uih.'\.a @Uﬁ & S 03l :e}uﬂd&&
??:\ASGADJLMA“)@U“)% L]
S e ol (5 S sla R 3l eadisalu jle
S A i g Liany g 58 ) 58 pan b 58150 Gl iy
b sl sl (SiS
(Algebraic Simplification) s s b eals o
AR e G sa Jg i bl s Jsal ) saléial b (g e sdba 3>
A by caldasal (Jea o & jlea 4 H B
(Karnaugh Maps) si)\S al 8L
sl (g5 a8 o Gl 4S Canl (5 5l o3las (5150 (el Sld (g5 >
AL e sl ol gy >
._\SSGADJL&JJ‘MGM‘(‘.\‘)A.}‘JGU >
o yuria 7 )':S\;;@\}Sg)uaau@a,m >
Quine-McCluskey s Jsas (i)
Sl (A hgy e Sy B
L83 (e aladl a lailiad o ji ) (ke sl 3>
_Qu\aﬂdu&;d)‘ﬁuijj >
) enalS gl p alia (Shig )y (g eati€ At bl ) >
A ) ga o)l Glilee aaas (i G pal JiE il i L a8 6l >

Digital Design-Simplification of Seyedarabi )
Functions
SR> gl ol
oNley Jilas 4o m
W J il alaxi(i)
W a5 2l (i)
S0l Lzl 5 Jpeal 5l el 5 5 Clilee )0 (A Clgad e ®
2ol Ciland) Jls slhe a4y Q) ) iy e @
Jie =
(x+y)(x+y")(x'+z) (6 literals)
= (xx+xy'+xy+yy')(x'+z) (assoc.)
= (x+x(y'+y)+0)(x'+z) (idemp.,assoc., compl.)
= (x+x(1)+0)(x'+z) (complement)
= (x+x+0)(x'+2) (identity 1)
= (x)(x'+2) (idemp, identity 0)
= (xx'+xz) (assoc.)
= (0+xz) (complement)
=xz (identity 0)
il A Y 4y 7l JI il s
Digital Design-Simplification of Seyedarabi ¥
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WSl 1y n)ali POS 5 SOP s p
f(x,y,z) =Xy(z +y'x) +y'z
Xy(zty'x) +y'z
=x'yz + X'yy'x + y'z (distributivity)

=xyz+0+y'z (complement, null element 0)
=xyz+y'z (identity 0)
=xz+y'z (absorption)
=(x'+y')z (distributivity)
Minimal SOP of f=x'z + y'z (2 2-input AND gates and
1 2-input OR gate)
Minimal POS of f = (x" + y')z (1 2-input OR gate and

1 2-input AND gate)
W€l 1) 1) i SOP aatieap @
f(a,b,c,d) = abc + abd + a'bc' + cd + bd'
abc + abd + a'bc’ + cd + bd'

=abc + ab + a'bc' + cd + bd' (absorption)
=abc + ab + bc' + cd + bd' (absorption)
=ab+bc'+cd + bd' (absorption)
=ab+cd+b(c'+d') (distributivity)
=ab + cd + b(cd)' (DeMorgan)
=ab+cd+b (absorption)
=b+cd (absorption)
il (Al Y A Y )Ll il s
Digital Design-Simplification of Seyedarabi ¥
Functions
- P
(Karnaugh Maps) si\s ol 842
AL (o0 SOP 38 abus o i )51 oy (5 Sfldions (55 Sy ®
oo /Ll dlasd (i o m
2L~ (Venn diagram) os ol 8L Sl (oals o b gibs) g ol Rl (i, ®
sl sl L;.fi}‘) Cuyw ®
sl 3gdna et FLO Sl ayicue @
Venn Diagrams <
Sl i ) o555 03 ol R @
a'b' UV RTY p Rl
(?)335““ \G) ).\;\a:m Y d\.m u
— v
I~
b
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2-variable K-maps

Gaul o e Sy Kliiadla a ¢l gy a) Rloeadiaada 084S S Jaan 0 @

55 (oo UNIYING 4l (5 s oalas (51 1 ) 2,0 s J1 30 S o kb asa jlae ald Ladls 0
(a+a'=1:.8dkel

Dl eadi sala LIy 3 o pmrie 93 (553 S Jgan Calida Lga 8

Alternative 1: Alternative 2:
b b a a
a'b' | a'b mo | m1 a'b' | ab’ mo | m2

a{ ab' | ab a{ m2 | m3 b{ a'b | ab b{ mi1 | m3

Alternative 3:

a a

o OR P
b{ ab | ab b{ m3 | mi1 and others...
ab' | a'b’ m2 | mo
Digital Design-Karnaugh Maps Seyedarabi

2-variable K-maps

equivalent to:

equivalent to: 0
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3-variable K-maps

3-variable 2 ) Aol 3sa s e fie A ppitia (@, b, C) 4l 2 @
LD 24l A 359 J ke A K-map
b

b
bc —_—A bc —
a 00 01 11 10 a 00 01 11 10
0| a'b'c’ | a'b'c a'bc a'bc’ oy mo m1 m3 m2
OR
a { 1| ab'c’ | ab'c | abc | abc' a { 1 ma | ms5 | m7 | mé
S \ —

. c
c

8

Note é}ay code sequence

Sa 2 b sl sled sl 4S Gl 5 )5k 358 J s
Cale 5 1) i Ol 48 (5500 lge b 0l kil )i
23R oalaind 23l g5 e i aniS

Digital Design-Karnaugh Maps Seyedarabi v

3-variable K-maps
1L e wrap-around Cuwald gl Jyn @

Al = a'bc’ (m2)ose< a'b'c’ (mO) <
AL« abc' (M6) Lstss ab'c' (m4) <
bc
a 00 01 11 10

0| mo mi m3 m2

=

m4 m5 m7 mé

A s o Gl glae GilR A (5] )0 4GS b o pdie 4 (Joan o
Dl glaedlin b UE s o piien Jss
m4,m2, ml.k _sbae 4wm0 GsdJsn 0
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V-\ O:‘JA:

1. The K-map of a 3-variable function F is shown
below. What is the sum-of-minterms expression of
F?
bc /—L
a 00 01 11 10

0] 1 0] 0] 1

a{l o 1 0 0

S

Cc

2. Draw the K-map for this function A:
AX,y,z)=xy+yz +x.y'.z

Digital Design-Karnaugh Maps Seyedarabi 4

4-variable K-maps
® There are 16 cells in a 4-variable (w, x, y, z) K-map.

[

y
yz —
w>\ 00 01 11 10

00| mo m1 m3 m2

01| m4 | m5 | m7 | mé

X
@ 11| m1z | mi3 | mi5| mia ?
w

10

mé8 m9 | mii | mi0

H_J

z

W/
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4-variable K-maps
Gy gean 1 30 2 5o e ¥ Jgaa 0 wrap-arounds Cwald g2 ®
Sasee 5 8

Lm0 L Lblie 4la JUie Ol sizy L a5 153 Hilaa Jlea gl sl 2 @
il yglaam8 sm4 em2 eml sl 4K

X

yz y
WX Ie \
mo m1 m3 m2
m4 m5 m7 mé

X
@ mi2 | mi3 | mi15 | mi4 ?
w

m8 m9 mi11 m10

Digital Design-Karnaugh Maps Seyedarabi Al

5-variable K-maps

sl et 8l jaojuiie Jlea Jsia 50 s Jsere sk W

A’ A
D D
DE A DE A
BC 00 01 11 10 BC 00 01 11 10
00| mo m1 m3 m2 00| m16 | mi7 | mi9 | m18
01 m4 m5 m7 mé6 01 m20 | m21 | m23 | m22
C C
11 miz2 | mi3 | mi5 | mi4 11 m28 | m29 | m31 | m30
B B

10 m8 m9 | mi1 | mi0 10 m24 | m25 | m27 | m26

S —

E E

Digd e Qe ) gnes an b atias hlile Cumdse 348 s A
Rk 5 B0 sy 1) dss 52 Ol S e
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Ao s K-map

(38 (oo Ui pin a5 ) snet (sled 5 R (i) a g o olias) paiiie (3 ) Gl sl Jsan o
Cd S Sk 30 puaie e Jda Jlen S s OS5 (oo | o paie GRS Jsane

b
ef a'b’' a'b ef
cd 00 01 11 10 10 11 01 00 cd
00| mo | m1 |m3 |mz mi8 |m19 |mi17 |mis | 00
01| m4 | ms |m7 | mé m22 |m23 |m21 |mzo | 01
11 |m12 |\m13 \m15 \m14 m30 |m31 |m29 |m28 | 11
10 m8 | m9 |mi0 \mil m26 \m27 \m25 \m24 | 10
10 |m40 |\m41 \m43 |m42 m58 \m59 |\m57 |m56 | 10
a 11 |m44 \m45 \m47 \m46 m62 |m63 \m61 \m60 | 11
01 |/m36 |m37 \m39 |m38 mb54 |\m55 |m53 |m52 | (1
00 m32 |m33 |m35 \m34 m50 |m51 \m49 \m48 00
ed 00 01 11 10 10 11 01 00 N\
ef ' ef
ab ab
¥ m(6,8,14,18,23,25,27,29,41,45,57,61) S sdbw 1) ) il 1 (el
Digital Design-Karnaugh Maps Seyedarabi 'Y

K-maps O salaia) L (ot sl
12034 e Unifying 4pad (s 5l sdbu (alsl @
A+A =1

Gl 18 slga i 3 So b Bl ) Jda s 0 K-map 52 =
Colie S b bl (LA F Y ) s ey Y5 s aies S a el W) ) jslaess S 4w

AL e &6 ) product term s salus

A eaia )y e ) e A Y @

S acada ) jsie ¥l A F o

S e ada | itie T lsaes A A @

_ﬁs‘fndka\)ﬁﬂAnJ\MML'; 2N &
1ol Il e oad il (slea s 8 o &5 a8 il K gla oy B b g8l i m
_MJL;AUMS@FQM)J
Clen e 4y i (slea s 3l g as ALl ) alad g (o) L s S slani Sl a5 m
AL asadiode i ) S (o
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K-maps J! oaliiu) b (5 jlw o3l

= Example:
F (w,X,y,z) = w'xy'z' + w'xy'z + wx'yz'
+ wx'yz + wxyz' + wxyz
=X m(4, 5, 10, 11, 14, 15)

y
yz K—H
w& 00 01 11 10

00
01| 1 1
x sl Al e 7 g gl
{11 1 1 Jgh (el 0l ilad ¢ lase b
w
10 1 1
%{—/
Digital Design-Karnaugh Maps Seyedarabi 2

K-maps J} oalial b (5 jlw o3l

1B A )l asmsleasiie jlog 8 plakl 0 m
A = w'xy'z' +w'xy'z

= wxy'(z' + 2)
= w'xy'
B = WX'yZl + WX'yZ + nyZ' + Wxyz ,

= wx'y(z' + z) + wxy(Z' + 2) sz 0 o1 ﬁ

= WX'y + wxy )

= wX+x)y A

= wy o1 & g }X

1|1

F(w,x,y,z) = A + B = wxy' + wy e FT‘
(SOP) y L —s
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K-maps J! oaliul b (5 jlw ol

S Gslel il b product term ke 5,5 sleas < m
Dol emrie Jlea Jsaa gl il (s

1 cell = 4 literals, e.g.: wxyz, w'xy'z
2 cells= 3 literals, e.g.: wxy, wy'Z'

4 cells= 2 literals, e.g.: wx, X'y

8 cells= 1 literal, e.g.: w, y', z
16 cells= no literal, e.g.: 1

Digital Design-Karnaugh Maps Seyedarabi A

K-maps J eatiiul b (5 b salu

Tl ) g Al 5 (e piine (gla sk o5 S I (e Aisei @

\ ,
— N
1 i El i (1 (1 1

N A R e
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K-maps J eatiiul b (5 b salu

Db el o & W

AL Glie ()

ALY ) s s sl (Y

e agr 24l A Hiiaalio g Ky gea ol e

X X
Digital Design-Karnaugh Maps Seyedarabi 14
g s A4y uad
Al 2 o 2 4y oy

2l 5 K b i 81 asd e 3l 1S JJJ.;/)J inl e 23 o yiise gas SilS ok 4 i R
1238 a5 SOP 2 lailiasl a8 1y o jilse gan a8 43 3
= Example:
f(A,B,C,D) = A(C+D)'(B'+D") + C(B+C'+A'D)
= A(C'D')(B'+D") + BC + CC'+ A'CD
= ABCD' + ACD' + BC + ACD

AB'C'D'+ AC'D'+BC + A'CD c
CD —
=AB'C'D' + AC'D'(B+B') + BC + A'CD AB 00 01 11 10
=AB'C'D'+ ABC'D' + AB'C'D' + 00 _1]
BC(A+A") + ACD o BB
=AB'C'D'+ ABC'D' + ABC + ABC + }B
A'CD ) 1 m E 1J
= AB'C'D' + ABC'D' + ABC(D+D'") + 10 lLJ
A'BC(D+D') + ACD(B+B') ——

= AB'C'D'+ ABC'D' + ABCD + ABCD' +
A'BCD + ABCD' + AB'CD
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SOP 8 (i sdle (350 oy
20 SOP a8 (i edbes 3,51 oy (610
A Gy opemalea a6l Jad JBlas o
Lol 4TS (o e Ses s

25 e 03l p) Cpsear 38 3 e 5 S Jsa 0

(prime implicants) cuiwsi i/ L oK ae an 5 _i8) i sled 5 8 AR5 o

(redundant groupings) 3 te slea s K s
s oo ol L ) gy 5 g2 4S Casl (3 e et Implicant
eaa aa3 g il AT L 4S a3 4l 1(prime implicant) oseds )
(S0 8 Ga B )Y (o0 Gy s ab sl A )

el « G5 v

Digital Design-Karnaugh Maps Seyedarabi AR

SOP a8 (s o3k (3490 oty

(3L 5 8en slea s R 4w Blaia O sl s Al aS a s R) A e sla o5 S i m

1] 1) 1

)

Y x Ay Vv
TIIT ] (1——1\
1 1 , t 1
(. |

Essential prime implicants
el Qi) ¢ essential prime implicant) bl opieds Qi) =
J.wl.} 55N 532
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Q. Identify the prime implicants and the essential prime
implicants of the two K-maps below.

CD —
a 00 01 11 10 AB 00 01 11 10
o 1 1 0 1 oo 1 | 1 1
a4l 0| 1| 0] o0 o1 11
B
— nl 1|1 1
c A
0] 1 1)1
%/_/
D
Digital Design-Karnaugh Maps Seyedarabi Yy

SOP a8 (s o3k (3490 oty

= Algorithm (non optimal):

1. Circle all prime implicants on the K-map.

2. Identify and select all essential prime implicants for the
cover.

3. Select a minimum subset of the remaining prime implicants
to complete the cover, that is, to cover those minterms not
covered by the essential prime implicants.

Digital Design-Karnaugh Maps Seyedarabi Y¢




SOP a8 (n A sdla Gyl Gy

= Example:
f(A,B,C,D) = ¥ m(1,2,5,7,8,10,12,13,15)
c
CD —
AB 0 01 11 10
00 1 1
1] S = = Al prime implicants
01 1 1
B
ul[aflla]] 1) }
A
o) G
%/_/
D
Digital Design-Karnaugh Maps Seyedarabi Yo
SOP a8 (A sdla Gyl oy
CD ,—L [}
AB 00 01 11 10 cD — A
o 7] |4 AB 00 01 11 10
ol _|fa) 1) } . of (1] |l ¢ Essential prime
R { (i) ) "Tman implicants
10,@ @ B
5 R un| 1 \1]1)
0] 1 f—l]
%/_/
C D
CD —
AB 00 01 11 10

o 2] | @ Minimum cover
oo}
A{n m | 1)

AR
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SOP a8 (n A sdla Gyl Gy

CD r—L
ACD AB 00 01 11 10
e 1] W] B'CD’
01 LJ 1\
B
. 1 T] CREY
10 LJ {—1] BD
D

AC'D'
f(A,B,C,D)=BD + A'C'D + AC'D' + B'CD'

Yv

Digital Design-Karnaugh Maps Seyedarabi

Y=Y G
Q. Find the simplified expression for G(A,B,C,D).

CD —
AB 00 01 11 10

10

01 1 1)1
B
11 1 1 1
A

Digital Design-Karnaugh Maps Seyedarabi
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POS o8 Oyl cy

SOP o8 Jsere sy 5 )8 Joan Jass i oadi odls &yl ®
Syl v ol g8 0 POS a0 s b odb (5] 0 20
Aita b slea iulSle by Hlalite 4S

= Example:
F=>m(0,2,4,5,6,8,10,12,13,14)
CD /—L
AB 00 01 11 10
w1 [lol|[of) 2
o0 1|1 ||ofl 2
B
1ml 1|10 1
A
10| 1 (0 Q 1
%/_/
D
Digital Design-Karnaugh Maps Seyedarabi Y4
POS a2 (a9 g
C (o}
cD — cD —r
AB 00 01 11 10 AB 00 01 11 10
Kmap 1 Lo (0] 2 oo 1T o K-map
of F ot 1|1 |lo] 1 onlo|oll1]l o of F'
B B
m| 1|1 |ofa unlo|o|f1f o
A A
101(0Q1 100(1~;\0
— —
D D
® This gives the SOP of F' to be:
F'=B'D+CD
= To get POS of F, we have:
F =(B'D + CD)'
= (B'D)'(CD)' DeMorgan

= (B+D')(C'+D')  DeMorgan
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Don’t-care Conditions

wwu@jﬁj\gd\ﬁ@m@aujj

Loe g e et ad B Lgilla ol (s 20 No. [A[B|C[D]P
an € ad ) 0 [o]ofoo]1
e 1 [oJofJof1]o
9 g (g admall Cunad) (o OV Lga yiia ol W g 8 8 1 2 (l)
Aigh el ilaid bx Ldss 4 Jol[1]o]0]o0
o i o 5 [o[1]o]1]1
ain) A dda o Ll ol ¢ ail 8 g3l el py @ 6 o1 101
Dl Ot e la Y Ll v (g3l ol dg sy, 3 g 7 Jolaf1]a]o
.. T D 8 [1]o]o]o]o
S il (gaia s S jagen S i) be o T1Tolol1Tt
) . 10 [1]o[1]0][X
= Example: An odd parity generator for 110l 111X
BCD code which has 6 unused 12 [1][1]0]0[X
P 13 [1 101X
combinations. TEERERERE R
15 [1[1]1]1]X
Digital Design-Karnaugh Maps Seyedarabi ™
- -
Cuad) o Yl
C
[ ] i . cb —
For comparison: N w n 1
< WITHOUT Don’t-cares: 0| 4 1
P=AB'C'D'+ AB'CD + ABC'D 01 1 1
B
+ A'BCD' + AB'C'D 1
A 10 1
|
D
< WITH Don’t-cares: . 5
P = AIBIClDl + BICD + BC‘D AB 00 01 11 10
00 1 1
+ BCD'+ AD — U
01 1 m ]
u|x |(x]J] x) u]
A
| Ja |[x]] x
—
D
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Examples

= Example #1:
f(A,B,C,D)= AB.C+B'.C.D'+A.D+B'.C'.D'
A
AB —
CD 00 01 11 10
= “ @ Filinthe T’s.
01 1 1
D
{11 1|1 }
C
ol 1 1)1
%/_/
B
Digital Design-Karnaugh Maps Seyedarabi Yy
Examples
= Example #1:
f(A,B,C,D)= AB.C+B'.C.D'+A.D+B'.C'.D'
AB K—L
CD 00 01 11 10
00| 1

01

11
C
10 R

&= Findall Pis:
}‘D\A.D

(1

L

2| ——————AC
e T B'D

Bz
A,

Are all “1’s covered by the PIs? Yes, so the
answer is: f(A,B,C,D)=AD+A.C+ B'D'

Digital Design-Karnaugh Maps Seyedarabi Y




Examples

= Example #2 (with don’t cares):
f(A,B,C,D) = ¥ m(2,8,10,15) + > d(0,1,3,7)

A
AB —
cD 00 01 11 10
00| X 1
@8 Filin the 1's and X's.
01| X
D
11 X X| 1
o]
10| 1 1
%/_/
B
Digital Design-Karnaugh Maps Seyedarabi Yo

= Example #2 (with don’t cares):
f(A,B,C,D) = ¥ m(2,8,10,15) + > d(0,1,3,7)

A
AB —
cD 00 01 11 10 Do we need to have an
0| X 1 additional term A'.B' to
o1l x cover the 2 remaining x’s?
D
u| x |(x] 1) No, because all the 1’s
c .
minterms) have been
10 K 1 ( )
covered.

f(A,B,C,D)=B'.D'+ B.C.D

Digital Design-Karnaugh Maps Seyedarabi
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Examples

® To find simplest POS expression for example #1:
f(A,B,C,D)= AB.C+B'.C.D'+AD+B'C'.D'

= Draw the K-map of the complement of f, .

A From K-map,
AB —
N OLliJ £ f'=A'B+A.D+B.C'D'
00 1 1
) Using DeMorgan’s theorem,
ufla |1 }D f=(A'"B+A'.D+B.C'.D"
o] 2 = (A+B').(A+D').(B'+C+D)
%(_/
B
Digital Design-Karnaugh Maps Seyedarabi v
Examples

* To find simplest POS expression for example #2:
f(A,B,C,D) = ¥ m(2,8,10,15) + > d(0,1,3,7)
» Draw the K-map of the complement of f, f'.
f'(A,B,C,D) = X m(4,5,6,9,11,12,13,14) + 3> d(0,1,3,7)

A
cD . 0 01 11 10 From K-map,
w| x [ f'=B.C'+B.D'+B'D

o1 7L1 D, ﬁ' }D Using DeMorgan’s theorem,
C{“ —x//x \ L f=(B.C'+B.D'+ B'.D)
1 1
v = (B'+C).(B'+D).(B+D")

YA
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Quine-McCluskey & Jsi (g

® Quine-McCluskey Method is a step-by-step
procedure which is guaranteed to produce a
simplified standard form for given function.

= Advantages:
< can be applied to problems of many variables
< suitable for machine computation

= BUT tedious and prone-to-errors for humans.

Digital Design-Tabulation Seyedarabi Y4
Method

Introduction

= Relies on repeated applications on terms using
Unifying Theorem:

oxXp + ax'f = af
where a and  stand for product terms;
Example: wxyz + wx'yz = wyz

® Using binary representations (for the product terms),
above theorem correspond to:

alp + a0p = a-p
Examples: 111 + 101 = 1-1 (abc + ab'c = ac)
101 + 100 = 10- (ab'c + ab'c' = ab')

11-10 + 11-00 = 11--0 (abde' + abd'e' = abe’)

Digital Design-Tabulation Seyedarabi £
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Introduction

= Two steps procedure:
% Find all prime implicants

< Smallest set of prime implicants to cover the
minterms of function

Digital Design-Tabulation Seyedarabi )
Method

Determining the Prime Implicants

® Consider a 4-variable function.
F(A,B,C,D) =X m(0,1,4,5,9,11,14,15)

® Procedure:

< Arrange the minterms in groups according to the number
of 1s (see Column 1)

< Combine terms from adjacent groups which differ by only
1 bit. (see Column 2)

< Repeat step 2 with a new set of terms (see Column 3);
until no further combinations are possible.

Digital Design-Tabulation Seyedarabi £y
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Determining the Prime Implicants

Column 1 Column 2 Column 3
0 0000« 0,1 000-
1 0001 % 0,4 000 v 0,145 0-0- ¢
4 0100 W 1.5 001 v
5 0101 % 4 g o1 ==
9 1001 % 4,5 010- v
“ oY r

oo 9,11 10-1 duum
1 1m0y —————
15 1111 W 11,15 111 ¢

14,15 111- <

® The prime implicants (Pls) are those without a tick

mark, namely:  {-001, 10-1, 1-11, 111-, 0-O-
or {B'C'D, AB'D, ACD, ABC, A'C'}

Digital Design-Tabulation Seyedarabi [
Method

What are these Prime Implicants?

= A prime implicant (Pl) is a product term obtained by
combining the maximum possible number of
minterms from adjacent squares in the map.

® [argest groupings of minterms in K-map correspond
to prime implicants.
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What are these Prime Implicants?

® For comparison, the equivalent K-map with the
various groupings of minterms are as follows:

Column 1

0 0000«

1 0001 %~
4 0100 W
5 0101 W
9 1001 «
11 1011 «
14 1110 v

15 1111 W

Digital Design-Karnaugh Maps

Column 2
0,1 000-

v
0,4 0-00 v

1,5 0-01
1,9 -001

4,5 010-
9,11 10-1

11,15 1-11
14,15 111-

Seyedarabi

ittt

Column 3

0,145 0-0-

11
A
o |[@

<=

c

CD —
AB 00 01 11 10

oofl_

orf(1 | q)

\

1])

(7

D

What are these Prime Implicants?

® For comparison, the equivalent K-map with the
various groupings of minterms are as follows:

Note that some of these
groupings (prime implicants) are
redundant.

So we need to find the minimum
set which would cover all
minterms — step 2 of the
tabulation technique.
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Selecting a Minimum Set

= Next step is to select a minimum set of prime
implicants to represent the function — the covering
problem.

® Prepare a table for prime-implicant vs minterms — a
prime implicant chart (Pl Chart):

0 1 4 5 9 11 14 15
1,9 -001 X X
9,11 10-1 X X
11,15 1-11 X X
14,15 111- X X
0145 00-| X X X X
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Selecting a Minimum Set

® Choose essential prime implicants (EPIs) — those
with unique minterm in it (i.e. single minterm in the

column).
L A4 l
o[ 1 [4] 5] 9 11 N4 15
19 -001 X X
9,11 101 X X
11,15 1-11 X X
- (1415 111- x| X
= (0145 0-0- [[X[ X [X[[X b
AB 00 01 11 10
) ) o1 ] 1)
= Unique minterms: 0,4,5,14 01{1_ :
' 111)
® Therefore, EPIs are: A'C', ABC. u B 1]}3
A{lo 1 1
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Selecting a Minimum Set

Y Y X Y
ol 1 (4] |5] 9 11 |14 15
1,9 -001 X X
9,11 10-1 X X
11,15 1-11 X X
(1415 111- X X |
m( 0145 00 | X X (X IX )

= Remove rows of essential prime implicant (EPIs) and
columns of minterms covered by these EPIs, to give a
reduced Pl chart:

9 11
19 -001 X
9,11 10-1 X X
11,15 1-11 X
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Selecting a Minimum Set

= Next, select one or more prime implicants which
would cover all the remaining minterms. (namely,

AB'D)
9 11
T9 001 X
m( 911 101] X X ]
11,15 1-11 X
C
. . CcD —
= Hence, minimum set of prime pa\ 00 01 11 10
. . 00
implicants to cover all the 1]z
o a4

minterms is { A'C', ABC, AB'D }

F = A'C'+ ABC + ABD L)

11 [1_
Mol @D
D
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Another Example

= Try tabulation technique with function:
F(A,B,C,D) =X m(2,4,6,8,9,10,12,13,15)

Column 1 Column 2 Column 3

2 0010 26 0-10 Pl 8,9,12,13 1-0- Pl
4 0100 210 -010 Pl
8 1000 46 01-0 Pl
6 0110 4,12 -100 PIs
9 1001 8,9 100-
10 1010 8,10 10-0 Pl
12 1100 8,12 1-00
13 1101 9,13 1-01
15 1111 12,13 110-
13,15 11-1 Ply
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Another Example

® Prime implicants: 1-0-, 0-10, -010, 01-0, -100, 10-0, 11-1
or AC', A'CD', B'CD', ABD', BC'D', AB'D', ABD

v v
2 4 6 8 [9] 10 12 13 [15
= (8,9,12,13 1-0- = X X X ]
2,6 0-10 | X X
2,10 -010 | X X
4,6 01-0 X X
412  -100 X X
8,10  10-0 X X
w1315  11-1 X |X])

+ EPIs: 1-0-, 11-1  or AC', ABD
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Another Example

2 4 6 8 [9] 10 12 13 [15
= (8,9,12,13 1-0- X [X X X J
2,6 0-10 | X X
2,10 -010 | X X
4.6 01-0 X X
412  -100 X X
8,10  10-0 X X
w1315 111 X [X])
EPlIs: AC', ABD

® Reduced PI chart

2 4 6 10
2,6 0-10 | X X
= 210 010[X X] F=AC +ABD+
-)[ 46 01-0 X X ) ' ' ' '
412 -100| X B'CD' + A'BD
8,10 10-0 X
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Another Example

® Questions:

< How would you obtain simplified product-of-sums
(POS) expressions with the tabulation technique?

< How would you handle “don’t care” conditions in
an incompletely specified function?
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Rules for Table Reduction

= After obtaining the EPIs, the rules for Pl chart
reduction are:
< Rule 1: A row that is covered by another row may be

eliminated from the chart. When identical rows are
present, all but one of the rows may be eliminated.

% Rule 2: A column that covers another column may be
eliminated. All but one column from a set of identical
columns may be eliminated.
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Rules for Table Reduction

= Example: Given this reduced PI chart:

5 10 1 1B
1,5,9,13 -01 | X ) 5 10
SRS 11X =) 15913 01X
891011  10-- X 89,1011 10--| X
9,11,1315 1-1 y

= Apply rule 1: 2" and 5% rows can be eliminated.

= Apply rule 2: 3" and 4t columns can be
eliminated.
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Incompletely Specified Functions

® Functions with “don’t-cares”.

% Step 1: Finding prime implicants (no change).

% Step 2: Pl chart — omit the don’t-cares.

= Example:

F(A,B,C,D,E) = = m(2,3,7,10,12,15,27)
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+2d(5,18,19,21,23)

oV

Incompletely Specified Functions
F(A,B,C,D,E) =X m(2,3,7,10,12,15,27) + ¥ d(5,18,19,21,23)

Column 1 Column 2 Column 3
2 00010 2,3  0001- g 2,3,18,19 -001- Pl
3 00011 g 2,10 0-010 Pl 3,7,19,23 -0-11 Pl
5 00101 2,18 -0010 ¢ 57,21,23 -01-1 Pls
10 01010 37 00-11 g
12 01100 Pl 3,19 -0011 g - =

, B B
18 10010 g 57 0011 g Pl chazrt —
7 00111 521 0101 = i 0 5
19 10011 18,19 1001- g P|1 X X
21 10101 715  0-111 Pls P,Z X
15 01111 723 0111 g - (Pls | X X
23 10111 19,23 1011 g =) | Pls X X
27 11011 19,27 1-011 Pls =) | Pl X

2123 1011 g =) \PI X
EPIs: Pl,, Pl,, Ply and Pl,.
Reduced T%
F=Pl, +Pl,+Plg+Plg+Pl, or Plchart:  bf | X
Pl, + Pl, + Pl; + Pl + Pl
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Review — Quine-McCluskey Technique

® Relies on unifying theorem:
oxf + ax'p =oapf
® Procedure:
® (i) Find all prime implicants
% arrange minterms according to the number of 1s.

< exhaustively combine pairs of terms from adjacent groups
which differ by 1 bit, to produce new terms.

% tick those terms which have been selected.
< repeat with new set of terms until none possible.
< terms which are unticked are the prime implicants.
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Review — Quine-McCluskey Technique

® (ji) select smallest set to cover function
< prepare prime-implicants chart.

< select essential prime implicants for which one or more of its
minterms are unique (only once in the column).

< obtain a new reduced PI chart for remaining prime-implicants
and the remaining minterms.

< select one or more of remaining prime implicants which will
cover all the remaining minterms.
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Review — Quine-McCluskey Technique

= Example:
F(A,B,C,D) =X m(0,1,4,5,9,11,14,15)
Column 1 Column 2 Column 3
0 0000 % 0,1 000- v
1 0001w 0,4 0-00 v 0,1,45 0-0- <m
w/‘/ 1,5 0-01 v
5 0101 4 g o1 <mm
9 1001 ¥ 45 010- v
1101 9 911 101 «mm
14 1110 v i 1T

15 1111 W 11,15 1-11 e
14,15 111-  <aum
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Review — Quine-McCluskey Technique

® The prime implicants (those without a tick mark) are:
{B'C'D, AB'D, ACD, ABC, A'C'}

Of 1 4] |5 9 11 |14 15
1.9 -001 X X
9,11 10-1 X X
11,15 1-11 X X
=) ( 14,15 111- X X
= (0,145 0-0- [X] X |X] [X

= Essential prime implicants : ABC, A'C'

9 11
= F=ABC +A'C'+ ABD 19 001 X
= (011 101 X X
11,15 1-11 X
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