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EC 3352 - DIGITAL SYSTEM DESIGN

UNIT —1: BASIC CONCEPTS
1.3 KARNAUGH MAP MINIMIZATION:

The simplification of the functions using Boolean laws and theorems
becomes complex with the increase in the number of variables and terms. The map
method, first proposed by Veitch and slightly improvised by Karnaugh, provides a
simple, straightforward procedure for the simplification of Boolean functions. The
method is called Veitch diagram or Karnaugh map, which may be regarded as a
pictorial representation of a truth table.

The Karnaugh 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 variables on a Karnaugh map there are 2n numbers of squares.
Each square or cell represents one of the minterms. It can be drawn directly from
either minterm (sum-of- products) or maxterm (product-of-sums) Boolean

expressions.

Two- Variable, Three Variable and Four Variable Maps

Karnaugh maps can be used for expressions with two, three, four and five
variables. The number of cells in a Karnaugh map is equal to the total number of
possible input variable combinations as is the number of rows in a truth table. For
three variables, the number of cells is 23 = 8. For four variables, the number of

cellsis 2% = 16.
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4 -Variable map

Product terms are assigned to the cells of a K-map by labeling each row and
each column of a map with a variable, with its complement or with a combination
of variables & complements. The below figure shows the way to label the rows &
columns of a 1, 2, 3 and 4- variable maps and the product terms corresponding to

each cell.

It is important to note that when we move from one cell to 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

columnsof K-map as shown .

—» Gray code Sequence

B EC
0 A 0 1 A 00 01 1 10
0 10 0 1o m 0 1o 111 ms me
A
1 1 1| M2 ms 1 m4 ms mr ms
1 -Variable map 2 Variable map 3 -Variable map

cp ——— Gray code Sequence
AB 00 01 11 10

Gray code 00| 1w m1 ms nme

Sequence

01| mu | ms | my ms

11| 1z | 13 [ a5 [ g

10| ms | Mg | mu1 | 1o

4- Variable map

Grouping cells for Simplification:

The grouping is nothing but combining terms in adjacent cells. The
simplification is achieved by grouping adjacent 1°s or 0’s in groups of 2i, where 1 =
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

iscalled Pair.

L L D
AB ool 11 10 AB oo 01 11 10 AEB oo 01 1 10

oo 00 0o

o1 [1 1] o1 m o1 1
10 \ 10 10

ABD BCD

CD CD CD
AB 00 01 1 10 AB 00 01 11 10 AB 00 01 1 10

00 1 00 00 u

01 01 (1 |1 01

11 \ b / ;l# 11
10 ﬂ \ 10 \ 10 GIE \

Examples of Pairs

Grouping Four Adjacent 1’s: (Quad)
In a Karnaugh map we can group four adjacent 1’s. The resultant group
iscalled 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 D L
AB oo 01 11 10 AB oo 01 11 10 AEB oo 01 11 10
x—w
o4] o4] 1 0o

orf(r [ 1| 1] 1) o 1 01 | &
| ™
11 \ 11 1M 11 1 1
10 10 1 \ 10
b

00 00 1 1 oo | 1 1

01 01 01

A
11 ﬂ‘\ (1_ 11 11 \\
0[] \\LL JaR \ RN /F

R ® X

AD BD w"D

Examples of Quads

The four 1’s in fig (d) and fig (e) are also adjacent, as are those in fig (f)
because, the top and bottom rows are considered to be adjacent to each other and
the leftmost and rightmost columns are also adjacent to each other.

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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D
D D D
AB oo ol 11 10 AB oo 01 11 10 AEB oo ol 11 10

—. ] —T - |
oo 1 1 oo (1 1 1 11 a0 1’} 1 1
01| 1 1 01 L1 1] 1J D1 % 1

il
111 1+ 1 1 |1 g2 || i
10 10 10
1] AN N R
@ Y ® Nz
(] D _D
AB Q0 0l 11 10 AB 0y ol 11 10 AB Q0 0l plEa 10
PR I
00 (1 1)1 1} ooff1 | 1 00 L1 1| 4 1J
el
01 L1 1|1 1J orfl1 | 1 01

—L
—L

17 \ 11 11 /
10 10 xlﬂ._ _1,; % Ll 1 1 1 1
N /
@ X c W 5 ©

Simplification of Sum of Products Expressions: (Minimal Sums)

The generalized procedure to simplify Boolean expressions as follows:

1. Plot the K-map and place 1’s in those cells corresponding to the 1’s in the
sum of product expression. Place 0’s in the other cells.

2. Check the K-map for adjacent 1’s and encircle those 1°s which are not
adjacent to any other 1’s. These are called isolated 1°s.

3. Check for those 1’s which are adjacent to only one other 1 and encircle
such pairs.

4. 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:

1. Simplify the Boolean expression,

F(X,y,2)=Ym(3, 4, 6, 7).

Soln
XYZ YEZ ¥z ¥y VI XYZ VE V& ¥ VE
00 01 11 10 00 01 11 10
ol oo |1]o0 0| 00 ﬂ 0
0 1 3 2 [:'> 1 V&
x1 | 1[0 [ 1]1 x1 | 1] 0 U[l
4 5 7 6
\ XZ
F=yz+ x2’
2. F(x,y,2)=Ym (0, 2, 4, 5, 6).
Soln:
~N°FE y2oyz yE ~NCOFE §2ooyzo yE
00 01 11 10 00 01 11 10, °
ko1 |0 |01 o0 | 1) 0 |0 |[1
x1 |1 [ 1 ]0]1 x1 [(L]][,1)] o E
4 5 7 6 —— 1 %
\_x?
F =72+ xy’
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3.F=AC+A’B+AB’C +BC

Soln:
=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
= mz+ M+ M+ Ms+ My
=>m(1,235,7)
ABC EC BC BC BC ABC EC BC BC BC —
00 01 11 10 00 01 11 10~ 4B
- s ¥
Zol o1 1|1, A(]Ofl_ll: 1)
a1|0 1 110, Alou_*_ljo
M
F=C+A’B
4.AB’C + A’B’C + A’BC + AB’C’ + A’B’C’ Soln:
=m5+ml+m3+m4+mo
=>m(0,1,3,4,5)
AB'C BC BC BC BC ABC BEC BC BC BC
00 01 11 10 00 01 11 10
Zo|l 1|1 1] o Zol(1 |(1)] < o | zc
0 1 3 2 :> A W
a1 1)1 10} 0 Al\l_#l 0|0
\\—E
F=A'C+B’
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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’

cD_ _
AB CD CD CD cCD
5| o | o @f—*ABCD
AB|[1 1 0 0
e,
—1 ﬂﬁ 0 | o
AE| O JJ 0 0

Therefore, Y= A’B’CD’+ AC’D+ BC’

2. F(w,x,y,2)=>m(0,1,2,4,5,6,8,9, 12, 13, 14) Soln:

Wz
yZ vz
nE 00 01 11 10 WX ¥z ¥z ¥z \yZ

00 s e, :

1 . 1 : 0 ' 1 g = 1 1 0 1
01 ] 1 1 0 1 S 1 1 0 1

4 5 7 6 :> ~ ——

11

I 12 ; 13 0 15 k 14 i 1// 1 g "\l_
10 o e

1 8 ! 9 . 11 0 10 “})é/—/%—l’ g .

XZ Ky?

Therefore, F= y’+ w’z’+ xz’

EC 3352 — DIGITAL SYSTEM DESIGN



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

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+
ABC’D’

= Mg+ Mo+ Mo+ M2+ Met+ Mo+ Mg

=¥m(0,1,26,8,9,10)

CD (@) pRCE A g =
AB 00 01 11 10 AB cpD cD cCD ICD
oof 1| 1] 0|1 28|l )] 1] o LT
0 1 3 2 T T ——
otfo|o|o]1 ie| B ACD
4 5 7 6 :> &8 0 \IAL_ x
1o | 0|00 AB| 0 0\ 010
12 13 15 14 o \ |
10 _ T
o1 SE[(T][T]h 0 |[ ! -

Therefore, F= B’D’+
B’C’+A’CD’.

4. Y= ABCD+ AB’C’D’+ AB’C+ AB
= ABCD+ AB’C’D’+ AB’C (D+D’)+ AB (C+C’) (D+D”)
= ABCD+ AB’C’D’+ AB’CD+ AB’CD’+ (ABC+ ABC’) (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’
= m15+ m8+ ml1l+ m10+ ml1l4+ m13+ ml2
=% m (8, 10, 11, 12, 13, 14, 15)
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CD cD_ _
AB 00 01 11 10 AB CD CD CcD CD
ool 0| 0|0 |oO AB| 0| 0|0 |oO
0 1 3 2
o1| O 0|0 0 a2B| O 0|0 0
4 5 7 6
1|1 |11 : ae|(11] 1 (1T 13— aB
12 13 15 14 AC
0|l 11]0 L | 1 — 0 :
8 9 1 10 AE |~ ] 1

4
\ » AD

Therefore, Y= AB+ AC+AD’.

5. Y (A, B,C,D)=Y m (7,9, 10, 11, 12, 13, 14, 15)

CD cD_ e
AB 00 01 11 10 AB CD CD CD CD
oo| O 0 0 0 AB| 0 0 0 0
0 1 3 2
BCD
o1l o |l o | 1] o0 m 1
4 5 7 6 B 0 0 1 0
Gl IOV T O I O — sl A1)
12 13 15 14 A
oo | 1|11 AB==T0 B ||| 1
g 9 11 10 et Y
K» \\».‘\(
AD
Therefore,

Y= AB+ AC+ AD+BCD.
6. Y=A’B’C’D+ A’BC’D+ A’BCD+ A’BCD’+ ABC’D+ ABCD+ AB’CD

= ml+ m5+ m7+ m6+ m13+ m15+ mll
=y m(1,5,6,7,11, 13, 15)
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CD CD

AB 00 01 11 10 AB ED: €0 D D
ool 0|1 ]0]0 iE ;Lm 0|0 o
0 1 3 2 i — - e
ACD=—""" ——jfs
01| 0 1 1 1 2 0 |1 1 471
IR PR — iB E QQ/»ABD
1mlo |11 |0 ap| 0 flL l{Ty o
12 13 15 14 L= =
10 _
0 ] 0 " 1 I 0 o AT 0 0 \51‘/ 0

— _A.(:‘ D

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

Therefore, the simplified expression will be,

Y = A’C’D+ A’BC+ ABD+ ACD.
7. Y=Y m (1,5, 10, 11, 12, 13, 15)

ACD
CD cD_ _
AB 00 01 11 10 AB CD CD/CD CD

00| O 1 0 0 28| O

ul1 {110 ae|(?
12 13 15 14

Wwro 0|1 |1 = -0

7
01 0 | o x U 0 | o :
04 ls 7 6 = l | Sk
1)
N

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’

Therefore, Y= AD’+ B’C+ B’D’

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

CD cD__ _ —
AB 00 01 11 10 AB CD CD CD CD
ool 1 [ 1 0] 0O acd  zsllf1) ll 0|0
0 1 3 2 \____
o1] 1 0 0 0 Y 1 0 0 0
4 5 7 6 :> B S’ \“’\ ==
1o |0 |00 gel o | o | Gefpd | VEE
12 13 15 14
011 ]0]1 a8l 174 o |1 L
8 9 11 10 —» ABD

Therefore, F= A’C’D’+ AB’D’+ B’C°.

Simplification of Sum of Products Expressions: (Minimal Sums)

1. Y= (A+ B+ C’) (A+ B+ C’) (A’+ B+ C’) (A’+ B+ C) (A+ B+ C)
= Mi1. M3. M7. Ma. Mg
=[[M (0, 1,3,4,7)
=Y m (2,5, 6)
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ABC BC BC BC BC ABC AC
00 01 11 10 EC _cﬁm' BC
Eo| 0o | o1 & o |[o]|(o [
0 1 3 2 ::>
Al 0 1 0 1 Al L(EJ 1 0 1
4 5 7 6 \st_/

Y’ = B’C’+ A°C+ BC.
Y=Y” = (B’C’+ A’C+ BCY’
= (B’C’)". (A’C)". (BCY’
= (B"+ C7). (A”+C"). (B'+ C?) Y =
(B+ C). (A+C?). (B’+ C?)

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.
M13 =M (0, 6, 7, 8, 12, 13, 14, 15)

CD CD C D CD
i G €D e D A L _
00 01 11 10 CD CD CD CD
AB OO | O | 1 1 1 A2E[LO]] 1 1

AB 11| 0 0 0 0

1
a8 01|11 [0 |0 A1 | 1 (0 | o]
Hr—— T i:>§(;ﬁ-< ™~BC
ABY 0 o)l
1

AB 10| 0 [ 1 | 1] 1 AB ([0 ]] 1

Y’ = B’C’D’+ AB+ BC
Y=Y” = (B°C’D’+ AB+ BC)’
= (B’C’D’Y’. (ABY. (BC)’
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- (B)’+ C”+D”). (A’+B’). (B’+ C’)
=(B+C+ D). (A’+B’). (B’+ ()
Therefore, Y= (B+ C+ D). (A’+ B’). (B’+ C?)

3. F(A, B,C,D)=IM (0, 2, 3, 8,9, 12, 13, 14, 15)

CD CD CD CD CD CD 22D
AB AB o _
00 01 11 10 CD CD~CD \CD

AEO00 | 0|1 [0 |0, 5|0 1 @@
RBOL) 1 1)1 )1 ) = AB[ 1|11 Trhaiise
aB 11 o fo o1 AT B (0 [(0][<0)| 1 | —=48P
AB 1000 |1 |1 ap[lo | 0f] 1] 1

Y’ = A’B’D’+ A’B’C+ ABD+ AC’
Y=Y” = (A’B’D’+ A’B’C+ ABD+ AC’)’
= (A’B’D’)’. (A’B’C)’. (ABD)’. (AC’Y’
= (A”+ B’+ D”). (A”+ B”’+C’). (A’+ B’+ D). (A’+ C”)
= (A+ B+ D). (A+ B+ C’). (A’+ B+ D’). (A’+ C)
Therefore, Y= (A+ B+ D). (A+ B+ C°). (A’+ B’+ D). (A’+ C)

4. F(A, B,C,D)=Ym (0, 1, 2, 5, 8, 9, 10)
=TIM (3,4, 6,7,11, 12, 13, 14, 15)
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CER D €O O Db CD i
AB AB g g ” i5
00 01 11 10 €D ‘CD Ch: ‘€D /
i 1110 1 == 1| 1 [[old1
AB 00 0 1 3 2 AE ] #’JJCD
ABOL| 01 10 |0 =801 1 lloTlfo!
:> |—= AB
AB 110 |0 |0 | 0 A [(O ][ o [Jo][] o7
12 13 15 14
B 10 1 5 1
RE } 8 . 9 . 11 10 AB | | : \9/

Y’ = BD’+ CD+ AB
Y=Y” = (BD’+ CD+ AB)’
= (BD’)". (CD)’. (ABY’
= (B’+ D”). (C’+ D). (A’+ B)
= (B’+ D). (C’+ D’). (A’+ B)

Therefore, Y= (B’+ D). (C’+ D).
(A’+B)

Don’t care Conditions:

A don’t care minterm is a combination of variables whose logical value is
not specified. When choosing adjacent squares to simplify the function in a map,
the don’t care minterms may be assumed to be either 0 or 1. When simplifying
thefunction, we can choose to include each don’t care minterm with either the

1’s or the 0’s, depending on which combination gives the simplest expression.

1. F(x,y,2)=¥m (0, 1,2, 4,5)+>d (3, 6,7)

Y i VZ
. 00 01 11 10 x vz ¥z yz V2
0 1 1 X 1 =
0 1 3 2 ::> X [1 " ]. A X g ]12
1 ! 4 1 5 X 7 X 6 X Ll 1 X XTHI
7 5 7 6
F(x,y,2)=1
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2.F(w,x,y,2)=Ym (1, 3, 7,11, 15)+ >d (0, 2, 5)

vz vz
X 00 01 11 10 WX Yz Yz ¥z @ yzZ
L e Y
01 04x51706 wz| 0 X 1 0__»yz
1)1 0 0 1 0 WX | 0 0 1 0
12 13 15 14
0lo o |1 [o w0 |0 [[1]]O
3 9 11 10 -
F(w, XY, 2)=wx+yz
3.F(w,x,y,2)=>Ym (0,7,8,9,10, 12)+ >d (2, 5, 13)
yZ yz
WENL 00 01 11 10 YINOFE, Y2 yz vz

00| 1 0 0 X wE lI 0 0 |x‘
0 1 3 2 .
01 w
(JI‘X5 1?0‘S wx| 0 |IX l}—__Q_‘_
0
|1

I |x |0 |0 fol_x|0

ol | | 0| 1 wz [1)]u )] o

F(w, X, Y, 2) = wxzt wy+ x’2’.
4. F (w, x, ¥, z) =Ym (0, 1, 4, 8, 9, 10)+ >d (2, 11)

Soln:
VZ vz

WX\ 00 01 11 10 WX yz_yz yz

001 1 1 0 X v W

vz
N
i L i WYZ -~ WX 1l ﬁ:"ﬁ“;-——&________‘_xj_’
01 14050706 WX \1_/4050?0
1] 0 0 0 0 WX | 0 0 0 0
12 13 15 14 12 13 15
10 X WE X
! g ! 9 11 1 10 O 1 \\1) WX
w
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F(w, XY, 2)=wx’+ Xy’+ wy’z’.
5 F(A B, C,D)=Ym (0, 6, 8, 13, 14)+ >d (2, 4, 10) Soln:

CD CD
AB AB ¢ e o =
00 01 11 10 &D, €D ‘€p: €D
110 | o0 == 11l 0o | o [lx)

00 0 1 3 X 2 AB X .
o x oo |1, — ZB| x| o | o [[1T=CP
1 1 1

11 0 12 13 0 15 14 AB 0 @ 0
10 0 | o | x == = | ot | o |[({lx
1 8 9 11 10 BDﬁfl \ (\_/
|

F(A, B, C,D)=CD’+ B’D’+ A’B’C’D".

Five- Variable Maps:

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

If the variables are A, B, C, D and E, two identical 16- cell maps containing
B, C, D and E can be constructed. One map is used for A and other for A’.

In order to identify the adjacent grouping in the 5- variable map, we must
Imagine the two maps superimposed on one another ie., every cell in one map is
adjacent to the corresponding cell in the other map, because only one variable

changes between such corresponding cells.
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DE =0
00 01 11 10
N
~
00 | © 1 3 2 .\\
\
01 | 4 5 7 & S
BC R
11|12 (13 [15 | 14 | A=1"~
\\ DE \*'\.
10| 8 9 11 | 10 . 00 01 11 10«
g SN, 00|16 | 17 | 19 18
\\ -
RN 0110 | 21 | 23 | 22
N BC e
S 1128 | 28~{ 31 | 20
~ ™.
~ -
‘\Lo 24 | 25 | 27 M6
~

Five- Variable Karnaugh map (Layer Structure)

Thus, every row on one map is adjacent to the corresponding row (the one
occupying the same position) on the other map, as are corresponding columns.
Also, the rightmost and leftmost columns within each 16- cell map are adjacent,

just as they are in any 16- cell map, as are the top and bottom rows.

Adjacent -« o \
A=0 // columns A P
DE s DE
BENC sy 3 s BENG" mow 5
DE DE DE DE -~ DE DE DE ' DE
Adjacent =
=y BC
BC--‘£ """ POWSy et "é

-
-

W\ [@mu_—. IR S — - T
Adjacent

cells

]

~— o
s Adjacent e
- e
groups

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, C,D,E)=>m (0, 2, 4, 6,9, 11, 13, 15, 17, 21, 25, 27, 29, 31)

Soln:

DE 2/7 DE \ A=1
BC __ _ BC _ _
DE/ DE DE DE DE \DE DE DE
BE 1* 0 | 0] 1’ ==l o M o | o
BC 0 1 3 2 BC 16 17 19 13
EC —lJ 4 0 5 0 7 bé EC 020 1 21 0 23 0 22
BE 012 (l 13 1115 O 14 BE 028 [1 29 1]31 0 30

BC 4 8 @74@11 4 10 BE 024 Ll 20 flJQ? : 26

F (A B, C, D, E)= A’B’E’+ BE+ AD’E

2.F(A,B,C,D,E)=>m (0, 5, 6, 8,9, 10, 11, 16, 20, 24, 25, 26, 27, 29, 31)
Soln:
CDE
=1
E DE DE DE
EﬁCﬁE EE 1 0 1 0 3 0 ga 11!6 17 0 19 13

0
2 AN s
2| 0 @ 0 @’ ol 0 | 0] o
4 5 7 6 / 20 21 23 2| apE
I, 1 a1
0 ABDE—"BC | 0 1 118 0
12 13 15 14 28 29 31 30
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F (A, B,C,D,E)=CDE’+ A’B°CD’E+ A’B’CDE’+ AB’D’E’+ ABE+ BC’

3. F(A/B,CD, E)=Ym(1 48,10, 11, 20, 22, 24, 25, 26)+>d (0, 12, 16,
17)
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F (A, B, C, D, E)=BCD’+ A’D’E’+ BC’E’+ A’BC’D+ AC’D’+ AB’CE’

4 F(A B, C,D,E)=Ym (0,1, 2 6, 709, 12, 28, 29, 31)
Soln
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F (A, B, C, D, E) = BCD’E’+ ABCE+ A’B’C’E’+ A’C’D’E+ A’B’CD
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5. F (X1, X2, X3, X4, X5) = >m (2, 3, 6, 7, 11, 12, 13, 14, 15, 23, 28, 29, 30, 31)

Soln:
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F (X1, X2, X3, X4, X5) = X2X3+ X3XaX5+ X1’X2 Xa+ X1°X3’XaXs5

6. F (X1, X2, X3, Xa, X5) = Ym (1, 2, 3, 6, 8,9, 14, 17, 24, 25, 26, 27, 30, 31 )+ ¥'d

Soln:
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F (X1, X2, X3, X4, X5) = X2X3’X4’+ XoX3XaX5 + X3’ X4 X5+ X1XoXat+ X1°X2°X3X5 + X1°X2" X3’ X4
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