LOGIC GATES, BOOLEAN ALGEBRA

SIMPLIFICATION OF LOGIC

1. What is Logic Gate ?
A Logic Gate is an electronic circuit that performs a

Logico.l. operation on one or more binary inputs and
produces a singl.e binary output.

Ke.g POEI"I.".'.S . :_ExamELe_ . -—IL
® Inputs ond output ave in binary form (0 or 1). | I
o Used in diaital_ circuits to Pe'r-Fo'rm Logica]. operations. ! A —» LoGIc Y |
e Basic building blocks of digital systems. [ = = |
9 3 J B —» GATE (Ou‘l.’ t)l
® Implemented u.sing diodes, transistors or ICs. i ES |
B e S -]
2. Types of Logic Gates
There are seven basic hdpes of Logic 80.’:&5.
S.No.| Gate Name S:.jmbol. Truth Table Boolean Expression Description
A B Y Output is 1
Ll ND" Gate AAD—_Y o o] & A e,
= o 1 (o} =A. :
(Y=A. B) B — 0 o o both inputs
1 1 1 are 1.
b OR Gate A g S -—Z— Output is 1
(Y=A+B) BDY ol 1 Y=A+B when atleast
1 1 one inpu.t is 1.
LTl 1
3. NOT Gate A Y Output is
(Y i -ﬁ-) A "">0“ Y 0 1 Y=A complement of
1 o) the input.
4. | NAND Gate |A _ e Output is O
(Y=ﬁ) B—-D}—Y .0 1 N Y=A.B onl.:d when both
1 Thy o) i inputs ave 1.
1 i (o]
5. NOR Gate A 2 E —1’ Output is 1
(Y = A_-l'E;) B D—Y o 1 o) Y=A+B cmLH when both
i i’ g inputs are O.
6. | XOR Gate | A g - b Output is 1
(Y=A®B) |B e Y=A®B phen puts
i iiJ (1) are different.
T. XNOR Gate | A g S —I Ou{:put is 1
(Y = M) B i)D)_Y 0 1 o N = m when inPu.‘l:S
16 o are same.,
il 1
% Note : In Digital Electronics, all inputs

bina.rrd 0 (Low) and 1 (HIGH).

and Ou,tpu.ts are in terms o{:
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LoGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

1. Not Gate - P_e_a_fini'tion
The NOT 30&,& s a basic diai’ca.l. Loﬂic ﬂa.{:e. that
inverts the [nput. It produces an ouﬁpu{: that is

the comELeme.ni: 0{_‘ the Inpu{:.

_P_(_gg Points :

It has only one input and one output.

The output is o.lwa.ﬁs the opposite of the input.
Also called Inverter or Complemeter.
Represen{:ed b}j a small circle (bubble) at

the output.

2. Not Gate - Working PrinciPLe

The NOT 3a.te, reverses the Losic level of the input.

o If the input is HIGH (1), the output becomes LOW (0).
o Tf the input is LOW (0), the output becomes HIGH (4).

S. No. Parameter Details
i1 Diaamm A (Input) 4>[>0—> Y (Output)
2. Losic Sﬁmbo[. A 4>I>O——> i
A (Inpu’c) Y (Ou‘hpu{:)
3. Truth Table 0 1
1 0
4. Boolean Exp'ression Y=A
o 9 Output is the complement of the input.
= cTipreon When input is O, output is 1.
When input is 1, output is O.
% Note : The NOT gate is a fundamental gate and is used in

many diaital circuits and apptica.‘l:[ons.

R i e =
| ExamEle. : :
|

| l
i A - NOT > Y }
| (Input) GATE (Ou.tpu‘l:) :
| |
| [
Le S W o i S AT a1
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LOGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

1. AND Gate - [Efi.ni.{:lon

The AND so.te is a fundamental di.si.tal losic 3o.’ce that

performs logical multiplication. It produces an output

that is HIGH (1) onls when all its 'anu.’cs are HIGH (1).

_]{EH Points :

® Tt has two or more inputs and one output. |
e Ou’cpu’c is HIGH (1) only when all inputs are HIGH 1)
® Also called Logical Multiplier.

® Sﬂmbol resembles the letter ‘D’ shape.

° Wid.e.Ll:j used. in disital circuits and applications. |

2. AND Gate - Working Prindple

The AND Sa.te fcl.l.ows the p'rinc.lple. of Losic.o.l. mul.tipl.ico.’clon.

e If all inputs are HIGH (1), the output is HIGH (1Y
® If any one (or more) cf the i.npu.ts is LOW (0), the output is LOW (0).

S. No. Parameter Details
) Tnput) ——
5 ) Dmﬁmm A npu) D—b Y (Output)
B (Input) T
. P =
2 Losu: ngbol B D—§ Y
A (Inpu.t) B (Inpu‘l:) Y (Outpl.d:)
0 0 0
3. Truth Table 5 1 5
1 0 0
1 i 1
4. Boolean Expre.sslon Y=A.B
5 D g Ou’cpu.’c is HIGH (1) onLS when both inputs are HIGH (1).
’ e Otherwise,, ou.tput is LOW (0).
% Note : The AND Sate is a basic buiLd.'mﬂ block in diﬂ'd:al. circuits

and. is used to perform Loglcal multiplication.
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LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

OR Gate - I_)Efinf.ﬁon
The OR so.'l:e, s a -Fund.o.me.n’co.[ disital l.ogic. so.'l:e, that
performs logical addition (OR) operation.

It produces an output that is HIGH (1) when any one
or more of its inputs are HIGH (1).

Sﬂmbol. resembles the curved shape. like
the letter >’ without the e.clua.L bar.
® Wi.d.e,lH used in d.i.s'l.fol circuitts and G.PP[.ica.Jc'wns.

- [ P e R T
.]SE"E] Points : | Example :
® It has two or more inputs and one output. |
® OQutput is HIGH (1) if any one (or more) input is HIGH (1), : A
® Output is LOW (0) only when all inputs are LOW (0). | | (Input) Y
® Also called Logical Adder. | B (Output)
| (Inpl.d‘.)
©
|
|
|

OR Gate - Working Princi.!:le

The OR So.te. follows the principle of losi.c.o.i addition.
o If any one (or more) of the inputs is HIGH (1), the output is HIGH (1).
o If all inputs are LOW (0), the output is LOW (0).

S. No. Parameter Details

A (Input) —

8 (Inpu,t) ¥ (Output)

i Di.o.s'ra.m

2. Los'Lc Sﬂmbol 4 Y

B —»

A (Input) B (Input) Y (Ou{:pu.t)
0 0 0
3. Truth Table 0 1 1
1 0 1
1 1 1
4. Boolean Expression Y=A+B

Ll Output is HIGH (1) when any one or more inputs
5. | Description are HIGH (1). Output is LOW (0) only when all
inputs are LOW (0).

% Note : The OR So.‘l‘.e is a basic bui.l.d.'mg block in d.i.si.to.l. circuits
and is used to perform logicoi addition.
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LOGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

1. NAND Gate - De,fini’ci.on

The NAND gate is a fundamental d.isitaL [oﬂic ao.te that
Performs Egﬂiccﬂ. NAND ope.ra.ﬁon. Tt p'rodu.ces an ou.’cpu.{'.
that is LOW (0) on|.3 when all its inputs are HIGH ().

&g Points :

® Tt has two or more Inputs and one oufput.
® Oufpu‘l‘, is LOW (0) OnLH when G._U. i,n?u{'.s are HIGH (i)
® Also called Logica.l_ NAND.

® Sﬂmbol resembles the AND gote with a small circle
(bubble) at the output.

® W'Ld.elH used in dlgﬁ:al circuits and a.PPLi.c.a.tl'.ons.

, P b ol S S 7
| Example |
| |
A —a |
| (iputy | NAND |
| S GATE (Ou’cput) |
I (Input) :
| |
e s J

2. NAND Gate - Worklng Pri.nci.lol.e

The NAND sa.Jce. -Fol.lows the Principle, of Loalcol NAND opero.ﬁon.
® If all inputs are HIGH (1), the output is LOW (0).
o If any one (or more) of the inputs is LOW (0), the output is HIGH (1),

S. No. Parameter Details
A (In t) —»
13 Diagram ) Y (Output)
B (Inpui) —
| A
2 LOSLC Sﬂmbol. Y
B —»
A (Input) B (Input) Y (Output)
0 0] i
3 Truth Table 0 1 7
1, 0 1
i 1 0
4 Boolean Expre.ssion Y = (A. B), (' means NOT )
& Desorlpﬁon Outpu.t s LOW (0) onlﬂ when both mpui‘.s are HIGH (1).
Otherwise, output is HIGH (1)
% Note : The NAND Sa.te. is a universal Sod:e.. An.3 d.i.SH:o.L circuit

can be built u51n3 oan NAND sa.tes.
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LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

1. NOR Gate - Defini.{:i.on

The NOR aoie. s a funda.merd:ul dial‘ta.l. Loslc Soi.e. that
Performs logic.ol NOR oPe.ro;I:f.on. It produc.e.s an ou:I:Pu.+.
thot is HIGH (1) onLB when all its inpu.ts are LOW (0).

&3 Points :

® Tt has two or more inputs and one ou’cpu’c.
® QOutput is HIGH (1) on.l.ld when all inputs are LOW (0).

i
i
I A
® Outpu’c ts LOW (0) when any one (or more) LnPu{-_ I(In-put) A Y
is HIGH (1). } B (Output)
]
|
|
|

® Also called Logical NOR. (TInput)
] Sﬁmbol. resembles the OR So.te with a small circle
(bubble) at the output.
o 'w'i.deLH used. in cli.s'd:a.l. circuits and applications.
G am oo o Bus e oz o

2. NOR Gate - Working Prin.clp[e.

The NOR gate follows the principle of logical. NOR operation.
® If all inputs are LOW (0), the output is HIGH (1.
o If any one (or more) of the inputs is HIGH (1), the output is LOW (0).

S . NO . Pa.ra..me.’t.e.r De.{'.ai I.S

A (Inpu{‘.)
k. Di Output
s Sy :D_. Y (Ot
A
a0 | Logiesel ; :D_. Y

A (Inpu.‘l:) B (Inpu.t) Y (Ou.tput}
0 0 i
& Truth Table o 1 0
i 0 0o
i i 0
4. Boolean Expression Y = (A+B) (’ means NOT )

Ol.dzput is HIGH (1) only when both inputs are LOW (0).

5. | Descripti
S Otherwise, output is LOW (0).

% Note : The NOR So,{:e; s a universal Sa.te. Anﬂ c{i.si.tal circuit
can be built U.si.ns oan NOR Sa.{'.e.s.
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LOGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

1. XOR Gate - Defmlﬁon

The XOR gate is a fundamental digital logic gate that
performs logical Exclusive-OR operation.
E Prod.u.ces an ou.’cpu.{'. that is ﬁ;_cﬂj (1) onl.H when the

i.npu.{:s are dlffe.re.nf. I-F the anu.{'.s are same, ou{:pu{: is LOW (0).

Keg P PO :
® It has two or more inputs and one output. | |
® Output is HIGH (1) only when inputs are different. I & I
® Output is LOW (0) when inputs are same. |(Inpui} X |
® Also called Exclusive-OR gate. | B (Output) |
® Sldmbol has an extra curved line on the input side 1(Inpu.t) |

compared to OR gate. } :
® Widely used in digital circuits and applications. L -J|

2. XOR Gate - Working Princi.ple,

The XOR so.te. foLLows the prlhclple o-F Loslc.a.l. Exclusive-0OR ope.ro.ﬁon.
® TIf the inputs are different (one is HIGH (1) and the other is LOW (0)),

the ou.tput ts HIGH (1).

® If the inputs are same (both. HIGH (1) or both LOW (0)),

the ou.tput is LOW (0).

S. No. Parameter Details
A (Input)
i Y Diagram Y (Output
gr B (Tnput) :j' ——> Y (Output)
A
2, Logic Symbol B D——f) Y
A (Input) B (Input) Y (Output)
(o) o] 0
3. Truth Table o 1 1
1 0] 1
1 1 0]
4. Boolean Expre.ssion Y = A ®B ( ® means XOR)
5 D - Ou.tpu.t is HIGH (1) on|.3 when the inputs are different.
‘ ke b bt Output is LOW (0) when the inputs are same.
% Note : The XOR gate is a versatile gate used in adders, parity

sane.ra.i:ors, code converters, and many di.ai.{:o.l. circuits.
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LOGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

1. X-NOR Gate - Defini,’cion
The X-NOR Scd:e. s a -Fumlo.me.n.’cal di.ﬂi.tal Losic sofc.e. that

performs l_osical Exclusive -NOR operod:i.on.

It produces an output that is HIGH (1) only when the
inputs are same. If the inputs are different, output is LOW (0).

Kgld Points :
It has two or more inputs and one output.

® & & o

'w’id.elg used in cllﬂi.{:ol cireuits and o.PpLica.’ci.ons.

OL.L{:PLLJC is HIGH (1) on|.5 when i.npchs are some.
Output is LOW (0) when inputs are different.

Also called Exclusive-NOR au.te.,
Symbol has an extra curved line on the input side | | (Tnput)
and a small circle (bubble) ot the output.

A -
| Exa.m.FE

|

| A

| gt ® T
- g— (Output)
|

|

|

i s e o e e

2. X-NOR Gate - Work[ng Prlnciﬁkg

The X-NOR So.'l:e fc{Lows the Panc.LPLe; of losicol Exclusive-NOR operati.on‘
® TIf the T.npwts are same (both HIGH (1) or both LOW (0)),

the output is HIGH (1).

2 If the i.nputs are d.i.f-Ferent (one is HIGH (1) and the other is LOW (0)),
the outPuJ: s LOW (0).

S. No. Parameter Details
g A (Inpul'.)
1. Dm.gro,m B (Tnput) ’D—b Y (Output)
8, | Legetmial 4 Y
: ogic Symbo 8
A (Inpu.t) B (Inpui) Y (Output)
0 0 i
3. Truth Table 0 1 0
| 0 0
i 1 1
. - - ( ® means XOR,
4, Boolean Expressmn Y = A® B B
5 D _r Outpu‘l‘. is HIGH (1) onl,g when the inputs are same.
; i Output is LOW (0) when the inputs are different.
% Note : The X-NOR so.te. s a universal so.’ce,. Anﬂ disiiol circuit can

be built u.sin.s onL3 X-NOR Sa.’ces.
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L.OGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

Universal Gotes -~ NAND and.

NOR

NAND and NOR So.‘te.s are called Universal Gates because any

d.i.si.to.l. Loslc. cireutt can be built u.si.n.s on_._|.3 NAND so.’t.e.s or

on!.a NOR SGE.

&H Points :

® Both NAND and NOR so.tes are universal,
A the.H can be used to implement

NOT, AND, OR and. any other Losi.r. funcﬁon..

® This reduces the variety of ICs required.

i.!"l. d‘LSH:D.l ci.rc.ui.t d'E.SI.SI'I. O.l"bd. ma.nufo.c‘l:uri.nﬂ.

¢ NAND so.te. is more commonl.nd used in

d.LS ttal ICs.

Y = (A.B)

A=1and B=1

w 1_ Usi.n.s NAND Gates On.l.'tj_

AE.'. hO.S‘i.C so.te.s can b?. ;.mPLe.me.rL{’.e.d. LLS;.I"LS NAND SO.tES.

LOW (0) on.l.ﬂ when

8- dilLBod |
Db
Y Y |

B = B — [
|[

|

|

|

Y = (A +B)

HIGH (1) onlﬂ when
A=0and B=0

Loaic Function Implementation using NAND Gates Boolean Expression
NOT Gate Y = (A.A) ;
(Inverter) " l : K = A Lt

G : ¥ = (& B
AND Gate B v ¥ e k-B
= A.B
A Y (AJ B;)f
OR Gate }—. Y 5 : =
* 2_ Us[nq NOR Gates Or’\.l.li
All basic So.te.s can be 'meleme.n‘l:e.d usinﬂ NOR Sa.te,s.
Loﬂic Function Impl.emrd:oii.on using NOR Gates Boolean Expression
NOT Gate [:2 : Y = (A +A) g
(Inverter) A " = A’ T EM
A Y = (A48

OR Gate BWY o4 e Y=A+B
A ¥ ¥ !

AND Gate Y Y =(A+B) Yai R
B = A.B

% Note : Since NAND and NOR soies are universal, d,esi.sne'rs can i.mpLe.ment

any logic clreutt u,si.ng onLﬂ one tUPi' of ga,te.
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LOGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

Rules and Laws of Boolean Algebm.

BOOLE.O..‘{'L CI..LSE.!DT‘O. I'LO..S =8 I"l.LLmbe.l" O'F LMPOY'JCD.I‘L{'. TIJ.I.E.S O..I"Ld. ].C.LN.S {hﬂi are

used to sLmPLL-FH loslc.o.L expressions..

ﬁeﬂ Points :

Basic Notation :

| |
® These laws are the foundation of logic : A.B =& Vaiables {0 or1) |
5lmPU.f ication . = L |
® TheH heLP in reduc.‘ma comPLe.x e.xpre.ss't,on.s : “ Complemenic Of A (NOT A) |
to si.mPLe. form.s. | A 3 B - OR ope.ra.fl.on :
® They are used in digital circuit design, | A.B - AND oPe,m.Jci.on |
opﬂmizaﬂon and. a.no.lgsis. | 1 - Logi_c HIGH (Tr'ue.) |
® Here, A and B are variables which can | 0 2 Logi.c. LOW (False) |
have values O or 1. | |
T e — =]
S. No. Law / Rule OR (+) Form AND (.) Form Expla.m{:'wn
3 & - Addlﬂ.a 0 or mLtLPl:.jirLs bH 1
1. Idenhtﬂ Ly AvD =N A.1=A does not chn.n.ae. the value.
Add.i 1 gives 1, multiplyin
2. | Null Low Aodad A.0=0 Y e gl
5 SLVE.S 4
Repeo.’t.lnﬂ the same varlable
3. Idempoten{: Lasw As k= A A.A=A does not change the result.
K — A va.ri.c.l::h’. OR 'lfs c.om.PLe.m.e.nt
4. ComPLeme.rLﬁ Low A+ A= 1 A.A=0 si.ve.s 1; AND glves 0.
: = = Complement of o com lement.
. - P P
5. Involution Law A=A A=A e B il Sarbobll:
- g z Changing the order of variables
6. Comnw.’ca’twe. La.w A * B = B + A A . B = B s A e clunﬂe W vaistr.
i (A + B) +C = (A . B) G & Group.ma of variables does
7. Rl e A+ (B &) AKB:€) not change the result.
8 bl st A.(B+C) = A+(B.C) = AND over OR and. OR over AND
; A.B+A.C (A+B).(A+C) | distribution.
q . AbSOFPﬁon Law A+A.B=A A. (A + B) = A Absorbs the extra term.
10. | De Morgan's Low | K+ = (A.8) | K.B o (Asg) |Relabes AND and OR uith
c.ompinamnts,
11. Consensus Theorem A.B+A. C: B.C= (A*'B} . (A*’C)ﬁ (B+C) i Rf,d.l:m.d.o.rﬁr. term can be
A.B+A.C (A+B)(A+C) eliminated .
% Note : These rules are very usefuL n si.mpl.{.faj?.ns Boolean axpression.s

and in d,esiﬂnins efflcierd; cU.g?.{:o.L circuits .
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LLOGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

De - Morg an’s Theorem

De—Morﬂo.n's Theorem is a very u.se.fu.l. theorem in Boolean a,l.se.bro.

which he.lps to simplifﬂ [.oalcal expressions and [osic circuits .

o e ety
&HM . I Basic De-Morgan's Theorems :
e Tt Provlde.s a re.'l.o.’c.ionshlp between | ’ : 3
AND, OR and NOT operations. | 4. [fA.B) = A «B
e Tt is wid.e,lﬂ used. to s'LmPliﬁ.j Boolean F The compi.emnt o-F an AND ope.ra.{',i.an
expressions and to realize Loslc E is equo.]. to the OR o-f the cOmPl.eme.nts.
-Fu.r-.c.{‘.i.on.s u.si.ns NAND or NOR So.'l'.es onlﬂ. [
® Tt helps in converting a complemented | 3. (A+B) = A".B
combination into a combination of [ The L L OR i
complemented. variables. | qEirenWaL B A, LN
| is eclu.al to the AND of the compLe,men{'.s.
it 8 by W W Sl e B WS N Dl e
1. First Theorem : (A . B) = A" + B’
(A . B) Using AND gate and NOT gate Using only OR gote
A » A —>o
3 Y =
B — >0
Y = (A.B) ¥sA B
2. Second Theorem : (A+B) = A . B
(A + B) Usf_ns OR Soi—,e, and NOT So‘te Usina onl.ﬂ AND 30.{'.3
P o
. = |
B >o =Y
Y:(A+B}; Y'—‘A’-B,
Truth Table Ver[.fi.c.a.’c.i.on
For' (A ¥ B)’ = A’+ B' For (A * B)' = A' ;i B’
A B |A.B|(A.B) | A B" |A'+B A B |[A+B|(A+B)' | A B A B
0 0 0 1 1 1 1 0 0 0 i i i B i
0 1 0 i 1 0 1 0 1 . i 0 pi (¢} 0
1 0 0 i 0 1 1 i 0 i 0 0 i 1 0}
i 4 1 0} 0] 0 0 1 1 1 0 0 0 0

* Note : De—Morﬂan’s Theorems are very helpfu.l in slmpLiflco.ﬁon of Boolean expressions

and in impLe,mn’clnﬂ Losic circuits u,slnﬂ universal Scd:es (NAND or NOR).
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LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

Simpl.i.ﬁco.ﬁon of Boolean Expressions

Sf.mpl.i,fi,ca{:i.orn. of Boolean expressiorxs means re.ciuc[.nﬂ a Boolean

expression to its simplest form_ using Boolean a.l.se.bro, laws and

theorems. This heLps n reclucin.s the number of so.’c,e.s in a circult.

R AL AR Fa L i TR e AL 1

&3 Points : | Basic Rules Used for Simplification : |

5 Fuse a8 ) I 2. A &0 = A (Ici.enﬁj:ﬂ Law) l

<} SLmPLLchaJ;mn reduces compf.e.xd:a. : 8 & Ak (Id.en’cH:H L) :

® It reduces the cost of d.i.sifa.l circuits. | | 3. A+1-=1 (Null Low) |

| 4. A.0=20 (Null Law) |

® Tt makes implementation easier. B e ke k (Idempotent Low) !
| 6. . A E Tdempotent L

e It h.:e.Lp.s n fq.s’cer calculation and ] 6 i _A- A ( Mpaten aw) :

_ i | 7. A+A=1 (Compleme.rd: Law) |

a.na.[.HSLs of Losu:. circutts. | & &.7 b ( Complamant i3 |

| 9. A+ BC=(A+B) (A + C) (Distributive Law) |

| 10. A(B+C) = AB + AC (Distributive Low) |

fafe i i Ll FoR Sl o i g Wy Y |

* EXG.'I"C-[.SE.: SLMPLL'FS ’che 'FO[.I.DWLI’LS BOOI.E.CU’L E'.XPF‘E'.SS;.OI"LS.

S. No. Boolean Expression Simplified. Expression
- Y=A+A.B
2, Y=(A+A)-B
3 Y = (A +B)(A + B)
4 Y=A.(A +B)
5. Y=(A+B)+A.B
%* Note : Use the Boolean laws and theorems to simplify each expression

and write the -f[.nol simplesi‘. form..
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LOGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

Simplification of Boolean Expressions — Exercise (More Questions)

* Slmpliﬂ\ the followi.n.s Bo

A+A-B

®

(®) Y=(A+B) (Es0C)

@ Y=(A+B)(A+C)+AB

* Note : Practice these

BDO Leo.n ex P!"’ESS

olean e;xpr‘e,.ssi.ons u.si.ns Boolean A!.sebra..

Solution Steps :

Y = A + A ? B
= A (1 + B) EFad:or " ( )
A+ B = A (Distributive Law
= 1
A ( ) (i +B=1 (Nu.ll. LO-W))
= A (A -1 = A (Identity Law))

Solution Steps :

Y=(A+A) B

(1) » B (A + E =1 (Comp[em&n{: La.w))
- B (1B =B (Identity Law))

Solution SjceFE :
Y=A-A+B

= (O) + B CA - A=0 (Compl.e.ment Law))
= B (0+B=B (Ide.nﬁ{:a Law))
Solution Si:e.r.E :
Y = (A+B)« (A #C) (Distributive Law)
= AR & AC %+ BA + BC (AA = 0)
= O+ AC + AB + BC (Factor B from last
= AC + AB + BC two terms)
= AL » BlA + €) (Distributive Law)
= AC + B(A +C) (No further simplification)

w AC + BA + BC

Solution S‘l:@.':E :

¥ = (A+B)(A +€) + AB (Distributive Law)
= AA + AC + BA + BC + AB (AA = 0)
= O+ AC + AB + BC + AB (Rearrange terms)
= AC + AB + BC + AB (Factor B from terms
= AC+B(A+C+A) with B)
= AC + B((A + A) +C) (A+A=1)
= AC + E (1 + C) (Associa.ﬁve Law)
= AC + B (1) (4 L= 1)
= AC + B (X-1=X)

Frobl.ems to ;.mprove. your skills in sﬁmpl;.fﬂi.ns

Lons L.Lsin.s Boolean AL&ebra..

¥ For Details
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LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

Max. term and Min term

MO.X. ‘terms th. MLI"‘L {'.EI"I'TLS are 5{:a.ndo.rd. P'I"OdU.C{'. O.I’l.d. SJCG.I’LCLCU'd. sum {:e.rm,s

used. to represen‘E Boolean -Fund:[.ons.

&5 Points : rBasw. Notation : L.

@ Th-ese- ‘Eerms are JCI‘LP. bﬂ-si-c bU.T.l.d.Iﬂ-S bLOCkS w MO.X te,-m —— REPTESQI’L{-B& b‘lj (Ml)

It is a sum (OR) term in which the output

|

|

-For wri.‘l:ins Boolean e.xpre.ss'l.ons. :
® Minterms are used in Sum cf Products | becomes O for onl.ﬂ one combination of
(SOP) -Form. | variables .
® Maxterms are used in Product o-]: Sums |
(POS) form. |
s Tiw.e.H help in converting truth tables }

into Boolean expressions d

* Min. term — Rapresen{:ed by (m;)
It s a Prod.u.cf (AND) term in which the

OLI.tPU..JC be.com.es 1 ‘]COF OH.LH one comb[.na.fi.on

. of variables.

1. Min. term (mi) :

® A minterm s an AND term that includes every variable in either true (mmmpl,e"-.en’cecl)

or COMPI.E.ME.I'\.t -Form..

® For n variables, there are 2" minterms.
EO.Ch ITI.IJ"LJCE.'I“FYL LS E.q'Ll.O.l. 'tO i -For OI"L[.H one row O‘I: ‘H"LE. tru.th fab[.e. G.H.d. O 'I:OI“ O..LI. O‘H‘LE.I'S‘

Exam&: For two Vo-rio.bl.es A o.n.ci B

A B | pupty | Min term Vi b S oL, I, BB 4
0 0 0 me = A.B :-mimiwm=,= :
0 1 1 m = A.B L% wy &0 ki hel, BeR
1 0 2 Wo = A5 b o o e B B |
1 1 3 e A B el i

2. Max. term (M) :

® A maxterm is an OR term that includes every variable in either true (uncompLemen‘l’.&d)
or complement form.

® For n variables, there are 2" maxkerms.
® F[och maxterm is eobuo.]. to O -For on.l.ﬂ one row of the truth table and 1 for all others.
Exa.m.[&: For two variables A and B

A | B | pedaay | Mex tem L& My &0 when Ao, B=0 |
0 0 0 M:):A*E | o M, is O when A=0, B=1 |
0 1 1 My=p+D :. M, is O when A=1, B=0 |
: 0 2 e AF 0 L& My 0 hen Bl B-d |
1 i 3 M; = A+B Bl i = i, o e, i

% Note : Min. terms are used to write -ch{:ion.s in SOP -Form..

MG.X. i:e.rms are u.sed. ']:O WFH.'.P. 'FLLFLC'I:E.OI"LS Ln. POS -Form..

¥¢  For Details Notes, Visit www.polynoteshub.co.in 3%



LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

Canontcal form of equation

Canonical -form. of an e.q'uat'l.ort s a standard -Form in which the expression is written as

o sum cf minterms (SOP form) or a Produ.ch of moxterms (POS form).

: TR i el iy a2t b g i i =
&5 Points : Basic Notation :

® i -]C i -F i ; 2
Cononical forms are MRS TR B Guich m; — Represerd:s minterm number i

fun.c.ﬂon. X

® In canonical SOP form, all terms are M': . Repre.ser‘d:s maxterm number i

|

|

|

|

: |
minterms. | SOP (Sum of Products)

® In canonical POS form, oll terms are |

|

|

|

maxterms .

—  Sum o-f minterms

POS (Product of Sums)

® EverH variable appears in each term ey Poadust O'F O v

in either true or compl.e.men{:e.d. -Form..

i. CO.I"LORLC.D.I. SOP form (SLLI"H. O'F min’c.e.rms) 3

® A Boolean -Fu,n.cti.on can be expressed as a sum o-F minterms -for which the fun.cti.on s 1.

® F[Fach minterm contains all variables in either true or compLemnted. form.

It s also called Standard Sum c--f Products .

: B iob Fo—————————————— :
ExameLe : or two variables A and B o TPF oL for e iy, 9 By

| |

A 3 Output Mikeii | then canonical SOP form is ]'
- o (;) —E : F(AB) = Tm(1,2) =AB+AB |
. | @ If F=1 for all minterms |

0 1 1 o = A.B L F=3¥m(0,1,2,3) =1 :
1 0 1 m, = A.B : ® If F =0 for oll minterms |
1 1 0 my = A.B | F=3m(®)=0 |

. Canonical POS form (Product of maxterms) :

Each moaxterm contains all variables in either true or compl.emenfe.d. form,

It is also called Standard Product of Sums.

k . R e A e et
Exa.meLe : For two variables A and B § TOF =0 fobomatins M ik My ]
Output

2
® A Boolean -func.ﬁon can be expre.sse.d. as o Prod.t.l.c{, of maxterms fcr which the fu.n.cﬂon gs 0.
e
[ ]

I
A B () Maxterm : then canonical POS form. is . :
0 5 5 Mo = (A+B) | F(A,B) = TIM(0,3) = (A+B).(A+B) :
= | ® If F =0 for all moxterms
. ¥ : il | F=TIM(0,1,2,3) =0 :
1 0 L M, = (A+B) | @ If F=1 for all maxterms |
1 1 0 M, = (A +B) IL F=MIM(®) =1 _:

% Note : ® Canonical form.s are very hel.pfui in uslns K—map for smeLL-F.c.aﬁon.

° An.g Boolean fu.hcﬁon can be written in both canonical SOP and POS -form.s.

¥  For Details Notes, Visit www.polynoteshub.co.in ¥



LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

Min Term Table (3 and 4 Variables)

A mi.n{',e.rm t.s a Prod.u.c‘l‘. term H'w.{: ;.rLCLu.d.e.s au erlo.bLes in el.{:h.e.r ‘I:rLLe. (mCOmPLEmerLJLP.d)
or comp‘.emn{: -]tor'm and evaluates to 1 -For on.|.3 one combination o-f variables .

&H Points : rBr::.si.lt: Notation : E

® Minterms ore used in SOP (Sum of
Products) form.

® For n variables, there are 2" minterms.

® [Eoch minterm corre,spon.d..s to one unique
row in the truth table where the output
e .

® Minterm m; is written in the order of
vartables as A, B, C, D ...

m; —> Minterm number i
n = Number of variables

Minterm contains all variables in either

'IH"I..LQ. (LJJ’LCOP'I'LPLEJ’I’I.E’LJC.EA.) or COI’I"LP'.E.I'\"LG.?'.JC ']COI'ITI..

For n va.rf.abl.es. = TO{'.O.L mf.n.{'.er'm.s = Q,ﬂ

b e s i e e o
1. Minterm Table (3 Variables) 2. Minterm Table (4 Variables)
A B C %ﬁrm Minterm Expression A B C D PLL::irm Minterm Expression
er er
6 | o |® mo ABC ¢ 19 |0 (2] = ABCD
oo |1 m ABC 0 o]0 |1 m, ABCD
1 -
: : : T8 C 0 0 1 0 m, ABCD
Ma s B ‘B RERF m, ABCD
@ [k | & msy ABC PYEYERNE m, ABCD
L e || @ m, ABC g [ £ | @ ] 4 mg ABCD
1 0 1 Mg ABC 0 1 1 0 me ABCD
NV Ty 0 4 1 | 4 m ABCD
i t "ag o |% m, ABCD
1111 my ABC BEAEAN m, ABTD
DT AT e Tl [sTo] m [ aBCO
| ® Total minterms = 2° = 8 (from my to my) : 1 0 1 1 My ABCD
| & Each minterm is 1 for only one combination. | | 1 | 4 | 0 | O M1 ABCD
r_______________________ by ek il o - |t 1 0 | 4 My ABCD
| How to Write Minterm ? | 1 1 1 0 My, ABCD
| 1. Take the variables in a -Fi.xe.cl order. | 1 1 1 1 o ABCD
| 2. For each row of the truth table: | -
: £ Ta Sy 4 - (i s W S WL . =] ey e e . e e g
I —+ Write the voriable as it s L‘]t the value is 1 | | For & wvariables (A’ B’ CF D) [
: = Wr'tte ‘Et Siih b Casmplamiat) & ‘i | : o Total minterms = 2* = 16 (from m, to myg) :
| i3, MLJ.L‘ELPLH CARED: sl $ha. mostablas . | | ® Each minterm is 1 fnr on.LH one combination. |
I s SO S R p ST ST E RN LW SR DR N W AN T o]

* Note' . Mi.n‘l:erm 'I.'.G.IDLE.S are VE.I"H I.L.SE.‘]EL-LL ;.-I"I. Wr';.'l.'.;.-]’lﬁ BOOLEO.-‘I"L 'FI.M'IC'H.OI'\.S i.l"l. CO.I'\.OFLLCO.'.

SOP ‘]EOI"?'I"L a.nd LI"L K‘I"FI.O.P .Si.J'I'LPLLfLCO.tE.OI'L

¥  For Details Notes, Visit www.polynoteshub.co.in  ¥¢



LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

Max Term Toble (3 and 4 Variables)

A moxterm is a sum term that includes all variables in either true (un.comp[.eme.ni:ed)
or COmPLe.m.E.rd: form O.I’Ld EVQ.I.LLO.{-.GS tO 0 'For OH,LH one COrTLbth.tLOrL Of VO.r[ﬂ.bl.e..S.

Wy true (mco:np{ameni:ed) or complemm.f fcrm.
s 0.

® Maxterm M; is written in the order of P i ety < Bl sl - 3"

. IS ey =1

I_<_E{j Points : | Bosic Notation : |
: |

® Maxterms are used in POS (Product o-f i M, o |k Fitiias |

Sums) form. | |

For n variables, there are 2" maxterms. | n = Number 01: variables :

Each moxterm corre.spoh.d.s to one Lmi.a‘_u.e l Maxterm contains all variables in either |

row in the truth table where the ou{:Pu‘l: | |

| |

| |

| |

valtables s A B E. D ..

e S WU SIS <)
1. Maxterm Table (3 Variables) 2. Maxterm Table (4 Variables)

A B C P::::;Z.L Maxterm Expr‘essi,on. A B C D TJT:E:‘ Maxterm Expressbcn.
'O 0 CI MO A+B+C 0 0 0 O MG A“‘B"‘C"‘D
o|o |1 M, A+B+C S e L B FESRE
= 0 0 i 0 Mg A+B+C+D

0 1 0 M, A+B+C —
— 0 0 1 1 M, AxBwCs+D

R M ike o g |2 leo |o M, AesBaicsBd
1100 M, A+B+C g | 2 [lo | % M, A«B+C+D
L@ [ % M A+B+C g |1 [1 |® M, A#B+C+D
1 1 0 3 R 0 1 1 1 M. i\+B+C+D
== 1 0] 0 0 Mg A+B+C+D

1 i i . A+B+C = =
1 0 0 i Mg A+B+C+D

|rFor 3 variwables (A} B, C) —: 1 0 1 0 M-io A 4B &€ «b
| o Total m.o.x’:.erm.s=23=8(from M, to M?)[ 1 0 1 1 My, A+B+C+D
lL_. Each maxterm is O for only one combination. | | 4 | 4 | 0 | 0 Mgz | A#B +€ +B
P anE s shs gt e A FU L NE AT I TEET T
How to Write Moxterm ? 1 1 { 0 M. K B wil wD
1. Take the variables in o f'l.xed. order. 1 1 1 1 My T Bt sl

l
I
2. For each row of the truth table: I
— Write the variable as it is if the value is O :
|
I

|

|

| r

| For 4 variables (A, B, C, D):
| — Write it with bar (compl.eme.ni) if the

|

|

® Total moxterms = 24 = 16 (from MD to M‘ls}

value is 1. ® Each maxterm is O for only one combination.

|
|
|
3. Add oll the voriables with OR (+). '

¥ Note : Maxterm tables are very u.se.]tul n wrl{;ins Boolean fun,d:ion.s in canonical
POS form and in K-map 5imp1.ifica,|:.i,on.
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LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

Realization of Boolean e.xpre.sslon with dlf-]:e.renf Logi.c Sa.{:e..s

A Boolean e.xpre.ss'mn can be imPLe.me.n{'.e.d. usin.s d.i.f-lce.re.n{: combinations o-|: I'OSLC Sq{:es‘
Above the exPre.ssi.on may be realized in more than one woy .
Key, Poinks : o Wibsstae « 0 g
NEY FOMLES - | Basic Notation : |
® Boolean expresslor-.s can be realized | I
LLSU'LS d;.ffe.renl: Los;.c Soie.s. A+ B - OR ope.ra.fwn
® Choose the gates that are ovailable by e = il |
or most suitoble. | |
® Comple.m.e.nf can be realised u.s[n.s | K -~ NOT A ( ComP[emen.{'. O'F A) |
® AND so.fe. — Product term AB + E =+ A.B+ NOTLC
| . l
OR sai‘.e — Sum term
o o e B e A B L B
1. Realize the Boolean express'wn. F=A.B+ E LLSLF\.S cl;.ffe.re,n‘l'. logi.c So.‘l‘.e,s.
Solution : (o) Using AND, OR, NOT Gotes
Steps : ;'— A.B
1 ExpressioanF=A.B+E F
2. A.Bis o product term — use T
AND gate. s {>°
3.C i o i T | A S g I
NOT 3°-+-€v (b) U.si.ng NAND and NOT Gates | E"E[ﬂm‘ﬁ"“ : |
4. Now, OR the ou{:PLd:s of (A.B) Ae—F | (A . Bj i NAND gate gives :
and (C) — use OR gate. B )O—| ; complement of AND. |
: ' Hence, (A . B) is !
B Ou.l:Fu.l: of OR sc.{'.e. is F. = } F : o::::wd( ]t‘ust_) 53 :
£ {>c c [ | Then NANDing with |
€ gives F. |
[l I PR e o |
2. Realize the Boolean e.xPre.s.s.LorL F = K +« B . E u.sm.s d.i.ffe.rerd: I.OSI...C so.f.e.s.
Solution : (a) Using AND, OR, NOT Gates
A
Ste.Es & Ae D‘z
1. Expression is F = A+ B.C B F
2. A is complement of A — use L B
NOT gate. Ce {>: —
3.B.C & product term — use e :_ExEln.mtion. 5 —:
AND gate. (b) Using NAND Gates Only | First NAND with |
4. OR the outputs of (A) and &1 5 | SNQS? inputs gives I
M I 3 |
(B : C) - use OR so‘{e' I— : | | Second NAND al'wes |
5. Output of OR gate is F. } : : E;..P[%..Smt of :
B == - L) i
e (B.C) | Eil MAND s |
Co— | OR of the two |
L terms., _:
* NO{E. ! Ans BOOLE.O.H. E.XPY'E.SSI..OI'L can be- I"-E.O,LILZ.E,d_ U.S:.n.g bﬂ.s;.c sﬂ.‘hes Ln- more th.ﬂ.n. one WQ-H_

Selection of 8&.{:9.5 depen.d.s. on o.vo.i.Lo.bLlL’cH and convenience.

Y&  For Details Notes, Visit www.polynoteshub.co.in ¥



LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

RG.O..I.LZO.'I.'.LOH. O‘F BOOLSGJ‘L E.XPI’E.SSLOI’L WL‘H’L d.'l.-]:}tere.n{'. LOSLC 90.{85

3. Realize the Boolean e,xpre.ssion F= (A+B). c u,si.n.s d.lffe,re.nt [.ogi.c Sa.te,s.,
_SOLLL{’.';’O“ : (O-) US;MB AND, OR, NOT Gates I'"____'_.—""“'j

Explanation
. A
&'& - A+B OR gate gives the
A1 Express[.nn. s F=(A+B).C B D_. F sum of A and B.

g

(A + B) s sum term — use

OR so.te.. Ce >

3.C is complement of C — wuse e,
NOT gate. (b) Using NAND Gate Only Lk & guss B

4 AND t_L_;e outputs of (A + B) A fm———————— |
and (C)‘ — use AND So.te.. _f_fiplonaﬂcn E
Bie——

—

complement of G.
ANDin.s (A +B)

|
|
|
|
|
| NOT gate gives
|
|
|
|

SEccrul NAND _wi’ch
(A +B) and C

| 1
5. Output of AND gote is F. DD_. F : l(f;;t Bh;AND gives :
| RS !
| |
| [
| r

S'we.s (A +B). G,
L= = |

4, Realize the Boolean expression F ok 8l u.si.n.s di.ffe.re.rd: l.osl'.c so.{‘.e.s.
Solution : (o) Using AND, OR, NOT Gates oo oo o

r .
SteEs 3 A : i : Explanation : i
1. Expression is F = K . B L€ " | A s inverted to get A.

|

|

- |

= A | AND with B gt |
2. A is complement uf A = use B e | b ";} UEs |
NOT ; L : ! |

0y 9“'_‘* F | OR with C gives :
3,A.Bt5prod,u.ctterm—>usa C e |F=A.B+C. |
T T Ty s L o e il S B i
4. OR the output Df (A . B) (b) Using NAND Gates Only Ir.Et’SP_I _—“ﬁ::_ _____ il

with C — use OR gate.
5. Output of OR gote is F.

| First NAND gives A :
l Sicon.d. MNAND gives :
Lo e S |
Third NAND with |
(K . B) and G :

|

|

si..v:s N B LG

= A . B+ C.

|
I
I
I
I
I
I
_______________________________________________ | LS e i il SAROES e TR

5. Realize the Boolean expression. F = A+ B.E using different logic gotes.
Solution : (a) Using AND, OR, NOT Gates T SR 3

| Qplmﬁon :

|

Steps : Ae {>c A i A is inverted to get K.{
1. Expression is F = A + B . C | AND of B and C |
8 R is complame.nt uf A — use Bo—r F | SW‘_!S (E i (.:)' I
NOT cak B.C | ORing A with {
3““’-- c : (B . C) gives I
3.B.Cl.sprod.uc.f.te,rm—?use. |F=E+B.C. I
AND sol:e. ————————————————————————————— Lo S e e = |
(b) L!si.n.a NAND Gates OnJ.H [ i e e 3

E)_(FLWE;;D'\- :
First NAND gives A.
Second NAND gives

4. OR the outputs of A and

Third NAND with
A and (B .C)'

(B.C) = use OR gate. - | ) " |
5. Output of OR gabe is F. Bl i @ D}—o F
c-—DOJ 2B B
gives (A_- (B .E))
Lo k5 B B

¥ Note : AnH Boolean e.xpression. can be realized usi.nﬁ basic 50.1:0.5 in more than one gy s ke

|
|
|
I (B EN
|
|
|

SELECJf-;.On Of sc\.te.s clepe,ncl& on O.Uﬂi.lﬂobl:l.':-tg WlCl GDPLVGTLLC-I"LC&.
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LOGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

RGO.I.LZGJ:LOI’L O'i: BOOLE&FL E.XPI"(’.SSLOH. WLH"L dlffe.ren{: LOSI.C 90.{'.65

6. Realize the Boolean expression F=(A+C).B using dlﬁeren’ﬁ ‘.ogic gates.
(a) Using AND, OR, NOT Gates

Sol.u.ﬂon :

Steps :

1. Expression is F = (A+C) . B

2. (A +C) is sum term = use
OR gate.

3.8 & compl.eman{’.ed. -+  use
NOT gote.

4, AND the ou{:}:u.lzs o-f (A+0C)
and (E) - use AND So.te.
5, Ou.’c]:u.l: of AND safe. ik,

?. RE-O-“.Z& H’LG- BOO[@D.I"L GXPI”E.EE.-LOFL F - E . B + C U..S:J"LS d.'l.fferen}t LOS;.C

Solution :

Ste.Es :

1. Expression is F = A . B+ C

a. E s comFlemznfed =+ Use
NOT gate.

q. ﬁ B i Prod.u.ct term —
use AND so.l:e..

4. OR the oufpu.t of (I . B)
with C = use OR gafce..
5 Ou.tput of OR 30.1:2, is F.

(b) Usbxa NAND Gates OnLH

Ae— | (A+C)
C =— ) l_

B

-

S P

(a) Using AND, OR, NOT Gates

I
|

|
[E:

OR gai',e gives the sum

of A and C.

NOT gate complemanfs

B to get B.

(A 5€) and B
91\1'35 ccmpl.e.m.eﬂi
of (; +C) . B).

|

NOT gote gives A.
AND with B gives
(A.B).

BR wath € s
F=(A.B)+C.

First NAND gives A.
Second NAND gives
(A.B).

Third NAND with
(A.B) and C

si.ve.s F-= (E .B)+C.

* Note . BOOLe.O-h- EXPI'ESS;..OFLS can be re.o.l.;.ZE-CI. I..Ls;.r\.s d;.ffe-re-nt Combir\a.t:ﬂns Of SCL\E.'E,S
Choose the method that is si.rn.Ple and convenient .

o
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LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

From Losic Gate to Boolean Expresslon.

A Loslc circutt can be converted into Boolean expression bg wri.’d.n.s the expression for

each Soi'.e. and then combhmi.ns them che.P 135 .ste.P,

Basic Notation :

E@_,H Points :

@ Write the Boolean axpresslon fc—r each Soie.. X s B i
e Start -[:rom. the I.npu.Jc.s and move towards A B -ib AND opero.{ion
_’

| |
| OR ki |

| OPera. Lo |

the output l I
output . : A NOT A (Compl.emen’c of A) :

| |

| |

| |

A
® Repl.ax:,e each soie b‘sj its corre.spondinﬂ =
Boolean opemﬁon. AB+CL = A.B+ NOTC

® (Combine the expre.sslon,s to ge.{: the fl.n.ol

Ou{'.PLL{'. E-XPI’E.-S-SLOF’L .

(Follow the order o-]: Saie.s to write e.xpre.ssion,)

1- OH’.G.LI"L H"LE. BOOI.E.O.FL BXPYE.SS;.OFL for HLE. OU.tPU.t F Of thﬁ. SLVE-n. LOS;C C;.FCU.H:.
Bellalee L e

=

) A o—— A.B | Final Expre..ssion.: I
eps : | ot |

poiad ikl B e—m—] : I F=(A.B)+C |

1. A and B are connected to PR R I 0 e T o |
AND gate — Output = A.B F

2. C is inverted by NOT gate c
— Output = C Ce

3. Outputs (A.B) and C are Fomm e |
: ExEla.mﬂon H |

= | First AND the inputs A and B. Invert C. |
Output F = (A.B) + C |
o Ll | Finally OR the buo results to get F. |

ﬂlve;n to OR ﬂa.{',e -3

2. Obtain the Boolean e.xpre.sslon for the OU..{'.PLL‘IZ F of the slve.n Losic cireuit .

Solution. : z i
A ‘_I> | Final ExPre.s_c.wn =
e , } 155 K. (B8 |
i‘A;.slrweched_—rOutPul:-A Bl oot oot 8 |
Q.BdeareSjivenchRﬂoie B B+C
<= Ou{:r:ru’c. = (B + C) C
3. Outputs A and (B + C) are e X S e Vo S P T A
Si.ven to AND sa’ce. - : Explanation : :
Oul;Pu’c, FeA. (B+C) | Invert A to get A. OR the inputs B and C. :
|

: Finally AND the two results to get F.

* No‘l:e‘ : ALWG.IJS ]COU.OW th& fLOW 01" th& CLP’CU.L{'. from Ll'LF!U.JE.S tﬂ OI..LtPU.': wh.iLe. Wri.t;.l'l.ﬂ H‘I.e.

BOOL&.D—I‘L G.XPYE.SS;.OFL .
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LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

From Logic Gate to Boolean Expression

3. Obtain the Boolean exPressi.on. ‘]Cor the ou{:Pch. ¥ of the Si.ve.n [ogi.c curcuit..

Solution : e i s i 3

| Final Expression :
Ste.Es : | R
i. A Md- B arg Si.vm to

| g
| F=[(A.B)+C].(D.E)
AND gate

|
I
|
|
e W B e i 4
] Ol.l.tPU.JC- = (A A B)
2. C s inverted Iﬁ] NOT su.‘f.e.

—POutpu.i'.zC }F
3,(A,B)mdzw53ivmto D e— \D.E |_

ORsu.te—Fﬁ.Ltplt=(A.B)+E E' /
4.D and E are given to AND gate

— Outpu.t = {D . E) e e e

5. The ouiPu.ts af OR so.te. and | EXELM&JE;OFL H :
AND gote ars givan to AND | AND & aad B. Tesk €. DR Bha sesills of €A 8) il E. |
qote — Ouput F = [(A.B)+C].(D.F) ILAND this result with (D . E) to get F. :
______________________________ 1

4. Obtain the Boolean expressi.on. for the ou,{'.PLL{'. E of the Si.ve.r\. [os[.c circuit .

Solution : i i o e 4

S{',e.Es: A ._D)»A : Final ExEre.ssLon.: :

1. A is inverted — Output = A - I o - |

+ | F=]A+({(B.C)|.D.E |

2. B and C are given to AND gate B e | A+(B.C) L__E______]____J
— Output = (B . C) B.C

3. A and (B.C) are gven to OR gate | C
— Output = A + (B.C)

4. D s inverted — Outpu{ =D D
5_(i+(B_C))mEmE1m D'——>H 7——'F

to AND gote — Output = [A + -, —
(8.¢)].D

6. E is given to AND gate together FE_l.n_nn_.t'_ P Gl g ety g G o e [ A i, _]
with above ou.hpu.t e l u

Output F = [A+ (B.C)].D.E

_____________________________ 2
5. Obtain the Boolean e.xpress;.cn. for the ou{:Pu.{'. F of the Sf.ve,n losi.c curcuit .
Solution : ([ e N . g |
I Fi Eon : |
Steps : A As+B B | Tnal Ewpbestion: ,
i,AmdBoresiventaORso.u B | T €.DY¥4+E |
= Outp - Ch < B) M i ] oo
2; OutPuJ: is nverted li:.j NOT 5n.|:.z

= Ou.{'.Pui = C_A + B)
- Ou.tpu.i = 66 2 D)
4, E is wnverted l_’ﬂ NOT sd:z
- Ou,tpu.{'.: E
5 (C.D) and E are Siven l‘.o_.OR SnJ;s
— Output = (C.D) + E p
&Mouﬁputsofshpsﬁmd.ftam | :
given to AND gote — | | OR A and B then invert. AND C and D. Invert E. OR the results |
Output F = (A+B).[(C.D) +E] | | of (C.D) and E. Finally AND the two results to obtain F. |

* Note : Alwu.ﬁs write the e.xr:re.ssi.on in the order of Soies from. Ln.pul.s to ou.lzpui.
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| OGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

KARNAUGH MAP TECHNIQUE

What (s Ko.rnauih Map?

A Karnaugh Map (K-map) is a simple and effective graphical method

used to minimize a Boolean function. It he.lps in getting the simpl.es’c

form of a losic expression b.'j grouping the a.d:jace.n{: 1's (or 0’s) in a
sgstema’cic way.

KeH Points :

K-map is used for minimization c-f
Boolean functions.
It is based on the concept of adjacencg

of minterms (or maxterms).

Adjacent cells differ in only one variable.

Used for 2, 3, 4 and more vartables

(we can extend. the map for more va.rw.bles)

: 1. Group the 1's (for SOP) or 0's (for POS)l
in rectangular blocks of size 1, 2,4,8,..
2. The groups must be as large as possible.

l
l
I
|
|
|
!
|
I
|

Importo.nt Rules :

3. Groups can overlap.
4. Each group should have a power of 2
number of cells.

5. The variables that do not change within

a group are eliminated from the term.

— e —— e — e —— ——— — o — —

ExamEle: Minimize the Boolean expression for the given function using K-map.

Given Function :

F(A,B,C,D) =

SteE 1: Draw the K-mo.P:

}rStep 2: Identify the groups :

2ml0,1,.2.3.8.9, 10,4

: o Group 1: 4 cells (mo, my, mg, mg)
| ® Group 2: 4 cells (m2, m3, myo, mi)

cD

AgN\ 00 81 41 g
00 |[ 1 1] 0
ot o | ol o] o
11 |1 1| 0 ‘1\
10 |1 1| 0 ‘1\

[ An.other Example (POS form) :

: For the function :

|
AR - S S Rl R T W BTSN i e D P S S g if

| © Each group gives a sinsle term.

(R S = e Tl SRR LT B e e S e Sy g R

|r5’cep 3: Write the simplified expression :

| N
| ® Group 1 (mo, mi, mg, mg) = BD

I ° Group 2 (mz, m3, myo, my) —> BC

F=TIM(0,2,5,7), the simplified POS form is :

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

K-map is very useful for small number of variables (up to 4).

For more variables, we can use tabular or algorithmic method.
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LOGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

KARNAUGH MAP WITH MINTERM AND

MAXTERM NOTATION

How to put the values in K-map using Minterm and Maxterm notation :

In K-map, minterm and maxterm notation gives the position of 1's and 0's respectively.
The values are placed according to the binary form of the term.

r r > 1
| Ke” Points : | K-map cell order (for 4 variables) :
] ; ; ! cD :
: ® Minterm (m): 1 is placed at the cell | AB 00 01 10 |
: corresponding to the given minterm. i Mo | my | ms | my i(:a:::do;iir :
: ® Maxterm (M): 0 is placed at the cell | me | My | My | mg | axtesing a.lso.:
| corresponding to the given maxterm. : Only the vo.lu.es:
| m Mg | m m . :
| ® For n variables, the cell address is the : = - 3 “ | willbeo l’“m‘i:
: binary value of the term. |[ Wig | My | Myl Mgy of 1.) |
T T T T T —— | O SRS ey SRR e T e T T J
1. Example using Minterm Notation :
Given: F(A,B,C,D)= Zml0,2,5, 7, 8,10, 11, 14)
et rven mintoome, PN [ Explanation [ Final Expression: i
cD e mp - (0,0 » 1 1 |
AB 00 01 e m; - (0'1) iy g | F = E m(G, 2, 5, ?, 8, :
oo | 1 ]| © ® ms (1,1) » 1 : 10, 11, 14) |
e my (1,3) » 1 | (or) |
01 0 0 | I
* ms (2,0) » 1 : F:mn+|*|r‘|2-+-ir'f'x5+nr'|~‘.1I
11 | 1 1 I ® W (2,3) » 1 | + Mg+ Myg+ My + Myl
e S oy o d | 10 11 14Jl
10 0 emy = (3,2) 1 I T T T T T T T TT
2. Example using Maxterm Notation :
Given : F(A,B,C,D) = TIM(4,3,4,6 9,12,13,15)
ZPLLS Tack, 09;:: PSeHl coropndeg. FEGgib: | Final Expression: |
cD My = (0,1) » 0 I B :
AB 00 01 M3z = (0,3) » 0 : AL M(;’?;4£:’ 9 :
oo [ 1 [(0) 4 Mg - (1,0) » 0 : gyt |
- Mg = (1,3) > 0 | (or) |
01 0 | 0 | I
@ Mg - (2'1) T g 1% e (Ml"l- M3+M4+M5>:
|
1 L o |l o | 0 J Mz - (3,0) ! (M9+M12+M13+M15):
—— My » (3,1) » 0 | i
% Note : ® In minterm notation, put 1's at H\_e_g;;n minterms.

e In maxterm notation, put 0's at the given maxterms.

® Always use the binary form of the term to find the correct cell in K-map.

-
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LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

KARNAUGH MAP TECHNIQUE

Solved Questions (with Answer Steps)

1. Minimize the following function using Karnaugh Map technique :
FEA B, C.D) = 2m{(0,2,5,7, 8,10, 11, 14)
Step 1: Draw the K-map : | Step 2: Identify the groups: !
|

D
AR\ 00 01 11 10

|
|
1 (using A" and C')

o ()] o |(1)] o | !

. . i e Group 2: ms, m7, myy, m4 (4 cells)

|
|
|
|
|

e Group 1: mo, mz, mg, mpo (4 cells)

01 0 0 0 (using B and D)

e Group 3: my1, mys, o, ml4)

11 0 1 1 1 ing A and D'
( j ( ] | (using A and D')

10 |(1]] o 0 | [isteBins inits the diiinid wigntish: |

|

| Group 1 > A'C'  Group 2 > BD

l|—Fim:1|. Answer : | : Group 3 - AD'

| F = Ac + BD + AD' i | S0, FaXECsBDwAD

F(A.B,C.D) = Zm(4,3,4,7,8,9,12,13)

tep 1: Draw the K- R T ==
hep e ] Step 2: Identify the groups : i

| |
cD |
AB 00 01 11 10 | ® Group 1: my, m3 (2 cells) > B'D :
| :
00| o |[1 1 ]| o & Group 2: me, ms (2cell) - A'B }
| o Group 3: mg, mg (2cells) > AB' |
01 EE 0 0 : ° Group 4: myz, mg3 (2cells) > AB :
PR TR e DL U S T T S ST TR e Eo e
11 1 1 0 I N e SR e e T
C:) |rStep 3: Write the simplified expression : —:
|
g4 | 4]l 6 |6 | F=B'D+AB+AB+AB |
| |

Fo————m— e ——— | (or Fz=A®B +C'D' (if further simplification needed)
| Final Answer : - J

l F=BD+AB+AB+AB !

* Note : In K-map, don't care conditions (X) can also be used for grouping
to get a simplified expression.
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|.OGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

KKARNAUGH MAP TECHNIQUE

3. Minimize the following function. using Karnaugh Map technique :
F(A.B,C,D) = Zm(0, 2,5, #, 8, 10, 13, 15)

Step 17 Draw the Kemap oAl Uity 1

CD
AB 00 01 11 10

|
:
| (u.sing A" and D')
00 {[ 1 0 @ |
| ® Group 2: 2 cells (ms, m#)
:
|
|
|
|

e Group 1: 4 cells (mo, m2, mg, myo)

01 t 1 J (u.sins B and D)
® Group 3 : 2 cells (my3, mys)
11 0

(using C and D)
0 [Fltanfee . & AL R s Pl LN gl
Step 3: Write the simplified expression :

| I

_____________________ l ) ; ; |
| Final Answer : . : F=AD + BD+ CD :
| |

I |

Qqu
-

I F=BD+ AD' + CD' | (order of terms can be changed)

4. Minimize the followi.ng function using Kamaugh Map technique :
F(A,B,C,D) = Zm(4, 3, 4,6, 8,9, 11, 14)

Btepd - Drowthe Komop: "Step 2 Ldentify the groups: !
cD

AB 00 01 11 10

B ar Nl e e T

00 0 1 0 1

® Group 1: 4 cells (m1, m3, myy, my)
(us’mg B' and D)

I
|
|
|
| ® Group 2 : 4 cells (mo, mq, mg, myo)
|
|
I
|
|

(usins C and D')
e Group 3 : 2 cells (mg, my)

01 0 1 0 1

11 1 1 0 1

(using A" and B)

et TR % B

0 1(1 1 0 )| 0 | 0 | IS5 3 Witte the simplified expression : |
______________________ | oy, |
I "Final Answer - : | F=BD+CD +AB |
| F=8D¢+CD +AB L | {orF= 8l04AB wCO) |
PN W S e IR G SRR, e D =) I8 . B8 8 W . B S A B |

% Note : In K-map, we can group the 1's in different ways. But

we alwags choose the la.rse.st Possible groups to set the

simplest expression.
P P
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LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

KARNAUGH MAP TECHNIQUE

5. Minimize the followin_c] function using Karnaugh Map technique :
F(A,B,C,D) = Zm(0,2,5, % 8,10,12, 14)

Step 1 Drow the Komep : OTE Ty e !
CD

AB 00 01 11 10
w0 o

il 2 | 2] 2} o
e Group 3: 2 cells (mi, ms)

ol e [ - ! ] 0 (using A" and B)

0 (1] o | o T T T T
| |

| Final Answer: ! | F =AD"+ B'D' + AB' |

. F=AD «AB & 80" | | I

e Group 1: 4 cells (mo, m2, mg, myo)
(using A" and D')

|
I
|
I
|
® Group 2: 4 cells (ms, mz, m2, ms) :
i
I
|
|
|
I

(using B and D')

|
|
|
|
|
|
I
|
|
|
|
|

(order of terms can be changed)

6. Minimize the followinﬂ function using Karnaugh Map technique :
F(A,B,C, D) = Im(1, 3,4,7,8,9,11,13)

Step 1: Draw the K-map : Ir gt—e; —2— —Iae_nziﬁl_ Ju; Er;u_ps_ ~paasael, 1
CD

g\ 00 01 11 10

e Group 1: 4 cells (mi, ms, mz, my)

|

|

| I

60 g g Iy 0 o : (uslng B' and D) 1|
: ® Group 2: 4 cells (m3, mg, my, m3) II

01 ! E 0 0 II (using B and D) 1
i, R O R e [ L N L R J

il i N2llell o fide 2 Ao B A ddehedeL R AT ko :
1| Step 3: Write the simplified expression : :

10 1 1 0 0 : E= B'D & B DI :
:‘EEEJ VA3 L et i : l| (order of terms can be changed) l[

I F= BD+ BD |

% Note : In K-map, we can group the 1's in different ways. But
we always choose the largest possible groups to get the

simplest expression.
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|.OGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

DON'T CARE CONDITION (KARNAUGH MAP)

What is Don’'t Care Condition ?

A don’t care condition is a condition for which the ou.{'.pu’c ts not speci.fied.

in the given logic fu.nc‘cion. It means that the outpu’: can be etther 0 or 1
o.ccord.ins to our convenience. These conditions are repre.sen’ced bH the sHmbo[

‘X' in the Karnaugh map.

I KeH Points : i fni:grza:xl? gg T |

® Don't care condition is used to further

1. ‘X' can be Srouped. with 0 or 1

simplify the expression. (whichever gives maximum simplification).

result (minimum terms). than required.

® In K-map, don't care conditions are 3. Don't care conditions do not affect

written as 'X’.

the final output, so they can be used
® We can group the ‘X’ with 0 or 1

|
|
|
I
1
e It hELPS to get a. more smmpltfle.d. | 2. Tt can help to form large_r Hrou_Ps
!
|
1
|
|
(whichever gives the larger group). |

for simplification.

Example : Simplify the following function using K-map with don't care condition.
Given Function : F(A,B,C,D) = Im(0,1,2,5,8,9) + d(3,7)
Step 1: Draw the K-map:

I T T o i R Tt T L e S e 2 1
[

cD Step 2: Identify the groups :
|
AB 00 01 11 10 | o Group 1: 4 cells (mo, my, ms, mo)

00 | 1 1 I X i (using don’t care X at 3).
|
|
|

o Group 2: 4 cells (ms, m7, miz, mi3)
01 0 0

—
o

(using don't care X at 7).

o

1 ‘ X || o 0 | Step 3: Write the simplified expression:
|

10 rl 17 0 : 4 GrouP 1 gives AB oand Group 2 gives BD.

| So, F=AB+BD.

— — — — — —

E_Ano’cher Example (POS form) :

: For the function: F = Zm(0,2,5,7) +d(3,15), the simplified POS form is:

} F=(A+B+C) (A+B+D)

% Note : Don't care condition can be used only for simplification. It does not
change the function, it just helps to get a simpler expression.
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LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

DON'T CARE CONDITION (KARNAUGH MAP)

Question 1 : Simplify the foll.owinq functi.on using K-map with don't care condition.
F(A,B,C,D)=2m(0,1,2,5,6,9) + d(3, %)

Step 1: Draw the K-map : gt;p_E T d;nzlf_q_tie_q_r;;;s ——————— =
CD

AB 00 01 11 10 ® GmuP 1: (OIO)J (0: 1): (1!0)! (11 1) = KE

I I
| I
| |
pd T_—i_] ’ - i (us-'.ng minterms 0, 1,2 and dir-t'_l: cares 3, %) :
: e Group 2 : (1,0), (1,1) - BD :
1| I
| |
|
1 |
| I

01 1 0 X 0

(using minterms 8, 9)

e Group 3: (1,0) - BD

(using minterm 9)

11 0 0 0 0

|
|

| Final Answer : ‘ [ ll F= AC 4 BD
|

Question 2 : Simplif_tj the following function using K-map with don't care condition.
F(A,B,C=D) = £m(0,2, 3,5, 8,10) + d(4,7,15)
Stepl » DrowilheslaMop: = 8 o o mrrsae e

CD
AB 00 01 11 10

ooTxo

01 1 0 0 0

e Group 1: (0,0), (0,10), (3,0), (3,10)
(using minterms 0,2,8,10) - BC

11 X [ 1 1 ] X ™ Group . - (0,0), (0,10) =2 EB

(using minterms 0, 8)

3 |
| |
| |
| |
| !
l :
! .

| e Group 2: (2,1), (2,11) - CD |
: (u.sing minterms 5, 3) :
| |
t |
| |

' |
i K o |
" % i I 5
i £ - Bt 480 e s iR A T I

¥ Note : Don't care conditions (X) can be used to form larger groups in K-map
which helps to get a simpler expression.
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LOGIC GATES, BOOLEAN ALGEBRA &
SIMPLIFICATION OF LOGIC

DON'T CARE CONDITION (KARNAUGH MAP)

3. Simplify the following function using K-map with don't care condition:

F(A,B,C,D)= Zm(0,1,2,5,6, % 8,9,10,13) + d (3, 11, 15)

tep 4 : Draw the Komap : R v 1 T

|
AB 00 01 11 10 ] o Group 1: 4 cells (mo, my, mz, mj)
i 1 J : (using A" and C') - A'C’

|

|

|

|

|

|

|

|

00 || 1 1 d

miﬁﬂd

{lofll1 | 1] o

e Group 2: 4 cells (ms, mg, msz, my3)

(using B and D) - BD

e Group 3: 4 cells (ms, my, mio, mys)

(using B' and C) - B'C

4. Simplify the following function using K-map with don't care condition :
F(A,B,C,D)= ZTm(1,2,3,5,7%8,9,11,13,14) + d (0, 4, 10,12,15)

ey el S Dl ﬂ
D |

AB 00 01 11 10 | @ Group 1: 4 cells (mo, mi, mg, mo)
00 | d [ 1 1 ] 4 (using B' and D) - B'D
® Group 2: 4 cells (m3, m3, mys, mys)

|

|

|

| |

l |

! |

| |

— | l
| . (] 1

01 | 1 1 1 0 i (using C and D) - CD |

I |

I |

[ |

[ |

| |

11 ti 1 1 1 e °® GFOLLP 3: 8 cells (mg’ me, Mz, mi3, mis, I'nls)
(us[n.g c) - C
10 | d 0 | d G aom i e o w

P |
| Final Answer : | :

I FetsBDsh

e o e e o o o . o —— —— —— — — —— —— —— —

% Note :  Don't care conditions (d) can be used to form larger groups in K-map

which helps to get a simpler expression.
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LOGIC GATES, BOOLEAN ALGEBRA &

SIMPLIFICATION OF LOGIC

QUINE-McCLUSKY METHOD

A systematic method to minimize the Boolean function:

The Quine-McClusky method is o tabular technique used to obtain the minimal
sum of products (SOP) or product of sums (POS) expression from a given set of

minterms and/or maxterms.

e | | Steps of Quine-McClusky Method :

: Key Points :

| ® Group the minterms (or maxterms) having
the same number of 1's (or 0's).

® Combine terms that differ in only one bit l of 1's (or 0's).

(2 one variable). I

® Repeat the process until no further

combination is possible. is poseible.

® The remaini.n.s implicanﬁs are the prlme.
i.mpiico.nts.

® Use a prime implicant chart to select

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: implicant chart.
|

|

I
I
|
I
I
|
I
I
|
I
|
|
i
|
|
|
|

essential implicants and obtain the minimal
expression.

| @ Write the given minterms (or maxterms).
: @ Group the terms ho.v'ms the same number

] @ Combine terms that d.iffer in onlld one bit
and put the result in the next group.

@ Repeat step 3 until no more combination

essential prime implicants u.si.ns a prime

|
|
|
|
|
: @ Mark the prime implicants and select the
|
|
|
|
|

Write the simplified. expression.

Example : Minimize F(A,B,C,D) = Zm(0,1,2,5,6,8,9,10, 14) using Quine-McC[uskH method.

S’ceE 1: Group the minterms according to the number of 1's.

Now = - is the final implicant (covers 0,1,2,5,6,8,9,10,14).

* Note : e The Quine-McClusky method is suitable for a Lc.rae number of variables.

o It is more systematic and efficient than the Karnaugh map for

l.arge. functions.

No. of 1's Minterms rgt_e.ghflz Combine the terms (differ in only one bit).
| o
0 0; 1 I Group Minterms Combinations
1 2,5 e % 0,1 LR et
| . -
2 6,8,9,10 e A 2i3 £ b
3 14 I 2 6,8,9,10 B ;8% ; 29,10
|
| 3 14 -14
I_________::::::::::::::::::::—
Step 3 : Repeat combination (if possible). " Poime Implicant Chart : _i
Group Minterms New Combinations : PI Minterms Covered |
0 0-, =1 T i 0,1,2,5,6,8,9,10,14 ||
1 22 . 5% TR | Since this single implicant covers all the :
2 | 68,910 - - Wi il ook Y e s e w G iy b
| R R I TR R e e i e S i = e =3
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