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Xl =2|3| 2 (combinational logic circuit)
- " x| U2t 282 Zdol=s =2lg2
ot =H
- Rt =2|8|2o| FA S Eolst= W Ols|
- 27t®, =2|4, =232k B HH Y

N
[ERY
N
B
B
ol

[ ]
N
LY
w

40
i
IN 0
™y
VY
o
(@)
>
len
(@)
Q)
=3
(©)
(@)
(@]
-
o
.
—
.
o
>
| ——



2.1

1 R&F =p2|8|29] =2 HF

= AF
o

o al — i o 1 —_
BE o
208 = 52 EMdE = EMH (characteristic table)

o
=2| Al (logic equation) = EZAl(Bool equation) = =2|et4(logic
function)

=2| 3|2 X (logic diagram)

o3 ‘= £HAMS
Ho X X X Y Y Y
n k=12 h:a|§_|§ m n n-1 1 m m-1 1
olzd L ) == ._F,ia
{=2| AH0|E} == 0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
[aZ 4-1] nxXm ZT&t =2|5|2

2"-1 1 1 1 1




54
A
s 42 2718 =2|4 =Z2|32E
IJle AH <:> Truth Table <:> Logic Equation <:> Logic Diagram
28 &A
- (1) =24 > =E|22k
« (2) =LREE —» =24
- (3) =o|4] - 2UtR
- (4) 277 - =g|4: A (Es 2[ig)of ofst YH



=] =

d =24 & =g

{H

23 () > NOT(') > AND > OR

|25 J2|= gid

2|5

=
—

Xy + X'z

[Ol A 4-1] F

[a2 4-3] =2|3| 2% J2|7|



Lol Al




> 27tE

| =2

EH
=

=1y
o

= 245 =MZ HO| H{Z|

St
=]

AMSo| 2R

o2

2=

joll

4

Xy + X

[Ol A 4-3] F

Xy




Igs

M2 4
HF EH
o d

o
=e|l&g: =e|tH=0| AND gito 2 FOol ¢
zlagh: FE|HLE0| B 205t =2lE
o) Y HLTF x, y, z8 [Of
- =2|&2] o: x, y, yz, x'y'z', xy'z' &
- ZlAgo| o: x'y'z', x'yz, xy'z &

St(sum of products)
F1(X,y,z) = X + y-Z
F2(X,y,z) = Xy + X' -z

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



A9k (minterm)

c|HsS0| BF N5t =25

YHMS O 2o S0[AM FHO| otLtTr 191 =2t

E 4-3] 9 {x, y, 20 43t A
E 248 (O15/E=204
. y 7 lm? ' lmll lmz ' r'n3 n]4 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




o4

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

F(X,¥,2) =

F(X,y,2) = ___

__OH_

ol

100 104

4 <

N N

~ ~

— o

N’ N’
) o | — S
() () i —
) — | — S
) SRS —

11



I Exercise

N

RrlrRr|lRr|l |||l x
Rrlr|loleolr|lr|lo|leo]|x
Rr|leolr|lo|lr|leolr|e

R |lo|lr|lo|lo|leo|rr|eo]|

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

F(X,y,zZ) = xz +Vy'z

12



I Two- and Three-Variable Karnaugh Maps

Karnaugh Map

- Z|AYe| o= Hootl ZtARSH7| ¢t HiH
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

13



I Two- and Three-Variable Karnaugh Maps

3-variable Karnaugh Map

a
bc 0 1

00

01

r

11

10

=

4-variable Karnaugh Map

AB
cDN 00 01 11 10

00

01

11

10

14



I Two- and Three-Variable Karnaugh Maps

Truth Table for a function F

AB
00
(a) 01
10
11
A A
B 0 1 B 0 1
0 1 0 0 1 0
AB—
1 1 0 1 #?FI 0
A'B ]
F=AB' +AB
(b) (c)

F
1
1
0
0

B

0
AB' +AB=A"[

Looping adjacent 1s
as large as possible

/”Lz,

(

o

AI

)

15



I Two- and Three-Variable Karnaugh Maps

Simplification of a Three-Variable Function

a a
bc 0 1 bc 0 1
00 00
T

01 1 1 T, 01 |( 1 1 )— =a'b'c+ ab'c
=a'b'c + a'bc =b'c
=a'c

11 1 11 1

10 10

F=Xm(1, 3, 5) F=a'c+bc
(a) Plot of minterms (b) Simplified form of F

F=T+T,=a'c+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

D

X
00
1 01
_—1—Yyz (consensus term)
Z
{
) 11) 11
1 19— 10
/| Y

my m3

Mg

m7

RlRr|lRPr|RPr|o|lo|lo|eo| x
Rlr|lo|lo|lr|lr|leo|leo]|x
Rrlo|lr|lo|lr|leolrr|leo]|N~N
Rrlr|lo|lo|lr|eo|l~r ||

Xy + X'z+yz=Xxy + X'z

T

Consensus term is redundant

17



I Consensus theorem

—

Consensus theorem (el oF H32l) XY +X'Z+YZ=XY+X'Z
L J U

Proot =y v 4 X'Z4YZ = XY + X'Z +(X + X" WYZ
= (XY + XYZ)+(X'Z + X'YZ)
=XY(1+2Z)+X'ZAL+Y)= XY +X'Z
Example:

,_i_\ \l/ consensus

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

T consensus

Dual form of consensus theorem
(X+Y)(X'+Z2)Y +Z2)=(X +Y)(X'+2)

Example:

o |
(a+b+c')(@a+b+d")(b+c+d")=(a+b+c)(b+c+d")

18



I Two- and Three-Variable

Karnaugh Maps

Function with Two Minimal Forms
F=> m(01256,7)

a
bc 0 1

00 | (1"

01 1 1

11 1

10 | (1 1)

F=ab'+bc'+ac

a
bc I0I 1

00 Llj
o1 (1 | 1)

11 1

o[ AL

F=ac+b'c+ab

19



I Karnaugh Maps Ex.

F =ym(1,3,5,7,9) (input a,b,c,d)

20



I Karnaugh Maps Ex.

ABC

000
001
010
011
100
101
110
111

-—‘——‘—‘—‘—‘OOO“\



4.1.3 FaZXZ

B3t H(don’t care condition)
. W3 YMS ZFO| W2
DAoL A| AL YA =0f CHS
=40| 2|29 ZA0 FF= F4 ey
e 27 A — Lo
- o m— R
- 27RO x E= d2 HYH Ao »|  Decoder
—> Y4
_ E —> ks
of) o204 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

22



I 7-Segment HA]

8421 BCD 7-M|1

Ib
Ic

a
]
g
—
]
d

d
|

—
”
—
Cd
—
Cd
—
”
~
ra
—
”
~
I

e
f
9

gment d

>l decoder

D——>

C

A—
B 2| 7-se

23



X
X0

§ [OI4 4-5] 7-H|IHE BEA

<k

<4

24




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




I Incompletely Specified Functions (Ex.)

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

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

F=ABC+ABC+ABC+ABC =A'B+BC

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

- The case 2 leads to the simplest function

ABC

000
001
010
011

— — —
—_— ot ()
U s e

26



>

7l Ho| X7 =g Al =2E2e
= aqoy <:> Truth Table <:> Logic Equation <:> Logic Diagram

7'5 =0

277 0[AM =2|4] fot= THE
1. =2|AlZ Z|ASto| gF(sum of minterms)O 2 H o
2. B2l SHLZ tag

Fa& X (don’t care condition)

- 329 A0 FdE FA Yo UH ZXLO|L =H

27



(adder)

(comparator)

S 7|/ A A7 (parity generator/checker)

28



(a) Et7het7]

in

C

out

(b) H7p4t7|

Cout S3 S2 Sl SO

(c) 4H|E FAJEHY

29



s

HF7F A7) (half adder)

. £ HES Cf5to]

- St A2 S-EFE A LStE 82
Az M4
- Ol A) B
« Z&=: S(sum), C(carry)
217t
| =
U == o
A B C S
0 0 0+ 0 =00
0 1 0+1=201
1 0 1+0=01
1 1 1+1=10

A
+ B
C|lS
A— » L 5
HA
B——> —»C
(b) E8=

31



} =2|H0|E 22 (XOR)

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

2l2d &2
XOR AIO|E 7|2
X y F=x®y
0 0 0
0 1 1
1 0 1 ﬁj :
1 1 0

(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
o




d [7HA7| (1)

2747 (full adder)

. B HIE 224 £ JH(A, B)9t OFHTHOIA A3 2
| IES C{5t0] TH(S)T A2 2R (C,) 2 AMBHE 3

= A
A2Y w4

Pl

18]

=: A, B, Ci,(carry in)

=1L

« &3: S(sum), C,(carry out)

lel-_ Cout

H

- ol =&

: - dy

A B Cs, 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




* S = A®BBC;, = (A®B)DC;,
« C,(carry out) = AB + (A®B)-C;,
- AB : A} BE CO{3H J
- (A®B)-C,, : A9} BE {5t 8t0| 10|12, O|%
= )

(a) BE7HA7] 2712 OR AHOIEZ T

3@701“ G

FA

34



A

A2| 24
22 X
U Y

5t.

=

A
g
-

{—Cj
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§ 4.2.2 H|ZY)

=A 49|: 1 HHE H|u7|

- & HEE H|iot(

- '3C}, &G, ACHE €495t 32
JECRCE a4
LT = A'B // A=0, B=1
A - (B EQ = A'B'+AB = (A®B)' // AB = 00 or 11
= — EQ (A=B) — (AIB + ABI)I
B —» — GT (A>B) GT = AB' /] A=1, B=0
A 7tH i
=22
- = Al *_J\>O_ =
A B LT EQ GT A—ec }
0 0 0=0 N R
2 L 0 <1 X ~}  o—Ea
1 1 1=1 /
84_(>O; 6T



| 4.2.3 malE| LT/ HA)

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

- 2721 HOoE{0 ZetE 19 &5 H(Es ET)E

H|E

R dE: B HIE Q?T a4=, 2
A

Ol A DHe[E[ &HAL

-III

=

Ol

JESL JES]

g +3 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| 2+ 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 ?

38



XOR: =2 &=
. 19| 47t E4Y 0, £ 1 =

M4 Tf2|E| MAM7|(generator)
- OOJE 0| 10| E+H 15 F7}
e P = X6@®X5®X4DX3DX2DX1DX0

RPrlRPr|lRPR|IrRP|IOO|I|Io|| >
Rr|lRr|o|lo|lrR|IRPR|IO|l|

Rrleo|lr|oflrRr|leo|lrr|leo]lo

2 1 2|E|] ZAAF7|(checker)
- HO|E0f 10] 2+H &8 1, S F &4

* C = PO X6DX50X4DX3DX2DX1DX0

e

39



« HIJIALZ| (Carry, Sum) <= A + B
« AItLt7| (Carry, Sum) <= A + B + C,
HE JhAE7| (Carry, S;S,S.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 A7/ EAY

+ XOR ZO|E: &4 A7)

40



H

<D

ol

==
1o

—de

Xl
LHo

ol

M
Ijn

o
il

iiof

4.3.1 2139 C|2H

4.3.2 HE]

=22t C{EE[SHA
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42

r

_z_._._._

ol

r

4H|E C|Z2[

|
™

Yo

|
™

[O23& 4-13] 1A} C|3AH

00
01
10
11

00
01
10
11

_z_._._._

V> Xz 4X2
OH— )(1 s

*_"xg
Q_"x[]

ol

r




KIELE

(nZf) ol CHet T E (log,n HIE) M4

S

&

o

il

A
=

Ol A (encoder):

old
~ilo

(o)

J —
{e]
e
__o_”_

ol

FLt

o

CA| 10]

Ol A 4-9]

s V=

1) X = 0110 —» Y

s V=

2) X = 0000 — Y

s V=

3) X =0001 - Y

iy

_z_._._._

v

1

Yo

<H

iy

ml
ol
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| ci=c

C| 2. ¢ (decoder)

- nH|E T EQ CHSH 2"H|E 22ZI4(one-hot) &=
. One-hot: H|E = &fL{OF ZH0| C}E 224

2100l A0jd0] U= HEL

- /Y

2X4 Y,
x, CIEH gy,
X Ny

I

E X, X, A CON VA PO BVA PR VA
0 X X 1 1 1 1
1 0 0 1 1 1 0
1 0 1 1 1 0 1
1 1 0 1 0 1 1
1 1 1 0 1 1 1
[O[A] 4-10] ==H27

1) E=0, X=01 > Y=_______

2) E=1, X=01 > Y=_______

3) E=1, X=11 > Y=___

44



| 4.3.2 ZEISAN/CHEIZAY M

—0 O—1—
—o_[C D\ ot
e \,o O ol
—b0 —-
ZEIS2A CIZEISEN

@ 7Is

HE|Z 2 A (multiplexer, MUX)
o el ™M S0 StLtE MESIH =
- g™ 2 (A% > EH 1
C|HE| =2l A (demultiplexer)
o

1 - =

- otLte] fH = o2l e 254 F oiLEZ HE

2 n)—» =3 2

olad 1 (A
[Ol A 4-11] M= AHE

.+ HE|ZEA MEHM S.5,=01 Ay

© CIZEIBYN HEH 5,511

->Y -

[[68)




EEEER

2x1 HE[SEHA o
S Y
0 X,
1 X,

Xy

X
S

AOIE F9a 2x1 MUX

X1

X
S

Y=S'X, + SX,

g

%Y

e

Ml SEf HI{ 3 2x1 MUX

46



=
cH =y = —
CIZE[EEAM (2A0[0]=0] A= CIZEH)
oM ——E Y, > NEM iy Z,—>
x4 2> - x4 L = a4
Ly, U2Y oy | T —fs, HEH 2| =7
e e
—>X, Yo —> —S, Ly t—>
ol0fjo|E H|OjAO| QL C|AL (23 AH=p
oo HojHo| U CIRH (3 Y2 I
E X1 Xp Y, Y, Y, Yo
0 X X 0 0 0 0 S Se Zs Z, Zy Zy
1 0 0 0 0 0 1 0 0 0 0 0 Y
1 0 1 0 0 1 0 0 1 0 0 Y 0
1 1 0 0 1 0 0 1 0 0 Y 0 0
1 1 1 1 0 0 0 1 1 Y 0 0 0
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ENME

o &27F =

ol

HF

o7l
5l

<

==
M|

<

X
O
il
_z_.__._

ol
i

4
-

X
0
ol
N

i

gl

(!

Bl
<

=0

<

i
110]

<4

mal
Hln

fulll

24
=

L2 &

<)

oy dALH S
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ol
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rr
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lo
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rr

TE[SENM/CIEE|S
=ZE| SN
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I CPU Overview

Add

Y

A

Add

Address Instruction

Instruction
memory

—

Data

Register #
Registers

Register #

Register #

-1

 J

Address

Data
memory

Data

50



I Multiplexers

Q Can’t just join wires
\ ~N ) ) together

4 —» « Use multiplexers
%dd _[Add

Y

I—» Data

Register #
| PC (&> Address Instruction 0{ Registers Address
_ Register # Data
Instruction memor
memory ¢+ Register # / y
\ Data




I Control

Add

A

Cxcg
f

Add

Y

1>

Address Instruction

Instruction
memory

Data

Register #
Registers
Register #

Register # RegWrite

Cxcg

s

Branch
]
NG
ALU operation
> I
MemWrite
ALU » Address
Zero Data
memory
» Data
MemRead

\

|
Control }

/
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