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3.1 =2

=|: & HAS OE= o F
=2|Zf(logic value) LS
=gk HAl (false) ZH(true)
2214 0 1
A2 A =l (off) =l (on)
M7] A= =4 (Low) S & (High)
=2|Atx = {false, true} = {0, 1}
Ze|lHy: EAEE HAl (x, vy, z, al, a2, alarm, bell,
- YEHS (Y™ M3)
- EHHS (&Y HM3)
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= 2| & (AND)
Z = XsY = XY = X AND Y
X Y 4
0 0 0
0 1 0
1 0 0
1 1 1

=2| & (0R) = |7 & (NOT)
Z=X+Y =X ORY z=X EE Z=X'
X Y Z X Z
0 0 0 0 1
0 1 1 1 0
1 0 1
1 1 1
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§3.2.1 22044

CH 4= (algebra)

- 232 Se(axioms)E WFots +oH A
« 2lA0| Zlst(set of elements) & ¢HAFAF(operator)2| ZHA|
H LFAL
« O|at AALZ}F(binary operator)
- Ay ALk 4, - %, s

=
- 2| Ak AND, OR
« LISt AALZF(unary operator)
A
T

HA: 24 - HZ2(square root), E1(log)



=2 (2, axiom)
- =g|gt0|Lt ot S2f O|ZEAHANAM 71 7|=zH0l 27Tt
L= HAH (&)
- S8 27 glo] AFor 2l
- EF0|L o|F2| §A|glo] o2t OS¢ Of of= A

Me|(EH’, theorem)

= A0l A - HxE2|(lemma)
S E2H €A £kl= F714Q HA : =& (corollary)
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H2 (George Boole, 1815-1864)
- =2z AEst= 4 &t

2204

- =240 Cistd {0 < 1, AND & OR}Z WA|5t0{ Th= =2
- HiA el Hal: Aol =2[A0] ZO[H HHA T ehef FHO0
¢ XX =X &

e X0=0 o  ____

e (x')' =x
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=24

A E'

. w2tH 2 (commutative law)
y =

Z22tg(0| ChA] O Hehel ’A0| ottt
S22+ AND(e), OR(+), NOT(') Hitof Dot Eof ULk

Zl (associative law)

) ¥ z=Xxx*x (y * 2) for all x, y, z € S

Aitoll ot 2t d8

-~

(X ey) ez=Xe(yez) <==> (X+y)+z=x+(y+2)

*

X

« 9} +

(X »y) =

y * X for all x, y, z € S

oA AHO|| CHSFO] mEHEH R A 2

(y »x) <= (x+y)=(y+x)
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seti4 el

6.

=Hi{ & 2] (distributive law)
X* (yez)=(X=xy)eo (X*2)
(+5 #), (+, +) H4HO| CHBRO] 22

= =
X o (y + Z) = (X o y) + (X o Z) <{==> +
Xey+zz(Xey)+ (xe2z)==>dMHA} 24
StEQ

J
* X =X *xe =X for every x € S
« Of CHet 2S&=2 1, + 0of Clfst &SH

H 2l (inverse) L= H4=(complement)
X %y =

=2|H x0f| CHeE FY(E4)2 x

X o X =0 <&==> x+x =1

X+ (yz)=(X+Y)

=20 28l 4=

e (X + 2)
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I Co=7to] &2l (De Morgan's law)

(X+Yy)=Xey' & (Xeoy) =XV

X, +XoH- 4+ X )=X"oX,"-- o X
e n 1 9%

n

S (X oo X ) = XX 4 X

[E 3-5] ER27t9| #H2l ZH
Y A% =24 LEZE =4y
xty | (#y)' | X y' x"y'

R | RIS | X
R IO RO IK

n

14



§ 3.2.2 2]l 743

kA3t (simplification)
- O Ztttol =2[3]22 9o (=2| AHOIE =
[Of| Al 3-1]

X+ Xey=X
[O[A 3-2]
Xe(X+Yy)=X
[O[A 3-3]
X+ X'oy=X+Yy
[O[A 3-4]

Xe(X+y)=Xxey

Zk
O

)
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e ZhAash oA

=1

[O| A 3-5] f(x, vy, z) = x'yz + Xxyz' + xyz

[Z0]|] f(X, ¥y, z) = xX'yz + xyz' + xyz
= Xyz' + X'YyzZ + XyzZ + Xyz
= (xyz' + xyz) + (x'yz + xyz)
= xy(z' + z) + (X' + x)yz
= Xyel + 1leyz

= Xy + yz

// X =X+ X
[/ + A =A HY
[l Xy + xy = (X + X)y

/] x> +x =1
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O|AMsat(adjacent terms)= &Of SfLIZ SFZIC
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) 7tA3l oA

[OilA 3-5] el&er =0:

o

[£0]] f(x, y, z) =

[O[A 3-71 f(x, y, 2) =x'y'Z’

[Z£0]] f(x, y, z) =

f(x, vy, z) = x'yz + xyz' + xyz

+ X'y'z+xy'z' + xy'z
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(x-y)-z = x-(y-z)
(x-y) = (y-x)

X-(y+z) = (x-y)+(x-z)
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3.3 =2|AO|E

sts =H
- =L|HO0|EQ =& HA A0|= 2 (convention) O]|35|
- 3 7tA| =2|AO|E0| CHot 7|=t &2 O|sf

LH-E

3.3.1 7|2 =2|H0|E
3.3.2 A=2|Q Bi=g]
3.3.3 =3|HO0|E 7|5
3.3.4 =a|H0|E =2
3.3.5 M[aFE HI
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§ 3.3.1 7|2 =2|H0|E

=2| AO|E: 57} Sitct= &
2212 AND AH|0|E 2218 OR A0 |E NOT AO|E

(28 3-1] =2|H0E 7S

>

- L

1 x

x|

X+Y

\
-

(a) AND #|0|E St (b) OR A0 |E 5% (c) NOT 7I0|E S

[38 3-2] 7|2 #l0|E2| £3{of| ciet Eto| Cto[o] 13



o S

A0 A|H (propagation delay)

- UHAMSY| U2t SHAS I HE = A|ZF 2HA
« AM3SIt AHOIEE ZEist= AlZt
- HO|E Z1 WOt} &4
. YHtMOR S Ltk X
X
y
XA
Mop X[H =0 xy LS E 5
- 23 T s=s | otms
Mot X|H =3 xy HAS | E8Ms
5 5 t (45 g
(@) AND A[O|EQ| I} AlZH (b) =2l3|22| & XA
[2® 3-3] Mu} x|
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de S5t Wopx

Supply Voltage

o Z2Z high level, A= low level= Q|0 (HIHOZ =] A
Fan-out
- AO|EE S1tst 0fR0| CtE A O|EZ HZE Tts
- 1 0= Azto] U=
vV FH
R

ROut Ti

= X = =X

(a) ERMX|IAE] AND HIO|E (b) O F(fan—out)

L
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} 3.3.4 =2|A0|E £5

(& 3-7) 2-¢15 AND A|o|E

S =2 AND H|I0|E 7|5
X y F=x-y s Hragl - &3 Ha Ay Fre| - &8 F =g
0 0 0

1 1 1

(E 3-8) 2-2I3 NAND A|0|E

ST =L NAND AH0|E 7|

y F=(x-yf U =] - 28 F=2 oy F=2| - 2 "=l

1

e L H—

o | o | X
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d =2|A0]E 22 (0R)

(®3-9) 2-213 OR A[0|E

e &9 ORAOIEZ|Z
X y F=x+y 1 el - 25 =2 o F=2| - 58 F=2|
0 0 0
0

o O D
T 0 1 —

1 1 1

(E 3-10) 2-¢/23 NOR A[0|E

S =2 NORAO|E 7|Z
X y F = (x+y) oy d=2| - &8 F=al oA F=2| - 58 Y=
0 0 1

e o D
1 0 0 —q
0




} =2|H0|E 22 (XOR)

(E 3-11) 2-2l= XOR A0|E

U £
XOR AH0|E 7|=
X y F=x®y
0 0 0
0 1 1 A\
1 0 1 —j >
1 1 0 10| =4 74

(E 3-12) 2-2l=d XNOR A|0|E

ol2 5o

X y F=(xDy)

XNOR AHO|E 7|=

1

° T
1 0 0 Y/

o | O
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§ B, NOT AIO|E, 393 Ho|E

=

Y_

Z_
(@F=X-Y-Z

=

Y_

Z_
dF=X-Y-2)

(b) H=2| NOT A0|E (c) B=2| NOT A[0|E
[2% 3-8] 8|12} NOT H|0|E

D =D
Y F Y F
Z Z

(b) F = X+Y+Z (c) F = Xdyadz
=) o 1) >
Y F Y F
Z VA

(e) F = (X+Y+2) (f) F = XdYoD2)

[2& 3-9] 3-2 H[0|E
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} 3.3.5 3ME B

3AEN B
- HOO| AHHH=E F7tot] ML MEotA| A=F U= A
x?—v X—s o—Y XAD—Y
C
(a) E=2| 3] HIH (b) C=0¢ I S7I22 (c) =1 If S7tl=2

[ | 3- 10] I‘lial SAI-EH |:|-|_-,_|_1

e e

a) E=2| 3AE] NOT AHl0|E =2| SAEH Hm c) F=2| 3SEi NOT A0|E
[ 3-11] 0d2] J1x| HEH| 3&kEl i
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§ 3.3 =2|H0|E 2%

=2|HolE
. =RHAS S BEQO 27}
Ef0|Y chojof 12

- =Z|HO0|EQ U= ASO| HF

—

= 18

rel
Ol

B

Mjn

d=e|/E =2

- d=f: HYA o(low), At EA 1(high)

- 2=l WAl 1(high), AP ZHd 0(low)
=2/ A O|E &&F

« AND, OR, NOT, XOR, NAND, NOR, XNOR, NOT, BUFFER
3SEf H Iy



3.4 =232 7|2 2%

3.1 =2

« =2|4f(0/1, false/true), =c|44, =2|HE Y
3.2 =29 M

. B2 4 3o ofE Ja 7

ECIPNL-TE /PN
3.3 =2|4|0|E

. Mg, Rig

ilm
b
=

- =2|H0|E FF% 7=

. AEY B

M4z 23 =2|3|2
. 2% E2|3|2o 53
. Wg 22 JHAY|, H@Y|, QFC/CR0, HE|SUA/CIYEZ YN



