Electronics II — Chapter 4
Boolean Algebra and Logic Simplification

Electronics Research Laboratory



FIGURE 4-3 Application of commutative law of addition.

A+ B B+ A
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FIGURE 4-4 Application of commutative law of multiplication.

AB BA
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FIGURE 4-5 Application of associative law of addition.

A A
A+B+0) A+ B
— I
B —
B+C (A+B)+C
C C
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FIGURE 4-6 Application of associative law of multiplication.

A A ——
A(BC AB
B e T
)—BC }(AB)C
E C
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FIGURE 4-7 Application of distributive law.

A
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B B
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A }AC

X =AB + O) X=AB + AC
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TABLE 4-1

Basic rules of Boolean algebra.

1.A+0=A 7.AA=A
2.A+1=1 8 A-A =0

3.A-0=0 9. A=A

4. A-1=A 10. A+ AB=A

5 A+A=A 11. A+ AB=A + B

6. A+ A =1 12. A+ B)A + C) = A + BC

A, B, or C can represent a single variable or a combination of variables.
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FIGURE 4-8
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FIGURE 4-9
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FIGURE 4-10
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FIGURE 4-11

4 - Boolean Algebra and Logic Simplification Electronics II



FIGURE 4-12
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FIGURE 4-13
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FIGURE 4-14
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FIGURE 4-15
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FIGURE 4-16
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TABLE 4-2
Rule 10: A + AB = A. Open file T0O4-02 to verify.

A B AB A+ AB

0 0 0 0 A

0 1 0 0

1 0 0 1 B

1 1 1 1 1

T T straight connection
equal

4 - Boolean Algebra and Logic Simplification

Electronics II



TABLE 4-3
Rule 11: A + AB = A + B. Open file T04-03 to verify.

B AB A +AB A+B
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TABLE 4-4
Rule 12: (A + B)(A + C) = A + BC. Open file T0O4-04 to verify.

A B G A+B A+C |A+BA+C)| BC A +BC

0 0 0 0 0 0 0 0

0 0 1 0 1 0 0 0 /;j’:D—L

0 I 0 1 0 0 0 0 D—

0 I 1 1 1 I 1 1 C:DI

1 0 0 1 1 I 0 1

I 0 1 1 ! I 0 1 |

I I 0 1 1 I 0 1 AT—'_D7
-~

! ! ! I 1 1 1 1 c—

T— equal 41
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FIGURE 4-17 Gate equivalencies and the corresponding truth tables that illustrate DeMorgan’s theorems.
Notice the equality of the two output columns in each table. This shows that the equivalent gates perform the

same logic function.
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FIGURE 4-18 A combinational logic circuit showing the development of the Boolean expression for the output.

CD

B+ CD

A(B + CD)
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TABLE 4-5

Truth table for the logic circuit in Figure 4—18.

Inputs Output
AB + CD)

N
™
A
)

— e e e e e e —m O O O OO O O O
—_ = = = O O OO === OO0 00O
—_— = O O == OO = OO == O O
—_— O = O = O OO O =0 =0
=t e e = O O O OO O OO O OO
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FIGURE 4-20 Gate circuits for Example 4-9.

EAB+A(B+C)+B(B+C) J B+ AC
>t
o - —

C—

a . : b
(a) These two circuits are equivalent. ®)
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FIGURE 4-22 Implementation of the SOP (Sum-Of-Products) expression AB + BCD + AC.

X =AB + BCD + AC

a »> Taw W >
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FIGURE 4-23 This NAND/NAND implementation is equivalent to the AND/OR in Figure 4-22.

X =AB + BCD + AC

a »>» Taw - >
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FIGURE 4-24 Implementation of the POS (Sum-Of-Products) expression (A + B)(B+ C + D)(A + C).

y

:}—X:(A+B)(B+C+D)(A+C)

A »> Taw © >
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FIGURE 4-49 Illustration of the three levels of abstraction for describing a logic function.

Highest level: The truth table or state diagram
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Middle level: The Boolean expression, which can be
derived from a truth table or schematic

X=AB +CD

Y

Logic function

Lowest level: The logic diagram (schematic)

A —

4 - Boolean Algebra and Logic Simplification

Electronics II




FIGURE 4-50 Seven-segmentdisplay.

a
— B I T N N iy Iy
f' 'b L [ TN Y [ N I N B
5 I I gl nll nA N
S I T I N
e, 'C () )
A— I O B
d
(a) Segment arrangement (b) Formation of the ten digits

and certain letters
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TABLE 4-14

Active segments for each of the five
letters used In the system display.

Letter Segments Activated
A a,b,c,e,f, g
b @, @ @yl 5
C @, 0 @y ]
d b,c,d, e, g
E a, d,e,f, g
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FIGURE 4-51 Hexadecimal-to-7-segment decoderfor letters A through E, used in the system.

Hexadecimal Hexadecimal Inputs Segment Ouputs

exadaecimal-
to-7-segment , Letter H3 Hy Hy H abcdefg

decoder

H, ! , A 10 10 0001000
H, d S b 1 0 1 1 1100000
gl e C 1 1 0 0 0110001
0 f d 1 1 0 1 10000T10
§ E 1 1 1 0 0110000
F 1 1 1 1 0111000

(a) (b)
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FIGURE 4-52 Minimization of the expressions for segments a, b, and c.

H, HH, HH, H,H, H,H, H,H,
HH, HH, HH,
00 01 11/ 10 00 / 01 11/ 10 00 / 01 1110
H3H, v. H3H, — , H3H, /
0| X [[x | xX)| X 00 |[ X || x @ X 00 /X\ X | X

01 X X X X 01 X X ﬁ( Xw 01 X X ’X
h IJ 11 1 0 l 1

- = | s

1| o 1 1 0 1 || 1 0
10| x |@Ee 1 0 10 [l x )| x 1 0 oflx)| x| o
N 4 A 4 @ @
a=H, b=HHy+ HHy + H)H, ¢ = HHy+ H,H,
(a) (b) ()
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FIGURE 4-53 Segment-b and segment-clogic circuits.
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FIGURE 4-54 Multisim circuit screen for decoder and display.

.:::::.::::ZIZ"IIﬁIIﬁIﬁNLSUBN
.......... UJ_BUQC
e ;B'ﬁ" T"\ @ ® U4A ......................................... i | e mais 5 &
T KeyoD B e 1= “E‘-"a;“--,.[.‘.?« .................................... A B
. 74LSU4N ........ 74_.E_PLS[;BN—JIB”L3;[§[¥
L CTALSAEN R L
L I "'.'}_-"\ ;,:“'.‘.‘ .........
e T I I e e Y TR - ' [ PO SR b S I Fl

4 - Boolean Algebra and Logic Simplification Electronics II



