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1 | Number systeta [

Primary Number Systems in Digital Computing :

1-Decimal number system

- base10
Each digit may have one of 10 values (0 to 9).

(1920)10
1 9 2
1)11; I) [, =1920

-

S,

2-binary number system

— base?2
Each bit has two values: zero or one.

ex: (01010)2

01010

1: II I l =(0#2%+(1%2)+(0*2)+(1* Z)+(0*2') =0+2+0+8+0=10
3 2 1

3-Octal number system

: — base8 ;
1 Each digit may have one of 8 values (0 to 7). T
ex: (274)8
N )
» . ——]|a %Lﬁ g

/
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4- system number Hexadecimal =
l — basel6 l

Each digit may have one of 16 values (0 to 15).
A =10
B=11
C=12
D=13
E=14

% conversmnsj @g

I- convert Binary to Decimal.

exl: convert( 10101 ) to decimal

1\ I I I 1 (1*2)+(0%2 )+(1%2 )+(0*2 ) +(1*2 )= 1+4+16 =21

10101 . z % =0.5
m

. g % = 0.25

e 2="%=0.125

ex2: 10111 101) to decimal

1

0

I =(1*2F)+(1%2")+(1*23+(0*2 ) +(1*2)
+(1*2)+(0*2)+(1*2°)=1+2+4+16+

0.5+0.125=23.625

=)

i i }I j j
(10111.101),= (23.625), \K
L, Qkﬁ

» N

o

J O

)
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2- convert Octal to Decimal.

ex1: Convert (17260)8 to Decimal

l}]]‘]\ =(0*8)+(6*8"+(2*8 )+(7*8%)+(1*8 )=7856

17260 7856

ex2: Convert (53.2)8 to Decimal

é II 1 =(3%8))+(5*8 )+(2*8')= 3+40+(2*%4)=43.25 ;
? 53 2 43 25 %

10

3- convert Hexadecimal to Decimal.

ex1: Convert (19FDE) to Decimal
16

F
T =(E*16)+(D*16 )+(F¥16 )+(9*16 )+(1*16 )=
162 1 0

6 16 =106462

19\
16

ex2: Convert (DS 21) 16 to Decimal

}'

16

[u—

.2
. T T T =(5*16 )+(D*16 )+(2*16 )+(1*16 )=213.128 .
g 16 16 16 16 a
(D5.21)=(213.128) L
N8
N @ =g )

N
/% ]
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4- convert Decimal to Binary.

ex1: Convert (29) to Binary.

729

T

:Wlghas oac lic binary Jl decimal (o Jg>5 line (90
16 32 “2Jlolaclan oo 08 381 22 (1) i @8l Gl 21 Dlaclio (30 08y )8l g 1

Q@ S Cacliaall ) lisg .2
(obplqupg)UJwQJLommdlummujlps)ub}m3
29 29-32
29—16:13
13-8=5
011101 3-4-1
3216 8 4 2 1 @@ 1-2-
1-1=

(29)=(11101),

ex1: Convert (29.625)2to Binary

16 32
X @
29.625

011101 101
3216 8 4 2 1 2 Y% Y%

0.5 0.25 0.125
(29.625)‘3(1 1 l()l.l()l)2
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5-convert Decimal to Octal.

s

|

ex: Convert (35)1 Oto Octal.

Step

Operation

Result

Remainder

»»

Stepl

35/8

Step2

4/8

4

w
1 1 .
1 I

6- convert Decimal to Hexadecimal.

(35)=(43),

Operation

Result

Remainder

»»

Stepl

43/16

11(B)

Step?2

2/16

ex: Convert (43) to hexadecimal
10
Step

N
N
1 1

L
|

"
=

/

(43)5(2B);q

'
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Jﬂ 7- Convert octal to binary ﬁu

|

ex1: Convert (25)8to binary.

25

v N

1Y
2

0
4

N =
(=)

1 1
4 1

(25)8= (010 101)2

%

610 10 o
4 21 4 2 1

|
NG

111
2 1 4

N | =

(2576)8=(010 101.111 110)2

8-Convert binary to octal

ex1: Convert (100010101.11101)2t0 Octal.

ex2: Convert (25.76)8 to binary.
/25.76¥

100010101 111010 | e ibiecnst
. J/ L J l J/ (ol Lo LS 131) Ll Sle o
a 4 2 5 .7 2
J (100 010 101.111 01)2=(425.72)8
\
A (@ 1SS =g
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(15)1=6(00010101)2

ex2: Convert (12C.A5)1‘6[0 binary

12C.A
0001 1100 VY 0101
8421 oo10 8421 1010 8421
8 4 21 8 4 21

(12C.A5)1:(0001 0010 1100. 1010 0101)
6 2

10- Convert binary to Hexadecimal

ex1: Convert ( 101011011 O)zto Hexadecimal

001010110110 Sl Gle pio Capariy
J/ \L ’ padding agouw!
> B 6

(1010110110)2=(2B6)16

‘ 23> 51’35,95 ((((—/
9- Convert Hexadecimal to binary
ex1: Convert (1 5)1 fo binary l
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ex2: Convert ( 1101011.00101 )2 to Hexadecimal

l 110 1011.0010 1000 ~=========ppadding l

| I
o B 2 8

(duolall yao0 LS 131) Gpuadl Gle @

(aeolal sl US 131) Hlandl Ll

padding —

(1101011.00101)2=(6B.28)16

é 11- Convert Octal to Hexadecimal ;
? Octal Binary Hexa %

binary JJI Octal (e @8l Joio
)))))) Hexadecimal JJI lgJg>i lassy

ex: Convert 325 67 to Hexadecimal

(325.67)=(011010101.110111),

U
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G99 Lialel Lo 5) Hexadecimal Ll Islg=isg (Binary go Jzaslll a>gi L l

Jog
301101 01011101 1100

iiii

(325 67) = (BS DC)16

12- Convert Hexadecimal to octal
Hexa Binary Octal
' binary L)l Hexa e @8yl Jois

) I

ex: Convert 325 67 to Octal

=R

0011 0010 0101 0110 0111

001100100101.011001110
T131 17111
1 4 4 5 .3 1 6

J (325.67) = (1445.316)
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2l deudil (o Mgl gaudge Luals (oS o
| Binary number operatioq

‘egio Binary numbers ! e Wldac oac Lic

e Binary addition:

Rules: Ex:

0+0=0 10011 +11101=?
O0+1=1 1+0=1

1+1=0 (.\_;Jb .\>|99 Ongl.uﬁ) 0000
1+1+1=1 (b a>lge 1 (soluw) 10011

77— 11101 °

110000
e Binary subtraction:

Ex:
: 10011 - 01101=?
1
0,2 2
10011
e Binary multiplication:

01101
00110

1*1 =0 L
2




1101
1101 * 101=?

101

11101
0000

1101}
1000001

;)))) 5’3555 ((((—/
v Ex: v

*

Positive integers (including zero) can be represented as unsigned numbers.

However, to represent negative integers, we need a notation for negative

values

? « The sign is represented with a bit placed in the leftmost position of the %

number. The sign bit O to represent positive numbers and 1 for

negative.

JU by aor e (‘B)‘ Le 5 » decimal numbers Jb alluy 4o 50 C-BJ\ Le Lo Joe
Qv.aﬂw &S s ..Binary numbers
~ 10001001 bl oo 03l bit 1 il

N a4 05 < Lae OIS Jbitd) Ll
Al 3105106,
The user determines whether the number is signed or unsigned, If the binary

number is signed, then the leftmost bit represents the sign and the rest of the

bits represent the number i.e., 11001 represents -9.

If the binary number is assumed to be unsigned, then the leftmost bit is the

most significant bit of the number i.e., 11001 represents 25.

D
B

/
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Ex: To represent the number -9: s ol ol o9 5ol
Magnitude representation; 10001001

=R A

U\ﬂ ﬁ'
1’s-complement representation:
€9 oo Gl Il @8yl o
00001001 08yl Jiay (pasy
\\/ 0 1S puSey b
11110110 &= 1’s-complement representation 1J10 JSo
2’s-complement representation:
1 2Ll 2oz 6l o9 oghas Lgude 05b) pw 1’s-complement JI Wlghs juas
N 11110110 —> 1’s-complement representation:
00000001 — 515 dsLsl

[ ]

11110111 —> 2’s-complement representation:

The 2’s-complement is the most used representation

|
[#
L
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2’s complement Addition
EX: l

_ 11
®c+13=? 00000110
00001101
00010011—>19

f_\\
+6 —>00000110-""311111001——$11111010
11111010
? 00001101 %

A00000111 7
100000111 —

/_\ O 8l sasis Lo olise axlgll Liskashs
©6-13=2 +6+(-13)=7

00000110
-13 in 2’s-complement ¢— 11110011 *
-7 «— 11111001

©® 6-13=2 -6+(-13)=
E -6 in 2’s-complement «— 11111010 é
J -13 in 2’s-complement &— 11110011 * L

19 «— 111101101

D

[ g == Sﬁi
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CATCHERS
Digital system are used in everywhere in our life such as communication, traffic

control, medical treatment, weather monitoring, the Internet, and many other l

areas. They use just two discrete values and are therefore said to be binary.

The general-purpose digital computer is the best-known example of a digital

system.

eSoudly «3laidl Jio cdiogll il ilg> Calize 0 duod )l dalail ERCSIIV ;
00 Lyt (il gl JIs=>3l 309 bl ZNellg g rall &S)y> 3
dabail Ll La)yof 13alg Jadd (pilabio (yuiosd Ll dobai¥l 030 raieiy ool
(Binary) dsls

daki¥l Lle g ,iSYlg ju3l Jladl Golxe3l sagio (08l Lgwlsdl a=lg
- Bit: A binary digit which has two numerical values: 0 and 1.

« Binary codes: Discrete elements of information are represented with groups of
bits called binary codes, such as numbers and symbols.

The major parts of a computer are:

1) Memory unit, which stores programs as well as input, output, and
intermediate data.

2) Central processing unit, which performs arithmetic and other data
processing operations as specified by the program.

3) Input-output units: The program and data prepared by a user are
transferred into memory by means of an input device such as a keyboard
and an output device, such as a printer, receives the results of the
computations, and the printed results are presented to the user.

e e ety

|

|
L

B

jk\_g —T 1* |
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/
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Data size:

210is referred to as K (kilo)

2325is referred as M (mega)
2 isreferredas G (giga)
2%is referred as T (tera)

N e ERROR weae——
ﬁ'

Ex:
10 2 10 12
AK = 4*2=2%2=2=4, 096
20 4 20 24
16M =16*2=2*2=2 =16, 777, 216

Computer memory capacity are usually given in bytes which is
equal to eight bits.
For example, a computer hard disk with four gigabytes of storage

has a capacity of 4G = 2" bytes (approximately 4 billion bytes).

Binary-Coded Decimal Code (BCD) and ASCII code %

BCD requires four-bit code for each decimal digit.
Decimal 396 is represented in BCD with 12 bits as 0011 1001 0110,
with each group of four bits representing one decimal digit.

® [t is used when we care about the performance, not the storage.

o s Jeel 4 bl sl c(binary)éhﬂ\ fUa.:JJ d ey Jd o JS = S~
LS SIS de s
Many applications of digital computers require the handling not only of
numbers but also of other characters or symbols, such as the letters of the
alphabet. The standard binary code for the alphanumeric characters is the
American Standard Code for Information Interchange (ASCII), which
uses seven bits to code 128 characters. For example, the letter A, is L

represented in ASCII as 1000001.

(.
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A two-valued Boolean algebra is defined on a set of two elements

B = {0, 1} with rules for the two binary operators (-) => and ,(+) =>or .

The binary operators are closed, commutative, and associative .

® 0 is the identity element for the (+) operator

® 1 is the identity element of the () operator

Truth Table

¢ SSadlole sy guis
At pp2iall H9So 7y Wlezdl O gl 1 clguw yusio (51 0F,(+) yauo (s3ic (1551 Lol
At yiall 9% ) Wlsxll yusie sl (),and a>lg s3ic H55s Lol Lol

X

y | x+vy x | Q

0
0
1
1

0
1 1 1 0
0 1
1 1

and operator

or operator

prime (r.'e')‘ wﬁ:« go.;)

Boolean Algebra - Axioms and Theorems .|, L, oLg)l

-0 O ”

x+0=x | T MM\%C)M‘orﬂ&ué‘
x.0=x | T wﬂw‘%c)léj\andﬁwé‘
x+x =1 | ____ 1%0&&‘3\&)101-%&;\
X.xX=0

O%CJWQ\‘J)\andﬂiwg‘

X+X=X

M\M%C,w‘,})‘orﬂw@

M\M%Cjw&j‘andw@

-

R




ERROR

distributive => S ¥l
Involution => |l o 95:11 94.
commutative => 1Jsls Ble
Associative => 4k 7 Bls

(L=

-
[#
L

-

N CATCHERS eeec
N
x+1=1 [ ___ 13! e 5 1 48 )1 o e gl
x.0=0 | 0 Lk ) 0 o5 )1 and e
(X,)’= X involution (r'y=0=1
X+y=y+X
X.y = y.X commutative
x+yz=(x+Y)(x+z) distributive | &l &L Ol el K Je x JI G
X.(y+z)=(x.y) +(x.2) -
(x+y) =Xy P gl s Begemad i i 13
< SRR DeMorgan (OR = AND) el Juy
( ) Y) B y Aod e IS il
_ =Xx.1
X+ Xy =X absorption xrxy =LAy
=x (1+Yy)
=X
X.(X+y) =x duality
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CATCHERS
|Boolean Functions|

_ A Boolean function described by an algebraic expression consists of

binary variables, the constants 0 and 1, and the logic operation symbols

' \ﬂ
_ For a given value of the binary variables, the function can be equal to
either 1 or 0.

* Example, F=x+y.z
_ A Boolean function can be represented in a truth table

s dslae » Boolean Function

(1510 a2l &) ace -

1 9 0 C_',.J‘}ﬂ‘-

(+=>OR¢:=>AND ¢ =>NOT) s} &zl Olled! -
051 1Ll 0K ) Ol ooy o2 L

— i

(a) Two-input AND pate (b) Two-input @R cate (G NOT gate or inverter

> A e pllaz Lo L

) A D‘“ x'y'z g5 Pl Olis gate

e[ 2 o

““"""ﬁ“:“” L;’ &) Waline %glb / (é}-bJ\)terms
R PRI o R \ x'yz ——W E
dr 151 58 Lo (g Aoz mot JI 2 / [l / »

el 583 2 b (55 oy

c&termdﬁfﬁwﬁnr{bmbﬁ

E’."*:’U’t" 95“’ e dUa = \’: Dyl SN (“J Fo=xyz+xyz+xy'
oy ) 8 Lasdl 130 4 (59 ey SNl Ky :
not gate J!

=T L
¥ D:

D=




Simplify the following Boolean expressions to a minimum

number of literals.

‘ ;))ll 51’35,95 ((((—/
N N

x(X'+y):

X .X + X.y ol Je x JIledy A1)

=0 + xy o Lidan 4Kus and el &) LSS 058

= Xy

X+ Xy:

= (x+X)) (x+y)

= 1.(x+y)

=X+y

(x+y)(x+Y):

(x+y) (x+y) =xxX+xXy'+y.X+yy’ o Jo LB ol Loy (S

=X+Xy +Xy+0 1 iz 5 sell gl s Uaiy cpidmy

=x(1+y'+y)

=x(1)

=X

(x+yz)+ Xy :

=Xy +XZ+YZ(X + X )y 12 2% by 4l e 55 Jlall ol

_ ’ ] . UA‘B ub‘}’; (JL&:« (\X+X) P ‘..)‘

XY XL XYL XYL g by BB e ey ol

=xy(1+z) +xz(1 +Y) sy b 61 &)

=Xy + XZ
L
"
"
n

N L\
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Minterms and Maxterms

_ Minterm is obtained from an"AND term of the n variables, with each

variable being primed if the corresponding bit of the binary number is a 0

and unprimed if a 1. 43¢ Oz 3 Lo 2,4 Ol el o 85L801 3 S minterm JI 21 J

L \ﬂ ﬁ N
I <8 ) bits = 1,0,1 B 101" & dre el J2ey 0 JIy (1) and
m = AB.C JI slas truth table J| . %% o by o b gl izl
_ Maxterm is obtained from an OR term of the n variables, with each
variable being primed if the corresponding bit of the binary number is a 1
and unprimed if a 0.
3’B’C;j”,:: 3 1»19 ::,u B 0 Jly or 358 Ol il oy 851300 maxterm ) .l
y [t} 1ts = 1,0, . . . s e ‘e
m < ASB+C I alins - minterm J| ,.$e o~ gn..a,g.uﬂ Joo 11y s !

_ Each maxterm is the complement of its corresponding minterm and

vice versa ! e wﬁaﬁ\j rs)i &y minterm | gés}a maxterm |S°

Minterms Maxterms

X y z Term Designation Term Designation

0 0 0 x'y'z' My x+y+z M,
0 0 1 x'y'z m x+y+17 M,
0 1 0 x'yz' s x +y' +2 M,
0 1 1 x'vz s x+y +¢ M,
1 0 0 a'z! iy x'+y+z M,
1 0 1 xy'z ms x'+y+ 7z M5
1 1 0 xyz' i x"+y +z M
1

1 1 XYZ ny x+y' +2z M;

Canonical Forms
Sum of Minterms (SoM) :

3540d) o1 5 Sl pazal o and (g 055 F=1 J) 0,5 W
2 lgsLl slay AB+ A'B : Jls

Product of Maxterms (PoM):

3940d) o and 5 Ol el o or g 3559 F=0 J! 0,5 W
[ eslsl slay (A+B) . (A+B) : Ji

Nl

H\/_

/
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% Consider the 1s of the function
% AND the input variables to produce 1

mo TR
my (0 (0 (1 (A C=>00-1—> 0-0-1C—> A-B-C
Mo B : | 0 O P
- 1| B
M4 (30 (0 (0 (A C—> 100> 1-0-0—> A-B-C
mg g 498 -
“c INENEREN > 110> 110> A+B-C
s | ]| F(A,B,C) = A’B°C + AB’C’+ABC’®
F(A,B,C) =m_+ m_ + m_
F(A.B.C) = > (1,4,6)
Example

w Derive the truth table, SoM logic expression and
logic diagram of

F(x,y,z) = > (0,3,5,6)

F(x,y,z) =x’y’Z2’+ x’vz + Xy°2 + XYV2°

- <2 220000
"y N-1- Y K-
= - Y Y Y
Om OOKR oo

truth Jesl g ke J\ Slpxe 3 J) o sl Opp
&) r.ab\ ‘.’.‘L&A J‘ (ib)m Loy u\ﬂ 3 Jj table
C)Od‘wgywbdjdeFd‘.\&lb‘

Using Algebra to find SOM

* Use algebra to write the SOM expression for
F(AL,B,C,D) = A(BC + BC?) + A’B’C
Fia,B,C.D)}=ABC+ABC +A'B'C

FiA,B,C,D)=[ABC.1)+{ABC . 1)+{A'B'C.1)

F|A,B,C,D)=|ABC .[D+D’]) +{ABC".(D+D")}+(A B C.{D+D"))
FA,B,C,D)= =ABCD+ABCD +ABC D+ABC D +A'B CD+A'BCD"

FA,B,C, D)=, +m, +m,  #m,,+my+m,

—=

F(A,B,C,D)<X 15,14,13,12,3,2.

P, T

Jsl O el (g JIsdl Cllay
e g ke By g5 ) (A
fM:}.bJ\wb‘j uasb
}ad\(D+D)uhﬂh\&uJa
J,J\Jpjbbwl‘_;,\“

D.la,ww




W Consider the 0s of the function
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Product of Maxterms (PoM)

N N
W OR the input variables to produce 0

[ x| vy | F(xy) |
o (SN R @ > 0+ 0> 0+0 > x vy

M, 0 1 1

2 N N —> 1+ 0> T+0 D Xy
M, 1 1 1
F(K,y) = (X + y) - (x’ + y) Product of Maxterms (POM) :I
— / - max;enn
F(x,y) Nlu Mz Sum (OR) term that
F(x,y) =T (0,2) gy

Example

% Derive the truth table, PoM logic expression and
logic diagram of

é F(x,y,z) =1] (1,7)

F(X,y,z) = (x+y+2°)(X’+y’+2’)

(=T T R ™ R e T Y

- - A A 0000
=y - =Y =Y

=S  F-1 Y K-

* If F(W,x,y,2) = > (1,2,4,9,12,13,15), then

— _ : e SN

w.x,5.2)=>.( 0,3,5.6,7.8,10,11,14 ) (”?yw‘)‘ 0
- Fovxy) =[1( 035678101114 ) ,
Wl Beay g S s O
- FPwxyz)=[[( 12.4,9,12,13,15 )

n n
A \5 A
n Note w&:«u\&n«,lf‘_g) O M

¢ The minterms of F are the maxterms for F’° J\ Ul g L,..&'J\

ke Gl al
e The maxterms of I' are the minterms for F’ o gL tﬁ,gﬁj
prime 4\l 45 , s SOM
(L= %—\ﬁ =" ._‘

¥

/
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: F(xy,2)=2(1,3,6,7) :
J F(x,y,2)=0N(0, 2, 4,5)
\Q
| T ——alamabh—= — T 1|
| . . (= %g — |

ERROR

N
el CATCHERS

@ Find a product of maxterms expression for
F(x,y,2) =3 (1,2,3,5,7)
F=1(0, 4, 6) F = (x+y+z)(x'+y+z)(x'+y'+2)

@ Find a sum of minterms expression for
F=T (1,3 4,6).

Fix,y,z)=%(0,2,5,7)=x'yz' + x'yz' + xy'z + xyz

Express each of the following Boolean functions as a sum of minterms and

as a product of maxterms :
1-e F(A,B,C)=A+B'C

The function has three variables: A, B, and C
A = A(B+B) AB + AB’
A= AB(C+C) +AB(C+C) ABC + ABC' + AB'C + AB'C’
B'C = BC(A+A) ABC + A'BC Your paragraph text
the final answer => ABC + ABC' + AB'C + AB'C'+ AB'C
m7 +m6 + m5 + m4 + ml.e- Ue 0gn

&o&ﬁdL&dL«fo)UAWudLde} rJUbCJJMUABL.—b-JJ‘u.L:-UALa-\L«:GJ
QK\J‘J7)’JJ9VAL&¢>421d}g."adxherU“stLwLQL}‘JABCL&OGU‘?g,a.{ (_;Mou‘y-du\w_,,
RCYRPIPER Y o) W 6 Sl dley ABC' (g " dns

F(A,B,C)=2(1, 4,5, 6,7) > minterms

ﬁ'
F (A, B, C) =11(0, 2, 3) » maxterms
@ F(x,y,z)=xy +x'z
xy = xy(z+2') = xyz + xyz'
X'z =x'z(y+y') =x'yz +x'y'z
Combining all the terms we finally obtain:

F=x"yz+x'yz +xyz'+ xyz=mi+mz+ mg+my




%
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® F(A,B.C.D)=(A+B'+C)(B'+C+D)(A+C+D)

F=(A+B’+ C + (DD)) (B '+C+D+(AA’)) (A+C+D’+(BB’)) s9ded) AaBU O el Labs
F= (A+B’+C+D) (A+B’+7D’) (A+B’+CgD) (A+B’+C+D) (A+B+C+D’) (A+B’+C+D’)
0100 1100 0001 0101 3, Sl 5 5d0d1 Ll
M4 M12 M1 M5

ﬁ'
s Ul 1 O ade 0SS Wy 0 05 e b i) 0K W ass 28 S13 02 maxterm Jlo Jouy opiels &0
F (A, B, C, D) =I1{1,4,5,12}
F (A, B, C, D) =5{0,2,3,6,7,8,9,10,11,13,14,15}
| Sum of Products \

_ The sum of products is a Boolean expression containing AND terms, called
product terms, with one or more literals each. The sum denotes the ORing
of these terms.

_ An example of a function expressed as a sum of products is

Fl=y +xy+xyz

_ This standard type of expression results in a two-level structure of gates

(+) 055 s S iall s (+) LN 0K 250l o

)
1 )— '
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CATCHERS
| Product of Sums \

_ A product of sums is a Boolean expression containing OR terms, called

sum terms. Each term may have any number of literals. The product

ﬁ N
denotes the ANDing of these terms
_ An example of a function expressed as a product of sums is F2 =
x(y+z)(X +y+z’)
_ This standard type of expression results in a two-level structure of gates
(+) C)jg:a. r.g_m O paadl g (.) 5, yLa! Ojg"a, 39d0dl
.
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Graphic Algebraic Truth
Name symbuol function table
x v| F
AND T F F-x-y -
: y — y 0 1| 0
1 O] 0
1 1] 1
x v| F
o . 0 oo
* v :[>_F F=z4) 0 1] 1
1 o) 1
1 1 1
x| F
Inverter X I>o F F=x ?_l
1] 0
x| F
Bufler > [ - N
x P J F=1x ol o
1l 1
Z not x v| F
NAND F F=(o) E E' :
' 1 of 1
and 1 1| 0
7 not ¥ _j—
NOR F o F=(x+y) o 1l e
1 Of O
or 1 1| O
r y| F
Exclusive-OR - . Fexy +x'y 0 of o
(XOR) F -y 01| 1
' 1 O 1
1 1| O
r v| F
n | n
: Exclusive-NOR F=xy+x'y 0 o | :
T o F -x@y) D 1| 0 1
equivalence ! 1 o| o
1 1] 1
(L_r—, Q @Jf% —r 1)
N
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K-map Method

ERROR

CATCHERS

_The map method provides a simple, straightforward procedure for

minimizing Boolean functions.

_The map method is also known as the Karnaugh map or K-map method.

_ A K-map is a diagram made up of squares, with each square representing
one minterm of the function that is to be minimized.

_The map presents a visual diagram of all possible ways a function may be

expressed in standard form, from which the simplest can be selected

Two-\larlable K-Map

R S S

N\

truth table (,.dl.l.,.o Xy e Le O

m

=

m

0
0
1

(=&

m

1

1 m

® | = |=l
e I=l[< e

Note: minterms in
adjacent squares differ

in one variable!

L
|

Xy

m x~—= 0]l xYy

function ) Ses JK& Lol jlss kemap JI e gl *
Lne alls - J el e dlasl S % minterm Ja o o ) Ol e e 55le kemap JI #
aos 4 djg @)

xy

1 :]
m, x 1| Xy

22=4g~q2“wg;ﬁtp4Uouj4ya~}§ak-mapd\
ey Gsaall e Sl il £ 50

Xl e ik (xoorx) S8 sl x J) e B paallx
Y I ik (Cyory) Gl sl y JI e s U

=)

S
=

/
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Example 1
* F(X,Y)= Z (0,1) el Lally truth table Uas 21 ) ; V

Dyl L 115l 85 sall B0 Jome Limiy oo o it ) =
- hy 1 I
) [ 1

F(x,y) =Xy’ + X’y
F(x,y) =X’ (¥’ +y)

o ===
-_——
-——
-_——

F(x,y) = x* =

Example 2

* F(x,y)=> (1,3) 5
- - - ¥ r_J._1

N0

~
)

g

v
L
!
ml
m3
3V
J‘ \
l |
;J

y oo il adl gs'“m B O

F(x,y) =X’y + xy R
F(x,y) = y|(x’ + x) = { 0
F(x,y) =y *---—-—=-=---=-==7=777 ;'—']r - .
Example 3
* F(x,y)=> (1,2,3) n }

J o palill J) el g qbliz L o 1 iy o
S B pda, XY LUa.;\Ora) u""\ Jsl L;mtruthtable
Oledl gy X dlm.ab.b-\ J\)L..JL il )

xy m,

* { m

X y 3

- |

_ v i

F(X,y) = X’y + Xy’+ Xy N 1
F(X,y) = X’y + Xy’+ Xy + Xy = 0 1 n
FOxy) =y +x))+ x((y’+ v)) N { (= = 4

F(x,¥y)= y +x

_/

ﬁu,ﬁd.\,dwm»uucﬂ\wuld\wm;\vxtwuu,,g\ busls

u\)a“ ébd_; JBJ ob~\>\ cfdfu”' _\J....wj\
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* F(xLy)=2 (1,2)

«
p— N P

y
- 4 '3 l \ [
F Minterm 3 0
m

L
F(x,y) =X’y + xy’ N |
}{ P )
F(x,y) =xy +xy’ e Bz //
L;JE}J.{.N1d\bbtw}u\.bUA;‘M‘)M\AL;&_‘W&\L&\AJLJ\JL@
Fl'hree - Variable K-Map \
AN
2% = 8 4l 8= Sla ol sdey 3,2 Ol e 3 ge O Ogp
Minterm
L XV=E ‘F y d-\.:.: O AS\A;J(QU
Xy=E ! N

ele|le|ec P

]

« | =l =l

ot

&

NN NN

—
=

'

*
R (RIERIe [ [*<

=
N | N

A I R -
- S -S| -] e [

3.8 |88 |8|8|8|8

la
«

Cledl e b (S

) o5t plad Lpucd) aas Olis (Is) SllJl e (S 20 571 ey Jylowy L
6&\;\9,044,53\,,‘,&5% L;LO\J‘UM rb.bblv.g.}ubqjeSJ\%;M
ng\;\uwzﬂww@b\;\)rﬁ»u;,»Lu}\wyt{ \ylr@obf4
(a&ﬁ\u}wc)m}u@cﬁ»\y\mu\}mwj}afu)\w@w»\j
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Groups of Two
N

A ¥
1 1
- = =ul
z %
F=x2 F=x2Z
S Slsladd oy kemapdl 3 1sd) oo 2 87 Sl 87 e sl s
Groups of Four
S— = »
\ . 1 1
X 1 X
Fid
F : F=x’

] 3]

F=vy

Jeol sl oty kemapd) b 1s)) e 4 IS 5l (ST Jptas

Example1:

f(x,y,2) = Z(2,3,4,5) yZ Yz yz, yz

X I'l’ll:l I'I‘l__l I"I‘13 mz

x 1‘114 lns m7 ]:'.l'l6

—GJ

S by dly 2l ) aed s gl

0 0 1 1
x | 1 0 0 &»,CML?U\ Sldet ) B Jeal sl

z
F(x,y,z) = X’yZ’ + X’yz + Xy’z’+ -
F(x,y,2) = X’y ((z +Z))+ xy’((z7+2))

F(x,y,z) = X’y + xy’

LR AL A= k=R K==
[0 I T T = O T
S-S S-S

QIC|H|H|R|=I|IQ|Q

| L

¥

/
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Example 2: f(x,y,2) = £(1,3,5,7)
| YZ y yz

' y‘z‘ y‘z
X

X 0
000/ o0 °
001|1
0100
a3
100]| o0
101]1
S D L o 1 1 o
1d. | 1

x| o 1 1 o

ml) ml. m3 ml
m‘ ms llf'lT ﬂ:'lﬁ
0O 00 1 yz
010]1 Ol xyzixyzlxyzlxyZz
o11]| o0 1|lxyZ|xyzixyz|xyZz
1001 5
101]1 0 0 K;
11011 x|G D] o
111 0 =z .
=0+~

Simplify each of the following Boolean functions into
sum-of-products form.

e F= x'yz + x’yz' + x_}.z"z‘r + xy’z
F(xy,z)=2(2,3,4,5)
yz yz yz yz

/
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¥z Yz yz yz

N
vz + x2° 1 Ol gl
e F(x,y,z) =]1(0,2,4,5,6)
F(xyz)=2(1,3,7)
4 ¥z vz yZ

X 1 1

X 1
X'z+ yz 1 Ol gl

;)ll) ERRER ((((—/
'\ﬂ

24 =16 41 16 = Sl ) sdey Wxyz Ol ane 4 gk O O

m, WXVE ) -"_'
A A L dan &) 4 pU

o

S
8
8
g
g
|
%l

LR - LY S P

..
-1
=
=|
< <
1 e |ea e e

m, | wxyz

(o Ll Ll Ll L L L L IR (SR =R (S (=] (SR ]
ol Ll Ll L B ISR R L L e Y S D
| | [ [t [t [ [ [ | | o | et | | (S
e E G EIREIE I R EIAEI B S LD

Groups of Eight

¥
1 1
1 1
NI 1 *
" 1 1/
FA
- F”’ -
y
a {3 1 1 1 a
X
e I 1 1 1)
I 1
F=x Jeed Slsled thanis kemapd! 3 180 e 8 IS sl S o dtl Jyaa
| T E\L e — T |
[ . (= o

¥

/
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Groups of Four
y y
1
1 1 1 1] 1 1
1 1 il el 1] L |~
L "W
L1
z z
F=y’'Z’ + xy F=
b il
1Y (1)
1] 1 1
1 = F=xZ2"+xz
s I — (1~

Example1:
* G(W,X.y.z) = ¥ (1,3,5,7.8,10,12.14)
J.’

nlu m 1 :I'.I;I.3 I'I'I2
Iﬂ‘ I'I'I! 1“1 I'I'I‘s
m m m m £¥,
12 13 is5 i+
i m m I m
8 ] 11 1
-

Jé,.,j SUsladd r@.b_wg k-mapd! S Is)l e 4 S Sl S Je el Jada

¥z y'z
wi[ [
1

we| |G

|

wixf {1} 1
" ]_ ]
wix'] o1 l 1

=

F = w X'y Z+wW X' 'yZ+W' Xy ' Z+W XyZ+wX 'y ' Z'+wx'yZ'+wxy 'Z'+wxyz'

F = W'y ' ZeW' X' yZ4+wW' xy Z4w

F=wW>XZzZ+wWxz+wy'Z'+

F=woz+wz

XY Ze WX Y 2"+ WY Z

Simplify each of the following Boolean functions into
sum-of-products form.

o F(A,B,C,D)=Y5(0,1,3,8,9,10,11,12, 13,14, 15)

A'B’

CD

O D

CD

A'B

CD CcD

AB

1

1

1

=

AB

-~
il

)| 1

1AL i el JI 81 bis) 2l Iyl
) o e B Lo Olte 330k s el

A+BC+BD : ol sl




F(A, B, C,D) = £(1,3,5,7,9,12,13,14,15) @)  |-Jl Jeui Olie s (5} 4ot

;)lll 5]’35,95 ((((—/
- e F(A,B,C,D)=T](0,24,6,8,10,11) .\

Iy
|

E
L

CcD CD c cD

AR

D
A'B 1
1

|

1 7 D oKa Ogn &) gz s
A B‘ U
AB+CD+AD : Clgdl
| Don’t-Care Conditions \
_ In practice, in some applications the function is not specified for certain

AB 1

combinations of the variables
_ As an example, the four-bit binary code
_ A don’t-care minterm is a combination of variables whose logical value is
not specified.
_ The variable X is used to represent a don’t care term.
) ) fdon’t-care w 4%
ol slo pscis gy e 6000 I 1 Bl 87 J Lae Gt e
) ) K-map pldszal, L) G e L;‘:U‘ \.l:?
b Ly JULy ST Ole garme oy S X (don't-care) ) Jxnud 542y 4l

Example1:

# A digital circuit accepts 4 EEEE
inputs; A, B, C and D, which e —— g
represent a single BCD digit
and outputs 1 only when the
input value is greater than 4

A —
B —»
C —
D ——————

Digital System F

T O S A S I — T - T - 1 - T - I -
) 2 2 ) J

_lgﬂ-lgaon-l.]-l-lagn
- a0 0 A a0 0 dad s a0
- 0 =2 0 a0=S0-40=0a0=
MM M XX M a=Sdsa0 000
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Example 1 continued :
L

S ICIE
.

D

F(A,B,C.D) = - + A

Example 2:

ERROR

CATCHERS

D

F'(A,B,C,.D)= A'B'+A'B'D’

N

F(A.B,C.D) = (A+B)(A+B+C)

* Simplify F(w,x,y) = [[(0,1,3,5,7) + d(4,6) as POS

F(w,x,y) = X. POS

Simplify each of the following Boolean functions into

sum-of-products form.
e FIAB,C,. D)= 3 (1,3,7,11,15),
-d[AT B, C,D)=1(0,2,5)

dont care J! 5,
cDr cD cD coDr

X 1 1 X

A'B X 1

AB 1

AR 1

(o0 _0‘| 0 1
4 | SO INIES
J’
F’(w,x,y) = X +' SOP

s o xd S s g bt e LS L ()
el ooty T o Sas s ST ma gl

n
~ A'B +CD: ol
n

b

ji.

/

j\_}.\”,‘,(?_) 1S.H

e F(A, B,
d(A, B,

cD’

C,D) =
C,D) =

cD

574,5,6,7,12),
(0,8,13)

cD coD

A'B’

X

1

¢(K-map) 4,57 d, 5= Je don’t-care terms (X) JIs (1 r@;@f L;U\) minterms J! J;.M
. Ja...:...]\ g (Dlesemall) FLodl oy 2l

¢ Jels ST Ole gemme Juws Laelusy don’t-care (X)) JI

) 3 b 130 10 (65 e K &)

.don’t-care J| x <-~\>'=:..«3 S92 e

2 lydelay 13] o S L]

pabol 13] X ) Saelaney s Olegermey Ol ik g Sl 24l

CD +AB: gl

'
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Logic circuit to represent numbers

a
f b
e c
d
a

~>
‘ F7

FS
—
Fb
Step1:

A B C D Fl1
o o 0 o ]
0 0 1] 1 [¢]
] o 1 o 1
0 0 1 1 1
o 1 1] o 1
(1] 1 [1] 1 1
0 1 1 1] 1
] 1 1 1 1]
1 0 1] ] 1
1 o [1] 1 1

-

@

F2

Ol )i dayb

F3

F4

e .c & c e c
d d d
dalats 55 \;r\wb9g\od ls)U\J.«L.\;La-\
(bits) ©ly 4 JI CL>w (binary) L;LJ\ rLLv.J\ plaseal, 9 J\ 0 o rbjU\ Jed
40 fa)
(11113\00009,‘);)\5&}\ 2'-16
"don’t care' ,\ oge uUk;-U\ ;?L J»w}
J=d) wlghs 3 Lie:
1- Truth table
2- k-map

ArAERs cee——

-
n_I
(=2
o
=5
=2

3- draw the logic
circuit

Slddl (g5 48l Lid b (o)
2 030 Sho (8 )1 Jual Ol
F1JI abl, S0

C);.xa;WU‘:;.L;WJh,z_(-B)U\9d\»{_
9 4 outputd) 4 s

rijJjJ OL&&FD_}ALO J.Qk—mapd.a.dc‘) s _
43 el functiond)

—_—
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Step 2: .
F1 s5ple JyU k-map  fuss o 2
e F1(A,B,C,D) =2(2,3,4,5,6,8,9) d(10,11,12,13,14,15)
co° CD B0 &5
A'B (1 —1/>
A‘B‘ 1 1 1
|
AB [NX X x| X A+BC+BC+CD : oy 1ol
/
AB El 1 X X
:u\ﬂ\r.{”élmFZF?)F4F5F6F7ub a2 lll iy S
F1=A+CD'+BC'+B'C
F2=A+BC' +C'D'+BD’
F3=A+C+BD+B'D'
FA=A+CD’'+CD+B’
F5=B'D' + CD’
Fe=A+B'D'+B'C+CD'+BC'D
F7=B+C'+D
Step3:
() 0r 05% 33001 (s () and &8s Sl anadl o LU £l s gl Sslaall e
n@ _— -:lFr
|E'3’
@ 5
& [@ >0 o “
o/
c @0 B : 1
"1
° @] {=o——1 ! B Il
|20 =t
Dr 1_
t :aj\.ﬂ\rwjuwulh}lln
' ) & S ) K2 O 0l (A 53) S K2 oo T E
I
' n

K-mapd! o olalls uU\ e 055 gate S (inputs)dl sde _
Logisim Cobj pbsy LS Ll Sy a1l r(a..yu...
Lne éla J\ (,.ejl\ L4 Olie 7Segment Display e e (output)di Jx _

pkite 4l output J L u‘/‘ﬂ Jes L OR gate Ji_

Jdl pr 3y 5l F1 @

dl@J\ output | lgb Joos o 51 @

90 o o by 13)) ) gl S S e ey e S

=)

%
|
//(JH



ERROR

CATCHERS

NN NNNN\N

" CHAPTER FOUR )

A N\ N N N N\ N

o

%ﬁ(

1




el CATCHERS

chapt;}‘i“
| Introductloj

ERROR 4
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Logic circuits for digital systems may be combinational or sequential.

A logic circuit is combinational if its outputs at any time are a function of
only the present inputs.

A logic circuit is sequential if the outputs are a function of the inputs and
the state of the storage elements.

The map presents a visual diagram of all possible ways a function may be
expressed in standard form, from which the simplest can be selected.

Combinational circuit and sequential circuit duahiall Yilgall (o (jucgi Lic

Combinational circuit JI yulidl bla 9 w3 259

Combinational circuit

Ol LU L o) Sl ] e L daces Ll e it s

oS e e ol SlelS” o 2l ey 5l (g gl el 1S o S LW (55 08
B S

Combinational Logic Circuits

% Output is function of input only

i.e. no feedback 998 dowodbs il Ll Lo s

outputg input Waic
i l

Combinational s

-\

n inputs . "
— e s Circuits

LR

m outputs
D

L output ! il LWuSsu (g0 x
ad Ll Ll Lle swisy

‘When input changes, output may change (after a delay)

J

&8giall 9o blag output JI juei z) input JI jusi Lo

)

i
B

H\/

|
L

/
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CATCHERS
Analysis I Eqdg0 (HE Lladb U$.>u z)

E090 9 Luwdg egsd Lidasnig k-map Jlg Truth table JI ¢ guo90 dislundl )5luidly Lss|
Analysis I

Analysis of Combinational LLogic Circuits

om0 0b

circuts JI slg) Analysis Joi LSy (399 JUadb
JUadb ogo 90 Lo (55 Gaiin )b Lic
1- Bollean expression (g wly Jguwl)
2- Truth table

1-Bollean expression

# Boolean Expression Approach

> -

[a+B+C]
el ) _—| AB'c+A'BC'+A'B

|‘D>_I\7|(;r+s NA+CHB+C)]

I"‘_ = AB'C+A'BC"+A'B'C+ABC
I"2 = AB+AC+EBC

b
]
0

o

N O bk OB Oh>

.

Y Amnalysis
e Given a circuit, find out its furnciior(s)
o Function(s) may be expressed as:
# ¢ Boolean expression
¥ ¢ Truth table
~
EE I - >
—1 A -~
— = B
B 3 S

Cls=ll 5o ligo gllay Ll output Jlg ks bglas dawwyl Gle uinoss Godl dippall Lic 50 A

A
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2- Truth table 1

Truth Table Approach

o |

=)

"
=] oy
< |ip]

I
Y

=]
=]

ﬁi

(LI | | 1 A
00 OO0 OO0 000 00O

O O D> OO: OD>

e
%!

0L 0> > O Ob>

T T T T T 1

40 240 OO 200 200
N

B C
0 0
0 1

Ll =
=11=

0
0

Fz

Y Truth fable Approach
’_D—‘D_I} .

O3Bl JolS yalsi b axd Truth table J) i leisdl guo> 2o JoSiy

N
e
%

=

c|e|S

=] &

<= |l
=
=

=
L=

1]
Q= 00 =0 Q=0 O0=0

On 0O D2 ODE OB

Truth table JI eu8 lgsd yog2isg dowyll Gle uinaiy Al dgyylall (90
K-map JI gk o< Functions Jl gllai oagy JolS Truth table JI iei i
e -uth Table Approach A ]

|
%ag/ﬁ
i
%
L
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% Truth Table Approach

w
\ L

B C

A:1 1 1 0O 0 0 0 0
5=1§| ) 0 0 1 1 0

= F.
¢’ 1 o1 o] 1o
A=
4=1 o 0 1 1 0 1
c=1®1 > 1 00 1]o
321 1 0 1 0 1

i 1 . 1 1 0 0 1
g:1 - F= 1 11 1 1
Bi: //
c B & B

o | 1| 0| 1 o | o |[/1\]| o
Al 1 0 1 0 A o | gé 1>
C C

F =AB'C'+A'BC'"+A'B'C+ABC F =AB+AC+BC

Analysis ldos (oSiy eliag Functions J) K-map JI 351 gl (e Jodl gllai )>30
Truth table Approach JI ()b (< circuit JJ

Design J Jaiis ) Luag Analysis Jl ¢gi90 Lual> (H9Si cliag
Design of Combinational circuit

lgiagd 3l Jauw 18S9 ego 13> goubsall blag Design Jl ggusge (e S0 7)) Lund
uuSe dbluw (uegbgall pline Jgw o> Design JI ()9Ss 7,9 Analysis JI &94095

Design
e Given a desired function(s), determine the
circuit
. — —
input - e -~ output
o

e Function(s) may be expressed as:
+ Boolean function

4 Truth table
lgwSe o G99 WS Lo (55 HSI Analysis JI dew) duiniy douwpll slo L
dsleall gllay Wy Lo bl Heo (§yall (SI output Waicg input Waic
logic diagram JI gllaj Wy (e 5l 3

i

|

i
%
L
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Design a logic circuit that has 3 inputs; X, y, and z, and one output; F(x,y,z).

(Majority Circuit)

W Llghs>

Number of inputs =3 - X, y, z input Jl sa>5.1

Number of outputs = 1 - F(X,y,z) output Jl sa=j 2
Truth table JI ey .4
K-map JI Lle <Ly logic diagram Jl puwyis asy.5
3 Input
x 1Output
y ? F(x,y,z)
r4

o puSally ...l Olgadl o> 0 Jlsac (o xS 1 Jlsae oIS of dbluny S ellsy

SFunction J| g g
K-map

|0 o |[1]] o
?xlﬂ[lll_l

F(X!Y!Z) e Xy + XZ + yZ

HSIT Jlsae oIS e ———— = = ——— - '

(1) Olgadl elio oline X I

i )— I

Yy 1

X— :
Z-r

- QOO B
- QO | | | QO [
CEE=-RLNE-RIC =R E=0 &
\
v
r-ll-hi-icaa-ic;e;sa;ahq

0
1
2
51
a4
=1
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Design a logic circuit that compares two 2-bit numbers ; A and B, and outputs two signals;

0O, and Og such that:

%“ -

02,4 <
10, 4 >

i o

oo=j
|

Function J! go bla \_7\
solution:

Number of inputs = 4 - A4, Ao, B1, Bo

Number of outputs = 2 - O, and Oy

mmwr >

0 = O =

00, A==B and both are even

11, A==B and both are odd

==

sk 921 529 5o A Ao, B, Bo lic (8 Ui

e A FE
ol DNl 0 two 2-bit numbers dolS (o
= = 2Bits J Cay> JS euudy bit-2 LS Lol iz
o o o 1 3bits J 9=l pundy gud 3Bits JU o) cllas
o 1 1 o
2 : :] : [ 00, A==B and both are even
o 1 o 1 O 0 = — 01,4 <
1 o 1 o e 10,4 >
1 o 1 o 11, A==B and both are odd
1 o o o \\}7
1 0 0 1 LJQ-\Dt.”bLQU,LC l
1 1 1 o
1 1 1 o
1 1 1 o
1 L L 1L @)l logic diagram JI gllas ;yLise output JSJ K-map Josi
O i O8I @81 Guss \l/ K/
2-Bits
o,‘ B, Ou B
= L
1 1 1 1
- g ) [ 1 1 Ao 1 A,
1 Q_'IJ | A 1
B, B,
E O1=A1B_1+ B_1""A1‘“0 D°=EBD+:&£—“B1+BBU
"
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Ex3:
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logic diagram JJ Jilgdl JSuidl 99 elug
P.e.zo.) A

Design a BCD to 7-segment decoder.

What is a 7-Segment Display?

(i1 )G E)
w)_‘“&obb V:— E
4 Input | b N H 7 Output

Jtall Jso Tow Lo Jud

¢ 7-segment Display JI ¢ 9«59 § BCD I 9 gub
Binary wlo u” (0,9)srine @8y JS Jiad Hline pasiwd dényb o BCD JI

N 339>
1]
Q @
| o
-—.?j_____é‘__-
.
4D G

bclol Sy (LEDs Jio) sl 7 o digSe bl g0 ¢7-segment Display J duwil Lol

r':ls)ﬂ.LS.u.qu.o.;.w.oJS.w.\Le.ws_pdS

7 Output gllaiyg 4 Input dislidl sla 3590

a,b,c,d,eflugs o) oo Mo
0 (°§) lizo 8119-’ )




with X
9 g 0 1
0 1 O
0 1 1
1. M« 0
1 0 1
1 1 0
1 1 1
Lasd rgkas Lo abliall oyliac
9 (30 31 plo)l
... output JsJ K-map Josi 7,9 Wlghasdl yuis (99 dliodl uas Joidd ) 090
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Digit W X Y Z

]
]
2
]
~,
R

—_
L=

(0] 0 0 0 0
1 0 0 0 |
2 0 0 | 0
3 (8] 0 1 1
R} 0 0 0
5 0 0 1
6
7
8

™ o o N -
50 w0 -

Don’t
care are
marked

(8]

MKEKXK K X Ot ©
HKEARKKK == OO0 = = |
3 3 I DI s it e ot e )t
XAXKXKKK = O
XXXXKKC =0 = O
HKAEAKAKAKAK ==X ==~ O0O~

3 3K 3 I I e D) vt et D

a=W+Y+XZ+X'Z'
b=Y'+Z'X
c=Y+X'+Z

Lagsi Lo Jino logic diagram JI euw iy Leasyg Output JI 8L JoSi
Ex4:
Design a logic circuit that converts a single BCD
digit into Excess-3 code
Single BCD digit =2 values [0,9] =2 4 bits
Number of inputs =4 =2 A, B, C, D

Excess-3 = BCD + 3 =2 Values [3,12] =2 4 bits
Number of outputs =4 2 w, X, vy, Z
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13829 9 a1 2y 6 09)9
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CATCHERS
| Half Adderj

Used for the addition of just two binary inputs, the half adder outputs both
the Stim of those bits and Cgrry bit

EX‘ Half Adder

J

'\ﬂ
Carry Sum x N <
0
0
0
1 .

00

10

11

S=xy +xy

C =xy
» =\ }% - — «




;))ll 51’35,95 ((((—/

S ol $,351 A g3 Lgus by auSé Tow Input 3l 3>g0 L Half Adder JI gl Céyei LIS
circuit Jl sl slo Gapb (e Sfour Input 3545 Lgadss by

% Using 1-bit half adders, show how to build a 2-bit
adder C,

1 ) io 2-bit So
-D1

[P ===

Ys go AW HA ) INpUt 1) 75 25Ul Bls guspg Xt CrirsSa 2 HA I 5o zilis
oLl Bay sl 910009 S190 g Yo+ Xyt Cr o982 8>3 HA JI 23U dylgidbg

Wl 4Ll HA Jl g5 output Jl (e s 2) B398 doww)lb zusge 9 bo (55 slag Calic Judn
(C,lic (19Sy Layls Liso)

U\ﬂ ﬁ'
Y 2
1 s1:| , :
-
i
xO
¥, :
1
1
> -
Y’!
TL"SLQ 9y i (Y- FA EN
SasS L - three output gllaig four input 3>g5 circuit Joss by Llswe Lo
two output el 7, HA JI slo Lus .ealise>g Yoo Xodud Wd>s Half Adder lus Lol Jol
HAJ X180 iNput &J guo line J>33 7y Cilund, Cago ildlg ,obl Ly blag So 9o output Jgl




[ Fulladder

;)lll g]"gﬁ,gr_g ((((—/ \
N N

L

It use when we have 3 binary inputs and we want to add them together l

which results two outputs.
where the third input represents the carry from the previous lower

significant position.

Ex: .
3input
Full Adder 23
-+ ¥ =
e Adds 1-bit plus 1-bit plus 1-bit + Ciu :}, FA CS
® Produces Sum and Carry C S s o

:
000|] 0o o o 1 1
001 0 1 X 1 0 1 0
010 0 1 <,
011 1 0 S =xy'C, txyC, Hxy'C, "HtxyC, =x Dy ® C,,
100 o 1 X
101 10 e Y ©
110 1 0
1 11 3N

:
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J e

x —b
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in

x 0 | g! 2 1 :_>
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Cﬂuf i +fon +yCin
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Ay Jugaoid 91348 ghado 9 Adder-Subtractor Jl gg.bg0 g b e g




NN NNNN\N

l | CHAPTERFIVE

‘ \ﬂ N 233D glgggé

%
|
%ﬁ(%(

1




) ®  Alogic circuit is sequential (Asynchronous)if the output depends on both inputs and the state
___—_—_ (memory).=LATCHES
e Asynchronous sequential circuit updates the state only at specific times, controlled by a clock
signal.=FLIP-FLOPS

edeal) Ghial) 5,50

H H H (B;JAJJ)AJIJJJSH)&:;JJUL:Mul;)a.dluu',‘ﬂwr::swj 8,5)a) .
sequentlal CIrcults (Clock) &e Lud) 5, Ld) ahuwlas aysns &= Baaouy o Wil ;_,A 2l &) yeisl) Lo aad &) 3o Adudausl) 5,50 .

ERROR 7
N CATCHERS cees
(— A N Sequential Logic Circuit
N

S omd N :w;,bulrdl,.l,sldf
JOUEL P FC I - - CN TN W] I
&)

synchronous Sequential Circuits: e byt il

i) :(ASynchronous) &ualisal) i o8 @
SWSan)) yuis e § b Ly oamms

Output

Input

X

n N

m
r
r 4

Comb-mat.mnal Next
Circuit State

SRR ORI RNE I
Vtasa; Alial 9
k LA, enl) 55080 ) J>a3 Qj(h A L) ALty Xi J5 a0
Qj(it+1) Elements Qi+ 1) BB Qlaly Yr g3 ol o2

s i) de L) Al e

= F330d) W) gra) 59300 B Qi) G235 o
LJ
k ‘ZQ
L Banms Bl 8 ) s o6 hnny U Gy de L) 5 LS By (Bl ) ) A o) B Ldd 0 JLESY) Ll Ly 0l 8 @) o i) Abudunl) 30ga))
Adblgzl) SIgal) e ey L Jang icbas I a3l chuududl) "5SES" (e 5,000 50pal) i iy Lo 8,5180) o L (b A5 Sknd) Ay Lud) @ Lndly B L) M550 G oS e Lo yal) aa3el

Present
State
Qj()

o

NI LI L. Clock

Storage Element

A storage element is a logic circuit that stores one bit of data as long as power is available.
.The input determines how and when the stored value changes
.The output represents the stored value (Q) and its complement (Q)

AL Jpogn L) & Lo b UL G0 o 1 a3 @aiind Audiin 5,05 98 234 yatsl)
TN N NE-pE NS WL FWLTDTE NP I CIN S
Q) L Anazellg (Q) Lonucdd &5 3oun)) Andl) di-ﬁg-o.é EAPE NI

— Q —— Stored Value

Input —
— é 5 Complement of
stored Value

P
Typ es Of Sto ra g e E I e m e n t Operations performed by the input could be:

n
" Set (change stored value to 1) *
: Reset (change stored value to 0) *

1 - | atC h e S Toggle (co:or::l:::nﬂ:zi?;red value) *
J 2.flip-flops

3.controlled/clocked latches

e

N




C latches D

ERROR

CATCHERS

Latches
* SR Latch
0 0 0 0 1
|
|
|
|
|
|
/l
O+ is Q(r+1); the nexr stare
0O 0 0 0 1
0 0 1 1 0

=

#* SR Latch

rGI

o+=0Q
g+=g0
o+=0

} o0

ole|e
~la|el
of|=|al®

o+=0

- g
Initial Value
Q is Q(1); the present state
[
» SR Latch

©
Ql

i
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0+=0
o+=0

|

i
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ERROR
CATCHERS
Ay
0
0
0
0

N
# SR Latch

i

N o o 13

S e ooy S

Lo & B = o

+ Q + 4

388 A & A 89S
" LY

@10110 ' @10110000

O+

0

1

0

0

1

...e;ng_', B

o+
0
1
0
0
1
1
0
0

‘NENEE e i e
Ll Bl v | -

& SIE] Bl = el b =S
- -

Aelolele]l- Cllo|=s|e|e i |

v— V'|V” =

»* SR Latch
* SR Latch
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controlled/clocked latches

* SR Latch with Control Input

Control
(Claek)

Q —5 o}]—
—> —c _
o —r 2P
C S R | O@rl) |
0 x x ) No change
1 0 0 o) No change
101 0 Reset
1 1 0 1 Set
1 1 1 O=0" Inwvalid
—Is ol—
—Ac _
—R op—

0 x x Ofr) No change
100 1) Hold
101 0 Reset
110 1 Set
111 O=0’ Invalid

=

Timing Diagram
g0 L
s I S

o_ I 1

No
Change

Set -

1

Mo

=
Hold . § | Held
sl B e Change

-

| Outprir may change |

»* D Latch (D = Dara)

0 x Qo)
1 0 0
11 1

Timing Diagram

| Output may change )

No change
Reset
Set

* D Latch (D =D

QI

arfa)

()

No change

0

Reset

1

Set

="

/

\§

Timing Diagram

- . s . . . .

. - - -
. N
Q . I : I I :

v

r

Quiput may

change
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N
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e cea
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Latches Summary M
— < _ —qCc
—dr COP— —Ir 9P
+ve pulse-triggered SR latch -ve pulse-triggered SR latch
—|p oOo}— —|p QO}—
—c op— —oc op—
+ve pulse-triggered D latch -ve pulse-triggered D latch
C =0 = Hold C=1-> Hold
C =1 - Change C =0 - Change

Controlled Latches

W In controlled latches, the stored value may change
as long as the latch is enabled

% In other words, we say that controlled latches are

level-triggered  _
-

W Flip-flops!

—
o e
T S

' U
c | Lt L
W What if we need to have more control such that the
stored value is allowed to change at specific time?

3
| !M‘Pgﬁm;y
5ol ;L8] 53 Lexie 5id )iy yitsg And) And (hs il <°A."n:.mé <2z a» Controlled Latch\'r

alzdy

Fin) Aoms Vo 8 uSa) 5 18] & oI anedl) 5oty uau @39 Level-Triggered - g 93! /30 oo

-(High

o) g LByl ada) o8 iy rims Bld 5y A 8 ey i) 5,58 JUS 5itn 53 An D) &) rhns 3o
coan) Lod oy s3] adad) Jo3o

o Lal) i 55T 690 ) g Linid (il Soay Bl o8 Anedl) 53 iy Sal) 13,] 15)
-2 A L) 5, Lb) e B30ms o L) Akl e Aadl) 330 (09 (Flip-Flops glaiciu) 9o cfal)

O e - C  ——0O ——
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Flip-Flops

* Flip-Flops are edge-triggered storage elements

% They allow the input to affect the stored value ar
the edge of the clock only
® positive

oazs g SV ey b o3 o) g L)) i g el

2 l;
* JKFUp-Flop . . . . ... . ... ... ... .. ... ... _ (P & J

D O — QO

> op1d-DT

0 Reset

1 Set

K
) O Hold
1
0
1 (1) Toggle

»* T Flip-Flop

CL m Positive Edge
K (Rising)
a e
i3 532 clke)) anad 8 Ja35 9) ¢ L3yl s Loy S latches oo @by el o o0

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

[0105) Hold
Q’(n) | Toggle
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=
0 0 Reset
—> op— 1 1 Set I
— 7 Ool— 0 0 o) :nld
> 0 1 0 eset
— & op— 1 0 1 Set I
1 1 Q) Toggle
— N £
i 0 o) Hold
_> o p— 1 [0.5((3) Toggle
52y S5 ms rmdes L
7 o SIS and b g Lisy)
| o) (8 5uis
—E 2
2 0 Q) Hold
Clock —P o 1 Q’°(0) Toggle
Clock 5 I B u
i N P o O o O
Qo : L e

[

N 3w
N Flip-Flop Characteristic Tables (For Analysis)
—p o
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Flip-Flop Characteristic Equations (For Analysis)

—p o

.\ﬂ
0 0 Q@+1) =D
—D o 1 1
— 1 o o] ow
—D 0o 1 0 Q@+1) =JQO’ + K’°Q
— K D— 1 0 1
11 0@
T
— - 0 o) Q+1)=Td QO

ISl

Il

QI
IS

Leath Abu Rumman

#* Analysis / Der

J K Q@ O@+1)

0 ( 0

1 K

0

Q_ ‘.
1

0
0 1

o |

F|=|F|=|=

J
—p
K

R
|

0

0

1 o
1 0

1

1

Ll LB 1= k=]
S
-
-

1
1
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-
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Q(+1) =JO"+ K°Q
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N chapter 6

Registersj

((((—/ \
register:

Is a group of flip-flops, each one of which shares a common clock
and is capable of storing one bit of information

i) da b o8 o, Lis3 Lt §a0 )y fS ¢ Ldazd) (o Acgains
'QQMJO‘”JSHO‘)’“C’L")DBQ )...m.a

lalleali o 095 325
rd 95 - L.s,.p bl
59 «flip-flops ¢ =g
-bit 1 &35 flip-flop

Types of registers:

1.Register with Parallel Load
2.Shift Registers

Register with Parallel Load

:(Parallel Load) ¢s3/95e)) cfunacl)

:Parallel Load Aol cpudid 9 T2 Aned i Jonud) f3I5 Flip-Flop oS &f e @
Means that every Flip-Flop in the register receives a new value . (Ba Lud) Bds pudd)
.simultane-ously (at t.he salme clock pu!se) . (= 16 ,j 833 4 i) S Gy 330 JUos] o)) g B Ly e @
Used when you need to input multiple bits at once (like 4, 8, or 16 bits) Baslg Azds
The register consists of D Flip-Flops, where each Flip-Flop stores one bit ¢ <o &35 Flip-Flop ¢ ¢us D £ & Flip-FIops cs cha) &s5u
:There is a Multiplexer (MUX) in front of each Flip-Flop . pSN
.To select whether to load a new value or keep the current value o :Flip-Flop Multlplexer (MUX) d’e“’ Ao
LOAD - 1 L°addc?"f’°l' L':e;'jct’At'?: " . ) L BLEY) ] 53030 And cfeand 25 L5 U3 by ,L25Y ©
- =1: e}
If LOAD = 0: the rr;e‘;vste? l:lir?: it: c::r:nt (sattr)erg:ve:;lues ° (Load Control Line - LOAD) dsa3ll, ¢ ) b
' B ) b B33l 5 Ld) a3 g% (LOAD = 1 d 01513 o
iy D A T uugﬁujﬁuwjm LOAD = 0asd cals s3] o
:’{1 _--_‘:"\“ v .’.\
alys ads 3950 A o) 5 4
® 2b gl el s R«
v‘.J.a d.‘rAa, H.JS q:a)l Le
i | J yolisl) 2a) 33Ty (B30 of Aalb) Bds ofS ¢,0gal) ofid 2uBgs (B @Sty il 5 Lds 55 Clock
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J Leg cydzs e Lad i 11 I} 0 G e L) 133 s oJs) o alrising @dge) akl) cole finicy yIpall erds]
I D A &b 5 e ’-‘f ﬁ Lo ells) and b ¢ Lis)) (o8 yas Lol (ns riSing edge e fitdos oz ) 0 £9) 512 o99.0
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R 0 ’J 1 Registers
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Shift Registers )

T 1*

It is a circuit that receives data serially (one bit per clock pulse), and outputs it in the same serial

.manner from the other end after passing through several flip-flops
A hl) s Lo 535 ¢ L Bl e 2oty o) chudity L) fdnus 550 o0

a8 o) g o)) uSa. (Flip-FlOps) & Lighd—cudd $32 JU> ia L yg 32 ;3D 8,00 i3
s o L)) LQJ’A.Q’ Yo A9 %._.5 %._..5 A.‘r,:a s dzs = ¢=§ @)J A.-r,ib <o &)
S Loed) L) coang o L))
1. Sl (Serial Input):
This is the serial data input, where a bit (0 or 1) enters the first .2 1. Sl (Serial Input):
-flip-flop on each clock pulse 2. —ereld ol (161 0 2l (g St S L) J520 90 U3
:D Flip-Flops (4 in total) -3 dele & <_J5¢,5 <gl3 (Clock Pulse)
Each flip-flop holds the bit received from the previous stage -4 3 . i D F||p.-F|.ops (4_(’”_"‘“)' . .
.and passes it to the next one on every clock pulse 4. aliay Al S *‘9?':%‘“_] o @ Sl Bl cogld-cds o5
:CLK (Clock) 5 ; e “é‘a‘(i . A
These are the clock pulses that control the timing of data -6 6. b e Gy SBL JLES ood _OC. L o) Al e Las
.movement between the flip-flops in the register - HAen st d J' ci: J:-’:S = e
:S0 (Serial Output) 7 2. S“(') Serial Outpj:)
This is the serial output, where the bit exits after shifting through .8 8.~ ma JUS 35950 S ) i) Ad o de b)) 90 U3
.all the flip-flops S logld.
v
o, o, o o,
ST p ol—{p o}l—Ip o D o}— so
L i L [
%
cre 4 1 4 l 4 | P | 4
ST _J ,' a d e
o, o 4 - d
e T . e
il 4 = d L
o, - : |
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erdl) o8 95 o) ol aned Lol w3y Lo ofS lUSU) B2 )b e 9o e LSy
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Serial Transfer - Example

N 233 CATCHERS e —
\ﬂ Serial Transfer ﬁ_

i+ Serial transfer from register A to register B:

i Example:
= Assume
A= 1011 and
B = 0011
= What are the
register values
atT1-T4?
Time Reg.d Feg B
70 1011 0011

TI 1101 1001 Shift
72 1110 1100 control

T3 o111 0110 1
CLK

NN N N NN

@3 O3B B Sz ) Sz v S laghne S ardes L pudge 35000) o6
cekd Al b L o coudd o)) 0 O95 Laks3 b 55 sy 5 ywry i
oIS 90 Lie Anged oS Alid 9 o ei3Y) paned Linhzag B oI A o o3 239
Sz ) aned 03 s JS Q) paiiy ey iz ) e Lo anedl) Jo2 2y L

T1 T2 T3 T4 oY) m)) Ly B o) A o anad Jints

A NN NN\ \ \
Serial Addition
Serial Addition

? = Addition is a “serial” process

= Meed to determine carry before next significant bit is added

= We can use shift
registers to add Shift |_, T S0
bits one-by-one control & o Shin register A
= Only one-bit Shl (Augond) l - ol
adder needed =
= Initial state: S ; cl—
= LY s
= Augend and mpt b—s=| Shill register
addend in A and B (Addend)
= Shift control o
= Controls (stops) D
addition
= How can we handle carry? c <]
= Feedback via D FF ]’
= Carry is saved in D FF Clear
= Where is the result? ;D
= Register A after n shifts

(bit by bit) Cuos Lo et L3 Gruady oo kos #1p2 ) A yb 90 bl aond
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- Logzaz 3 ped) Ound ) e & Liass 1(Shift Registers) a3 ddovuy o

-(carry) o) <o o S8 ) O S S @2 :(Full Adder) d-blfcgl.: .
Al Agald <Carry)pd.pdl a8 O3de (D ¢¢*) Flip-Flop J

AN
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2o 559 g8 LNy ¢5,50) Lod o) S C il gy Sg) als iy FA 3508 5555 o 4
SHIFT acgs aslg A 2z ) o8 555 b g3 19 D ) o3 G55
A =00 J>s aredl) =315 o) pdsid oJ s REGISTERS
) V) Sl o s 10 e i Jasing A b O35 £ 1 @310 by
M=) 8 A s ) o md ] Wi 51 Lino by i
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AN
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Memoryj

Memory address

memory

ERROR
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Memory unit :

((((—/

from which information is retrieved when needed for processing
b3l (B L)) nB ) Laghaal) @) J2h 53)) 5 el
dal lzall Ao L) e Lty 57y

CPU

Registers

Data to Memory

Memory

10001010
00001100

10111000

01000001

00001011

Data from Memaory

11011101

10110000

01010010

11111010

01001100

Address for

Binary

Decimal

Memory content

data

reading/writing

00100011

00011010

B

read-only memory (ROM)

0000000000
(OOO0D0001

0000000010

1111111101

1111111110

1111

0

1

2

'EEK]

1021
1022

1023

1011010101011101

1010101110001001

1001110100010100

JO00110100011110
1101111000100101

ROM

-A memory device that stores permanent binary data, retaining information even when power is off

(Location 0)
[Loecation 1)
(Location 2)
(Location 3)
(Location 4)
(Location 5)
{Location 6)
(Location 7)
{Location 8)
(Location 9)
(Location 10
[Location 11

s

P> When data processing takes place, information from memory is transferred to selected registers in the processing unit
P There are two types of memories that are used in digital systems: random-access memory (RAM) and ;

bit 10 as= 9539

2) byte 2,048 = 8 =+ 16,384 = < LI, &=/

(Eabsks

N
The device to which binary information is transferred for storage and ﬁ

bohil) 32 R o) 2°=1024 als>l=y) <_5Lb chr=ts

Read-Only Memory (ROM):

-Features k inputs (address selection) and n outputs (data reading)
:Key Characteristics

-Non-volatile (data persists without power)

-Used for firmware and essential instructions storage

L) 5 L) ¢ ) amy i Ao 3 Anbl 5 3 by 343 5,503

:(ROM) -8 5:),3)) 5,515

L L) 58 (N) g, g Gea L) ) LasY (K) Jolan e 5973

|

B ) pas Lo

A ¢ B s B L) S8 V) Fyp iy
A L) ooty 3 ) ol o5 @3

N

=

..

(ROM) ki E;J,.EJJ 5;159 (RAM) @Jg.i.rJJ E;J:'JJ :a,.,s,n MSJJ c_,a A S G;JsJJ )20 c',L.-.,s <Jla
Contentsofa 1024x16

(Byte 2 Js ey La) L) oo bit 16 4 s 513 Sl oS, (1023 1] 0 ) 555713 Sy 1024 e cspins @
0000000001 = 5 yie 1 Wi c5 yald el 2l 5L 5,y (bt 10) 55 gLy Guplial) a3 o @
bt 16,384 = o 16 x &loie 1024 = 3] liJ) o
;.
@%\
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Random Access Memory (RAM):

.Volatile storage for temporary data and active programs, connected via data/address/control lines oﬁ

.Performs write (store) and read (retrieve) operations with instant access to any memory location e

.Essential for computer main memory and real-time data processing
(RAM) 5 Jaiealf Jpos)) 8,515
G&.JJ/:;—*’ L)/ b L) J:,.h: g Aty cakicd) @J)JJ, bl a..é,.; 2350 !A.-r,
2355 @Byn 5V 5 0l) Jyonl) 5 ISa) b (g L)) Byl (G2 3303) B iSU) (ohosy @93
o] a3l 9 B Lod) dndlung e gant) (o8 Bt )] 5,515 aw L]

Types of RAM Memories

:Static RAM (SRAM) Dynamic RAM (DRAM):
Consists of internal latches that e Stores binary information as electric
store binary information charges on capacitors
Faster access time o Slower performance compared to
More expensive than DRAM o SRAM
Used for Cache memory . Less expensive than SRAM

Used in main memory systems

_ RAMCell

A N\ N\ N\ N\ \ N\

RAM .3

Select

fIip—rop¢;.a.:......'.,,

Select

) § :D urpant Input —»| BC = utpit
Input
i

T

_{\/y,_._| / Read Write
<l

Read™Write

(a) Logic diagram (b) Block diagram
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Diagram of a 4X 4 RAM

Input data
Word 0 ; } } +
=l BC [ | BC | BC BC =
— $ 3 $ )
Address
inputs Word 1 ] ) ¥ /!
2x4 - BC |- = BC = BC BC =
decoder
3 I : )
Word 2
2 1 1 Y ¥
- BC |- | BC = BC BC =
Memory EN 1 {‘ T *
enable
Word 3 ‘} + + +
| BC = | BC = BC BC |
Read™Write j T } +

ERROR

CATCHERS

Output data
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