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gg_memkej:j The twe eq/Uiva(en‘f (nc?l'c symbols

;ior an n-input NAND gate are the ones showgr
y Figures 1 and 2 below,
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le kandoutH 9 we stated and proved thet @
i \oaic unction can be FEQJ_EEEJ u.sm,g gni}/ NVAND
gﬂ.éeb oy ovz.y NOR 9&;1‘65- An obvious wa oﬂ vegliz)—
ng any [o9(c Lunction using ouly VAND or only WOR
gq,wtﬁ'-& 15 g rﬁ(—‘lq,civz.g eoch’ AND or OR or NOT ga-
te by @ NAND or @ NOR gategs C;mf,f, have +_a
dmw O -?l, Jre 019 H,,e {QUVLC'{”I'OVL -(QIF.S‘I').'TR]E,
method vesulls (n redundent g,qj—es which wevld
then skould Le eliming fed:- To \"EFIG;LE +he AVD,
OR,NOT qeies by NAND or VOR 3&1"‘25_} see figures
o Lz)_L;_) L4, 1§) Lé on pages 7,8, 9 of hand-

/4 moV e e.\e,gq_w} n.ua;.;( m‘o. Perﬁyrmmf? the e bove

task @olluws.-

-REQJ‘:EGJHDVL UE QL Iugic -‘?un.c‘f'iﬂ*’l U,SEFLJ olrz.()/ NAN—D

gates

e order 4o realize a |ogic fund-ion. U (g only
NAVD gates do the followings Let the Punchion be

e Translate the Lunction F in Sum —of— products - 0
’f“m.:) CYDM, r:..qm, do -I-ia.isj Ecr'r E}“U"’LPJE; 'Df;f weetlls l)’i""t—
oUt ). Write Hee function Fag ;-@:D'_P,q
DeMovgoue theoem ownce;(only once). i
T""ﬂﬁﬂll”wiﬂg € Xample chfiéies the above.

Evample L' Realize the Lunction

F=A-C+A"“B-D'+4%8-E +ACc'D-E using only pawp
g atey

ﬁnbu.}e___ﬂ The given Lonction F 15 alreedy in
SU%-*D@“P"UJUC 5 ﬁorm- Fcan be Wwridten wss



/
F:[(A'CM"'B-D% AB-E+ A"ﬂc"—D.E)i/ = @
/
= [(ac)"CA-B-0)"-CA-B-E) (A C-D-E)]

We wow Prwl&e a @iguvﬁ 5h0wing +he vreaqlization
Dg = Us'm,g c::w,.\\/ NAND 3&{-65*

QZD @0’

/
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EE.%:‘—;’Dﬁ fCA-CD{CA{B‘D;J' ‘
£

/ ¢
A (A{B-EM .(a-g-E)-(A"C"DE)
E D — AC+AB-D'+A"B-E
= .

[
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A / + ALCc-D-E =%
: : (Afc’-v'c-)/
c.
D
E

Fiﬁure 53 ( realization of F of exuiien uf'ip?j
on| NHNng‘rEbj t+he NAND Sq}ef’ e q,rrq.vz.g&cf yiz
Z:Jui??gf, and teeve ave 10 NAND 31'1‘65%5 wvong coumy
Lets wow repeat the Same example starting from. the
ufigiw.cd expression of F \og eplacing the AND, OR,NOT
%G:.,Jreb th NAND ¢ ates bg using E;‘gur&s 11, 43,42
On pages 7,8 ué hondoot+HF 4. We will fivst provi-
de o if%urﬂ b,["'”“*’.‘”'ﬂ +he urigiml imPIemem{-q,-{—fom
of the UV},C'\—!LD{!’L lf: As @ remindery +his Lunction is
F= AC+A“B-D +A-B-E4+Ac.D-E. T he ﬁ{gure s
Slrwww. on the VLQ}L-I— p@je.




0

F= AC+A'B-D'+ALR-E
+Alclp.E

Figure 6 3 (realization of F us:'rag AND, GRJNGTC?QJLQ'S)_
We now +ranglate figure € (nts a {gt'gw’l‘-’ cons l'sh'wg 0
ovz.f)f VAND g¢fes ba u,sfn,gé
h%-dﬂu{-:ﬂ"f.

l‘gv’r'f_ﬁ 14 12,13 on pages TS e

{
. 7 [¢ 4" (}A ‘58'02; /
s LU TSN DI (a8 (<))
i = A-c+A’-3-DI’+
l.p- Le'pe
A A [ 1 1 (1 / A-BE
A.;.D.ELDO’-': -C'D'E) =5

Figure 75 (anothe T .

) ¥ rea| zetion Uﬁ'F U - |

NAND S‘H‘%'k 1 jtﬁzg only
5 heve +he NAND gates are g -

evels and +here ave e 5

18 Nanwnp .
LU'LLB ?>r N gft‘i'ts%-) &}Fﬂng C.GUiq,-lEjt



Taking a close |odk qt Ligure Ty one can see

NAND aﬂi 5 can be elimjna&eg and WPI‘UZ&S b}e wt&i%ihfdz
are { ;]P) Thewn \exéurﬁ T becomes (dentical Jrg,)]e; =
re 5. Thel is why i¥is not a goed idea to replace AVD,
OR, NOT gates by VAND gates Using figures 11,12,13 of
handoutd 9. You do redundant work. You produce vedv-
ndan+t gq,-l-eg, which must +hen be eliminated-

This concludes example 1-

Question : Do you want me Lo make youv | fe easiers
Answer: ©of course yes.
Then ook ot the eyu_mpkﬂ below-
EYomple 2: Reqlize the Lunction
F A CE Al B-D'+AMBE+AlC/D-E vsing only NAND
gates.

Answer?: The gjven -ﬁuncﬁnni—_ 15 q,lreq,d}' 1 SUh—

”f—'?md‘-’d'b %0‘”"’1 1+ 15 +he same Lunction as this
o% e¥ample 1. Two \Eiguxres Yollow below-

A ArC
IC'—}D I /
A+BD e
i c= A-C+A-B-D+A"BE
/ A{B‘E -l‘AI'CI"D'E
Il’
1 !

A
1l
c! A-C-D-E

m>» oW P

mo 0 >

Figurt 8 (realizationof F: |
b) eve t+he NOT
beenrepladed by (NVAND gates b‘i+ the AuBad OSULJre& hayve

R 31%.'5 I"E'vnodt),



g,

F= A-C+A-B-D't
plog-g +alc-D-E

Hl

/
’ @.C!.D-E
c

Figure 93 (realization of F of example 2 using only
NAND gates).

Note: [ this example [vused a 3rG_Pﬁica.l approach insteed

F.

A
B
D
A
B
E
A

of Qlaebr&i{:- | just wmserted inversion bubbles- Again, for
this apProach  epEZREEc@E, Hhe fonction must be
Fransformel jnto sum—oZ—products Fovy(I mean the
@_?rua,chnf usSing gnl\y NAND ggies § the grﬁ.Ph{ cal q.PPrw_ck),
: REQJ“%Q..‘HQVL GE o logLic -EUVLC‘{'iDVL u.sing oh.ly
NOR gfLJrE5

ln ovder 1o vealize @ \GS{C -EL;VUC.HOVL uSi on(y VOR
_‘f}_ﬂtlf‘eb do the following: Let +he function be F.
canslate the fuactioh F in product-of-sums forms
Cyﬂtt Can do +hib, 19‘”“ exo.r_.mp\E) bé -@Q,C+GT"‘1VL )
Write t+he function F oy F= CF"_)!-APPI}‘ DeMor—
grank theorem orly ence.

The fn”ﬁuj{n-g examp e (;[a,ﬂ'{?[Eb t+he above.

M‘t Rea|ize +he Lonction

F=CA+B+C") -(A+B+D)-( A+8+E)-(A+D4+E)-(A'+C) Using
gnly NOR 30.{-85.




Answer: The givew function Fisalveady (n @
rodoct—of —sums Form - F can be written a5’

F=(A+8+c')-(A+8+D)-(A +B +E)-CA +D+E) ;(Aﬁ—c):
:[[(A+B+c’) CA+B4D) (A+B+E)-(A+DHE)-(A4+O)]' | =

£
= [(A+B+c)) FCA+B4D) s (A+BHE) +(A+ kY (A ]

A 1N
)‘ A+B+C
G 1IE / /
2 ) Ag4D)’ — [@+B+c’) +(A+B+D) + =
. ) + CA+B+E) 4(A+ Dt E)‘#{&’KJJ
) AEEE = CA+8+C/) (A+B+D)-

LA : ‘+E)-(Aa'+c)=F
. A+Df+_g) / CA+B+E) -CA+D +E)C )

)
m)e -

[:{%ure _1_05 C.T{{Q,[i'}q-l-{cn af;’ - a.ﬁ? €Y amp le 2 u.smg
ovly NOR go&eg:’) t+he NOR dates ave Q,Wﬂr_PLg&d in 3 le-
Vels and there ave 4 wor gates).

Note : | yow were 4o repeat the same example by re-
Plecing the AND; OR, NOT Yates by NOR gutes by Using
f@?urgg, i‘Ll)-i-Sg Lée on pages 859 U-f—: lfbtbwdﬁu—{-# q_}
yau would end vp with @ ¥igure C@%‘*f’.'}ing of 19
NOR gates avvenged i 5 levels: (do this if you
waownt a5 a homework problem). {0 0L74+hese NOR gm%es
qutrz, bi eliminated Crhey are vedondant) end re—
Placed by wires. Then you will g9ed again the

ve figure Lo. That is u?hg [+ i':-gnﬁ"r & good idemﬁfg—
Veplace AND, ORy NOT aql?y Ly NOR gates Us(ng £
Juees 1495145516 of handovt # 9. You do reduidan &

D o
E I A+C
A ) P

<



wovk. You produce véduvdant godrﬁ& which mus+®
then be eliminated.

| will now vepeat the same examp e 3 Using the
vaphical approach- As a remindery the funchion
hat we want to vealize Using onl

y NoR gqﬂres 4
E=(A+R+c)-CA+B+D)-(A+B+E)-(A+D'+E)-CA+C).
Tweo @Lgur&b Lollow.

A AvBEC!
)
Cap A A+B+D :
) c=(a+8+c') - (A+B+D)"
A A 046 (A+B+E)<CA+D'+E)-CA'+c)
B
A
Dt —)
=

- ‘ lave
Ff%ure 113 (realization of 3 here the NOT gates ha
been “replaced by NoR q.{fs bot the AN

e

Dawd OR gq_*}ﬁs remain).
Now | insert bubfles Jrag : Hoe £igure below:
I

(A+Brc')-CA+B+D)-
CA+

B+E) CA+D+E) «(A4C) =
=




Note: wWhea using the graphical approach (v (3)

order +o realize o function usin only VOR 3q_+e:;) the

iinc{-inn must e transformed”inko prodyct—of -sums
rm.

Example 4: Reglize +he Puaction Prwi&ed below

U&.{wg on | NANDQQ,+E5, Then vealize it us,{w.g ﬂml)/

NOR“gates. The -?unc-l‘ioniﬁ-'

F= @1 g.cle Bl ceD |

Answer: | will Birt realize F using*NVAND gates.
Then [will realize i+ using only VoR gates. [ will
follow +he graphical approach for both cases.
The qiven £unction F (s [ 5um—ﬂf—[’r‘ﬂduc{-s .ﬁarm)
50 Wwe are reqdy fo vealize it usin.g cm.ly N&Nng,-i—es.

TLUU ‘?iaurﬁé .Eg“gu_;

i i
B ol =
C-\:@LFD_B, A+g-c+Blc-D=F
B g*c-D
5
Fiqure 135 (realization of F; here the NOT ¢ates heve
been feploced by NAND gates but the AND and 9R gates rema.in)
{
e
B
C A+B-c'+Bic-D=F
B
B

Figure Hj(ﬁmlizm%fm of F using only NAND gates)

For the above realization of F of ‘E*}?”rﬁ 145 we
had & NAND g ates mrrn.mged ln 3 |evels
We vnow vealize the Lunction F usin only VO

’8
gates. We must Bivst +ransform F Ei{-a }Zru&uc.—l-ﬂ



ol-s0ms Porm. The way [ will do +his 1s Lg Eirg@
wVi+ina the {EWLCHML (. canonice| Sum farmcsum
of minterms). From the canonical sum Lorm |
will ewsily frved +he canonical product Porm (pro-
duct a-?- may\Lems) which will 3{1;@ Mme o Pv"ﬂduc‘{—__.
O@—&umg {gowm JEnr:ur“ F. We have:

o .'f 'f..:_- . ’;- f' "!
F= A+B-C'+ B"c-D= A-(8+8) (gg)(g;gwr

1 1

/ £ ] { iy

'C"' A+A L 1C¢ ’ A'{"A)—
+B8-c-( )(&EE)+B )

g
= &
= (A:B+A'B)-(c-p+c-D+c Dt D)+
I.A.D!-[—B.CI-A;:DF{-B.CI.AI-D *'i'Bf'f.;‘D'A
z - -l.‘ * / " A+ -
C-D+ 4B Cp/ +ABCP+ABChp
: §

= Z& ; CD(BD%S}SJ%LU)M}l% 13,14,15) =
J9)%)

TED%;C;D Coy152,657) 5
f
::CP;+Q+C+D)'Cﬁﬂ“B-%C-l-Df)'CA+B+CI+D)‘(A+B’+CQ'D>‘
(A+8'+ct D).
We viow lhgve the ?um:’rium Fn Prﬂcichr—af“sums
Qorm.. This o
F=CA+B+CHD) (A+B+C+D))-(A+B+clip)- (A+Rlc D) -

-CARelp!).
We e now veady o vealize F Using only NOR gates .



Twe ?naur% Eollow @

(A+B+c+p) (A+B+c+p o
CA+B+:+D) . C A+Bc D).
CA+B4+ctp!)=F

A A+gcsp’

B
¢
D
B
c

Fcauf'e 163(realization of F3 here the NDTEQZ{—% have been re—

a by Qo gatey but the AND and oR e

g%)ﬁw&-cw)’

A (At +c+D!
D@}i—%
o
B

remain)-

&

o A+B+c+b) (ArBct D)
CA+B+c D) (AtBhchp)-
(A+B4+csp)=F

1 A

/
A )

A /
E-@a / ;A+ﬁf+g'r+g"2f /
D J
oo, ey e alination of B sing only NOR gates; 3 fevels




Note : When we realize a logic Punclion F using only 12
NAND gates or only NOR@H%J we wneed 2 or 3 |evels of
NAND getes o NOR gaies 3 Cno less than 2 |evels and no
wmove than 2 |evels). We'need 3 jevels, (f the funclion
F contains complemented vavriables becavse in +his co-
se we need {nverters (NOT gates) which are realized
€ither by NAND or NOR getes: Otherwiey (€ the fun-
ction Fj doesn’t contain complemented veriables, we
aVL‘Ly need 2 levely o.? NAND or NORK Q..éz'eb. e .
revious eXemples o f Yea(izln e
ke A8 e ofing ay NAND gl o onlfeR
i { C
;Q.ﬁbg |“provided the wrong eeray o

Leo- Can you tell Wl"'g !

» More ln,-‘zurm&_.-k:{cri-_ &
Note : Any logic Punction F expresed in sum —of- products

form can [& raealfaed in the following four Lorms:

L. |4+ can be realized using NOT, AND and OR gates; (yow
Q.'lTE.G.&Y Rvwow -Hq_q_,+ R %3{5 éum-}--,pn—, caln be Tﬁﬂ.liﬂ-&d
Usieg NOT, AND and OR gates).

2. 1¥ can be vealized using only NAND gates (you elveady

Rrow thatany legic Lunction can be realized using onl
NAND gates). O o

3.1t can be realized Using only OR evnd NAND 3(2,4-&5)' (Since
any luglc function can be trang Eormed into 5’““1‘919‘Pr”“
ducks orv., +hat weang that Gy lagic ?uvm{-iuvz Cq i
be veelized U&lmg only 0R and NAND gates. [+ (s only

that youw wusk -[—rqnsggm lhe Lunction into cum —uf.
FJT#EGSQ_&E:F beFore you veelize i+ uaing owly 0R qud

4. It can be realized Using orly NOR qud 0R gatess(since
O‘-“'Y la%;c -gun.c'\-tﬂﬂ Can be ~i—‘:'qn,5%0%€i lnto SUmM—0F— Pvo—
duc)ﬂ? o, +tf'LQ,JF meawns :r‘w'LCLT awny lD iC €UQC+EGH (;u{,vpb-e
realized Using enly NoR and oR gates. (+is only +hot




ow must tvamsform the function into 5um~a{9*{7?ﬂc{m¢5@

giﬂsjr belove you reglize it Us ‘-“’?‘5 only NOR and oR gates.

Nele : Any logic '€UVLCHGVL F expressed 'er FTQAUch—e]EJ—LgUy,-,f, i[l:’"

Ti’b c;q,rz,ybe greqlige& e +he Pollowing  Lour forms Provided

below. Since any logic funclion calt be transformed
rDAuc{mﬁ\Q-,stJm,s Zovmy thet means +hat any o-

Tiﬂ iﬁm%iﬁn can be realized (n either one ¢f the
%QUT Corms Provi&ﬂé below. [+ s mfz,l\f that you w ust

f&ﬂgggrm +he QUVLGHQL’L into Fmduc%-*ﬂﬁ—*&ums; f—){::rm_,
gif‘é# before you vealize i+ in either one of the Lour

U RGeS ?mvi&e& belﬂu}.Th,g (:\grmf} ave:
Ll hcan be veqlisel using NoT,0R and ANng,%ﬂbjcyaw_
2\veady know this)
2- ¥ cen be vea)ized u&img vm\y NoR gquegj C}/m a|vea—
dT kveow +his) '
3. 1% can be vealized voin orly AND and NOR gates.

- It can be realized u&iag only NAND and AVD gates.

S will demonstrate +the above witly two e Yaumples.
Evawmple 5! Consider the legic @uma+ion F where
F= A+B.C'+B.c-D. Realize the funclion F
4 Uéi‘ﬂ.g NOTS AND and OR 8&%&5 Cthis 14 3 gfmg {o be
realizetion #1).
2 il)s ly NAN : & ' ,
eri{itg:zgwy WD gatess Chhisis going 4o be realizq-
5- U&“’Lg G%\Y {}R OLVLd | e :
NVANVD geteg s C(this (s going 4

:ﬁ Ve |{zation H 5)- d ) C 3 e

- Using only NOR awnd 0R gates: CHhis ic aor

be rﬂa.l%aq}rioz,# ). d ) & 3“%3"'0
Answer:! The given logic function F is alreadytn
5Um~o{2~prac{0c{-s go’rm.. We. ‘/LQ,U'E:




2 A+B*CI+BI-C'D p Cdy) @
= [@%—B-C%B’-C*-D)fj:
=[n-cac)'cetey] (D
=[Al B+ CorcetD] (3
- AJrCBf‘I“C)!TCBi*C{‘rDEDE <)
Equation @) above will give vs veelization # 1,
Q(I',UQ;HGPLQE) will give ug realization H 2 equation
C3) will aive vs vealizglion H 3 and equation 4) will

glue V5 vealizgtion 4. The rﬁ’apechve f{gures 5hwu¢1¢§
these Lour realizationg Lollow:

B:C
& IB g ﬁ{*B-C{FBf"C'D:F
[~ ghcp
D=

Figurﬂ iTj ( realization of F Vsing NOT, AND and OR gﬂc,lres.
Heve equadiond) above was used).
AJ

/
/ /
” ! ] EI'CB-CI)I'CB ’C'DDJ - F

Fi%urﬁ, 18 y(realization 0L F Using only NAND ged-eg. He-
Ve™ €9, () acbove was Used)-

—> (o o next page —



@)

/
Eq"' CB"+C)'CB+C‘(+D")_? =F

Fiau‘re iﬂﬁ(reafli?q}r{ﬂﬂ of Fus (g only OR ang VAWD ga-
‘Yes. Heve “eq (3) above was uvsed).

B%ﬁi@
C

/ I o de
A+(BhO) +(Bc+D) = F

Figure 205(realization of F osing only NOR awnd 0R
gates. Heve €9.C4) above was %ad),

_ | will now ghow youw how o +rm5-€w‘m realization
#4 C\QE%-ZGD |nto re.a,(i%mjrfonﬁ-_BCgig-Iﬁ) using +he
graphical approach Cplaying with bubbles) ingtead of

Usin i?n algebraic approach’. Just sce +the ﬁigure below.
A

: o ,
- A+ +(BictD )=
5 =A+Bc/+BcD=F

D

Fig ore 21 3 (another realization of F us (g on(y
OR and NAND gates)



| will Linally show you how 1o transform re@l;'%&—@
+ion# 3 Cﬁig-f?) into realization # 4 C g 2.0) Usin agaiv
+he V‘Q,ELL;.CGL[ o;,[a?romch Cbubbles e{-c) ins +ead o u,s;'ng
an ngeemc approach. Just see the Efgure below:

A

!
|
al.(8'r0)- (Btc +DJ]
= A+(B+Q)+ (B+c4D)=
X = A+B.c'+glic.p=E
o?.%n}re

F‘igufﬂ 223 Cavnother realization ﬂf - usiu,g cuq,l)/

NOR and oR gatey. The rfcjk{-mssjr gate is an

0% 8%+E (see J?‘.Sﬁ E'Jor hovdout® 9 on last E&a&)),
_@J_gie: Can yow 5¢€ how nice s The ngMcml @_PPFGELELL?
Evnioy the bubbles!!]

Evample 67 Consider the logic Lunchion F where

F= (A+8+0) - (A+84+c') (A+C+D). Realize the onclion F
ﬁeq\ﬁ; iif;*:)i%?\ and AND gates 5 C+his i gulng 1o be
%_L-D:é:&ﬂgfﬂy NOR 8.0&85_') CHhas iy 3oin.g to be reallza—
LS e e s i e

4- Using only NAND and AnD gates: CHhis i qof
be realizalion H LD N e e 3“”‘3+"
Answer:  The 3{%4&. [og[c Lonclion F

n PVGQ_UC-La—o?—éUMS v?c".f_m. W by LS Q,)F‘ﬁn_,é.\]



E=(A+B+O) (A+BHC ) (ArchD) , B) @
[[CAt8+0- (A8 -Carcen)]’ ] =

= [E++0) + (A+8LY rCatc' D) ] @)

= (p"".g".c"+ AlB-C + ﬁI-C*D‘F)I ' (1)

= (W) Al B0 (A D) (o)
Fquation () above will give vy realizationd 1y Ei-fé)
will give us reqlization #2; €9.(7) will give v re-
%11?Q+i@u#3 and Egr@) will g{ue us realization

H 4. The regsfec{—im igures 5Howimg these Lour re-
@\ 12gtiong .Eo[(cm:

CA+B+C)-(A+B'+c) - (A+crD)=
=iE

Figore 233 (realization of Fwing NOT,0R and AND gates.
Heve 66@-05) above was uaac@.

@&(m ptc)’

1 A Cﬂl}'i’)

/

!
(4840 r(asBE D e Aﬂi@j
=F

ngurﬁ 244 Cvealizat: ? '
3 callzatTion o E usin un,|}f VOR gates,
Here Eci,,fé) a bove was used), J g



A B g

A+B-C

|

g /
ey Py /

! &k { . {C' )__.
S }63 ctalpctated )=k

\ — ﬂ‘r;cr :

D i

Flqure 255(%0,11’&&%{9% 95; Using only AND and WOR 94~
tes. fere eg. (7) of previovs page way Used)-

[
A CA,I-QJI-CE

!
/ e
C-«:Dv';j s ' &E\!‘BJ{*C!)*CA{B'C)'(A‘C'DD

“E |
I_!/ |
N }(A'*D) J

Fiaure 26 3 Crealization f £ US ing m\y NAND and AND g~
+es. Here €9, @) of previovs page was used).
l UJ'l“. viLou) ShDLU:t?GL{; L’[,DLU '{‘G +rG’.V?é-eD¥'WL 'rgqﬂhgcd“wylﬁz C‘ﬁ
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