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3.2 KARNAUGH MAP:

The simplification of the functions using Boolean laws and theorems becomes

o

complex with the increase.ir the number of var.ié'ble.s“and terms. The map method,
first proposed by \//e'ftchand slightly improvised by K;‘rhaugh, provides a simple,
straightforward ,pfrﬁ-cedure for the simplification of Boolean fuﬁetions. The method is
called Veitch‘.{é'ifagram or Karnaugh map, which may be regal'rc_led as a pictorial

representatié'rm of a truth table. :
M) A

The Kérnaugh map technique provides a systematic method: for simplifying
and manipulation of Boolean expressions. A K-map is a diagram made up of squares,

with each square representing one minterm of the function that is to be minimized.

For n varlables on a Karnaugh map there are 2n numbers of squares Each square or
\

cell represents Qne of the minterms. It can be drawn directly from either minterm

(sum-of- products) or maxterm (product-of-sums) Boolean expressmns

~

o ®
- .//
o .J_»

Two- Variable, Three Varlable and Four Variable Maps
Karnaugh maps can be used for expressmns W|th two three four and five

variables. The number of cells in a Karnaugh map is equal to"the\total number of

L W —

possible mput varla‘ple comblhatlons asis"the nUmber of rows in.a truth table. For

three variables, the number of cells is 23 = 8. For four variables, the number of cells

is 24 = 16.
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Product terms are assigned to the cells of a K-map by Igbeling each row and

TR

each column of a rﬁ'ai‘p'_with a variable, with its complemenpdr with a combination of

variables & comp|emehf'$l-Ih\e below figure shows. the way to label the rows &

columns of a 1, 2, 3*'and~4.-...\La,r_ia‘bil_qe_'_'f_ﬁ_}ﬁjp}f?’r'{_d,_,the product terms corresponding to

\
each cell. : > -
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It is importan-t'fo note that when we move from one cettto the next along any
row or from one cell to the next along any column, one and only one variable in the
product term changes (to a complement or to an uncomplemented form).

Irrespective of number of variables the labels along each row and column must
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conform to a single change. Hence gray code is used to label the rows and columns

of K-map as shown ow.

BC —» Gray code Sequence

B
0 A 0 1 A 00 01 11 10
0| 1Mo 0| 1Mo mi 0 mo 11 ms me
A
1 1 1| M2 ms 1 m4 ms mr ms
1 -Variable map 2 -Variable map 3 -Variable map
K “
17 5
i s

cp — Gray code Sequence
AB 00 01 11 10 :

% Graycode | 00| mpo [ M1 | ms | 1me ]
%+ Sequence ¥
"-.‘w o1 ] me | ms my ms l.‘.
;
11| mu2 | muz | mus | g A
o
_/'
10| ms | me | 1M1 | 1o A
' 4-Variable map
Grouping cells fof Simplification: E
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The groupimg’ is nothing but combining terms “im~adjacent cells. The
simplification is achieved by grouping adjacent 1’s or Q’s in groups of 2i, where i =1,
2, ..., nand n is the number of variables. When adjacent 1’s are grouped then we get

result in the sum of product form; otherwise we get result in the product of sum

form.
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Grouping Two Adjacent 1’s: (Pair)
In a Karnaugh map we can group two adjacent 1’s. The resultant group is
called Pair.

CD oD CD
AR 00 01 11 10  AB 00 01 11 10 AB 00 01 11 10

oo 0o 0o

o1 QD 01 m 01 D @
i N 11 LIJ 11 [
/
Y

10 \ 10 10

ABD ECD

CD ' CD ) CD
AB 00 01 11 10 AB 00 01 11 10 AB 00 01 11 10

00 1 00 00 u

01 \ 01 [ | [ 01
11 \ 11 \1# 11 \
10 m\ \ 10 \ 10 (1; S \

BCD

......

Examples of Pairs _:

Grouping Four Adjacent 1’s: (Quad)
In a Karnaugh map we can group four adjacent 1’s. The resultant group is

called Quad. Fig (a) shows the four 1’s are horizontally adjacent and Fig (b) shows
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they are vertically adjacent. Fig (c) contains four 1’s in a square, and they are

considered adjacent to each other.

L o L
AB oo 01 11 10 AB oo ol 11 1 AEB ool 11 10
o
oo Y il 0

11 \ 11 1M 11
10 10 1 \ 10
e

01 01 01 \

11 ‘_1}\ 1 11 11 \
2]

" [

10 \\ 1 10 (1_ 1 \ 10 4 \\/
\_

T s - R

The four 1 s in flg (d) and fig "(e) ‘aré also adjacent as are those in fig (f)

because, the. top"and bottom rows are considered to be adjacen"tto each other and

'S

the Ieftmost and rlghtmost ‘coluitnns-are also adjacent to each other '1
Grouping Eight Adjacent 1’s: (Octet)
In a Karnaugh map we can group eight adjacent 1’s. The resultant group is called

Octet.
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Simplification of Sum of Products Expressions: (Minimal Sums)

The generalized"brocedure to simplify Boolean expressions as fquews:

1.

4.

Plot the k-map and place 1’s in those cells corresm‘inding to the 1’s in the

/

sum of product expressmn Place O’s in the other cells.

e,

Check the K-map. for adJacent 1 s and _encircle those 1’s which are not

adjaeen} to any other 1’s. These are caIIed isolated 1‘ .

'.

Checkcfor thc»se s wh|ch are adjacent to .only-6he other 1 and encircle

R A p—

. b

such palrs - *
Check for quads and octets of adjacent 1’s even if it contains some 1’s that

have already been encircled. While doing this make sure that there are

minimum number of groups.
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5. Combine any pairs necessary to include any 1’s that have not yet been

grouped. 6.Form the simplified expression by summing product terms of

all the groups.

Three- Variable Map: I e

1. Simplify the Boql:,e?é'n expression,

F(x, y, z) =.3m (3,4, 6, 7).
;.‘Il ;;_
Soln:
b
‘I-i. ."'
JF T yz oy yE RS I Z T
00 01 11 10 00 01 11 10

ol oo |1 fo %0 | 0 OT}O“YZ
x1 1o 11 <1 [ | o [LJ](a

. 5 \ X7
X .
F = yz+ x2’ ok 5
2.F(x,y,z)=3¥m (0, 2, 4, 5,.’6).-. < -
- o *
o VB ¥zoyz oy oy, 5 oys yz yI oo
00 01 11 10 00 01 11 10,7
x0 |1 |0 |01 xo| 1] 0 | 0 |(1

3 2 :>
x1 |1 |1 o] 1 x1 | ]].1)] o |1
4 5 7 6 i

F=2'"+xy

3.F=A'C+A’B+ AB’C + BC Soln:
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=A’C(B+B’)+A’B(C+C’) + AB'C+ BC (A+ A’)
= A’'BC+ A'B'C+ A’'BC+ A’BC’ + AB’C+ ABC + A'BC
= A'BC+ A’'B’C+ A’BC’ + AB’C + ABC

= m3+ M1+ M2+ Ms+ My

= Z m (11 2; 3; 5/ 7) e S =,
BC B¢ Bc BC BC BC B¢ BC EBC BC
A A B
00 01 11 10 00 01 11 10~ AF
= s ~ | *
e d I zo| o |1 |C 1)
0 1 3 2 |:>
a1fof1 1o a1 o |lt |y1]f o
-
F=C+AB:! ‘
fl v
4.AB’C + A’BIC + A’BC + AB’C’ + A’B’C’ Soln: !
.‘.\ A ‘1'
=m5 + Ml +m3+ m4+m0 £
=y m (0, 1,3, 4, 5) <
e '*‘-— o o .-'FF".J o’
ABC BEC BC BC EBC ABC EC BC BC BC
00 01 11 10 00 01 11 10
Bof1 (1| 1]0, AOll (1 1;0,&
a1|1 )1 o) o : Alll 1 )| 0| o
3
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Four - Variable Map:

1. Simplify the Boolean expression,
Y =A’BC’'D’ + A’BC’'D + ABC'D’ + ABC’'D + AB’C’'D + A’B’CD’ Solin:

g LR LI

- .‘.’- CD e —— N
AB CD CD CD cCD
A wao oo [
S -
AB[[1 | 1]] 0 | O .
‘ 0 BC e | ’E__} 1.';
._e" AB 1 3] 0 0 \
a5| 0 (] o | o .
A1
3 \*
¥ ACD 5
Therefore, i1 Y= A’B’CD’+ AC'D+ BC’ i
‘ ' !f
2. F(w, x,y, z)l-\z m(0,1, 2,4,5,6, 8,9,12, 13, 14) Soin: ;
-.\ /.
'.'.-_... g l/'
) - Wz
yZ vz
WX 00 01 11 10 WX vz Yz yz \yz
00 T 7 :
t o1, =z [1T] 1] o {1
01 -
plr ol =<| | LIl 1] o [[l1
11 :
! 12 a 13 g 15 . 14 e 1;// 1 0 ’\l_
10 o
b 8 1 9 : 11 0 10 ‘/}/’K-ﬁ—l’ . .
XZ K»T

Therefore,

F=y'+wW'z’'+ xz’
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3. F= A’B’C’+ B’CD’+ A’BCD’+ AB'C’
= A’B'C’ (D+ D’) + B'CD’ (A+ A’) + A’BCD’+ AB’C’ (D+ D’)
= A’B'C’'D+ A’B’C’'D’+ AB’CD’+ A’B’CD’+ A’BCD’+ AB’C’'D+ AB'C'D’

= M1+ Mo+ M10+ M2+ Me+ Mo+ Mg

= z m (OI 1: 2: 6: 8: 9: 10)_ cen =S SR S, .
CD O =
AB 00 01 11 10 AB CD CD CD CD

oof 1| 1] 01 28|l ]| o LT
0 1 3 2 7 y o

01| 0 0 0 1 = 0 ACD
4 5 7 6 :> 4% 0 \lse__ X

11| 0 0 0 0 AB| O 0\ 0 0
12 13 15 14

W11 01 AE ( Tk o | 17 =
g 9 11 10 Y Ef)

Therefore, F= B’'D’+ B'C'+ __~:
ACD.,
3% . /

4. Y= ABCD+ AB"'c'<D'+ AB’C+ AB
_ ABCD+ AB'C'D+ AB C (D+D’)+ AB (C+C’) (D+D’) e
= ABCD+ AB'C'D'+ AB 'CD¥AB'CD'+ (ABCHABC) (D+ D)

= ABCD+ AB'C'D’+ AB CD+ AB’CD’+ ABCD+ ABCD'+ ABC'D+ ABC D’

- ABCD+ AB’C’D’+ AB'CD+ AB'CD'+ ABCD'+ ABC'D+ ABC’D' "1_
SN e .

......
.'.""‘ - LY TR L. o

il N e

=3y m (8, 10, 11, 12, 13, 14, 15)
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CD CD
AB 00 01 11 10 AB Ch: 2D 20 D
oo| O 0|0 0 AB| O 0|0 0
0 1 3 2
01| O 0 0 0 a2l O 0 0 0
4 5 7 6 l:)
1] 1 1 1 1 ap|(1 1 1 1+ » AB
12 13 15 14 A c
0 1|0 1 | 1 — 0 .
8 0 1 10 AE [~ ] 1

LA

Therefore, Y= AB{-_I{ Aé+AD’.
Y

By A
5. Y(A, B, C,D)=3m(7,9,10,11, 12, 13, 14, 15) :
co’ CD _ o
AB 00 01 11 10 AB CD CD CD CD
oo| O 0 0 0 AEB| O 0 0 0
0 1 3 2
BCD
otlo|o|1]0 gzl o | o | iMoo |7
4 5 7 6 Q ———]
11111 sl AW
12 13 15 14 oA
AB -
10 =
03 19 111 110 AT 0 \l{ 1) I‘lJ
N, T AC
, AD
N 3
Therefore, . <P
.':-4 =X ~ - "/
Y= AB+ AC+ AD+BCD. R R w1
.:.-- :: ‘..;' - o4 Y
6. Y= A'B'C'D+ A'BC’'D+ A'BCD+ A'BCD'+ ABC'D+ ABCD+ AB'CR. = %,
= m1+ m5+ m7+ m6+ m13+ mis+mii~ £ o i

=ym(1,5,6,7,11, 13, 15)
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CcD CD
AB 00 01 11 10 AB CD CD CcD CD
oof 0| 1|0 |0 AB[ 0 Fl \ 010 s
0 1 3 2 S—— — - =
ACD=<—"""] e
01| 0 1 1 1 = 0 ‘.| 1 | 1 ‘ 1)
2 5 4 5 AB ; ; //-";XBD
1o |11 ]o0 : apl 0 Bl [Ty o
12 13 15 14 S _ 10
10 _
0 ! 0 : 1 I 0 o AT 0 0 \SL 0

In the abové K map, the cells 5, 7, 13 and 15 can be groUped to form a quad
as indicated by the dotted lines. In order to group the remaining l’s four pairs have
to be formecL However, all the four 1’s covered by the quad are also covered by the
pairs. So, the qguad in the above k-map is redundant.

Therefore the simplified expression will be,

Y= A’C’'D+ A’BC+ ABD+ ACD. _

2 ¥Y=Sm (1, '5.‘< 10, 11, 12, 13, 15) S
a e KD
cD cD
AB 00 01 11 10 ABN_ CD 61:)6 cD
ol o100 gl © m 0| o
0 1 3 2
otfo |1 oo Zp| 0 U O 1 9.4 wacp

v
s (@2 ] o 1 1 1 (1. o
12 13 15 14 AB q:) i

oo 0|11 5| 0o \o |TTH—

r

Therefore, Y= A’C’'D+ ABC’+ ACD+ AB'C.
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8.Y=A’B’CD’+ ABCD’+ AB’CD’+ AB’CD+ AB’C’'D’+ ABC'D’+ A’B'CD+ A’B'C’'D’

BD

CD__ _
AB CD/CD CD |cD
_ 7
AB| 1 0 le IJ
AB| O 0 0
apl| 1 0 0
e
O 7
o AE 1\ 0 fl 1

Therefore, Yf’fAD’+ B’'C+ B'D’

1 <
, 4
.

9.F(A,B,C:D)=3m(0,1,4,8,9,10)

il

CD
AB 00 01 11 10
oo | 1 1 0 0
0 1 3 2
01| 1 0 0 0
4 5 7 6
1] 0 0 0 0
12 13 15 14
101 1 1 0 1
g 9 11 10

Therefore, F= A’C’'D’+ AE;’D"F-B-'..C.'.:.A

-

s

CD _ _'_
AB Gh: Bl e D
—_— RN
ACD\.___E_E_l I)L 0
zs|[1)]| © =y
B 0 0 .ﬂ‘o“_ === B
aB|(]] 17 (1] __
— —~——_ , ABD

Simplificatiqﬁ of-gum of Products Expressions: (Minimal Sums

r L K

.'..

R

L

......

Y

1. Y=(A+B+C’) (A+ B’+ C’) (A’+ B’+ C’) (A’+ B+ C) (A+ B+ C)

= Mzi. M3. M7. M4. Mg
=[TM (O, 1,3,4,7)
=>m(2,5,6)

N s
)
s L8
=

- st

A\,

. ~
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JBC BC B Bc EC ABC /»XC
00 01 11 10 BC _C, EC_ BC
Zolofo o] 1, z o |[o]|Co”[[o])
a1fof1 ol :>A1@1\8/1
Mg eEC
Y’ = B'C’+ A'C+ BC. i e
Y=v" = (B'C'+ AC+BOE
= (B'C))". (NEF". (BC)
= (B"+ CY. (A%+C). (B+ C) Y= .‘
(B+C). (A+C). (B'+ C) i

1
?.i f
2.Y=(A’+ B’+ C+D) (A’+B’+ C'+ D) (A’+ B’+ C'+ D’) (A’+ B+ C+ D) (A+ B’+ C’+ D) (A+

B'+C'+ D’) (A+ B+ C+ D) (A’+ B'+ C+ D’)

=M12. M14. M15. M8. M6. M7. MO. _,r'.
X ;
M13 = ]'[M‘(Q,_ 6,7,8,12,13,14,15) j
A o s
CD &0 C 5 ch
. D CD CD CD B o ~
00 01 11 10 CD CTD CD CD
AB OO | O N N LQJ 1 1 1
ZE 01 | 1 0| 0 Y 1 | 1 |
AB 4 1 5 7 6 [::> 1_3(_:[_)“2 0 0 y
AB 11l oo |0 o AEY0 | 0 [[0 O)J
12 13 15 14 T -
_ _ ~a
AB 10| 0 |1 |1 | 1 AB IO 1 | 1 1 AB

Y’ = B’C’D’+ AB+ BC
Y=Y” = (B'C'D’+ AB+ BC)’
= (B'C’'D’)". (AB)’. (BCY
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= (BH+ C"+D"). (A’+B'). (BI+ CI)
= (B+ C+ D). (A’+B’). (B’+ C))
Therefore, Y= (B+ C+ D). (A’+ B’). (B’+ C')

3.F(A,B,C,D)=TIM (0, 2, 3,8, 9,.12;-13;-14,"15).._

LT

'- .
T~ " L

CD CD CD CD CD CD 48D
B AB — _
00 01 11 10 CD CD-CD \CD

ABoo| o1 o fo. x5 |0 1 @;@

AB 01 14 1 I 1 ] 1 ) :> AB| 1 1 1 \bl‘\'““—hsABc
HE 17 012 0 13 015 L 14 AE\ b /0_ (0 \Ql—_—-];“”ﬂABD
as10fofo |11 s [ ol 1] 1

Y’ = A'B'D’+ A’B'C+ ABD+ AC i

Y=Y = (A'B’'Dl§ A’B'C+ ABD+ ACYY
= (A'B'D’)" (A’B’C)’. (ABDY. (AC)’ /i
= (A”+ B”+ D’)I). (AII+ BI’+CI) (AI+ BI+ DI) (AI+ CI’)

N
el

= (A+ B+ D). (A+ B+ c’l (A’+ B’+D’). (A’+ C)
Therefore, Y= (A+ B+D)..(A+ B+ C’) (A”':l- B’+ D’) (A’+ Q) .-

/ \
;' F

4.F(A, B, C, D) &m (0;1,2,5,8,9, 10)

T s e L mmt

{ —]'[Mi.% 4,6,7,11, 12, 13 14 15) B e T
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CD CD CD CD CD CD _
AP 00 01 11 10 AP\ &5 @ cp b 22
__ < R eh
ABOO |1 |1 10 | 1, A| 1 | 1 /#Q,fjl/'(;cp
ABOL| O 10| 0 Zg 700 1 ol o!
[::> AB
AB 11| 0 |0 |0 | o ae |01 0 (o] [0
12 13 15 14 | _—
AE 10 1319011110 AB| 1 [ 1 [lof] 1
e A
Y’ = BD’+ CD+ AB ’ .,
Y=Y"—(BU+CD+ABy .
= (BD')". }CD)(AB) L
_(BI @Il) (CI+D) (AI+ BI) \":
!
- (B'4:D). (C'+ D’). (A’+ B) ;
Therefore, Y— (B’+ D). (C’'+ D’). (A’+ B’) f
Don’t care Candltlons : H

f
£
Adon’t cére minterm is a combination of variables whose I@glcal value is

not specified. When choosmg adjacent squares to simplify the. (unct|on in a map,

(T

the don’t care minterms.may be assumed to be either 0 or’ 1 When simplifying the

W ~
-

function, we can choose to mclOdeeach dpntcaT’e mlnterm W|th either the 1’s or

e, -

..................

¢ b: *,
1. F(x,y,z .) Zm (0 3, 2 4, 5)+ S5d36 7 T & )
i Yz -
¥ 00 01 11 10 X VZ ¥z Yz Yz
0] 1 1 X 1 =
0 1 3 2 l:> X [1 g 1 ! X 3 1]2
LT 3] X, 1 1 | x| x=1
7 3 7 6

F(x,y,z)=1
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2.F(w,x,y,2)=>5m (1, 3,7,11,15)+ >d (0, 2, 5)

vz vz
bt 00 01 11 10 WX YZ ¥z yz @ yZ
L A
00| X i 1 ; 1 5 X : wE (X 1 1 X)__,,Wﬁ
ofo x| 10 wx| 0 | x [|1f] 0 1,
1] 0 0 1 0 WX |0 0 1 0
12 13 15 14
Wlo o |1 |0 wlo [0 [|1]]O
] 9 11 10 A
F(w, X, Y, 2) = Wx+yz
3.F(w, XY, z?r'fr- >m(0,7,8,9,10,12)+ >d (2,5, 13) ]
vz 3 vz 2 "
W 00 01 11 10 YIXN VEZ, ¥z yz yZ
o0l 1 0 0 X wz | 1 I 0 0 |x T %z
0 1 3 2 3 I
01 =
0 ; X ; 1 ; 0 : wz | 0 |IX l}--._Q\___*v_vxz
i1 |x |0 |o wx [(1 | x | 0 [0
12 13 15 14 J
011 |1 |0 |1 wg [ 1]y )] o 1 i
g 9 11 10 i
\\h—_—_’."_ﬂw"}’
- ’ \ v v ;".
F(w, x,v, z) = wxz+ wy’+ x’Z’.
4.F (w, x,y,2) = 5m (0, 14,8, 9, 10)+ 3d (2, 13)" "
Soln: ' Mttty e 723
VZ yz
WX 00 01 11 10 WX JZ ¥z ¥z @ yZ
00 X s wz B
! 0 L R 3 2 Wi | ! U : 1“‘1)-—;~_x_m_ﬂ X5
01) 1 ; 0 ’ 0 g 0 ' WX \1_/4 0 g 0 . 0
11| 0 0 0 0 WX | 0 0 0 0
12 13 15 14 12 13 15
10 X WE | X
I g . 9 11 ) 10 (1 ] \1) WX
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F(w, x,y,2z)=wx+xy+wy?z.

5.F(A,B,C,D)=5m (0, 6, 8, 13, 14)+ 5d (2, 4, 10) Soln:

CD CD
AB AB = =3
00 01 11 10 €D, “Ehr 'gh: D
i W I <5 | 1 | 0o | o [{x)

00 0 1 3 X 2 AB— X _
o) x]o o1 Zg| x| o | o | 1T TCP
1 1 : 1

11 | 0l Lodig) Lo AB| 0 @ 0
10| 1 0 0 X BD AB| 1 | 0\ 0 X
8 9 11 10 -~ | [:——f’_—
_‘ABCD

|'.|" '
F(A, B, C,D)=CD’+ B'D’+ A'B'C’'D’. [

Five- Variab__l_e Maps:

4

A 5- \}ériable K- map requires 25= 32 cells, but adjacent cells are difficult to
identify on a sIngIe 32-cell map. Therefore, two 16 cell K-maps are, used

If the varlables are A, B, C, D and E, two identical 16- ceII r’naps containing B, C,

/

D and E can be constructed One map is used for A and other'for A’

In order to |dent|fy the adjacent grouplng in the 5- variable map, we must

P PR g

imagine the two maps SuperimpQsed on one anether-ie., every cell in one map is

adjacent to the COrrespondlng cell in the other map, becau,se only one variable
l

changes bet‘ween such corresponding cells, .- 0

v
. "
-~ f g TG
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00 0 1 3 2 e

01| 4|5 | 7 |8 N

BC
11 | 12 13 | 15 14 A=1

s 00 01 11 To.

10| 8 9 11 10

~- N 00|16 | 17 | 19 18
. .
~ ~
i 01 ™0 21 23 22
- ~ |
\\ BC e
~ 28 F«l 31 | 30
\\ 11 29\\
~ bW
~ -
‘\Lo 24 | 25 | 27 e
.

,‘;-. -‘
Five- Variable Karnaugh map (Layer Structure) L

1 :
Thus, levery row on one map is adjacent to the correspondin'g row (the one
occupying the same position) on the other map, as are correspondlng columns. Also,
the rlghtmost and leftmost columns within each 16- cell map areradjacent just as

they are in any\16 cell map, as are the top and bottom rows. /_,-'

Adfacent sossmin s T X
s

DE A=0 o columns A=1 '
BC —_— = e BC e N o=
DE DE DE DE ~ DE DE DE “DE

ﬁa,{ """"" roWs: Teno "g

" Be (}- —————————— 1-=1 —————Adjacent———-—B—Q-—O

cells

B\_c:‘{ R 3 BE .;-"'L _J \__/

RS

RS Adjacent -
groups 3

Typical subcubes on a five-variable map

However, the rightmost column of the map is not adjacent to the leftmost

column of the other map.
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1.Simplify the Boolean function

F(A B,CD,E)=5m(0, 2, 4,6,.9;-}1;-13;.15, 17, 21, 25, 27, 29, 31)

Soln: il

.

ABE ADE

BC _1}/0 0 1 0 (?: BC Omfvl\n 019 013
EC J-‘ 0 5 0 7 L EC 020 J 21 . 23] . 22
BE 012 1 BWIS 0 14 BE 028 [1 29 1131 0 30
BC| O : hygyn 0., BC 024 Ll N ;‘-1J27 0.,

\‘—‘—BE———”"/

F (A, B, C, D, E) =A’B’E’+ BE+ AD’E 4

w

" .
. -

-
“eatr o
o=/

2. F (A, B, C, D, E) = 51mi(0;:5,.6,.8, 9, 10, 11, 16, 20,.24,25; 26,27, 29, 31)

Soln:
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A=1
DE DE DE DE
1il] o | o | o

16 17 19 18

1 g| e e
B i <E§J,,ABCDE _
BC 04@5 07 6 BC ’{—1/20 021 023 022
0

ABCDE

1 118 0
12 13 15 14 28 200 31 30

c % || ™ 1 BC 1 | V|1
=
. :..8 9 11 ‘jlo :p;u 25 27 ]@

F(A,B,CD, E)f' C'D’E’+ A’B’CD’E+ A’B'CDE’+ AB'D’E’+ ABE+ BC' °
3. F(A;B C,D,E)=ym(1,4,8,10,11, 20,22, 24, 25, 26)+zd(0 12, 16, 17)

_Eugfﬂ,r;:;7ABCE
0 | (1]
23
0 0
31 30
0 1
27 | [26
i 3

-
e e e

F(A,B,C, D E)= B'C’D'+ A’D'E'+ BC'E'+ A'BC'D+ AC'D'+ AB'CE’_ .. .-
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4.F(A B, C D,E)=5m (0, 1,26 709,12, 28, 29, 31)

Soln:

DE A=0 DE A=1
BX DE DE DE DE Be DE DE DE DE
" ABCE o

0 | (14 gl ol o | o] 0

1 3 16 17 19 13

1
0
ACDE'_'—_% OSgBQHKECD B | Tl Ol Ou On-ABCE
4 G LNERE> SO W5 LN
o
/

~Fl | 0 0 BC| O 0 0 0
9 11 10 24 L R ) 26

BCDE

Y
-t

.;.l‘.

F(A,B,C, D,’:E) = BCD’E’+ ABCE+ A’B’C’'E’+ A’C’'D’E+ A’B’CD
:'l g
r,

5. F (X1, X2, X3) Xa, Xs) = ¥m (2, 3, 6, 7, 11, 12, 13, 14, 15, 23, 28, 29, 30, 31)

Is". g

Soln: s

X4X5 X1=0 X1X2X4 X4X5 X1=1

N4X5 X4X5 X4X5 X4X5

x| 0 0 0 1 Lﬂj 2
x2x3| 0 0 1) lJ
4 5 - O
xaxs[(1 [ 1 [l1 ]
12 12 15 14
x2X3| 0 0 1 0
] 9f| % jI1 10

X1X3X4X5  X2X3

F (X1, X2, X3, Xa, X5) = X2X3+ X3XaXs+ X1'X2'Xa+ X1'X3’XaXs
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6. F (X1, X2, X3, Xa, Xs) = Sm (1, 2, 3, 6, 8, 9, 14, 17, 24, 25, 26, 27, 30, 31 )+ 5d (4, 5)

Soln:

X4X5 X1=0 X4X5
X2X3

X4X5 X4X5 X4X5
@
1

0
0
__ XX X
X1X2X3X 35— ]
0

X2X3X4

.

; )

F (x1, X2, xa,g')‘m, X5) = X2X3'Xa'+ X2X3XaXs'+ X3'Xa'Xs+ X1X2Xa+ X1'X2'XaXs'+ X1'X2"X3'Xa
. | .
| I

,. .I
®e J
T . !
L3 !
=4 r
5 -
. o .
LI .
. \J
'.\ i
0
LY ./
N (
-'\ /
LY /’
A -
. '
vI
Ve ®s
-~ 2
Ny o
- ™
a BEA - —— o= "
.., e
- . .
; - W - - - i
¢ .
— 4 Y- =
4 \
& ’ Y
; L &Y
. me 3 .
- -t -
N e ., P .~
v = - " — A Marem aaneatammt 00
4 .



