~— s CNLat) g dsila glaall g a@alad) dwaia 4 1<
s aolill ayjgull acalall Faculty of Computer'& Informatics
SYRIAN PRIVATE UNIVERSITY and Commupmications,Engineering

Logic Circuits
Dr. Eng.
Hassan M. Ahmad

Hassan.Ahmad@spu.edu.sy, istamo48@mail.ru




Chapter 4
Boolean Algebra

Lecture 07
Karnaugh Map
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7-1. The Karnaugh Map

O The Karnaugh map (K-map) is similar to a truth table.
 The K-map is an array of cells (L&) ¢ 44 5a2s) in which.each cell represent a
binary value of the input variables.
 The K-map is a tool for simplifying combinational fogic with two, three, four,
and five variables.
A For 3 variables, 8 cells are required (23), and for 4 variables: 24=16 cells.
O The map shown is for three variables labeled A, B, (—\ (-\
and C. ABC=pA4BC
= Each cell represents one possible product 4 :
term (2 s ABC < 4BC
= Each cell differs from an adjacent (5. s>xll) $ t
cell by only one variable. AIf"AﬁC
y_| !
ABC={>ABC
DA,
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Karnaugh map

= Cells are usually labeled using 0’s and 1’s to AB N
represent the variable and its complement. m | o
= The numbers are entered in Gray code, to force o o I'| 2
adjacent cells to be different by only one variable. . .'| 5
= Ones are read as the true variable and zeros are read o] . .
as the complemented variable.
Example /-1 o
Read the terms for the yellow cells. AB \
Solution
The cells are ABC and ABC. "
AB s Afai—
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The 3-variable Karnaugh map

O The 3-variable K-maps Is any array of eight cells, as shown in Fig. (a).
O Fig. (b) shows the standard product terms that are represented by each cell in

the 3-variable K-map.

C @

AR 0 I AB 0 1
00 | 000 | 001 00 | ABC | ABC
01 | 010 Poi1 01 | ABC | ABC

120 4] 111 3
11 11 | ABC | ABC
10 }.100 | 101 10 | ABC | ABC

(b)
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The 4-variable Karnaugh map

O The 4-variable K-maps Is any array of sixteen cells, as shown.in'Fig. (a).
O Fig. (b) shows the standard product terms that are represented by each cell in

the 4-variable K-map.

()
g, ® 01 11 10
cD i
AR 00 0] 1 10 0 |ABCD|ABCD|ABCD|ABCD
L]
0 1 3 2 , : . .
01 |ABCD|ABCD|ABCD|ABCD
il 4 3 7 6
11 |ABCD|ABCD|ABCD|ABCD
1 12 13 15 14
10 10 JABCD|ABCD|ABCD|ABCD
g g 11 10

(b)
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7-2. Karnaugh Map SOP Minimization

7-2-1. Mapping a standard SOP Expression

 For an SOP expression in standard form, a 1 is placed-on the.K-map for each
product term in the expression.
= For example, for the product term aApc , a 1 goes.in-the 101 cell on a 3-
variables map.
= The cells that do not have a 1 are the cells for.which the expression is O.
= The mapping process:
Step 1. Determine the binary value of each product sum in the standard SOP
expression.
Step 2. As each product term _is evaluated, place a 1 on a K-map in the cell

having the same value as the product term.
B 04 1 NABP + ABC + ABC + ABC
Pa 000 001 110 100

| -

00 l

01

11 | -
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Examnle 1-2 Map the following standard SOP expression on a K-map:
ABC + ABC + ABC + ABC

sol““““ Evaluate the expression as show below.

ABC + ABC + ABC +ABC

001 010 110 111
Place a 1 on the 3-variable K-map in Fig. for each standard product term in

the expression.

C
ABN\, S8 N\

01 | - ABC

11 l\ | «4+— ABC

10 "N ABC
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Examnlﬂ 1-3 Map the following standard SOP expression on a K-map:

ABCD + ABCD + ABCD + ABCD + ABCD + ABCD +ABCD

sol““nn Evaluate the expression as show below.

ABCD + ABCD + ABCD + ABCD + ABCD=+ABCD + ABCD
0011 0100 1101 1111 1100 0001 1010

Place a 1 on the 4-variable K-map in<Fig. for each standard product term in
the expression. o i

- ABCD
AR 00 01 / 11 10
"4 -
00 1 | < ABCD
o1 | 1
ABCH — |
1] | l 1
—_ 4 b
ABCD = | -
10 1<— ABCD
I \
ABCD ABCD
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7-2-2. Karnaugh Map Simplification of SOP Expression

= After an SOP expression has been mapped, a minimum-SOP expression is
obtained by grouping the 1s and determining.the minimum SOP expression
from map.

Grouping the 1s.

= You can group 1s on the K-map by eneclosing (4:s)) those adjacent (5, saidll)
cells containing 1s.

= Each group is either an square orrectangle shape.

Dr. Eng. Hassan Ahmad 23 July 2018
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Examnle 1'4 Group 1s in each of
8 C

AB
00

01

1]

10

0

(a)
Solution

AB
00

01

AB
00

01

Wrap-around adjagency

0

1

I

l

C
AB 0 1
00 1 1
N\ 4
01 1
11 /i\
l@c

the K-maps:
CD
AB 00 01 11 10
00 1 I
01 1 1 1 1
11
10 I 1
()
BJ}[A_M \d);d\éﬂ\
CD
AB 00 01 11 10
00 l 1 1
01 1 1 1 1)
aD
11
10 (1 1)

Dr. Eng. Hassan Ahmad

CD
00

01

11

00 |

0l 1

11 I

10 I

(d)

Wrap-around adjacency

1
CD/ \
AN /00 o1 11 \10

00 1 1
01 F lw 1
11 Ll IJ 1
ol J |GI®
(d)

23 July 2018
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O K-maps can simplify combinational logic by grouping cells and eliminating
(+L=8)) variables that change.

Examnle 1-5 Group the 1’s on the map and read the minimum logic.

p Solution
0| N
01 | 1 1. Group the 1’s into.~ two QZ\ p
I overlapping groups.as indicated. .

2. Read each group by.eliminating O\U lg 1 j
10 (sLd)/d) 3)) ~any wvariable that

changes across a boundary (2~11). 11
3. The vertical group isread AC .
4. The horizontal group is read AB . 10

X = AC + AB

Dr. Eng. Hassan Ahmad 23 July 2018 12



O A4-variable map has an adjacent cell on each of its four boundaries.

Exﬂmme 1'6 Group the 1’s on the map and read the minimum.logic.

SOI“tinn 1. Group the 1’s into two separate groups.as indicated.
2. Read each group by eliminating any wvariable that

changes across a boundary. o
3. The upper (yellow) group is read as AD.
4. The lower (green) group is read as AD.

C changes across
outer boundary

v
AgDoo 01 11 10 ABCD@O @1m

0 1 60| 1 \ ’ 1

01 B changes

11 L] Ql/ Lﬂ m

10 . ] ( 1 ﬁ
B changes

ol ]y

X = ;\6 + AD C changes

X
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7-2-3. Mapping Directly from a Truth Table

= An example of a Boolean expression and its truth table representation is in Fig.
o Notice in truth table that the output X is 1 for four different input variable
combinations.
o The 1s in the output column of the truth table are. mapped directly onto a K-
map into the cells corresponding to the values of the associated input variable
combinations, as shown in Fig.

Y = ARC + ABC + ARC + AB(
O
Inputs Output AR 0 1
ABC X
{}(]@
0 0 0 1 ) g -
0 o1 0 01
0 170 0
I SRR (0)C
1 0 0 1 N - s
L0 4 0 #,.f«-*i’ﬂ'h®
1y 0O ] —
1 11 1
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7-2-4. Don't Care Conditions

 Sometimes a situation arises in which some input variable combinations are
not allowed.

[ These combinations can be treated (J«xill gi)ias “don’t care” (Jegs /pgn 1)
terms with respect to (< 4xll) their effect on the output.

= That is, for these “don’t care” terms eithera 1 or a 0 may be assigned to
the output.
 For each “don’t care” term, an X 1s placed in the cell.
O When grouping the 1s,/the Xs can be treated as 1s to make a larger
grouping or as 0s if they cannot be used to advantage (4xaiall 32l j/3ala1.30),

= The larger.a group,.the simpler the resulting term will be.

Dr. Eng. Hassan Ahmad 23 July 2018
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 The truth table in Fig. (a) describes a logic function that has.a 1 output only
when the BCD code for 7, 8, or 9 is present on the inputs.
= |f the “don’t cares” are used as 1s, the resulting expression for the function is
A + BCD, as indicated in Fig.(b). o
= |f the “don’t cares” are not used as 1s, the resulting expressionis  ABC + ABCD
= So, this we can see the advantage of using “don’t care’terms to get the simplest

expression.  mputs Output
cD
ABCD Y AB 100 01 11 10| C.Dchange
0000 0
0001 0 00
0010 0
0011 0
0100 0 01 /@\ﬂ*— \BCD
0101 0 ¥+ BCD
0110 0 =
L I X X X X
I 0 0 B changes ( \./
100 1
i B lof ({1 )| X x)
1011 X =
14 00 X
L 190 1 X x \
I 1N X 1B 1
(B X

(b) Without “don’t cares” ¥ = ABC + ABCD

(gt ruth table With “don’tcares” Y =A + BCD

Dr. Eng. Hassan Ahmad 23 July 2018 16



Complement
Sum term
Product term
Sum-of-products

(SOP)

Product of sums
(POS)

“Don’t care”

Selected Key Terms

A symbol used to represent a logical quantity that can have a value of

1 or 0, usually designated by an italic letter.

The inverse or opposite of a number. In Boolean algebra, the inverse
function, expressed with a bar over the variable.

The Boolean sum of two or more literals equivalent to an OR
operation.

The Boolean product of two or more literals equivalent to an AND
operation.

A form of Boolean expression that is basically the ORing of ANDed
terms.

An arrangement of cells representing combinations of literals in a
Boolean expression and used for systematic simplification of the
expression.

A combination of input literals that cannot occur and can be used as a
1 ora 0 on a Karnaugh map for simplification.

Dr. Eng. Hassan Ahmad 23 July 2018
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Teuc/False Quuz

1. Variable, complement, and literal are all terms used in Boolean algebra.

2. Addition in Boolean algebra is equivalent to the NOR function,

3. Multiplication in Boolean algebra is equivalent to the AND fungtion.

4. The commutative law, associative law, and distributive faw are all laws in Boolean algebra.

5. The complement of 0 is 0 itself.
6. When a Boolean variable is multiplied by ifs ¢emplement, the result is the variable.

7. “The complement of a product of variablgstis equal to the sum of the complements of each
variable” is a statement of DeMorgan 'S theerem.

8. 50P means sum-of-products,
9. Karnaugh maps can be used‘to simplify Boolean expressions.

10. A 3-variable Karnaugh map has six cells.

LT 2F 3T 4T 5F 6F 1T 8T 9T I0LF

Dr. Eng. Hassan Ahmad 23 July 2018
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SELE-TEST-1

1. The associative law for addition is normally written as

a.A+B=B+A
b.(A+B)+C=A+(B+C)
c. AB=BA

d A+AB=A

2. The Boolean equation AB + AC = A(B+ C) illustrates

a. the distribution law
b. the commutative law
c. the associative law
d. DeMorgan’s theorem
3. The Boolean expression A - 1 isrequakto
a. A
b. B
c. 0
d. 1
4. The Boolean expression A + 1 is equal to
a. A
bl B
c.<0

Dr. Eng. Hassan Ahmad
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5. The Boolean equation AB + AC = A(B+ C) illustrates
a. the distribution law
b. the commutative law
c. the associative law
d. DeMorgan’s theorem
6. A Boolean expression that is in standard SOP form.is
a. the minimum logic expression
b. contains only one product term
c. has every variable in the~domain'n every term
d. none of the above
7. Adjacent cells on a Karnaughhmap differ from each other by
a. one variable
b. two variables
c. three variables
d. answer @depends on the size of the map

Dr. Eng. Hassan Ahmad 23 July 2018
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8. The minimum expression that can be read from the
Karnaugh map shown is

X< X X X
[
o w> >

oo o

9. The minimum expression that canybe read from the
Karnaugh map shownuis

a.
b.
C.
d.

> X X X
11l
W o> >

Dr. Eng. Hassan Ahmad

AB

AB

AB| 1

AB| 1
C

4B | 1

AB

AB

4B | 1

23 July 2018
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SELE-TEST-2

1. A variable is a symbol in Boolean algebra used to represent

{a) data (b) a condition
(c) an action (d) answers (a). (b), and (c)
2. The Boolean expression A + B + Cis
{a) asum term (b) a literal term
(c) an inverse term (d) a product term
3. The Boolean expression ABCD is
{a) asum term (b) a literal term
{c) an inverse term (d) a product term
4. The domain of the expression ABCD + AB™, CD + B is
{(a) Aand D (b) B only
ic) A.B, C,and D {d) none of'these
5. According to the associative law of addition,
(a) A+ B=B+A b)A=A+A

) A+ B)+ C=A& (B #FC) dA+0=A4
6. According to commutative law of multiplication,
(a) AB = BA {b) A = AA
(c) (AB)C = A(BE) (d) A0D = A
7. According® thedistributive law,
(a) A(B+ C) = AB + AC  (b) A(BC) = ABC
(e) AAA+L 1) = A (d) A + AB = A

1. (d) 2. (a) 3. (d) 4. () 5. (c) 6. (a) 1. (a)
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8. Which one of the following is not a valid rule of Boolean algebra?
(a) A+1=1 (by A=A
(c) AA=A (d)yA+0=A4

9. Which of the following rules states that if one input of an AND gate is always I the output is
equal to the other input?

a) A+1=1 (b)A +A=A
c) A-A=A d)A-1=A4
10. According to DeMorgan’s theorems, the complement of a producthef vartables is equal to
(a) the complement of the sum (b) the sum of the complements
(¢) the product of the complements (d) answers (a), (b). and (c)
11. The Boolean expression X = (A + B)C + D) represents
(a) two ORs ANDed together (b) twa ANDs ORed together
(c) A 4-input AND gate (dpad-input ©R gate
12. An example of a sum-of-products expression 18
(a) A+ BIC+D) {b) AB+ AC + ABC
c) A+ B+ C)A+ B8+ C) (d) ‘both answers (a) and (b)
13. An example of a product-ofssums@xpression is
(a) A(B + C) + AC (b) (A + B)A + B + C)
(c) A+ B + BC (d), both answers (a) and (b)
14. An example of a stafidard SOP expression is
(a) AB + ABC +ABD (b) ABC + ACD B
(c) AB #AB + AB (d) ABCD + AB + A

B.(b) % I0.(b) IL() 12(b) 13 (b) 14 (c)
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Problems & Solutions

th'a 1 Find the values of the variables that make each product term 1 and
each sum term 0.

(a) AB (b) ABC (c) A+ B () A+B+C
e A+B+C () A+B ' (g) ABC

AB = 1 when A= 1, B=1

(a)

(b) ABC =1 whénA=1, B=0, C=1
(c) A+ B = 0whennA =0, B=20

(d) A+B%C 20when A =1, B=0, C =1
(e) E+E+C=Uwhenﬂ=l,5=l,fj’={]
(f) A+B = 0when A =1, B =0

(g) AEEzlwhenA=1,B=U,C:U
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Pmll- 4'2 Find the value of X for all possible values of the variables.

(b) X = (A + B)C

(¢)X = ABC + AB
() X = (A + BC)(B.£ €)

@ X=A+BC+B
(d) X=@A +B)(A+ B)

X = ABC + AB

(c)

X - (4+B)C

(b)

X=(A+BC+B

(a)

© ABC AR

B

Lo I e ot I ) e R e B |

o oo Qoo

oo OoO)lod oo

OO0 Ao A oA

(==Y IS

[= R I e B

O O 9O O+~

A+B

O o 00 OO0

e O O O O O O

Ol @ o O

[ BN BN o R e e I I |

o O O Ol

(A + B)C

A+

oo A A2 A A A

o oo H O S A

[ e I IS e B B B |

oo A0 O

OO0 O O~ -

OO0 o0 O A

X = (A + Bo)(B+C)

(e)

X=(A2+ B (4 + B

(d)

X

A+ BC B+C

&

o0 OO0 - O

A O A A O

L T e I B e B o B |

oo d o A S A

OO0 A= OO

O OO A A

A+B X

A+ B

L B e B

— S

Lo o B o B |

Lo B o B R |

o o

25
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th 4.3 Apply DeMorgan’s theorems to each expression:

(a) A+ B (b) AB c) A+ B+C (d) ABC
(e) AB+C) (HhAB+CD (g) AB+ CD (h) 4A + BYE +D)
30| (a) A+B=AB=AB

b) AB=A+B=A+B

(¢c) A+B+C = ABC

(d) ABC=A+B+C

(e) AB+C)=A+(B+C)=A4+BC

(f) AB+CD=A+B+C+D

(g)  AB+CD.=(4B)CD)=(A+B)(C+D)

(h) (A+§)(E+D)=A+§+E+D=§B+C5

Dr. Eng. Hassan Ahmad 23 July 2018
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th 4.4 Write the Boolean expression for each of the logic gates.in Fig.

A — A A
)— X A X :D— X B 3 > x
B — B C
(b) (c) (d)

(a)

Sol. @ =X (o) Aimex
(b) A= X (d) A+ B+ =X

KhkhkEIAAAIAAIIAAIEIAEAIEIAAIAEAAIAAAIAAAIAAAkAAkAAAIAAAIAITIRAAkAAkkrAAkAikhkAhkiikhkiiiiiik

th. 4-5 Write the Boolean expression for each of the logic circuits in Fig.

A — D A
A — A ,
f' R 4
' X
X .
C B C —}

[ —
(a) (b) ic) (d)

(thy X=AR+C
- X =ApCH

A — Al

B — X
C

)y X=A+mC

A :D{
n
x }k'

[
oo e ke—""_,.., 2018 27




I)r L Draw the logic circuit represented by each of ‘the following
EXPrESSIONS. (@ A+B+C () ABC (c)AB+C  (d) AB+CD

A A |
B Y=A+B+( | — X = ABE
Sol ‘ .
(1]

(1) (b)

A Qo ) AR
A —
Al =

R —

X =+l ('
¢ 0 — D

(¢) (d)

X=AB+ (D
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(¢c) AB + BC

(b) AB

Construct a truth table for each of the following Boolean
(a) A+B

Prop, &7

(e) (A + B)(B+ ()

(d) (A + B)C

(AR

(a) A+ B

(o

Mo O

S =l e S

O~~~

Mo Ao A

oo«

(A& + B)C

X

(d)

AEB + EC

(c)

oo HOoOHOH

o e R Y o R O o R |

OO0 -

oo A AA

oo OO

OO HOA Qi

o000 HH

oo o0 Ao

X = (A+B)YB+CO)

(e)

29
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OO A A~

OdOoOHOHOH

oo Ao O - -

0000 M~~~
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Prob.4-8

Using Boolean algebra, simplify the following expressions:

(a) BD + B(D + E) +5_(D_+ F) —(b) ABC + (A +(B+C) + ABCD
(©) (B + BC)(B + BC)(B + D) (d) ABCD + AB(CD) +(AB)CD
(e) ABC[AB + C(BC + AC)]

(a)  BD+B(D+E)+D(D+F)=BD+BD&BE+DD%DF
- BD+BE+0+DF =BD +BE + DF

(b)  ABC+(A4+B+C)+ABCD = ABC+ ABC+ ABCD = ABC + ABCD

_ AB(C+CD)= AB(C + D)= ABC +ABD
(c)  (B+BC)(B+BC)(B+D)=B(1+C)(B+C)B+D)

- B(B+C)(B+D)=(BB+BC)B+D)=(B+BC)B+D)

= B“'*Qi?+EI=BU3+D?=BE+jm%;?jBD=EU-+D?=B
(d)  ABCD+4B(CD)+ (AB)CD = ABCD + AB(C + D)+ (A4 + B)CD
ABCD + ABC + ABD + ACD + BCD
CD(AB+ A+ B)+ ABC + ABD = CD(B+ A+ B)+ ABC + ABD
€D(1+ A)+ ABC + ABD = CD + ABC + ABD = CD + AB(CD) = CD + AB

ABC[AB + C(BC + AC)] = ABABC + ABCC(BC + AC)
< ABC + 0(BC + AC) = ABC

Dr. Eng. Hassan Ahmad 23 July 2018
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th 4_9 Convert the following expressions to sum-of-product (SOP) forms:

(a) AB + CD(AB + CD)  (b) AB(BC + BD) () A % BIAC +(B + C)D]

(a)  AB+CD(AB+CD) = AB+ ABCD*CDCD = AB+ ABCD +CD
- AB(AB+1)CD = AB+CD

()  AB(BC+BD)=ABRC+ ABBD =0+ ABD - ABD

()  A+B[AC+(B+C)D)=A+ ABC+(B+C)BD

- A+ ABC+BD+BCD = A(1+BC)+BD+BCD = A+ BD(1+C)
= A + BD

Dr. Eng. Hassan Ahmad 23 July 2018 31



th 4.10 Develop a truth table for each of the SOP expressions:

(a) AB + ABC + AC + ABC (b) X + YZ + WZ 2. X07

(a)  AB+ ABC + AC + ABC = ABC + ABC+ABC + ABC + ABC

(b) X+YZ+WZ+XYZ=WXYZ+AWXYZ+WXYZ+WXYZ
+ WXYZ+WXYZ+WXYZ+WXYZ
+ WXYZ+WXYZ+WXYZ+WXYZ + WXYZ

A B C X W X Y Z Q
0 0 0 1 0 0 0 0 1
0 0 1 0 0 0 0 1 1
0 1 0 X 0 0 1 0 1
0 1 1 1 0 0 1 1 1
1 0 0 0 0 1 0 0 0
1 0 1 1 0 1 0 1 1
1 1 0 1 0 1 1 0 1
1 1 1 0 0 1 1 1 0
1 0 0 0 1
1 0 0 1 1
1 0 1 0 1
1 0 1 1 1
1 1 0 0 0
1 1 0 1 1
1 1 1 0 1
1 1 1 1 1

\ Dr. Eng. Hassan Ahmad 23 July 2018 32



th 4.‘" Develop a truth table for each of the standard POS expressions:

{(a) (A + BYA + OiA + B + 0O
(b)) (A +BA+ B+ OB+ C+ DA #BYXLE+ D

Sol (a) (b)

H P2 PO O O O o
==l e ==Y
= o o o Oy
= O OO b

Al el el e el e e =T =R =T e T e R o e R e
el e el = = R = R T e R R S R e T e B i e B N |
HPFHHoOoRrRFRFOoOOoOHRPOoOOoORFRFOoOOo|n
= Nl = N = N = E = = N = N el =1 | =
H PP RPRPPRPROoOOoOE OO oD P O
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th B For each truth table, derive a standard SOP and a standard POS
ex

ression. ABCD| x ABCD| X
0000 | 1 0000 | 0
0001 | 1 0001 | 0
0010 | 0 0010 | 1
0011 | 1 0011 [e0
0100 | 0 010 I
0101 | 1 ono1 [N
snl 0110 | 1 0110, 0
. ABC | X ABC | X 01110 0111 W
000 | 0 000 | 0 1000 | 0 1000 |0
001 | 1 oot |0 1001 | 1 1001 | 0
010 | 0 o1o | 0 1010 | 0 1010 | ©
011 | 0 011 |0 1o, o 1011 | 1
1oo | 1 100 | 0 hioo [ 1100 | 1
101 |1 101 | 1 1100 | O 1101 |0
110 | o 110 | 1 {110 }o0 1110 | 0
111 |1 111 | & L1110 0 1111 | 1
(a) bl i) (d)
(a) = ABC+ ABC+ ABC + ABC
= (A+B4+C)A+B+C)(A+B+C)(A+B+C)
(b) = ABC+ ABC+ ABC

(4+B4C)(A+B+C)A+B+C)A+B+C)4+B+C)

ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
(A4+B+C+D)A+B+C+D)A+B+C+D)A+B+C+D)A+B+C+D)

(E+B+E+EXE+§+C+5XZ+§+E+DXE+§+E+5)

\ Dr. Eng. Hassan Ahmad 23 July 2018 34
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th.ﬂ-w Draw a 3-variable Karnaugh map and label each cell according to its

binary value.
AB

SOI 00
|

01

10

KhkhkrAkkrAhkhkrAkhkkhkhhkkrihkkrirhkhkihhkkhkkhkhkhkkhkhkhkikihkrkikihkrAkhkhkhhkhkhikhkhikkkhikkhikhkkiikkkiikiiikik

C

()

000

001

010

Onl

110

Il

100

101

th. 4-14 Write the standard product term for each cell in a 3-variable Karnaugh

map.
AB

SOI- ()

01

11

C

()

ABC

ABC

ABC

A E{'__

Dr. Eng. Hassan Ahmad
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th. 4-15 Given the Karnaugh maps in Figure. Write the resulting minimum SOP
expression for each.

I. .'I 1 _Ir.i- i .'- i J '| { / )
C ! ; C ch

; ; f A
AN 0/ L/ AN 0 1S N0/ 0 1 10 Ny 0111 10

00 @ | 00 {T\ IJ 00 (I_ (1) 00 _-lﬁa (1|
0l ﬂ 01 E\\_IJJ o tl LI 1)" ¢ ol q |
1l Qd g ()T A« i1 1l Ll |J

10 10 ( I \:: 10 ( 1 D wof 1) 1 (I kl)

\‘-\- . “;\"\ L‘\_\: :1'*.
(a) w (b) (c) o (d) peam
Snl. The resulting mintmum product term for each group is shown in Figure.

The minimum SOP expressions for each of the Karnaugh maps in the figure are

aWAB + BC + ABC
by B+ AC + AC
¢ AB + AC + ABD
d) D + ABC + BC
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th. 4-16 Expand each expression to a standard SOP form:

(a) AB + ABC + ABC (b) A + BC
!i(ll (c) ABCD + ACD + BCD + ARCD  (d) AB + ABCIN B.Ch +BCD + ABCD

(a)  AB+ ABC + ABC = AB(C + C)+ ABC + ABC

ABC +ABC + ABC +ABC
ABC % ABC+HBC

(b) A+BC=AB+B)C+C)+(A+ A)BC=(AB+ AB)(C+C)+(A+ A)BC

- ABC + ABC £4BC + ABC + ABC + ABC
- ABC + ABC +BE+ ABC + ABC

(¢)  ABCD+ ACD+ BCP ¥ ABCD
ABCD+ A(B#B)CD + (A+ A)BCD + ABCD -
ABCD +4BCD+ ABCD = ABCD + ABCD + ABCD

(d)  AB+ ABCD+CD+ BCD + ABCD
_“UB(C+C)D+D)+ ABCD + (A+ A)(B+ B)CD + (A+ A)BCD + ABCD
<ABCD+ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
+ ABCD + ABCD + ABCD + ABCD
ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
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Pmn. 4-" Reduce the function specified in truth Table to its minimum SOP form

by using a Karnaugh map. Inputs | Output
AWBC X
S0l Plotthe 1’s from table in the text on the map g E ‘: :
as shown in Fig. and simplify. 1o |l o
- 011 1
AR N | 0 | 100 |
1 01 1
00 l 1 |]1 110 | o
I 1 11 1
01 1

H\ 1
1) (1 &
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Proh.8-18 use the Karnaugh map method to implement the minimum SOP
expression for the logic function specified in truth Table.

CD
AB\ 00 01 11 10 A
00

®
ERaD
I]m
o)

1

aD, o5

X=ACD +ABD +ABC + BCD + ABCD

W%@W

Dr. Eng. Hassan Ahmad

Inputs Output
Ab CD X
0000 0
00 01 1
0010 1
0011 0
o1 00 0
01 01 0
01 10 1
01 1 1 1
I 000 1
1 0 0 1 0
1 01 0 1
I 0 1 1 0
1 1 00 1
I 1 0 1 1
I 1 10 0
I 1 1 1 1
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QUESTIONS

The endrof Lecture_07,
chapter 4




