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211 &22)|= 84

BB 28 =2 A > S8t Jls= otHA & U 2t (M )0t

> 22U = (Boolean algebra) 0| &

c =S AL E: K4 (element, 011), H&EXH(operator, AND2F OR2F NOT),
3cl(axiom: & 10| BIZ2L+L] ot= H A2 S &E(postulate: =Lt
OG0l OIEE &= U= 01X, St SEECHH LBHAE0| 1 S AHAGHA
SHOFS O Xl = AFA)F A 2l(theorem: 22l 2 B o(EFE)ZFH
SHEEW)0 2ol &%)

- (H==(algebra)E *&HotJ| /et EHHOI &=

— HM(closure): L A2 2= A0 CHoll HEHA I A2 IS

' Xl (associative law): (x*y)*z = x*(y

2 =!I (communicative law): x*y = y*x

| & (identity element): e*x = x*e = x, @& (inverse): x*y = e

— = i e = (distributive law): x*(y-z) = (x*y)-(x*z)
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23 5= U2 Scl& &l
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2422 =9 J|=2 EH22t & &

« & 0H & 2l(duality principle): AE &8 2| A2 (a)%t (b))t BHL=Z &

Table 2.1

Postulates(= &) and Theorems(& 2l) of Boolean Algebra.

Postulate 2

Postulate 5

Theorem 1

Theorem 2

Theorem 3, involution
Postulate 3, commutative
Theorem 4, associative
Postulate 4, distributive
Theorem 5, DeMorgan

Theorem 6, absorption

(a)
(a)
(a)
(a)

(a)
(a)

x+0=x
x+x'=1
X+x=x
x+1=1
x"H' =x

X+y=y+x
xt+(y+z)=x+y +z
x(y +2) =xy +xz
(x +y) = xy’
xX+xy=x

(b)
(b)
(b)
(b)

(b)
(b)
(b)
(b)
(b)

x-1=x
xx'"=0
XX =X
x-0=0

Xy = yx

x(yz) = (xy)z
x+yz=(x+y)(x + 2)
(xy)' =x"+y’
x(x +y)=x

mot [N A oY E1 4>
> H1 £= mot riot ofo
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Truth Tables for F; and F,.

Table 2.2



Figure 2.1
Logic diagram for the Boolean function F, = x + y'z.
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25 = F

0y Fo,=xXyz+Xyz+xy =xz(y'+y)+xy =xz+xy

Figure 2.2
Implementation of>BCooIean function F, with gates.
y >0 i
ﬁ x'yz F,
: L4

AND H0| & 3>2
(@) F=x'y'z+ x'yz + xy’ a| E ag" 94
5 3

| >——~n
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25 = F

Ol MI2.1)
X(X'+y)=xx"+xy=0+xy=xy
X+Xy=(X+x)x+y)=1(x+y)=x+y
(X+y)x+y)=x+xy+xy +yy =x(1+y+y)=x
Xy +Xz+yz=xy+xz+yz(x+X)=xy+Xxz+xyz+Xyz
=xy(1+2)+xz(1+y)
=Xy + X2z
5, X+y) X +z)y+2)=X+Yy)(X +2z)>4H2| ALY

s~

@ Pearson Copyright © 2019 Pearson Education Ltd.



-E@2210| ¥R 340] B4Jt ANDS OR SIAKIE N2 Bt

cleHE= Esstol A 235

« Ol I 2.2)
— Fi=xXyzZ +xXyz Fr,=x(yZ +yz)2 27

=,

- F/=(Xyz' +Xyz) = (XyZ)(Xyz) = (x +y + Z)(x +y + Z)

- F=[xX(yz +yz)] =x +(yzZ +yz) =x +(yZ')(yz)
=X+ (yt+tz)y+Z)=x+tyz +yz
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25 = F

UMl 2.3) Gl Al 228 AU &2l=2 +olet.
— Fy=xXyzZ +xXyz Fo,=x(yZ +yz)2 E7
- Fe AUl =x+y+z)(x+y+2Z)
— R 20N 2 2IEHEE Bx3otH, F/=(X+y+Z) X +Vy + 2)

— F2 A =x+(y+Z)y+2)

- #2200 M = 2lHE

=
=

= A
4T

stot&, Fy'=x +(y + z)(y + Z)
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2,6 3F Al Y HZF & Al(canonical &
standard orm)

=

28 HO 2 XHAND)HIA CHEE = HIEDJH00IH X2t ()=
=012 10|H Z0|X| = &= = A (minterm) &£ = H &H(standard
product)

2% 49| 2F ZBHOR)MA UISE = HIEJH0ISH Z2t ()2 2011
00lH E0lAl &= &= = %*(maxterm) = H & & (standard sum)
Table 2.3
Minterms and Maxterms for Three Binary Variables.
Minterms Maxterms
X y z Term Designation Term Designation
0 0 0 Xy my X +9 4z M,
0 0 1 X9z my x+y+7z7 M,
0 1 0 x'yz’ my x+y +z2 M,
0 1 1 )C’yZ ms )C‘l‘y' o 2t M;
1 0 0 xy'z' my X ez M,
1 0 1 xy'z ms x'+y+27 M;
‘ 1 1 0 xyz' Mg x'+y' +z Mj
1 1 1 XyZ my X' +y + 2 M,




2,6 3F Al Y HZF & Al(canonical &
standard form)

0l) F= & 2lago &=z HE Jis

o_—
Xy'z +Xxyz=my +my+my

fi=xyz+

fo =Xyz+Xy'z+ Xyz + Xyz =ms + ms + mg + my
X y V4 Function f; Function f;
0 0 0 0 0
0 0 1 1 0
0 1 0 0 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1




2,6 3F Al Y HZF & Al(canonical &
standard form)

0 B2 &9 B2 B AL PEH HOUHA 0= Bte= L0l CHol A
Flaets Bt=1 8(OR)E ot
fi =xXyzZ +xXyz +xXyz+xyz+xyz - 0|= 22 FolH

f=(x+y+2z)x+y +2z)(X+y+Z)X +y +2)=MMM;MsMe
b=(x+y+2z)x+y+Z)x+y +z)(X +y+2z)=MMM;M,

X y z Function f; Function f,
0 0 0 0 0
0 0 1 1 0
0 1 0 0 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
@Pearson 1 1 1 1 1 52019 Pearson Education Ltd.




2,6 3F Al Y HZF & Al(canonical &

-

standard form)

‘FASOl B T A8 02 HAE 22 a4 FEHAY
EPS-TN -
- Yoo P2 BAE HAHO BOR HAlSHS L
1. 2240 82 018 0H 2.4
2. FHES SN FHASES S H 25
<0l Xl 24)F=A+BCE R4 &

10
o
+ |0
O Hl
FEl
>
_O'j
J

— A=A(B +B’) =AB + AB’ = AB(
=ABC + ABC’'+ AB'C + AB'C’

- BC=BC(A+A)=AB'C+ABC

- F=A+BC=ABC+ABC' +AB'C + AB'C’' + AB’C
=my+myu+ms+mg+m;=3%(1,4,5,6,7)
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Table 2.5
Truth Table for F=A + B'C.

e e e W = B e R e R e I [ S
—_—_ O O =) = OO | ™
—_ O =, O = O = O|M
_m = = O O = O™
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2.6 EHA Y ODFE o

A

standard form)

Al (canonical &

XUt =
— ZHHEE(HE =3, x+yz=(x+y)(x+2)) 2 = 2 OR &0 A
oo =&tE B xE xxXZ OR McloilAl &=
— J2lHAME 2= = U2
Gl Kl 2.5) F =xy + X'z EH?J

=92 HAlotet
= (x+Xx)(y +X)(x +2)(y + 2)

P40} ete

I
=
ol
>
Ir
N
[
J
o
0
10
10
HU
J
o
A
0%
&
ol

X+ty=x+y+zz'=(X+y+z)(X' +y+Z)
X+z=x+z+yy =(x+y+z)(x+y +z)
y+z=y+z+xx'=(x+y+z)(X +vy +z)

- F=X+y+z)(x +y +z) (X +y +z)(xX' +y +Z') = [[(0, 2,4, 5)
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2,6 3F Al Y HZF & Al(canonical &

A

standard form)

|9 H =t
— X|AStO| &0 HAIE &0 BEx= R &2 2 H &
S EAR=1SCI =1 )| s =
o)  F(A B C)=x(1,4,56,7)
F’(A, B, C) = Z(O, 2, 3) =My + My, +MmMsy
CE2eto He[E M
F(A, B, C) = (my + my + m3) = mg'my'mg" = MgM,M;
=110, 2,3)
— NelEE 0|26t e s 2= e 226
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Table 2.6
Truth Table for F = xy + x'z.

b y z F
0 0 0 0 Minterms
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 0
1 1 0 1 Maxterms
1 1 1 1
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(b) Product of Sums

(a) Sum of Products

A
o

< Ky KR

T
o0 B0 =2z = R

KH
IF RO

S

)
y — -y

o
=

standard form)

“Ol)Fy=y +xy +Xxyz

2.6



2,6 3F Al Y HZF & Al(canonical &
standard form)

— Oll)F3 = B+C(D+E)
=AB + CD + CE

Figure 2.4
Three- and two-level implementation.

A— B —
B__J ¢ —

117

(a) AB + C(D + E) (b)AB + CD + CE

KAAZE? S =

-~
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2.7 J|Et2 =2l A&

Table 2.7
Truth Tables for the 16 Functions of Two Binary Variables.

x y|\ kb KR b K I, F§s F¢k F, F3 Fb Fo b1 F3 F3 Fy4 Fs
0O O 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
0 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
1 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
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Table 2.8

Boolean Expressions for the 16 Functions of Two Variables.

Operator

Boolean Functions Symbol Name Comments
Fr,=20 Null Binary constant 0
F = xy X-y AND xand y
E = xy' x/y Inhibition x,but not y
F,=x Transfer b 5
F,=x"y y/x Inhibition y, but not x = A
Fs=y Transfer y 0|
Fo=xy' +x'y x®y Exclusive-OR x or y, but not both HIEFS OR
FE=x+y X 3 OR xory
FE=x+y) x 3y NOR Not-OR
Fy=xy +x'y’ x®y) Equivalence x equals y =PI
Fio=1y' y' Complement Not y B4
Fi=x+y' xCy Implication If y, then x st o|
F,=Xx' oA Complement Not x B4
Fz=x"+y XDy Implication If x, then y =13e]
Fiy = (xy)’ xTy NAND Not-AND
F;=1 Identity Binary constant 1 Sl

Copyright © 2019 Pearson Education Ltd.



28 LIAIE =cl HOIE

-2 Bt2-= AND, OR, NOT 21410 802 HAIZ/0] Y228 HO0IER
2E 50| 20| &

-9t B 1604 B4 0 8JHE BEE =2| HOIEZ ASE

-AND2} OR 0| £t NAND, NOR HI0IEJ} T &l & 0| H20)
M 28BN
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Figure 2.5
Digital logic gates.

Graphic Algebraic Truth
Name symbol function table
x y| F
X — I 0 0 0
1 0 0
1 1] 1
x yl| F
OR X ' = 0 0 0
y:‘,>—F F=x+y 0 1| 1
1 0] 1
1 1] 1
x| F
Inverter x—DoiF F=x' T 1
110
x| F
Buff _IF - e
uffer X F F=x ol o
111
x yl| F
* 0 0| 1
NAND F  F=(xy) .
y — 0 1] 1
I 0] 1
1 1] 0
x yl| F
X \ ’ 0 0 1
=(x+
NOR ; :DO_F F=(x+y) o 1l
1 0| 0
1 1] 0
x yl| F
Exclusive-OR X F=xy +x'y 0 0 0
(XOR) y F o —xey 0 1| 1
1 0] 1
1 1] 0
x y| F
Exclusi(;':-NOR P . F=xy+x'y 0o ol 1
. y :)j > =@x®Dy) 0 1] 0
equivalence 1 ol o
1 1] 1
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28 LIAIE =cl HOIE

*NORSZH NAND HOIE= 2820
NOR, NAND HOIEE M= &2|al
Figure 2.6

Demonstrating the nonassociativity(d| Z & 4) of the NOR
operator: (x |y) | z#x [(y | 2).

SR %S (12 2.6), 32

y xdydz=@x+yz

xd(ylz)=x"(y+2)

y
@ Pearson Z Copyright © 2019 Pearson Education Ltd.




Figure 2.7
Multiple-input and cascaded NOR and NAND gates.

(a) 3-input NOR gate (b) 3-input NAND gate

=D
D

N =

} F=[(ABC) - (DE)|' = ABC + DE

(c) Cascaded NAND gates

@ PeaI'SOH Copyright © 2019 Pearson Education Ltd.



28 LIAIE =cl HOIE

-HHELS OR HIOIE

E= )
| — (o]
Ttelote A0l Hlg=8 &€ = US

Figure 2.8
Three-input exclusive-OR gate.

X ‘_\
y l_/
. F=x®y®dz
(a) Using 2-input gates
X
y F=x®ydz
Z

(b) 3-input gate

o

J| & ==(odd function) (1& 2.8)0|H, Ut= 22

N
B>

— e OO OO

—__m OO R OO ~<
_ORORORRO
—__ OO R OM O

(c) Truth table
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28 LIAIE =cl HOIE

.2 =P
~ H=2 =212 UEWD| QI8 DENDE) HE 6t =
— de=cl: =2l 12 HEHD| 2ol A=A M) LS Fol= A
Figure 2.9
Signal assignment and logic polarity.
Logic Signal Logic Signal
value value value value
1 — H 0 —— H
1 — L
(b) Negative logic

O _
(a) Positive logic

Copyright © 2019 Pearson Education Ltd.
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Figure 2.10
Demonstration of positive and negative logic.

X y z
x
ﬁ Il; ﬁ Digital z
H L L y gate
H H H
(a) Truth table (b) Gate block diagram
with H and L
x oy Z
0 0 0
0 1 0
1 0 0 X —— ) ’
11 1 y ———

(c) Truth table for (d) Positive logic AND gate
positive logic

=
<
N

OO ==
O OM
O = = =

X \
Z
] >~

(e) Truth table for (f) Negative logic OR gate
negative logic
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29 &&=

A HE
— MSI, LSI, VLSI
LINE =2l
— TTL, ECL, MOS, CMQOS
=2l Uteto|H
— HO}=(fan-out)
— HQl(fan-in)
— &= A& (power dissipation)
— M8 & Xl A(propagation delay)
— &2 17 & (noise margin)
A 0ISEH £2 EH: ASIC, FPGA, CAD, PLD, HDL
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