A(1+C+B) + BC - Betdeco 500

= A(1+B) + BC - B8 e0®5 500

= A (1) + BC - ab8en®s aam00

= A + BC - Setcem 800

= AB (1) + 4BC 586@i® aamoo
= AB+ 4 BC Besle® ®m@0
=B (A+ 4 () Besdcm mod
= B (A+() @& 28600

E.g. 03 E.g. 04
F=C+ BC F= X(X+Y)
= C+ B +(C -8 e®os 9300 = XX + XY - Deticn amac
—C+C 4+ B =X+ XY - 6208 500
=C+ (C + B

= X (1+Y) - Oetc®m 500
= X (1) - abO®58 ®BI00
= X - JemicH D/BIGO
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A 30800 2088 00 (universal Gates) ¥dmewsy
RS GE® D10 HBNO B

 Universal Gates

1. NAND

2. NOR



A NAND €820w ©adm0 BS®

& D -1

® D=
O

(A'B’)'=A+B

— A A+B
q
=y B
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© DD D
B B

(A'+B')'=AB A ] AB
—
B -
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3B D@ &18305Y YE B YR T @6 5HE®

* L350 D@ 18305 YEB Yo en @) 5HB@®8 minterms e
maxterms ©dz» 0.

Al B Minterms Maxterms
0 0 my= AB M= A+ B
0 | 1 m = AB Mi=A+B
1 0 m_;=.|":||E M2=.|'E+E
1 1 m3=AE M'_1=.-":I+E
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maxterm

A+B4+C = M,

A+B+C =M,

A+ B +C = M,

Maxterm

8325250 DR AW 0 D) 63:® @DesOodD2
e3€I® BOESY OE 0 D 808D gy @Eess
102 80 amyom eces e OR §Daow
WODEwBSY (OO e@Et ev)) Bws wed

AE® y@Rewksy Maxterm ece HesIDE.
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minterin

A-B-C = mg
A - B - = m,
A -B.C = mso
A-B.-C =1ma
A-B -C = 1y
A-B - C = ms
A-B-C = 1mg
A-B-C

I
E

Minterm

* B3 DO BOEBLS O avw | O ade8do
0 OB 3BecEI®w () D5 8D @desds AND
DO (D®) 106 sY (QuDHWE @RS 0OD))

Cws 8wd YEe ymrewwsy Minterm eces
HESIOE.
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A

Write Boolean expression using truth Table
3OO MIBDD 32R o

* There are two methods

1. Sum Of Products — SOP

* Use Minterms to create Boolean expression

2. Product of Sums — POS

* Use Maxterms to create Boolean expression



Sum of Products - SOP

A |B |[C | F(output)

0 (0 |O 0

O |0 |1 1 A'BC
0 (1 |0 1 A'BC
Ol 0

110 |0 1 AB'C
110 |1 0

TS0 0

f b B 1 ABC

In this method using minterms
F(A,B,C) =A'B'C+ A'BC'+AB C +ABC

F=2>.(1,2,4,7)

Minterms ©8»ewesy Cum gEwe
g2Re SOP gi120w eEes

Ol 1A%



ollo|llol|l ol

F = mj+mg+me+my
A-B.C+A-B-C+A-B-C+A-B.C

F=5(L24.7)
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h

A[B |C| F
(out)

0|0 |O 0 (A+B+C)
00 |1 0 (A+B+C’)
0|1 1|0 0 (A+B’+C)
0|1 |1 1

11/0 |0 1

110 |1 1

e 1E40 1

11 |1 1

F = (A+B+C).(A+B+C’). (A+B’+C)

83550 D@D DOCELSI O ¢vw 0 0 @deddr v OF
3BecI®w 1 O gdedds @Deddr OR m8mw (§nw) widmewsy
(D20 eces 0v5)) EBud Bwd YE® ymrnenwsy Maxterm
@C WESIOE.



h

Product of Sums - POS

A |B |C | F(output)

00 |0 0 (A+B+C)
00 |1 1

011 |0 1

O 0 (A+B’+C’)
110 (O 1

1 0 |1 0 (A’+B+C’)
111 |0 0 (A’+B’+C)
100 S 1 1

In this method using maxterms
F=1(0,3,5,6)

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

Maxterms ©8mews’ Ews YE® Yy en
POS @006 e nwgsIdi



A

Maxterms used to construct Boolean expressions.

A|B|C|F Fr= M- Ms- Ms- M

ofojfofo = (A+B+C)-(A+B+C)-(A+B+C)-(A+B +C)
ollolf1]1

oll1]fo]1

— F =TI(0.3.5.6)
1llololl1

1lfof1]o

1f1/olfo

1111
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F (output)

0

= =R | =R =R O Ol O] O| >

= | = O O FR| =] O] O| W

= Ol =R Ol =R| O] =] O] O

e T S e Yl (o T

Construct the Boolean expression for
Output (F) using given Truth Table
above.

F=A'BC+AB'C’ + AB'C + ABC’ + ABC

F(A,B,C) =>.(3,4,5,6,7)



A

SOP e POS 2@ e
A8 F(OUTPLT)
ala!l  owm

SOP=A'B +AB’ POS=(A+B).(A’+B’)
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U3C
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../../CM60S/SOPandPOS.ckt
../../CM60S/SOPandPOS.ckt

SOP, POSO stheabaxnn &08

F=AB+BC+AC

—AB+BC+AC
—ABBC AC 8 e®bas om0

8 oed® xeanboa b ®@3®

—(4+B).(B+C)+(4+C) B ooted ama
_(A+B).(B+C)(4+C) <O eBegi®

POS SOPD sabheaba»o
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A

POS to SOP

F=(4+B).(B+(C).(4+0O)

—(4+B).(B+C).(4+C) B Goed® andosbooes @) ®@a®

=(4+B)+(B+C)+(4+0)

—(4B)+(B.C)+(4C)

—AB+BC+AC

£ e®imd amoo

£ e®iens ®»%o0

20 a8e@® ®»mao

Anton Gajasinghe - BSc. Unversity of Kelaniya, PGDIP for IT
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Inputs Output
A| B S C
0| 0 0 0
0| 1 1 0
Al 0 1 0
11 L 0 1
)
—

SOP and POS

SOP for Output
e S=(A.B)+ (A.B’)
e C=(A.B)

POS for Output
« S=(A+B). (A" +B’)
e C=(A+B).(A+B’).(A’+B)

v

[ ¢ Is this correct
:)— s circuit?




A

Karnaugh Map simplification

* NEWIB) YR RS en Y OO, & &g3eds BIDrencts DI IR
38230 ¢ oG @0, OB®B e DB 83830 IR WO OBOO &

AE W) Y®IRED ¢ BOE WOOD G, LB DY BBBY CRIGED
AE W) 2R WS BIBDD O @m0 I8 30E DO ®B® s
Q) E w0 B5)505Y BB WO, HYH W MO Fe3Wey DISWBWBA.

* Karnaugh Map ®@8»7 630E® @200ed Ewkiz) 5205 @@ S
DA,

* Karnaugh Map w2z om0 99 DG 0138w 928un BOOA.

* @®8 &, Truth Table = Karnaugh Map Simplification



Two Variables K-Map

Number of squares in a Karnaugh map = 2"

n = number of Variables

n=2->22=4
0 1 B
A | B | F mn
0 0 0 0 MO
1 0 1 1 M1
1 3 2 1 0 0 M2
3 1 1 1 M3

Anton Gajasinghe - BSc. Unversity of Kelaniya, PGDIP for IT
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A

Three Variables K-Map

Number of squares=2", n=3->23=8

BC
K 00 01 11 10
]
1 3 7/ 5

1

Anton Gajasinghe - BSc. Unversity of Kelaniya, PGDIP for IT
University of Peradeniya
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A A | B|C|F Karnaugh map is a diagram made up of squares,
0 0

. witch each square represent a minterm.

0 0

1 0 o0 1 1

a0 1 0 o Number of squares in a Karnaugh map = 2"

3 0 1 1 0 B

4 1 0 o0 1 i

> 10 1 1 \ 00 01 /11 10\

6 1 1 0 1 y

SO
BB VOB CeRD . {1 1 1 1} — A
gB o Minterms g1e38sy | / =
3% 308 COwW H W \

C

F(A’B’C) T 6(1’ 4-’ 5’ 6’ 7)nton Gajasinghe - BSc. Unversity of Kelaniya, PGDIP for IT F = A v B’ C

University of Peradeniya A



A Four Variables K-Map

* Number of squares=2", n=4-2> 2% =16

1 C

C
[ ; | A
GOS0 =301
AB
. -
o4 5

[ |

11 10

Bl -
N

& Gnat

_——

11 12 13 15 14

10 9 11 10 }B'
e

D’ D, '
Anton Gaj ghe - BSc. Unvera/ of Kelaniya, PGDIP for IT
University of Peradeniya
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BC
00
X \ | 01 11 10
1} -
0 ABC ABC A'BC ABC
i
! AB'C’ ABC ABC ABC’
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Steps to solve expression using K-map

1. Select K-map according to the number of variables.
2. ldentify minterms or maxterms as given in problem.

3. For SOP put 1’s in blocks of K-map respective to the minterms (0’s
elsewhere).

4. For POS put O’s in blocks of K-map respective to the maxterms(1’s
elsewhere).

5. Make rectangular groups containing total terms in power of two like
2,4,8 ..(except 1) and try to cover as many elements as you can in
one group.

6. From the groups made in step 5 find the product terms and sum
them up for SOP form.



* Groups may not include any cell containing a zero

E

A
0 1
of 10
il
WRONG X

E

0 { * Groups may be horizontal or vertical, but not diagonal.
A
0 B 0 1 B 0 L
SR P J of o |0 0| © %
I*l_______l:' : ! /
L '," I"'""':'_
RIGHT Hoe b 0 o IR
WRONG ¥ RIGHT -/

Anton Gajasinghe - BSc. Unversity of Kelaniya, PGDIP for IT
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» Groups must contain 1, 2, 4, 8, or in general 2™ cells.
That is if n = 1, a group will contain two 1's since 2l=2,

If n =2, a group will contain four 1's since 22 =4

L. Oroupof 3

x

B
B 0 1 00 ol 11 10
of 11 | 1jme—drempof2 ob o [ 1
1l g s | o | of of o

RIGHT -~

Each group should be as large as possible.
E E

00 ol 11 10 00 ol 11 10
of i1 | 1 | T L] o t1 |t | 1]
: :\/ — iy
Hoo | of | 1] oo | o1 [ 1
RIGHT ..~ WRONG X

(Mote that no Boolean laws broken,
but net sufficiently minimal)



¢ Groups may overlap.

i +—3roups overlapping,

* FEach cell containing a orte must be in at least one group. )] S _EJ
B ool ooty o v
oo m 11 10 P
of o o [T | 1 e—Grouwpl RIGHT "
g | present in at least one group. E
| ol ol ol Td_rowpm 00 0l 11 10
Lo . .
— 0 1 | I
—--F-- —-op--- > roups not gverlapping,.
to O O i |1




o0 0l 11 10 o0 ol 11 10
Top cell ol 11 A RO o 1T Tl L
AB el iietatel i kel et il NP il |V
T Uool ot il oo o T[T
/ﬁ T B
Leftmost-tell _1- — ichtmost cell BIGHT \/ WERONG
o N
Bottom cell

There should be as few groups as possible, as long as this

Groups may wrap around the table. The leftmost cell in a does not contradict any of the previous rules

row may be grouped with the rightmost cell and the top cell
in a column may be grouped with the bottom cell.



Summmary:

1.No zeros allowed.

2.No diagonals.

3.0nly power of 2 number of cells in each group.
4.Groups should be as large as possible.

5.Every one must be in at least one group.
6.0verlapping allowed.

/.Wrap around allowed.

8.Fewest number of groups possible.



1. Z=5A,B,C(1,3,6,7)
2. F(P.Q,R,S)=5(0,2,5,7,8,10,13,15)
3. F(A,B,C)=nt(0,3,6,7)

https://WWW.g8ekéforgee

i

ersit

28

KAk

IP
na

for

ug

h-map/
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https://www.geeksforgeeks.org/k-mapkarnaugh-map/

BO

B)

1

POS Functions” K’'Maps

A A

0 1
A+B A'+B
A+B’ AI_I_BI

B B’

0 1
A+B A+B’
A’+B A’'+B’




SOP Function

POS Function

B

A+B

A’+B

A+B’

A’+B’

\A

B I ap | AR
ANB | AB
A

B 1
1
F=AB’ + A'B

0
0
1
1

0
1
0
1

© = = O

A

B

0

0

F1=(A+B).(A’+B’)
A B A+B [ A+B' |F1
0 0 0 1 0

0 1 1 1 1
1 0 1 1 1
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Ve 1.A'B > A+B «

2.AB--2>A'+B" <

=[O
el I o
T T

AI+BI

Output = (A+B).(A’+B’)




BC

B+C B+C’ B’+C’ B’+C
00 01 11 10

A+B+C A+B+C’ A+B’+C’ A+B’+C

A’+B+C A'+B+C’ A'+B’+C’ A'+B’+C
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2 elements in one group

BC
A 00 01 11 10

0 0 1 D/ 1
(A'+B’+C’).(A’+B’+C)
1 | 0 0 ) ) ) )
‘ ) 5< ?‘ ji—’ﬁ (A’+B’).(A’+B’)
l (A'+B)

(A+B’+C’).(A'+B’+C’)
(B'+C’).(B'+C’)
[Bi&E:)

F(A,B,C)=(A+B+C).(B’+C’).(A’+B’)
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F(A B C,D)=r(3,7,8,10,11,12,14,15)

1. Write a Boolean expression for given POS formula using truth table

2. Simplify the expression using K'map

AB
: - 0
3. Convert the expression into SOP
0
4. Draw a logic Circuit e o‘l \o [0
OI 0 0
— V p—
1. CD-=>C'+D’
2. AC-> A+C’

3. AD’ --#>oAL:D



YZ
W}N [00] Y+Z [01]Y+Z' [11]Y'+Z' [10] ¥'+Z

[0O] WX

[01] WX

[11] WX

[10] W'+X

1 1 0 1
0 1 3 2

0 1 0 1
4 5 7 6

0 1 1 1
12 13 15 14

1 1 1 1
8 9 11 10
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Y/
W}\ [00] Y+Z [01]Y+Z' [11]Y'+Z' [10]Y'+Z

[00] WX

[01] W+X

[11] W’

[10] W+X

0 1 0 0

0 1 3 2
0 1 0 0

4 5 7 6
0 1 1 1

12 13 15 14
0 1 1 1

8 9 11

10
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F(A B,C,D)=r(3,5,7,8,10,11,12,13)

1. Write a Boolean expression for given POS formula using truth table
2. Simplify the expression using K'map
3. Convert the expression into SOP

4. Draw a logic Circuit



Half-Adder (@@ amEmw)

* 88% 20 HBmN0 DOSBY BE@aenw!3 WOOD WA, DOWO &Y 2 58 enz
OB WE OB BOE GoBD 8050 8L FWMED ECL HEHIOE.

¢ 0+0= 0

0+0 =
0= 2 0+1 =
¢ 1+0= 1 140 =
* 1+1 =10 1+1=

Carry Bit

Binary Display




8300250 @¢2 X 9 Y ) 0 &m0 sum ¢ 928wd dens «® carry bit ¢

O /5™ DO

inputs Outputs
X Y Carry bit Sum
0 0 0 0
0 1 0
XOR
1 0 0 1
1 1 1 0
AND XOR
A ——p 0 emm—— p Sum'S
Half-
Adder
B =—mP» pe—-- -» Carry'C

Sum=X'Y + XY’

Carry = xy

71

%
|— Tl

X e t S

vE
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TZa

* : CAarry
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Full-Adder (g&en eimE®mw)

* 8B €0 O OB BE@aenw ®IOD ©, DO &Y 32
WD) WE OB O GoBD 83330 y&eh BIWMED OCL WEHIDE. de®s)
55 JYL @m0 YD ©d.

*ce-1011+0110

Carry B.C| A.C Carry Out Sum
1 0 1 1 (A.B+B.C+A.C) | AXORB XORC
0

0 1 1 0+ 0O O 0
Carryln 19 1 1 9 0+ 0O 0 1 0 1 0 0 0 0 1
Sum 1|0 0 0 1 O 1 O 0 1 0 0 0 0 1
Cyout 1 1 1 0 01 1 1 0 0 1 O 1 0
1 0 O 0 1 0 0 0 0 1
1 0 1 1 0 0 0 1 1 0
1 1 O 1 0 1 0 0 1 0
1 1 1 1 1 1 1 1 1 1
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* Thus, we can implement a full adder circuit with the help of two half
adder circuits.

A

Ci

NS

Pt
ey

FULL
ADDER

Cour




Full adder using half adder
g“t - CA@ B>C".n + AR

| R, e e e R i e | - 2 - =
|| Half Adder | . Half Adder | | (Ae+BA)GntAB
| A=B e g T S -
= [ SUM H = Sl | (A8)5Cm : e TARG,4BAC, 4 AB 1R
: :: i :AE: : i :GH(AEEJ : 'B(“Cc’n-m)#-?&ﬁ\(;n
— U 2 r .
:| CARRY " - CARRY [~ : S ) 5ace
PO SEE L ] 7 e K ol J C
S D AR +Bcrn4 T
| Full Adder I n™ BAGH
ARHB 4 A )G

g“"HB‘*BC.‘n-iAC;,)
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FULL |Gour
B | ADDER
S
Cin BIT 3
A
FULL | Sour
B | ADDER
s
Cm BIT 2
A
FULL | Sour
B| ADDER
s
Cin BIT 1
A
FULL |[Sour
B | ADDER
S
Cin BIT O




8 @me - Flip Flop

88-e200 oxn BB dond =bonend St@EEne @0 8 3030 Hbecd. 88
abhadn =85 @6 DomEn Gonen SbE#Ene oe o 0. o0fad zebe
Bonmens mog ® gbhdmd Sg-emg et wEico = 0. 688 abhaded oo
maIee og 50 o 8o o) el mScba aqum.

88-eg Obe ®#EHmbn & =08» god, 98 dHbe godd I8 SE-saNg
Dboon =bogmed g S000 edd ) 208, ma)ae 1o bx» BD 8E e=ig 58X
a82a0 e@e 1 @@ ecxn @@® god 6cdHm BOX mainag 18 gmoes oeemis 8-
sag 583 sfarae (0 96x goed.

ODE paymea 1 e ggn BO, 88 sag BEX nfarmned Dba®mn goG
Bdedt) goomd =s0HObone Do6H ged. Dae EENE® oem =8n a6 ehaiod
2800 3L sang 585 g8 D @@ ecxnpd® marymdbrgd 58610 emendi.
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e 8 - exog - SR Flip-Flop

R-S (Reset Set) 8 e=g 6dc® @zl =mfp ® 88 eag 68 P Omens O
2I® G2E oM a8 ecod g, 55821 6ced Hon BDod B gend xnHarmed
a8eg)Bc Ho:mnine Do, e g6 62ens DD 86X Domd Ma)® SO @)

®HID) god D1 gard gxd nfacrm g 62 BEX mfa® good @@ sex goed.
e6Bent oS0 aei)m gEed 30 Ma)® gRED B EEh 25 gae ERh Be® BT
a8z gec degt B =DE. 6B8 nfc)®m 0800 Set and Reset input ege mexoa.

ame crehdexn Degsy NMAND s NOR 8¢ a6xs Sbhédne oo® ge 8 g
abhaad ed.
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R
S (set) o j o
fsel) | A Q
Inputs Qutputs
B U B
Rireset)e } S
(a] Latch Flip Flop NAND Gate (b) RS Latch Flip Flop NOR Gate
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combinational circuits

\ J p y

Combinational
circuit

sequential circuit

Combinational ’
Inputs — B,
logic circuit ’

Yy ¥ 9
0m®

R [ 1 . Memory
; element
;7

Clock
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