A

~A. Number Systems

// Cavevsien

Example. 21

(1) Decimal => Binary

2 )21
2 )10 =1
2)5--0
-2.] _——)
'
10/0]

(3) Binary €-> Hexadecimal

00010101 & 15,

Hexadecimal

01,2,..,9,A,B,C,D.E,F

(2) Binary = Decimal

43210
Jolol,

244 216y
=21

\—-\,.._/ !
Note.
Decimal fraction = Binary fraction

Ex. 0.81
2x 081
2x (162
2% 124
2z {0148
2x (096
2x (1192

2« .84

0.110011...




B. Digital - Logic

Boolean Algebra (George Boole, 18534):

Triple [K,¢, +] consisting of a finite set of elements K, subject to an equivalence
relation “=" and two binary operators, “+” and *“.”’, such that for every element x

and y ¢ K, the operations x+y and xsy are uniquely defined and the following
. postulates are satisfied.

1. The operations are closed for allxandy ¢ K. x+yé Kandxye¢ K
2. Commutative laws A'B =B-A A+B=B+A
3. Distributive laws A (B+CO)=(AB)+(A-C) A+(B'C)=(A+B)(A+C)
4, Associative laws A+(B-C) = (A-B)-C A+B+C)=(A+B)+C
5. 3 Identity elements A=A 0+A=A
6. Inverse elements AA=0 A+A=1I

“Duality”

Note: When K = {0,1}, it is called ‘switching algebra’.

¢ Logic variables - true (1) or false (0)
‘e operations
AND OR NOT
( n U ~ )

(. + - )

Boolean expression (Boolean function)
1. 0,1,x,X are Boolean expression.

2. If A and B are Boolean expression, then A (A) A+B A-B are also Boolean
expression

Boolean Operators

--------------------------------------------------------------------------------




TABLE 5 Boolean 1denﬁﬁes.

Cx(yz) = (xy)x

Identity Name

T=x Law of the double complement

X —I— xX=x Idempotent laws
X-xX =X

x+0=x Identity laws

x-1l=x :

x+1=1 Domination laws

x-0=0 '
x+y=y+x | Commutative laws

Xy = yx

x+ O+ =E&+y+ z | Associative laws

x 4+ yz = (x + y)(x +-Z)
x{y+z)y=xy+xz

Distributive laws

Y =x+F De Morgan’s laws I

(x+y)=Xx3 | |
x+xy =x - Absorption laws - -
xx+y)=x ) | | -
x+xX=1 Unit property

L xx =0 Zeroﬁproperty

Solution: ’I]le verification of th_ls 1dent1ty is shown in Table 6. The 1dent1ty holds because
the Iast two columns of the table agree.

<

Identmes in Boolean algebra can be used to prove further identities: We demonstrate

. thisi in Example A

TABLE 6 _

x y Z. | ¥y+z xy xz | x(y+2) xy+xz
1 1 1 1 1 1 1 1

1 1 0 1 1 0 1 1

1 0 1 1 0 1 1 1

1 0 ol 0 -0 0 0 0

0 |.1 1 1 0 0 0 0

0 1 0 1 0 1 0 0 0

0 0 1 1 0o ! o0 0 0

0 0 0 0 0 ; 90 0 0




DeMorgan’s Theorem

AB =A+B A+B=AB

Venn Diagram

Gates

AND Q:D._,C NAND QZD ¢
OR 25> ¢ NOR g%;
NOT  A-{Do—f XoR  gP>—F

Functionally complete set of gates

1. AND, OR, NOT
2. AND, NOT AtB = ATB = A B
3. OR,NOT

NAND
5. NOR

S = A —He—
A’@O—A A’:D&'—EDD’A-B — A+
B B

| AND

NOT




Combinational Circuit  oubput depends am input ouly

Sequential Circuit  oufput depends on Snpu and post histowy of input Cemay)

Implementation of Boolean Functions

- Ex. _
ABC F

, : 7 ' ' - .
°©c 10 00 1O V  FRBO) = Z (23,8 A sigma votadion
v o001 {o = |
2 {010 1{v Y @dual |

" v T o) = | + votaction

31011 1 AN FABC) = T (o |,4,5.7) # pi vnototion #
#1100 |0 N |
s{101 0] |
i i i (1) [1, chavacteristic number = { 0] 001100),

_ = 76
Canonical Expression

(1) SOP (sum-of-product) form
f=ABC+ABC+ABC

A B ¢
% < ¥
'y r

1 D—) > ¢
%‘ , )__J.
(2) POS (product-of-sum) form
f=ABOABOWXBOWABO(ABC)
= (A+B+C) (A+B+C) (A+B+C) (A+B+C) (A+B+C)

) Equivalent”




i1y

Simplification
Ex. f=ABC + ABC + ABC
(1) Algebraic Simplification

" f=ABC + ABC + ABC
=AB(C+C) + ABC _ B
=AB+ABC =AB+ABC+ABC
=AB + BC T eton,

( =B(A+C) )

(%) Karnaugh Map (K-map)

BC
00 01 11 10 < GryGde

jEaan o
Hofolo ) f=AB+BC

Ex
WX
00 01 11 10
000 1. 1/ 0\l
01 10 |0 |(1) 0 W+ X

YZ 11 |0 |0 0} O

1m? ?\11&5\

U}




Ex.

Table B4 Truth Table for the One-Digit Packed Decimal Incrementer

Input _ Output
Number A B C D  Number W- X Y y A
0 0 0 0 0o 1 0o 0 0 1
1 0 0 0 1 2 0 0 1 0
2 0 0 1 0 3 0 0 1 1
3 0 0 1 i 4. 0 1 ¢ 0
4 0 1 0 0 5 0 1 0 1
5- 0 1 0 1 6 0 1 1 0
6 0 1 1 0 7 0 1 o1 1
7 0 1 1 1 8 i 0. 0 0
8 1 0 0 0- 9 1 0 0 1
-9 1 0 0 1 0 0 0 0 0
1 0 1 0 d d d d
Don’t L 0 1 1 d- d d d
care | 1 1 0 . 0 d d d d
con- 1 1 0 1 d d d d
dition 1 1 1 0 d d d d
1 1 1. 1 d d d d
cp - CD
" 00 01 11 10 _ 00 01,11, 10
00 o] 1 g |
AB O 1S ] ap My |4
©o1pdyd \djd 11\d d \d
10{ 1 d \d 10 Idy a
- - : L
(a)W:AD+$.BCD - (b)) X=BD +BC +BCD
CD ' CD
00 01 11 10 00 01 11 10
of 1 T of 1y | it
ujdld{dld ujdjdi{d|d
10 djd 101 dj\d]| -
©Y =ACD + kb s - (@zZ=D

Figure B.10 Karnaugh Maps for the Incrementer




Quine-Mec Cluskey Method

F = ABCD
1000

v 0000

v 1000 v
¥ 0001 v

v 1100 ¥

1001 v

1101~

1100

v =000 .

1 ODO_

\/"H"-OO
v Q0= ¥

—-001 w

[to- ~
ol ¥

Prime Implicants

Essential Prime Implicants:

1101

1001 0001

1000 1100 0110 1101 1001 0001 0000

Xl
x X

®

Note. b
100, al, /U 10
W
NS =
AR L -

X B @

® x

F=ABCD+BC+AC

+ ABCD + ABCD + ABCD +ABCD + ABCD + ABCD
0110

0000




NAND (NOR) Implementation

f = B(A+C)

= AB+B<C
=AB+BC
SN,

Exclusive-Or (XOR)




Multiplexe.rs

~ muliplé {»’n?&\’,cné,oiﬂ'put% Sj'q;m\ contyo) ,data _\_’.Qjéﬁf?ﬁ -

D ——
D1 o Table 8.7 4-to-1 Multiplexer Truth Table
MUX —F
02—
2 s1 F
D3 ——— 0 0 DO
0 1 D1
, 1 0 D2
1 1 D3
82 81

Figure R.12 4-to-1 Multiplexer Representation.

S2 51 . -
Do D_
D1 : | * E '
F
- D2 :
¥ 3 lines are alvoys ©
D3 ! A '
Figure B.13 Multiplexer Implementation.
0@{‘;{‘
C, R, ALU, : C, IR, ALU, Cys IRys ALU,,
52 4-tg-1 52 d-to-1 52 deio-1
g1 MUX g1 — MUX s1 MUX
PC, PC, PGy

Figure B.14 Multiplexer Input to Program Counter.




Decoders

A ™, 000
B {\f . . )
L 001
D‘.l
c .
-~ 010
DZ
aL
100
D,
101
5
e
m
Figure B.15 Decoder with 3 Inputs and 2° = 8 Qutputs
Ex. Desigm | K byte memory with 4 256 byte RAM chips.
Address (MAR) chip
G0 00000000 —— DO il o
ol 000000UD — o itiiti !
10 00000000 — o jiittil 2
L1 00000000 — | [(1IUH 3
A0
A7
256 x8 | 256 % 8 256x8] | 256 %8
RAM RAM RAM RAM
2404 |Enable Enable | Enable Enable
Decoder
A8 — 20 ol
_ 10
A9 — i1

Figure B.16 Address Decoding




A, B, A, B, A, B A, B
Overfl
Signal =G Caf—CG GG GG Gal—0

SZ 1 SO
Figure B.21 4-Bit Adder.
BC

Binary Addition Truth Tables 90 Of _.1i 10
C. A B |sum C, z oleo o |1
6o 0 0| o0 o0 il 1 ]e |t |o
o o 1|1 o .~
o 1 0|1 o Sum
o 1 1 0 ! 00 ol _1l__|O
1 o o |1 o | _ YaS -
1 0o 1|0 1 aolele ﬂ— ©
1 1 oo 1 | -
1 01 1|1 1- e N U D

Sum = ABC + ABC + ABC + ABC
Carry = AB + AC + BC

JOOC

- Sum

B m——

C&Tl.')/ l -

(C o




Carry Lookahead
Co= AcBo
Ci= A/B,+ C,(A,+ B)
= A;B,+ AsB.(A + B)
= A,B,+ A,BoA;+ A.B,B,
C= A,B,+ A; A, B, + A,A,A,B,+ A,B, A,B,+BA,B,
+ BoA, A,B,+ B,A, B By :

Ce= AgBs+ (AgtBg) Cn

In general, carry lookahead is done only 4 to 8 bits at a time.

Ex.  32-bit adder using $-bit adder

As; Baype Ay By Ap Bye- A Big

S 1 S I Y N It I I Y R Y B

A5 Bise.w Ag 1I3a A; By .. Ay By

gbit | Cu g-bit | Cis gbit | Cs 8-bit
Cou adder adder - adder - adder

€ Cin

I I | I I I I |

Sy e Sy Sy - Sy Si5 - S S7 e 5y
JFigure B.23 Construction of a 32-Bit Adder Using 8-Bit Adders




Clocks

high

rising falling
e 'ﬁi edge

Tow S

< >

clock cycde time

Event (change of state)

e edge-triggered
rising edge
falling edge /
e level-iriggerd

low

high

Feedback

- Output is fed back as an input to the same circuit.

Example.

Po—Po—— @

Seguential Circuit

- output depends on current input + past history of inputs

Flip-flop (Latch)
¢ Dbistable state (0 or 1) = 1 bit memory

e two outputs, Q and Q




The S-R Latch

Asynchronous
7 R \
L Clock Syn chronous
s /
Table B.10 The S—I_{ Latch
{a) Characteristic Table ' () Simpliﬁed Characteristic Tablé
Current Current = Next
Inputs State State ) R Q.
SR Qn Qn+1' 0 0 Qn
00 ‘0 0 :# 0 1 0
00 1 1 1 ] i
01 0 ] 1 1 —
01 1 ]
10 0 1
10 1 1
11 0 —
11 - 1 —
‘(c) Response to Series of Inputs
t 0 1 2 3 4 5 6 7 8 9
S 1 0 0 0 0 0 ] 0 1 0
. R 0 0 0 i 0 0 1 0 ¢ 0
Qua 1 - 1 1 0 0 0 0 0 1 1




D Flip-flop

- modification of S-R flip-flop
- data flip-flop, delay flip-fiop

a) Control=1 enables storing Data, and
the flip-flop outputs this value.

x . D Qm»l
Clock ————t
) 1} 0
1 1
D
Datay, Data,,
1 Oorl i : Dlata"“‘
> o—>»
Contro! Control
0
0 Qorl 1 - 0

b) When conirol switches to 0, the output does
not change with Data; . '




J-K Flip-flop

- untversal flip-flop

K - .
_J
- J K Qn+1
Clock - -
: 0 0 Q,
0 1 0
™. 1 0 1
] 1 1 6,1-1_1 togg}e
-

Note. T flip-flop (toggle)

- counting circut

@-—-—
o1 —

ok L

a i
=S N R T

N

” - l_&
7
- J. 5

JImplementation




. ' Characteristic
Name Graphic Symbol Table
S Q 8 R Qm-l
5-R —p 0 1 0
1 0 1
R s} 1 1 -
i Q ] K Qunt
0 4 Q,
X —_—=Ck 0 1 0
-~ 1 0 1
K o) 1 1 Q,
D Q D Qm—l
0 0
D — bcx 1] 1
Q

Figure B.29 Basic Flip-Flops




Finite State Machine (FSM)

¢ Moore Machine
- Edward Moore (1956)
- Each state is associated with output

e Mealy Machine

- George Mealy (1955)
- Each transition is associated with output

Example. JK Flip-Flop

Moore
00,0!
t0,00
CL o
6
O 1i
Mealy
00/0,01/0
’0/‘)00/l,

(O

ol/o,11/0




Data lines

D18 D17 D16 D15 D14 D13 D12 D11

Clock
Load
D08 Do7 D6 D05 D4 D§3 Doz D1
' ' Output lines

Figure B.30 ~8-Bit Parallel Register |

Serial In Serial Out

Clock
Figure B.31 5-Bit Shift Register




(1) Ripple Counter (Asynchronous Counter)

4-bit coimter"( Moéulo {6 counter)

Counters

High - i
(i . !
;oQ —J  Q ] Q o
Clock > Ck S Ck ——D>Ck P
x al | X Q K Q x T
S ipinSplinipipEpigipiginipupi gty
e o LML
Qq —d 1T I T L
Q, — l B L.
MsB Q, ‘ - —
0000 p00f o= ese  HH 00OD
o 1 2 ' W 5 0
Note - edge-trigger ( fali ing- edge > change)

o e,
By using resel, we can create any pulse train, such as ¢-(~2 ~0-i~2-

S T TR M PR AT




Synchronous Counters

Ex 3-bit counter m

TN
\T K @nﬂ Qn, T K Qm-!
o O Gn 0 cd o
o | o o 4 4 | !
{ o b L] 44109
Vi Gu ! d o | [
chayacter istic Table Excitadiom Toble
A B C JaKalbKbJc Ke
000{0dod1ld
00 1{0d1dd1l
01 0/(0ddo1d
(a) Truth table 01 1{tddil1dil
100{doo0odtld
101{d0o1ddt
3 i1 1 0(dodo1d
x 111{d1d14d1
BC BC
K hi
®) m‘fg Taps 00 01 11 -10 o0 01 11 10
- 0 [1\ 0l d{d @ d
o Ja=BC A Ka=BC A
i‘ ‘ 1y d|d \g]rd 1 \})
i
! BC BC
00 01 11 10 00 01 11 10
0 1 d| d 0] 4 |'d 1]
_Tb'—'C A ) Kb=C A g
1 1 _dJ d 1] 4 u 1
BC BC
00 01 11 10 . 00 01 11 10
Of114da|d]|1 0lld|1]1]|4d
Jc=1 A ” - ] Ke=1 A ( ]
1[1 d | d 1J 1Ld 101 dJ
{c) Logic diagram
High ] C 1 B Al
—t> Ck > Ck > Ck
K Cr—] kK B e — K Al
Clock o
o leost siqnifeant most signifscant”

Figure 3.33 Design of a Synchronous Counter




