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2 =222 34 !

1
=2|2| 2 (combinational logic circuit)
(@)

z3t
- ™ X0 U2t 286E ddsies =2l2=
52 B YWY
e Z7tH = =4 EMHE = EMHE (characteristic table)
« =2|Al(logic equation) = 2 Al(Bool equation) = =2|ek4(logic
function)
- =2| 3|2 %X (logic diagram)
[E 4-1] mxn RS =2|3| 29| RIJIE
ol 34 == 8IS
_ m 42 1 x| x4 X, Y. | Y., Y,
w2 — {iﬂaiﬂa (LTE} —> 28 2 0 0 0
1 0 0 0 1
[aZ 4-1] nxXm ZT&t =2|5|2 2 ° 0 ! 0
2"-1 1 1 1 1
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24

2q 0|

2718 =4 =232k
49 <::::::> Truth Table <::::::> Logic Equation <:::::C>

Logic Diagram

2|Al 5 EE|EREE

2|32 — =a|Al

o| & - 27tH

7tHE - =24 zlag(Es z|tfgh)o| ofst 2
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23 () > NOT(') > AND > OR

|25 J2|= gitd
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—
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gl ol

Xy + X'z

[Ol A 4-1] F

[08 4-3] =2|g|2& O2|7|
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> 27tE
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10

SME H
12 Zoj by

joll

4

Xy + X

[Ol A 4-3] F
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7t 282 =o|4S Hote F 7tA| &H
« =2|=2| 2F(sum of products) O HAGI=
« =2|¢to| & (product of sums)OE HHGI=
=251 2[Aad
- =g|&g: =2[HL50| AND EitezE FOl o
- Z|AaY: zE|HLS0| B FHOste =E&
- O) ¥™EHEEI x, y, zY€ Of
- =2[&e of: x, y, yz, x'y'z', xy'z' &
- Z|Aaero] of: x'y'z', x'yz, xy'z S
=2t9o| et(sum of products)
« F1(X,y,z) =X +Yyz
e F2(Xx,y,z) = xy + x'-z

F3(x,y,z) = x"-y'-z' + xy-z



A9k (minterm)

c|HsS0| BF N5t =25

PHMS O 2o S0[AM FHO| otLTr 191 =2t

E 4-3] 9 {x, y, 230 43t A
E 228 (O15/=24
. y 7 lm? ' lmll lmz ' I'TI3 ﬂ34 m? m6| m,
x'y'z"| x'y'z | x'yz x'yz | xy'z Xy'z Xyz Xyz

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
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(Ol A 4-4] 217h=0] CH

F(X,¥,2) = ___

F(X,¥,2) = ___

__OH_

ol

100 104
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I Exercise

N

R, R, x
R, |lolo|lrRr|lRr|loleo|<x
Rr|leolr|lo|lr|leolr|e

R |lo|lr|lo|lo|lo|lrr|eo]|

F(X,y,z) = x'y'z + xy'z + Xyz

F(X,y,zZ) = xz +Vy'z
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I Two- and Three-Variable Karnaugh Maps

Karnaugh Map

- Z|AYe o2 Hoistil ZtARtsH| ¢t v
2-variable Karnaugh Map
A
B 0 1
0 <l
A=0,B=0—"1_ A=1,B=0
A=0 Bx'l——-}-""z'r T A=1,B=1
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I Two- and Three-Variable Karnaugh Maps

3-variable Karnaugh Map

a
bc 0 1

00

01

=

11

10

S—

4-variable Karnaugh Map

AB
cDN 00 01 11 10

00

01

11

10
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I Two- and Three-Variable Karnaugh Maps

Truth Table for a function F

AB F
00 1
(@) 01 1
10 0
11 0
A A A
B 0 1 B 0 1 B 0 1
0 1 0 0 ,,—I 0 0 (;\ 0
A'B'— | AB +AB=A"L
1 1 0 1 1 0 1 1 0
A'B..---"""* 7\_/

F=AB +AB ///// F=A
(b) () (d)

Looping adjacent 1s as large as possible
The number of 1 must be 2K

15



I Two- and Three-Variable Karnaugh Maps

Simplification of a Three-Variable Function

a a
bc 0 1 bc 0 1
00 00
j‘ T,
01 1 1 Ty 01 |( 1 1)4— =a'b'c + ab'c
=a'b'c+ a'bc =b'c
=a'c
11 1 N
10 10
F=Zm(1, 3, 5) F=ac+bc
(a) Plot of minterms (b) Simplified form of F

F=T+T,=ac+b'c

16



I Two- and Three-Variable Karnaugh Maps

Karnaugh maps which illustrate the Consensus theorem

X
yZ

00

01

1

XZ

11

10

X

00

01
_—1—Yyz (consensus term)

’q) 11

D

\L}“HW' 10

my m3

Mg

My

Rrlr|lr|lr|o|leoleo|leo]| x
Rrlr|lo|lo|lr|lr|leo|leo]|<x
Rrlo|lr|lo|lr|leo|lr|leo]l~
Rrlr|lo|lo|lr|eo|l~r|eo]|m

Xy + X'z+yz=xy+ Xz

!

Consensus term is redundant
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I Consensus theorem

| |
Consensus theorem (e & #23l) XY+X'Z+YZ=XY+X'Z
Proof : -
XY+ X' Z+ YL =XY+ X' Z+( X+ XYL
=(XY + XYZ)+(X'Z+X'YZ)
=XY(A+2)+ X'Z(1+Y)=XY + X'Z
Example:

\L consensus

a'b'+ac+bc+b'c+ab=a'b'+ac+bc'

— ]

Dual form of consensus theorem
(X+Y)X+2H) XY +2)=(X+Y)X'+2)

consensus

Example:

[ A |
(a+b+c')Ya+b+d"Yb+c+d)Y=(a+b+c")b+c+d")

18



I Two- and Three-Variable

Karnaugh Maps

Function with Two Minimal Forms
F=> m(0,1,2,56,7)

da
bc 0 1

00 | (1"

01 1 1

11 1

10 | (1 1)

F=ab'+bc'+ac

d
bc I0I 1

00 Llj
o1 (1 | 1)

11 1

o[ AL

F=ac'+b'c+ab

19



I Karnaugh Maps Ex.

F(a)b)CJd) = Em(1,3,5,7,9)

20



I Karnaugh Maps Ex.

ABC

000
001
010
011
100
101
110
111

- m a0 O O™



I Karnaugh Maps Ex.

F(a,b)=xm(1,2,3)

F(a,b,c)=xm(1,3,5,7)

F(a,b,c,d)=xm(0,2,5,7,8,10,13,15)

F(a,b,c,d)=xm(0,1,2,3,8,9,10,11)

F(a,b,c)=Xm(0,2,4,6)

23



4.1.3 FaZXZ

B3t H(don’t care condition)
. W3 YMS ZFO| W2
Yo A| AL Y™ LSO CHS
=40| 229 &0 FF= F4 | e
o =27 J
o 2 T
- o —> Y>
- Z27tHO| x E= d2 HY A »|  Decoder
—> Yy
_ E —> 1
of) Cl24 27t%
& =9
Enable A, A, Y5 Y, Y, Y, Valid
0 X X X X X X 0
1 0 0 0 0 0 1 1
1 0 1 0 0 1 0 1
1 1 0 0 1 0 0 1
1 1 1 1 0 0 0 1

24



I 7-Segment HA]

8421 BCD 7-M|1

Ib
Ic

a
]
g
——
]
d

d
|

Y
e
—
rd
—
rd
—
rd
b
r
Y
e
~
4

e
f
9

gment d

2| decoder

D——>

C

A —
B 2| 7-se
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X
X0

§ [OI4 4-5] 7-H|IHE BEA)
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I Incompletely Specified Functions (Ex.)

Finding function:
Case 1: assign '@' on X's
F=ABC+A'BC+ ABC = A'B'C'+BC

Case 2: assign '1' to the first X and '0' to
the second 'X'

F=ABC+ABC+ A BC+ ABC = A'B+BC
Case 3: assign '1' on X's
F=ABC+ABC+ A BC+ ABC'+ABC = A' B'+BC+ AB

- The case 2 leads to the simplest function

That's all?

ABC F
000 1
001 X
010 0
011 1
100 0
0
X
1

— — —
—_— o
—_— ) -

28



I Karnaugh Maps Ex.

Truth Table with Don't Cares

ABC F
000 1
001 X
010 0
011 1
100 0
101 0
110 X
T11 1




A = =
4.2 ot 22 =292
thE B2
- ol i3 &20| B4 29
. mEtA, 23 =232
. ZB=2|ERE ME32E T4 s
o)

7FAE7] (adder)
H| W 7| (comparator)
o 2|E| &M 7|/AA7|(parity generator/checker)

30



(a) Et7het7]

in

C

out

(b) H7p4t7|

Cout S3 SZ Sl SO

(c) 4H|E FAJEHY

31



§ HETHALY)

HE7FAEZ| (half adder)

. £ HEE o3t

. B A2SYULE A

A

I.

-

of=

= AN
A M4
« QUE: A, B
« Z&: S(sum), C(carry)
278
ol 24 = g4
A B C S
0 0 0+ 0 =00
0 1 0 +1=01
1 0 1+0 =01
1 1 1+ 1 =10

tol

=

A
+ B
C|S
A—> ——» S
HA
B— ——C
(b) E2=

33



} =2|H0|E 22 (XOR)

(& 3-11) 2-215 XOR A|0|E

2l =
XOR AIO|E 7|&
X y F=x®y
0 0 0
0 1 1 A\
1 0 1 —,:j )
1 1 0 A'B + AB' = A®B

(E 3-12) 2-215 XNOR A|0|E

el ==
X y F=(xPy)
1

° T
1 0 0 Y/

XNOR H[O|E 7|=

o | O
o

A'B' + AB = (ADB)'




} [7HA7| (1)

2747 (full adder)

- oF HIE 22+ & JH(A, B)2 OFBHEO| N RASE 22| ==+ (C,) 7HA]
| HIEE Hot¢ & (S)zt Ael23+(CE it 82

= A
UE B4

= [ob

= A, B, C,(carry in)

=1L

« &3: S(sum), C,.(carry out)

lel._ Cout

H

- ol =™

- - Moy

A B Cin Cout S
0 0 0 O+0+0 =00
0 0 1 +0+1=01
0 1 0 +1+0=01
0 1 1 O +1+1=10
1 0 0 1+0+ 0 =01
1 0 1 1+0+1=10
1 1 0 1+1+0 =10
1 1 1 1+1+1=11




} [7HA7|(2)

S=a'b'c+a'bc’ + ab'c’ + abc
= (a'b'+ab)c + (a®b)c'
= (a®b)'c + (a®b)c’
= (a®b)®c
Coit = @ bcy, + ab'cy, + abcy,” + abc,

ab(c;," + ¢c;) + (@'b + ab')cy,

ab + (a®b)c;,

18]
Ju
T
1

=
>
o
(=
=+

M
oH

00

01

01

10

01

10

10

RlRrRrRR,R|oOIc|o|| >
el Ll B\ A Ll AN KN R =)

Rlolr|lo|lr|leo|lr ||l
gy FE IS SN ESEESEES)
Plo|lo|lr|leorr|r|leo|u
Rlr|lRr|r|lo|leo|leo|le
+ |+ |+ |+ |+ |+ |+ ]|+
Rlr|leo|lo|lr|r|leo|le
+ |+ |+ |+ [+ |+ |+ ]|+
Pleo|lr|lo|lr|eo|r|e
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H712E71(3)

=24 3k 7kA 7| O] S
+ S = A®B®C;, = (A®B)®C(;,
e C,(carry out) = AB + (A®B)-C;,
- AB : A% BE O3ls I 271 2ot 4%
- (A®@B)-C;, : A2t BE Lot ef0| 10|11, Ol oM S 7t B4

=222

O

By

(a) BE7RATZ] 2712 OR AP IEZ

FA




A

LIl A.
= DT -
B
A

oo IO O
L1 [V ]

A
-
=

{—Cj
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§ 4.2.2 H|ZY)

=A 49|: 1 HHE H|u7|

- &+ HEE H|iot(

- '3C}, &G, ACHE €495t 82
JEC TR =a| A
LT = A'B // A=0, B=1
A= LT (B EQ = A'B'+AB = (A®B)' // AB=00 or 11
= — EQ (A=B) — (AIB ¥ ABl)l
B —» ——> GT (A>B) GT = AB' /] A=1, B=0
A 7tH i
=22
- = Al *—% =
A B LT EQ GT A—ec }
0 0 0=0 N 2 S
0 1 0<1 X ] O—EQ
1 1 1=1 /
84—(>Of -

39



§ 4.2.3 Ta|E| LT/ HA)

o 2|E| H|E (parity bit)

« 271 HIO|E{0]] Zet=l 19| £E AL (EE EH)E

HIE

: B4 HE 07 #E, ©
A

=

ol

SEEE FVt

8 43 27

OfAZ|EE JHIE ZE G E £ I2[E|
A 100_0001 0_100_0001 1_100_0001
T 101_0100 1_101_0100 0_101_0100
(Gl A 4-8] %= m{2|E| 2AF A" d&. =4 HIO|E{7} SHIETI?

1) =4l H|O|E{ 0_100 0001 ?

2)
3)

=4l G|0|E] 0_100_1001 ?
A A
_I_

| §|O|E{ 1_100 1001 ?

41



j X0r HO|E

XO0R:

=2+ 2
10 47 249 o, 23 1

% Ii2|E| 44 7|(generator)

HlO|E{0f 10| E+E 18 7
P = X6@X5®X4BX3DX2DX1DX0

o 2|E| ZAL7|(checker)
HIO|E{0] 10| B4 23 1, =
C = P® X6@X5®XADX3DX2DX1DX0

XOR

RlRrlr|lr| o=

oz

ZH
O

=
=
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« HIJIALZ| (Carry, Sum) <= A + B
H7t47] (Carry, Sum) <= A + B + Cj,
« HE JHA7| (Carry, S;S,5.S,) <= AJALAA, + B3B,B;B,

- 1H|E H|w7| (LT, EQ, GT) <= (A==B)
- 4H|E H|W7| (LT, EQ, GT) <= (AjAAA, == B;B,B,B,)
oo el HA7]/EA]

+ XOR FO|E: &2 A7)

43
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FEAA 3

00
01
10
11

4
oF
ol
ol
<1

_z_._._._

45

r
ol

4H|E C|2O

|
™

Yo

|
I

_z_._._._

00
01
10
11

00
01
10
11

Ve Xz 4><2
OH—> )(1 eIz

!'_"'Xg
Q_"X[]

r
ol




KELE

(nZf) ol CHet T E (log,n HIE) AiH

S

&

o

il

A
=

Ol A (encoder):
4H|E ©°l3 O

olo
~ilo

(o)

J —
{e]
e
__o_”_

ol

FLt

9]

CA| 10]

OfL|ate?

<H

<

of
110]

mal
ol

s V=

1) X = 0110 —» Y

> V=____

2) X = 0000 — Y

» V=____

3) X =0001 - Y

iy

_z_.E

1

<K

T

ml
ol
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EEE

C| 2 (decoder)

nHHE Z EQ CHst 2"H|E 22Zl4(one-hot) &=
One-hot: H|E = StL}OF ZfO| CHE 22l

S
Enable A[0{440] A= 2O

2X4
[ X, O3H
Xo

Y2
Y

E X, X, Y, Y, Y Yo
0 X X 0 0 0 0
1 0 0 0 0 0 1
1 0 1 0 0 1 0
1 1 0 0 1 0 0
1 1 1 1 0 0 0
[O| ] 4-10] =27
1) E=0, X=01 > Y=___
2) E=1, X=01 >Y=__
3) E=1, X=11 > Y=

47



§ 4.3.2 HEISAN/CIHE|IZAY M

—0 O——
e N o
. \7. .J o I
__po —>

HE| =2l A CIHE|Z=N

(@ 7Is
HE|Z =AM (multiplexer, MUX)
- o2 el ¥=HM S0 stLtE MEisI =8Oz AME

© Q3 20 (MM ) & 1

C|HE| =2l A (demultiplexer)

- otLte] fH = o2l e 25 F oiLEZ HE

i

. Ol

=R
(Ol Al 4-11] 4l HE
E

- BE|EHAM HEfM S,S,=01 X, > Y = Z4

¢ CIZEIZAN MM SS=11
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EEEER

2x1 HE|Z2 A T8
S Y
0 X,
1 X,
Xy
X
S — e

AOIE 9 2x1 MUX

T+

Ml SEf HI{ 3 2x1 MUX



H |EE‘I| -|
I L_‘l = E = —lA
s L
CIZE|ZEA = A0{4H0] A= T2
M —E Y; —> ASM  —y Z, —>
x4 2> - xa L = a4
—lx, HZ2H vy, , T o5, DEMUX 7z =7
Bl ME M '
—>X, Yo —> —S, Zy—>
Alojd0] A= CZEGH C]HE|Z 2l M
E X, X, Y, Y, Y, Y, S, Se Z, Z, Z, Z,
0 X X 0 0 0 0 0 0 0 0 0 Y
1 0 0 0 0 0 1 0 1 0 0 Y 0
1 0 1 0 0 1 0 1 0 0 Y 0 0
1 1 0 0 1 0 0 1 1 Y 0 0 0
1 1 1 1 0 0 0
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ENME

o &27F =

ol

HF

o7l
5l

<

==
M|

<

X
{0
il
_z_.__._

ol
i

4
-

i~
X0
or
~N

i

gl

(!

Bl
<

=0

<

i
110]

mal
Hln

fulll

Z4
=

L2 &

<)

oy dALH S
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I CPU Overview

4 —»

Add

Y

A

Add

Address Instruction

Instruction
memory

—

Data

Register #
Registers

Register #

Register #

1

Address

Data
memory

Data
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I Multiplexers

@ Can’t just join wires
\ ~ ) } together

4 —» « Use multiplexers
%dd _[Add

Y

I—» Data
Register #
= PC (&> Address Instruction '{ Registers Address
_ Register # Data
Instruction Hemor
memory o> Register # / y
\ Data




I Control

Add

A J

Cxcg
f

Add

Y

-]

Address Instruction

Instruction
memory

Data

Register #
Registers
Register #

Register # RegWrite

Branch
]
N
M
u <
X -
N
ALU operation
> I
MemWrite
ALU » Address
M
u Zero Data
X memory
» Data
MemRead

Control

—~—— ]
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