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Boolean
Algebra

bii-lé-an ‘al-ja-bra)

A division of mathematics
that deals with operations
on logical values and
incorporates binary variables.
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Boolean Algebra Laws:
(The mathematics of logic circuits)

Commutative laws: are applied to addition and multiplication. For addition,
the commutative law states In terms of the result, the order in which variables
are ORed makes no difference.

A+B=B+A

For multiplication, the commutative law states In terms of the result, the order
in which variables are ANDed makes no difference.

AB =BA

Associative laws: are also applied to addition and multiplication. For
addition, the associative law states When ORing more than two variables, the
result is the same regardless of the grouping of the variables.

A+B+C)=(A+B)+C

For multiplication, the associative law states When ANDing more than two
variables, the result is the same regardless of the grouping of the variables.

A(BC) = (AB)C

Distributive law: is the factoring law. A common variable can be factored
from an expression just as in ordinary algebra. That is

AB + AC = A(B+ C)

The distributive law can be illustrated with equivalent circuits:
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; s s
C:D—IerC = X
A D—X A_D AC

AB+ C) AB + AC

DeMorgan’s Theorem:

1°st Theorem: The complement of a product of variables is equal to the sum
of the complemented variable.

AB=A+B

Applying DeMorgan’s first theorem to gates:

NAND Negative-OR

2°nd Theorem: The complement of a sum of variables is equal to the product
of the complemented variables.

A+B=A.B

Applying DeMorgan’s second theorem to gates:
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A A—O —=

B:D*’“B - Bﬂ}AB 51 0 o

NOR Negative-AND i 2 8 8

No. Theorem Name
1a A+B=B+A Commutative Jal
1b A*B=B°*A
9a (A+B)+C=A+(B+C) Associative  a sl
2b (A*B)+C=A+(B-C)
3a A+(B+C)=A*B+A-C Distributive &33!
3b A+B+*C)=(A+B)*(A+C)
4a A+A=A Identity
ab AA =A
cs A=A Negation
5 ASA
6 A+A+B=A Redundancy
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No. Theorem Name
6b A*(A+B)=A

Ta 0+A=A

7b 1+A=A

7c 1+A=1

7d 0+A=0

8a A+A=1

8b A*A=0

%a A+A*B=A+B

9 A*(A+B)=A-B

10a A+B=A<B De Morgan’s theorem
10b AB=A+B

Proof by using Boolean Algebra Laws:

Prove: A+A.B =A

=A.(1+B)=A.(1)=A

Prove: A.(A+B) =A

=A.A+A.B=A+A.B=A.(1+B)=A
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Prove: A.(A+B)=A.B
=A.A+A.B=AB
_
Theorem 3b. (A+B).(A+C)=A+B.C [A+(B+C)=(A+B)es(A+C)]

(A+B).(A+C)
(A+B).A+(A+B).C
A.A+A.B+A.C+B.C
A+AB+AC+BC
A.(1+B+C)+BC
A.1+BC

A+B.C

Additional Examples on Using Boolean Algebra

1. F=(AB)4 . (AB)B
— (AB)A + (AB)B
~ (4 + B)A+ (4 + B)B
- AA+ AB + AB + BB
- AB + AB
- A0 B
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2. F=ABD+ABCD+ABCD

~ABD+A4BDC+()

= B D(A+4)

=B D

NOTE: Any equations can be proved using Truth table (T.T.)
Proof by Truth Table theorem 6a. A+A.B=A

A | B A-B A+A-B
0 0 0 0
0 1 0 0
1 0 0 1
1 1 1 1

Proof by Truth Table theorem 9a. A+A.B=A+B

A|B|A+B| A |A*B| A+A+B

0|0 0 1] 0 0
01 1 1] 1 1
110 1 0| 0 1
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Example: Proof of Demorgan theory: A+B = A . B using (T.T.)

A B | A+B | AtB | A B | AB
0 0 0 1 1 1 1
0 1 1 0 1 0 0
1 0 1 0 0 1 0
1 1 1 0 0 0 0

Designing Logic Circuits Using NAND Gates only :

1.

AND GATE
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2. OR GATE

A
B

4 —]

B —]

4 —
B_

O
>

bo— F=A4+B

Positive Logic Negative Logic
[NV INV
AND OR
NAND NOR
AND
NAND

03

4
o

b— F=AB+CD
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A—
4 i
B— '— 1
C );- F=4BC+D
F=4BC+D D Dj
) - —

Designing Logic Circuits Using NOR Gates only:
1. OR GATE

A
T e
B
A
B

2. AND GATE

A4 _]
] F—AB
B

F=A4RB
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4 i b F=(4+B)(4+C) 4 D- F=(4+B)(4+C)

Timing diagram:

Sketch (draw the output waveforms of and ,or & invert):

x 0 1 1 0 0
y 0 0] 1 1 Lo
AND:x - y 0 0o/ 1 0 0
OR:x + y 0 1 1 1 L0
NOT: x’ 1 0o o) 1 1

Input-output signals for gates
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Complements of Binary Numbers

1’s Complement:

e The 1’s complement of a binary number is just the inverse of the digits.
To form the 1’s complement, change all 0’s to 1’s and all 1’s to 0’s.
e For example, the 1’s complement of 11001010 is 00110101.

e In digital circuits, the 1’s complement is formed by using inverters:

2’s Complement:

* The 2’s complement of a binary number is found by adding 1 to the
LSB of the 1’s complement.

* Recall that the 1’s complement of 11001010 is 00110101 (1’s
complement).

* To form the 2’s complement, add 1: +1

00110110 (2’s complement)

1‘ 1‘ 0‘ 0‘ 1“0‘ 1‘ o‘

ol of 1] 1] of ] o 1

Input bits
Carry
Adder in |~ (add 1)
Output bits (sum)

ol of 1l 1l o 1l 4l o
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Signed Binary Numbers:

» There are several ways to represent signed binary numbers.

* Inall cases, the MSB in a signed number is the sign bit, that tells you if
the number is positive or negative.

* Computers use a modified 2’s complement for signed numbers.
Positive numbers are stored in true form (with a O for the sign bit) and
negative numbers are stored in complement form (with a 1 for the sign
bit).

For example, the positive number 58 is written using 8-bits
as 00111010 (true form)
Sign bit Magnitude bits
Example: 10011out of five bits (sign number machine) = -3
1011out of four bits (sign number machine) = -3;9

And so on. While 1011 out of standard machine =114,.

Sign 1’s compliment:

¢+ This type of machine works on other type of negative number.
¢ To convert any binary number to a negative each bit must be inverted
from 0 to 1 and from 1 to O.

Example: 00011=3;; 11100=-33

Example: perform this mathematic operation 5-3 on sign 1’s compliment
machine:
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101 101
- 011 + 100
1 001
— . X |
010

Look at the result if the far left bit is O the result is the same as it appeared.

If the far left bit is 1 the result is the 1°s compliment of the number and it is
negative.

Sign 2’s compliment:

+» This type of machine works on other type of negative number.
++ To convert any binary number to a negative each bit must be inverted
from 0 to 1 and from 1 to O after that add 1 to the result.

Example: 00011=3; 2’s compliment 11101=-3;

Example: perform this mathematic operation 5-3 on sign 2’s compliment
machine:

101 101
- 011 + 101
A 010

if there is a carry discard it.
Look at the result if the far left bit is O the result is the same as it appeared.

If the far left bit is 1 the result is the 2’s compliment of the number and it is
negative.
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Example: perform this mathematic operation 3-6 on sign 2’s compliment
machine:

011 011
- 110  2°S + 010
101

if there is a carry discard it.

The far left bit is 1 then the result is negative and the number is the 2’s
compliment of the result 101 2°s compliment 011=-3;.

Sign 2’ compliment (+/-):

Procedures:

+» 2’s compliment can be used for any signed number using at least n+1
of the number of the digits including the sign bit.

+¢ the far left bit is O the result is the same as it appeared.

+» If the far left bit is 1 the result is the 2°s compliment of the number and

it is negative.
Example: -3 -00011  2’s 11101 11101
-(-5) , -(-00101) 2’s  -(11011) 2’s + 00101
& 00010
Example: -3 -00011 2’s 11101 11101
—_— —_—

-5 , -00101 2’s 11011  + 11011

& 11000 2’s - 01000

—_
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How the numbers appeared om different machines:

)
L X4

+7=+111 000111 on signed magnitude machine of 6-bits.

o -7 100111  on signed magnitude machine of 6-bits.
o -7 111000  onsign 1’s compliment.
o -7 111001  onsign 2’s compliment.

Binary Logic and Gates:

Binary variables take on one of two values. Logical operators operate on
binary values and binary variables.

Basic logical operators are the logic functions AND, OR and NOT. Logic
gates implement logic functions.

Boolean Algebra: a useful mathematical system for specifying and
transforming logic functions. We study Boolean algebra as a foundation for
designing and analyzing digital systems.

Truth Table:

The most elementary specification of the function of a Digital Logic Circuit
Is the Truth Table.

Table that describes the Output Values for all the combinations of the Input
Values, called MINTERMS.

Switching Algebra Operations — Not:

e

AlQ
NOT Gate o1
10
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NOT: This operation is represented by a prime (sometimes by an overbar).
For example, X=Q (or X” = Q) is read “not X is equal to Q,” meaning that Q
Is what Q is not. In other words, if X =1, then Q =0, butif X =0, then Q = 1.
The NOT operation is also referred to as the complement operation, since it
changesaltoOandaOto 1, i.e., the result of complementing 1 is 0, and vice
versa.

Al A
0
1

1 —
0 A A

Switching Algebra Operations — AND:

e
A.B
B ——

AND: This operation is represented by a dot or by the absence of an
operator. For example, A.B = Q or AB = Q is read “A AND B is equal to
Q.” The logical operation AND is interpreted to mean that Q = 1 if and
only if A=1and B =1, otherwise Q = 0. (Remember that A, B, and Q are
binary variables and can be equal either to 1 or 0, and nothing else.) The
result of the operation A.B is Q. Also known as the conjunction operation;
output is true (1) only if all inputs are true.

A B |Q

R = O O
R O RrLr O
L O O O
w >

j@)

5

mL\_

!

j@)
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Switching Algebra Operations — OR:

A

OR: This operation is represented by a plus sign. For example, A+B = Q is
read “A OR B is equal to Q,” meaning that Q =1 if A=1orif B=1orif both
A=1landB=1. Ifboth A=0and B =0, then Q =0.

f e Lo

COMBINATIONAL GATES:

NOR: gate has a single output and two inputs. The output is 1 only when all
of the inputs are 0. For all other combinations, the output is 0. The NOR gate’s
Boolean logic is Z= (A+B)’ for inputs A and B.

Q

R =, O O |>
R O R O\l
R R RO

A B Output
0 0 1
0 1 0
A
1 0 0 .
1 1 0 B
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NAND: has a single output and two inputs. The output is 0 only when all of
the inputs are 1. For all other combinations, the output is 1. The NAND gate’s
Boolean logic is Z= (A.B)’ for inputs A and B.

A B Output

0 0 1

0 1 1 A m—
z
1 0 1 B m—

1 1 0

XOR: an abbreviation for “Exclusively-OR.” The simplest XOR gate is a two-
input digital circuit that outputs a logical “1” if the two input values differ,
i.c., its output is a logical “1” if either of its inputs are 1, but not at the same
time (exclusively). The Boolean expression for a two-input XOR gate, with
inputs A and B and output X.

A B Output (A®B)
0 0 0
0 1 1
A
1 0 1 Z=(A®B)
1 1 0 b

XNOR : has a single output and two inputs and it is called exclusive NOR.
The output is 1 only when an even number of inputs are 1. The XNOR gate’s

Boolean logic for inputs A and B is Z= (A@B)’ = AB+ A’. B’
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A B Output
0 0 1
0 1 0
A
1 0 0 z
B
1 1 1
Boolean Algebr:

(Developed by George Boole in 1854)

George
Boole
1815-1864

Formal way to describe logic statements and determine truth of
statements.

Only has two-values domain (0 and 1)
Algebra with Binary (Boolean) Variable and Logic Operations.

Boolean Algebra is useful in Analysis and Synthesis of Digital Logic
Circuits.
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» Input and Output signals can be represented by Boolean Variables, and
Function of the Digital Logic Circuits can be represented by Logic

Operations, i.e., Boolean Functions.

« From a Boolean function, a logic diagram can be constructed using

AND, OR,and | .
Input | Output Inputs Qutput
I F — A B F
| > © 0 1 _D_ 0 [o] o
1 0 1 0 0
NOT AND 0 _[1]_0©
1 1 1
Inputs QOutput
g g '1: Inputs Output
A B F
_:>— 1 0 1 0 0 0
0 1 1
NAND (O I ) OR T fol 1
Inputs Qutput 1 1 1
A B F
0 0 1
1 0 0
NOR 0 1 0
1 1 0
Inputs Output Inputs Output
A |[B| F D.) A Bl F
0 0 0 0 0 1
0 1 1 0 1 0
1 0 1 1 0 0
1 1 0 EXCLUSIVE NOR 1 1 1

EXCLUSIVEOR
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Gate Symbol Rule

0—1
NOT A~[>o—x 0
00 — 0
Ao 01 — 0
AND . X 10 —» 0
) >—
OR X
B
00 — 1
P 01 — 1
NAND X 10 — 1
= 11 -0
X

00 — 0
01 — 1
10 = 1
1 — 1

11— 1

00 — 1

A 01 —0

NOR 10 —0
B 11 =+10

00 — 0

A 01 -1

XOR X 10 — 1
B 11 =10

00 — 1

A 01 — 0
XNOR X 10 -0
= 11 — 1
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INTRODUCTION

ANALOG SIGNAL VS DIGITAL SIGNAL

D
i
-

Analog Signal Digital Signal

Analog signals were used in many systems to produce signals to carry
information. These signals are continuous in both values and time. The use of
analog signals has declined with the arrival of digital signals. In short, to
understand analog signals — all signals that are natural or come naturally are
analog signals. Unlike analog signals, digital signals are not continuous, but
signals are discrete in value and time. These signals are represented by binary

numbers and consist of different voltage values.

Analog Signal

=

101001101

M UL U
AT,

Digital Signal

amplitude,

They used to transmit information, usually through electric signals. In both
these technologies, the information, such as any audio or video, is transformed
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into electric signals. The difference between analog and digital technologies
Is that in analog technology, information is translated into electric pulses of
varying amplitude. In digital technology, translation of information is into
binary format (zero or one) where each bit is representative of two distinct
amplitudes. The analog signal is a varied its amplitude with the time such as
0 volt to 40 volt linearly, while the digital signal has two values of amplitude
0 volt and 5 volt.

A digital computer stores data in terms of digits (numbers) and proceeds in
discrete steps from one state to the next. The states of a digital computer
typically involve binary digits which may take the form of the presence or
absence of magnetic markers in a storage medium, on-off switches or relays.
In digital computers, even letters, words and whole texts are represented
digitally.

Digital Logic is the basis of electronic systems, such as computers and cell
phones. Digital Logic is rooted in binary code, a series of zeroes and ones
each having an opposite value. This system facilitates the design of electronic
circuits that convey information, computing, robotics and other electronic
applications.

Your Data Computer Data

01110101011010101
10100101011010101
01010101011010101
01000101011010101
01101010101001100
00101011101100111
10101001010101010
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Numeric Systems

O Decimal number system (base 10)
O Binary number system (base 2)
O Octal number system (base 8)

O Hexadecimal number system (base 16)

Number System

|

pecimai Bihary octai Hexadecimal
Number system Numbenr system Number system Number system

Numbenrs with Numbpers with Numbers with Numbers with
base 10 base 2 base 8 base 16

EX

T1102),, (24,579, .. o, (101.001),,... (245),, (212 57),,... (2B) 45, (D3F)yq , ..
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Decimal number system (Represent any number using 10 digits [0-9])

The numeric system we use daily is the decimal system, but this system is not
convenient for machines since the information is handled codified in the shape
of on or off bits; this way of codifying takes us to the necessity of knowing
the positional calculation which will allow us to express a number in any base
where we need it. A base of a number system or radix defines the range of
values that a digit may have.

In the decimal system or base 10, there are ten different values for each digit
of a number: 0", "1", 2" "3", "4" "5", 6", "7", "8", "9".

. 10° 10 10% 102 10! 100

7¥100+3*10+5*1=735,
1*16+0*8+1*4+0*2+1*1=21,,

Binary number system (Represent any number using 2 digits [0-1])

The binary number system has a base of 2. The position of a 1 or 0 in a binary
number indicates its weight, or value within the number. The weights in a
binary number are based on powers of two. Each digit in this system is said
to be a bit.

In binary number system we have only two digit 0 and 1. Let us count as
before :

Zero: yes we have this symbol 0
One: yes we have this symbol 1
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Two: the symbols are finished! What we will do? As we do with decimal
number we will put a zero symbol in the first digit and put 1 in the second
digit

Two yes we will use two symbols 10

Three increase the 1%digit by one 11
11

11

+1

100 Four

As you can see 1 + 1 equal to 2 and two in binary (10) zero will be in the first
digit and one is added to the one of the second digit. The same process is again
happen so

Four 100

Five 101

Six 110

And so on up to millions.

Some of you will ask what is this number 100 is it one hundred or four?
What is the answer?
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Yes you will confuse between the two systems. Accordingly we will use the
following:

1001 The sub number 10 mean this number is decimal, it is one hundred.

100, The sub number 2 mean this number is binary, it is four in binary.

10° 10> 10' 10° Decimal 24 23 22 2v 20 Binary
1000 100 10 1 16 8 4 2 1
Decimal ()l sUail) Binary Al sl

0 0

1 1

2 10
3 11

4 100
5 101
6 110
7 111
8 1000
9 1001
10 1010
11 1011
12 1100
13 1101
14 1110
15 1111
16 10000
17 10001

Fractional numbers can also be represented in binary by placing bits to the
right of the binary point, just as fractional decimal digits are placed to the right
of the decimal point. The left-most bit is the MSB in a binary fractional
number and has a weight of 21 =0.5.
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The fractional weights decrease from left to right by a negative power of two
for each bit.

Binary weights.
Positive Powers of Two Negative Powers of Two
(Whole Numbers) (Fractional Number)
28 27 26 25 24 23 22 21 20 21 22 23 24 5-5 26
256 128 64 32 16 8 4 2 1 172 1/4 1/8 1716 1/32 1/64
0.5 0.25 0.125 0.625 0.03125 0.015625

How to know the value of a number:

Decimal Binary
10® 10% 10! 10° 24 28 22 2t 20
1000 100 10 1 16 8 4 2 1

Examplel: Convert 9, to binary

Y Lo el (e il

/2 Result Remain
9 4 1
4 2 0 1001
2 1 0 :
1 0 1

Example 2: Convert 21, to binary

Y e daudl e Eiial)

/2 Result Remain
21 10 1
10 5 0 10101 _ =214
5 2 1 5
2 1 0
1 0 1
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10> 10 10° 10* 102 10° power oY) 22 21 20 21 22 3 4

100 1000 1 0.1 0.01 0.001 digit <5<l 4 2 1 05 0.25 0.125 0.0625

Example 3: 21.3650 and 101.101;

21.3610 101.101,
2*10+1*1+3*0.1+6*0.01 1*4+0*2+1*1+1*1/2+0*1/4+1*1/8
20+ 1+0.3+0.06 4+0+1+1/2+0+1/8

4+0+1+05+0+0.125
So 101.1012 =5.62510

Example 4: Convert 5.625 to binary

/2 Result Remain

5 2 1 101
R I
| 0 |

0.625*2 =1.250 | 0.25

025 *2 =05 Ol 0.5

05 *2 =1 | 0 101.101

—>
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Addition and Subtraction in binary number system:

Example 5: Add 2 to 3 in binary system.

Decimal Binary Addition - 10
2 10, 0
+ 3 + 11, + 1
5 101
Example 6: Add 7 to 9 in binary system.
10
Decimal Binary Addltlon
7 11, O@ T 10
+ 9 + 1001, 0 1
16 1 0000
Example 7: Subtact 2 from 3 in binary system.
3 11, 11
- 2 - 10, - 10
1 0 1

Example 8: Subtact 4 to 3 in binary system.

A 10
R
4 100, Yoo
- 3 _ 11, _ 11
1 0O 0 1
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Multiplying and Division in binary system:

Example 9: Multiply 2 by 3 in binary system.

Decimal Binary Multiplication
2 10, 10
£ 3 i | B
[0
+ 10 .
110

Example 10: Multiply 9 by 5 in binary system.

Decimal Binary Multiplication
9 1001, 1001
* 5 * 101, * 101
45 1001
0000
+ 1001
101101 =45

32*1+0*16+1*8+1*4+0*2+1*1=45

Example 11: Divide 9 by 3 in binary system.

0011
11| 1001
- 11 4
011
- 11
00
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Example 12: Divide 1710 by 410 in binary system.

00100.01

100 10001
- 100

OOOOJ/
001

0010

_100

000

Answer 17 /4 =100.01,=4.2519
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Some Definitions in Binary system

* Binary value: two values only ‘0, “1°.

 Bit: single binary digit.

* Nibble: A group of four bits.(0110)

» Byte: A group of 8 bits(11010100).

* Word: Depends on processor (8,16,32 or 64 bits).
» LSB: Least significant bit (on the right).

+ MSB: Most significant bit (on the left).

(10000100)
MSB LSB

Why the binary system is used with computer?

It is used because the electrical signals used by the electronic circuits have a
binary or digital nature.

Advantage of binary systems:

* Rigorous mathematical foundation based on logic.

» It’s easy to implement.

Powers of 2:
20 =1 24 =16 28 = 256
21=2 2°=32 2% = 512

2°=4 2° = 64 219=1024
2°=8 27 =128
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Octal system number:

Octal system is used in software and in printing data. Octal number system
consists of 8 symbols They are 0, 1, 2, 3,4, 5, 6, 7.

Let us recall some information:

In Decimal number system the base is 10 or we can call it (radix). In binary
number system the base or the radix is 2. So what is the base for this system?

Octal radix=8 and 8=23%so each digit in Octal can be represented by 3 bits of
binary number.

The conversion from binary to octal is easily accomplished by partitioning the
binary number into groups of three digits each, starting from the binary point and
proceeding to the left and to the right. The corresponding octal digit is then
assigned to each group. The following example illustrates the procedure:

(10 110 001 101 011 -« 111 100 000 110), = (26153.7406)g
2 6 1 § 3 7 4 0 6

Example 1: Convert (127.4)s to decimal number.
(127.4)s=(1 x 8%) + (2 x 8Y) + (7 x 8% + (4 x 81)
= 64 +16+7 +0.5
= (87.5)10

Example 2: Convert 5173 to binary number.
5 1 7

101 001 111

517=101001111,

Example 3: Convert (153.513);0 to octal number.

Integer /8 Reminder

153 19 1
19 | 2 3
2 0 2
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Fractional

0.513x8=4.104
0.104x8 =0.832
0.832x8 =6.656
0.656x8 =5.248

Thus (153.513)10 = (231.4065...)q

Hexadecimal System Number:

Hexadecimal number system is used in software and in printing data. It consists
of 16 symbols. Theyare 0, 1, 2,3,4,5,6,7,8,9, A, B, C, D, E, F Where A=10,
B=11, C=12, ...... F=15. Any number in hexadecimal number may be written in
this form 1696 or 169H.

For Hexadecimal radix=16 and 16=2*so each digit in Octal can be represented
by 4 bits of binary number.

Conversion from binary to hexadecimal is similar, except that the binary number
Is divided into groups of four digits:

(10 1100 0110 1011 - 1111 0010), = (2C6B.F2)4
2 C 6 B F 2

Each octal digit is converted to its three-digit binary equivalent. Similarly, each
hexadecimal digit is converted to its four-digit binary equivalent. The procedure
is illustrated in the following examples:

(673.124)3 = (110 111 011 - 001 010 100),
6 7 3 1 2 4
(306.D),, = (0011 0000 0110 - 1101),
3 0 6 D

Example 4: Convert (5F)i6to decimal.
(5F)16= 5*16+15*16°=80+15=(95)0

Example 5: Convert F5E2H to binary number.
F 5 E 2
1111 0101 1110 0010 F5EZ2:6=1111010111100010,
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To convert from binary to hex, make groups of 4 bits, starting from the binary
point. Add Os to the ends of the number if needed. Then, just convert each bit
group to its corresponding hex digit.

(10110100.001011), (1011 0100 . 0010 1100),
(B 4 . 2 C )

Conversions between binary, octal, and hexadecimal can be done in a simpler
way.

Example 6: Convert (10111010011), to octal and hexadecimal.
010 111 010 011  (2723)s
0101 1101 0011 (5D3)16
Example 7: Convert (12A7F)16 to binary and octal.
1 2 A 7 F
0001 0010 1010 0111 1111  binary
00 010 010 101 001 111 111 octal

Binary Coded Decimal: (BCD or 8421 code)

Although the binary number system is the most natural system for computer,
most people are more accustomed to the decimal system.

One way to resolve this difference between (binary& decimal) is to convert the
decimal numbers to binary.

Since the computer can accept only binary values, we must represent the decimal
digits by means of a code that contains 1s and Os.

This type of number system is a decimal number but it is written with binary
symbols. Each digit of decimal must be written with 4 symbol of binary number.
Why? That is because the largest symbol in decimal is 9 and this number in binary
is 1001 so its four.
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Example 8: Convert (7 2 150 ) to BCD.

72150 = 0111 0010 0001 the space between the digits must be exist. If you
write 721= 01 001 this is wrong because there are no space between
digits.

— The digits 0-9 are represented with their 4-bit equivalents 0000-1001
(same as hex digits 0-9).

— The values of the digit positions are taken as powers of 10, rather
than 16.

— There is an advantage in the use of decimal numbers because
computer input and output data are generated by people that use the
decimal system.

— The BCD numbers are decimal numbers and not binary numbers
although they use bits in their representation.

— BCD is more human-readable than hex or binary, but arithmetic
hardware for plain binary is simpler.

(358),, = (0011,0101,1000) in BCD.

Decimal Binary Octal Hexadecimal BCD
O ‘ o o O 0000
1 1 1 1 0001
2 10 2 2 0010
3 11 3 %) 0011
4 100 i 4 0100
5 101 > < 0101
6 110 6 6 0110
7 111 7 ¥ 4 0111
8 1000 10 8 1000
9 1001 11 o 1001
10 1010 12 A 0001 0000
11 1011 13 B 0001 0001
12 1100 14 C 0001 0010
13 1101 15 D 0001 0011
14 1110 16 E 0001 0100
15 1111 17 ¥ 0001 0101
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Gray Code system:

Reflected binary code or Gray code orders the binary numeral system.

» Successive Gray code values differ in only one binary digit. It is non
weighted code and not arithmetic code.

» Gray codes are beneficial in hardware-generated binary sequences to
prevent errors or ambiguity during transitions.

» Gray code ensures that only one bit changes value during any transition
between two numbers, resolving potential problems efficiently (reduce the
switching operation).

The most significant bit (left-most) in the Gray code is the same as the
corresponding MSB in the binary number.

Going from left to right, add each adjacent pair of binary code bits to get the next
Grey code bit. Discard carry.

Example 10: Convert 1101011 to Gray code.

I 10 10 1 1
1 0 1 1 1 1 O Onlikewise number put O otherwise 1

Example 11: Convert this Gray code 1011110 to binary.
1 1 0
0

i

1 1 On likewise number put 0 otherwise 1
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Gray Code
Gray Decimal
Code Equivalent
0000 O
0001 1
0011 2
0010 3
0110 4
0111 5
0101 6
0100 7
1100 8
1101 )
1111 10
1110 11
1010 12
1011 13
1001 14
1000 15
ASCII Codes:

ASCII, stands for American Standard Code for Information Interchange. Itisa 7-
bit character code where each individual bit represents a unique character.

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 . The seven bits of the code are designated by b1 through b7,
with b7 the most significant bit. The letter A, for example, is represented in ASCI|I
as 1000001.The ASCII code also contains 94 graphic characters that can be
printed and 34 nonprinting characters used for various control functions. The
graphic characters consist of the 26 uppercase letters (A through Z), the 26 lower
case letters (a through z), the 10 numerals (0 through 9), and 32 special printable
characters, such as %, *, and $.
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Control Characters Graphic Symbols
Name  Dec  Binary  Hex | Symbol  Dec  Binary Hex | Symbol  Dec  Binary  Hex | Symbol  Dec Binary ~ Hex
NUL 0 0000000 00 space 3 111111 T @ 6 1000000 40 ! 06 100000 60
SOH 1 000001 0l ! 3 10001 il A (] 1000001 41 a 97 100001 fil
§TX 2 Dooooo 02 " Mo oo 22 B 66 1000010 42 b 98 Lo 82
ETX 3 D001 03 # I ool 23 C 67 1000011 43 c 9 100011 ]
EOT 4 000010 4 § 3 oo 24 D 68 1000100 44 d 00 oo e
ENQ 5 Doooin 08 % R L 111 1) (1) E 6 000 45 e 101 100 4]
ACK ] 0000110 113 & 00010 26 F 70 1000110 46 f 102 10010 i
BEL 7 0000111 07 ' 39 00011 1 G 71 1000111 41 4 103 JRTEINA &7
BS §  0oowoo 08 [ 40 oo 28 H 70000 4 h 104 1100000 68
HT 9 (001001 09 ] 41 Diowon 2 | 7 1001001 49 1 105 1101001 2]
LE 10 oooto1o A ¢ 42 00w 2a ] 74 1001010 4A J 106 1101010 6A
VT 11 (001011 0B + 4 0w B K 7 1101 4B k 107 1101011 6B
FF 12 000w o 4 oo L 76 00100 4C 1 108 100 6
(R 13 0001101 D 45 0ol D M 7 1001101 4D m 109 1101101 60
S0 14 0001110 0E . 46 001 2E N 78 1001110 4E n 1o 101110 6E
Sl 15 0001111 0F ! 47 Dol i 0 7 oin 4F [ 111 101111 6F
DLE 16 000000 10 [1] 4 oo % P &0 00000 s P 12 nwwe W
Del 17 0010001 11 1 49 Drool k| Q 81 1010001 51 q 13 1110001 b
be? 18 oo 12 2 S0 onoow R R 8 w52 r 14 nwne  n
bel 19 0010011 13 3 S0 onoonl 3 5 8 0o 5 H 15 1ol b ]
bed 0 0wwo 14 4 2 nome M T 80000 5 t s 1wwe ™
NAK o 15 § EX T 11 [1) U F IS 11111 -1 u 7 o 7
SYN n 0010110 16 6 4 0none 3 v 86 1010110 6 ¥ 118 110110 6
ETB ] 0010111 17 7 55 om0 ki W 87 01 51 W 119 L0 n
CAN 4 oo 1 8 S ol 38 X 8 0no0 5 x 120 10
EM 3 oonon 19 ] 57 o ¥ Y F I (111 [111 ] ¥ 121 1o b
SUB % 0011010 14 : S 0o A Z 9% 1011010 SA 1 12 1100 A
ESC n 0011011 1B H 9 oo 3B [ 9] 101on 5B { 123 1101 T8
F§ % o Ic 2 60 ol 30 \ 2 s | 14 e %
GS 2 0011101 ] = 61 0ol I | 93 101101 D } 125 1101 n
RS £/ ] 1E > 62 010 3E N 94 1011110 SE - 126 10 7E
us k]| 0011111 1F 1 63 ol 3 95 n SF Del 127 111 F
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U bl (+) 3)li) gy 1001 ol 8 aae Al Caday a8 U bit
0110 — 1100 AN 2Ll ddee 73l 2n 1(14) Jba

1

— 0110
0100+

1010
0101
1 +

0110

0110 0110
%
1100 - 0100+
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dgus a0t dbi) 3 0. s ek i 0 ] okl o
cpaaall Jia 4 bit & Jiaw 4l gl (Overflow) 4 aas ¥ JUall 1aa A sl
= 5l bl Al i 0110 g5k 1010 bl A6 deiall slagly agi Gl

() qumis bl Apll dacidlly U (Overflow) aslll & aag al 1) o+ 5L

:(Octal System) (geibosidl wlaidl 5-1
el Yan 3l Ly «(7-0) s el 1ol (e gsSiyg «(8) s allaall Ll
iUl (g pdiall Cpaallaily Ll s pllsill 13 3 \gighs il

n e 7 6 5 4 3 2 1 45 yall
80 83 84 86 84 81 8U
2097152 262144 | 4096 | 512 | 64 8 1

aldailly ylasy)
(AL
000
001
010
011
100
101
110
111
1000
1001
1010

S
E

O O N OB WIN PO

g = RN | RO RV L RN RV ST e E;

—
[\
[EY
o
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gyl aUY ) Sl AUBE (e SasY) Jyeas 1-5-1
:(15) Jla

a) (120)s =(?)10
120 = 1x8% + 2x8! +0x8°
= 1x64 + 2x8 +0x1
=64 + 16 +0
=80
. (120)5=(80)10

b) (1000)s= (512);0
1000 = 1x8° +0x8% + 0x8' + 0x8°
= 1x512 + 0x64 +0x8 + 0x1
=512 +0 +0 +0
=512
oo (1000)8: (512)10

Al ) gpdall Al (e s Jygad <
e Jais (8) o (gpdall 2aall auiis -
(8) oo B N @l deay o) () (8) (e Aanlly e —

:(16) Jta
a) (1536875)10 :(?)8
8 0.6875x8=55—->5

153 05 x8=4-4
19 | 1 (0.54)

2 | 3

0 2

(231)

(153.6875)10 = (231.54)s

sall 30 (19.125) aaall dadll dlee (g0 @i 8 e (153) aall daud xie
Llee e i 8 4l Jonall alaill (bl 3 agpaiy (0.125) i) o gyus
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aall sy sl ejall 30 A dad dlee J5b AL 22l 14 sS5y 1 il
st Al il S Lavie Jygatll Alee s A8l culshadl) 4na S35 (19)

a2 (gl AU 0
b) (1967)10 = =(?)s
8 1967
8 245 7
8 30 5
8 3 6
0 3
(1967)10 = (3657)s
1l e STl
3657= 3x8° + 6x8% + 5x8" + 7x8°
= 3x512+6x64 + 5x8 + 7x1
= 1536 + 384 + 40 + 7 = 1967
il ) Y AUAEY Jigad 2-5-1
LD e (5 desana IS galne ) (0radl den () LI 22all {5305 -
c ol alailly el Le 4S5 ol
t Sl Uil I (1101011100011111), Jsa :(17) Jla

1101011100011111
001 | 101 | 011 | 100 | O11 | 111 = S
1 5 3 4 3 7 R

- (1101011100011111),= (153437)g
ouls (A A Al Jaad Jadh 55, A1 40a0 800 Alal a3 Laadl :4daMa
(dall e il ol 1]
BN AlaEl) ) AL alail) Jyeas <
S gaalan () (Ol dgan (1) (Pl 2aall (533 3 AGlall Aleal) GuSe 23 -
Al DG B oy SN HUill Lelll Lo S caaly o) o (g3 Ao gana
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s e il g0

ikl | gustuadd |

t Al aUaill ) (14732)5 el Jsa 2:(18) Jla

1473

2

1

a4

v

3

2

001

100

111

011

010

—

~.(14732) =(1100111011010),

:(Hexadecimal System) ywis oiabeidl oladd! 6-1

Craadiul 13 QLS 135 150 G S0 ady 52 10 280 L9 8,00 aay
Aldaill 3 3) oA Aalall 8 58w Y G Y ealadl AUl 3 e Cag
DT aagm M yue pualdl Ll 9 e c] <0 gyl 7.1 <0 ALl 150 Al
8L ) Gapal) ) dalall celad 9 - 0 o Al Aiiie jse) Byde
tsd Yl BV el 500l aagiy Calida ey 16 ) Jseasl) (A-F)
0123456789ABCDEF
sl s Jasa Capital <o) o
A=10,B=11,C=12,D=13, E=14,F=15

n | .. 7 6 5 4132 I &l
16° 16° 16" 16° | 16° | 16° | 16°
16777216 | 1048576 | 65536 (4096 | 256 | 16 1
RN R
S el | D A o5l
0 0 0000 0
I I 0001 1
2 2 0010 2
3 3 0011 3
! 4 0100 4
5 3 0101 5
6 6 0110 6
7 7 0111 7
8 10 1000 8
9 11 1001 9
A 12 1010 10
B 13 1011 11
C 14 1100 12
D 13 1101 13
E 16 1110 14
F 17 111 15
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e ool Al 3 altiy e Y (1101100111110101), Jssail :(19) Jiia

taily LS e dag )l gt JS (gsind aalae ) 4liay i

1101100111110101
1101 [ 1001 [ 11t [ o101 | < [
D 9 F 5| e puld

~.(1101100111110101),= (D9F5)¢
el LeleSi Hgay Aagyl 5a V1 AN s a1 1) ALl Adaadal) i
3DA7
0011 | 1101 | 1010 | 0111 | < [ =
t YISy a1 Clall G Hlaally lgaas 2 Y 5aY1 (00) 5
. (3DAT7)36= (11110110100111),

topuSallyg  lall) AU Y e (suobeal) aUASN (3sgas 2-6-1
s Sl plaill (8 a4l L ) (5B)1s Jisail 2(20) JUa
o LS (Al pUaill 1) 4y Le () Jyan a3 e SUEN pUsl ) Y50 Jsmg -

) @l
5B

&

101 1011 (S -2
1011011 =l

1 011 011 S -3
&

1 3 3 ‘;ILA.I -4

(58)16= (133)8
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.Sl i (5B)js = (1011011), = (133)g :disaill dplee o)) Ll

ﬁﬁ u.u-\u\ em:l ............................................ > (Eﬁ.l-ﬁ:-.' ew

tsl e ualua) alaill ) Ll dUsill gy Aaplall ity —
(= ()= (D16

ouallig gpdial) AU ) e peslaad) QAN (Jigat 3-6-1
(A2D)15 = (10 :(21) Jba

A2D = 10x16% + 2x 16 + 13x 16°
= 2560 + 32 + 13
= 2605

) A e 13y Al dla ) Lelisas sie D=135 A=10 dad o Ll
~.(A2D)6= (2605)1,

Glshadll adh 2t pdie Gualaad) alaH 8 alls) Lo ) gpdiall ala) (e Jysailly

(16) e anis o<1 lailly S Geellaall Alls b

die Gaald) AUl ojlas ) (90)50 23l U 2(22) Jba

|

O A‘;u\j5¢1=,z%w\

-

s 5 iy 0 s % fansil
(90)1(): (5A)16
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alaill ) a3 e U AUl W de aald) alaill (e Jgad o oSy :Adiadka
e gualadl aUall Jsad (3 daiiall A3phll Jia sl mosaa (uSally . (gpdal
(Sl a1

Cde ) alail) dpaaf La 1

e3ine J8 e LN UL el Cameay Al 500 ae Y1 e Jabadll Jgasy

cOayially Casulall

tgsde Al ) (e il (Al ¢ ALE) aUAT e Jysai 1(23) Jlia
1. (11010.101), = 1(2)*+1(2)%+ 0(2)*+ 1(2)*+ 0(2)°+ 1(2)™
+0(2) %+ 1(2)® = 16+8+2+0.5+0.125 = (26.625)40

2. (613.24); = 6(8)% +1(8)'+3(8)°+2(8) ™ + 4(8)* =
384 + 8 + 3 +0.25 + 0.0625 = (395.3125),,

3. (5A.E)15=5(16)'+ A(16)°+ E(16)™ =
5(16)+10(16)+ 14(16)™ = 80+10+0.875 = (90.875),0

1. (353)10=(?):

A
353 T LSBuw
176
88
44
22
11
3)

2
1

0
(353)10 = (101100001),

N NDNDDNDNDDNDDDDDNDDDND DN
P OFrRPPFPOO0OO0OO0O -

«——  MSB L
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2. (0.65625)10 = (?)
0.65625

2 X
[ <« 1.31250

0.31250
2 X

[0] <« 0.62500
2 X

[1] <« 1.250
2 X

<« 050
2 X
[ « 10

(0.65625), = (0.10101),
3. (25475)10 = (7)8

Bl
254 | 8 6 LSB
31| 8 7
3| 8 3
0
0.75
8 X
b+« 6.00
4, (5671875)10= (?)16
567 | 16 7 «<— LSB
35| 16 3
2| 16 2
0

0.1875
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16 X
[3] «— 3.0000

(567.1875)10= (237.3)16

(A Ay pl) (gpdie ualaally el ¢ AUED AURIN 0 Jysaid :(25) Jlia

1.
12 7 5 4 3 Octal
1010111101100011 Binary
A F 6 3 Hexadecimal
= (44899)decimal
2.
2 1 4 4 3 5 Octal
10001100100011101 Binary
1 ! S 1 D Hexadecimal
Hexadecimal Addition jde (ualud) sl 3 aaall :(26) Jba
23 58 2B
+16 +22 +84
394 T1AY AF4
:(27) JGa
%—V 15p + 125 =27, = 27p -16p = 115 = By with 1 carry
18 B
1+13p +10p =24p 245 - 16p =8, =84 with 1 carry
.Octal Addition Sl sl 4 aaal) 1(28) Jba
1- 14
+23
373
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2- 37 — »70+30=10,-8,=2,=20 +1 carry
53
11 2—
L 3 1+3,+50=9,-8p=1p= 1o+ 1carry

T7775-24155 =3 plaill 3 daaial) :(29) Jtia

14laada
7°s 7 each digit
8s =7s+1
:Jad)
7777
- 2415
5362 7 daaia
+1

5363 8l dadia

AL AUl Aacia plaiuy 75265 -3142; gk 2 :(30) Ja
7777
-3142

4635 + 1=4636
1 1
7526

+ 4636

L

} E ‘Ii

TS =14364

e (bl B3 4 Complements deaiall 4-6-1

.(1IFAD)6d 16 5 15 dasia 3 :(31) Jlia
15 15 15 15

-1 F A D
E 0 5 2 «— 15°s comp.
1+
E 0 5 3 «—— 16°scomp.
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c e Gualad) AUAT dadia aladiady mEUN 2 1(32) Jla
a) ABED - 1FAD

11

ABED
+E 053

1 C40— @»

b) FEED]_G— DAF316 =?

18C40 :ulsall
23 FA16 :‘.—’\).‘j\

:(33) dcyita A
1- (1011), = 1x 2° + 1x 2' + Ox 2°+ 1x 2°
=1+2+0+38
= (11)10

2-(110.1), = 0x 2° + 1x 2' + 1x 2%+ 1x 2™
=0 +2 + 4 + 05
= (65)10

3- (1100.101), = 0x2°+ 0x2" + 1x2° + 1x2° + 1x2" + Ox22 + 1x2°
=0+0+ 4+ 8 + 05+ 0 + 0.125
= (12625)10

4- (752)s =7x 8° + 5x 8" + 2x 8°
=7 + 40 + 448
= (490)10

5- (ABC);6= 12x 16° +11x 16" + 10x 16°
= 12 + 176 + 2560
= (2748)10
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6- (2F.8);s =15x 16° + 2x 16" + 8x 16™
15 + 32 + 05
(47.5)1

7- (62.7)s = (110010.111),

8- (35.41)s = (011101.100001),

9- (00101110.1010), = (2E.A) 16
10- (1111100.01011011), = (FC.5B)s6

11 - (AB.6D); = (10101011.01101101),
12- (9C.8F3)y = (10011100.100011110011),

e Gl plaill ) (125.34375)50 gdall sl Jsa 1(34) Jba

16 0.34375x 16 =55 — 5
125 05 x16=8-—8
7113 (0.58)
0|7
(D)

. (125.34375),0= (7D.58)16
okl alaall ) Sl saall s 3(35) Jla

1) (10011101110),
010 011 101 110

2 3 5 6
- (10011101110),=(2356)s
2) (0101111),

010 111 100
2 3 4
- (0101111), = (234)s
3) (11001.01),
011 001 010
3 1 2

- (11001.01), = (31.2)
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a) (43)—( )2

b) (0.375)10 — ( )

c) (2048.0625)10 — ( ).

d) (0.0011011); — ( )10

e) (75102.72)s — ( )10

) (1101010.011)30 — ( )16
g9) (5FF3.Al)is — ( )s

(545)5 — (14)g =?
(6776)5 — (4337)g = ?
(98A E)15— (1FEE);s = ?

a) (7152)— (1010)2 =( )10
b) (1039)10— (3E4B)15 :( )8
C) (6022)10— (4352)10 :( )2

N el lal

(Y Jdes (1

1A Alall) AUl dadia aladiuly (2

iy 2 (4
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el Juad
Boolean Algebra (el gud! swal

i 1-2

s s @yl ) s «(Boolean Algebra) (sl ssadl o
Ja) Jesind Lalyy diph ay clualy); Ghie Jle sy (21864-1815)
Lol cliSiyal) ol adell sl iy cdaaigl el laaYly haiall Jilae
Dl Akl a1 gy (& Juaill dgns caplall QSHis araal 8 deddiil
aGlylan el aa 588 a5 L g allall ikidll sl Lad ey 53l ¢ il
Akl il arenal 8 el e Led maadl e anlil) o) Caiaiia
1854 4" pSall Gl e il LUS Hdn als plly cpulal) lgie 5SSy (A
pranal (3 Aala A ey A Gl ) Gl 280U Allee] g 4 s 520
) Gisalall dakiall cillel)
Chlaadl 238 LU (Sayy - jsaplly Lkl Chlall GsSil Al Jo 3k S
ihiall Ll Jaxivgg csalall el 8 Alewicd) diylll dBles Ak el
il dals AleSl wsliall iy praad Jia dptigh Jilual b Liad
G el el Jsliy cmdsally sl CYY) G dgles Gl g5
Al ge IV A1 Cile gane Jlia (s i) 51 LIS Gl gand) e ganall oo
2, b Cagyally e sanall o3¢) Jiail 2y Jdgall joadl g e gl ehpen 4¢SU
Jsas Al ) uilaEl dglia Gl Al gl Clilasll (e OB & 1S5 C
aliall de sene Jidi AUD dplead) Siad L (alail o flald) U, A & el 038
Dy a e sanall UK 8335854l
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doud dutet dbiy 3 0.1

1

AND 4l X Y:{O
0

OR didae X-I-Y:{l
— |1

NOT e X:{O

Adall Joha  ewd Lkl Glledl Caagd Jgaa sale aadn
Slos hiall lgd a8 Al eNWI S e gia 3 (Truth Tables lgal)
OB N sl @bl e IS 13 Al Aaade Jeud) e (Alla S Aleal) s
djd;j\ ‘éﬁ 4.;.;4)40 U‘J):"“"J\ <l HJH :LAA:J\ djhj .2n C,-?'Q ASaall YW 2ae
(1-2)

s e il g0

ikl | gustuadd |

+ e i8] el G| el | 2-2

.(AND Operation) "' dlee .1
.(OR Operation) "I" ilac .2
.(NOT Operation) "¥" ilee .3
S oY (Binary Operations) otisld glistes iy I8 olleal)  ans
N Galal ks NOT Y glee o Laity ) o e ) zlind e
Jiail N dgpuall ChLEY) aladiul Sy oJasd laaly Maae 5 laaly huia ]
XY a abpial o (el ae Al clile)
A ol b WSl cppiie e LT Gilaall Gaay oSary 1
Glleall o2 g naillyy V) Gl dagutll (e 18 (reddiise lagie oIS
AR Jig 0" )y dapmaall Al Jigp "1" 30 o Jliely W) Ul
tol WS illaall 238 iy (S Akl

1 gsbn Y 5 X e IS QIS 1)

0 s Y 5 /5 X e IS 0K 1Y)
I gsba Y 5 X e IS QS 1)

0 s Y 5 /5 X e IS 0K 1Y)
X=0 o\s 1)

X=1 o)
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AND "' ddead 488a) Jgaa (1-2) Jsaad
X Y F=XY
0 0 0
0 1 0
1 0 0
1 1 1

Aspall Alall G chid) cpes calS 13 Jaid dagaall Al 8 o ol

opiial) @b dglee (i (2-2) Jsaal
OR "' &lead d88al) Jgan (2-2) Jsand

X Y F = X+Y
0 0 0
0 1 1
1 0 1
1 1 1

Al 4 l@hite e sl Q& 1) damall Al 4 o< OR " ddee o
Jsaall ALl Aall 8 Lehate JS el 1) blall Alall o6 dapaall
NOT "Y' ddee (n (3-2)

NOT "Y' dyleal Aiall Jgaa (3-2) Jgaal

X F=X
0 1
1 0

(Logic Gates) dwiliid | willgud| 3-2
s gty JSH i asly Jase o dlaia dleny o5 Aasy 35S0 8500 8
e oY aamdsalls s SN sl Cladles oly (& aniigy daaly Ll
Al bl aaf zjde aladinl oSy 4l chuilaie Aad Liad 0 L)) 45l
«(Boolean logic) sl hidl sa UWle axaied) Ghidl (g al sl Jaas
Gaad )l Aylsll A SSN) 850 Aelia iy aad N il 8 Jany 53 Blaid) sa

33


http://ar.wikipedia.org/wiki/%D8%AF%D8%A7%D8%A6%D8%B1%D8%A9_%D8%A5%D9%84%D9%83%D8%AA%D8%B1%D9%88%D9%86%D9%8A%D8%A9
http://ar.wikipedia.org/wiki/%D8%AF%D8%A7%D8%A6%D8%B1%D8%A9_%D8%A5%D9%84%D9%83%D8%AA%D8%B1%D9%88%D9%86%D9%8A%D8%A9
http://ar.wikipedia.org/w/index.php?title=%D9%85%D8%AF%D8%AE%D9%84_%D9%85%D9%86%D8%B7%D9%82%D9%8A&action=edit&redlink=1
http://ar.wikipedia.org/w/index.php?title=%D9%85%D8%AF%D8%AE%D9%84_%D9%85%D9%86%D8%B7%D9%82%D9%8A&action=edit&redlink=1
http://ar.wikipedia.org/w/index.php?title=%D9%85%D8%AE%D8%B1%D8%AC_%D9%85%D9%86%D8%B7%D9%82%D9%8A&action=edit&redlink=1
http://ar.wikipedia.org/w/index.php?title=%D9%85%D8%AE%D8%B1%D8%AC_%D9%85%D9%86%D8%B7%D9%82%D9%8A&action=edit&redlink=1
http://ar.wikipedia.org/w/index.php?title=%D9%85%D8%AE%D8%B1%D8%AC_%D9%85%D9%86%D8%B7%D9%82%D9%8A&action=edit&redlink=1
http://ar.wikipedia.org/wiki/%D9%85%D8%B9%D8%A7%D9%84%D8%AC%D8%A9_%D8%A5%D8%B4%D8%A7%D8%B1%D8%A9
http://ar.wikipedia.org/wiki/%D9%85%D8%B9%D8%A7%D9%84%D8%AC%D8%A9_%D8%A5%D8%B4%D8%A7%D8%B1%D8%A9
http://ar.wikipedia.org/wiki/%D8%AD%D8%A7%D8%B3%D9%88%D8%A8
http://ar.wikipedia.org/wiki/%D8%AD%D8%A7%D8%B3%D9%88%D8%A8
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hla) s aS) Ve e Wil Lad oSa 805 sty clagd alaiiuly
Al e hal g ng (il s

Gllgs cand AN Al (e 232 e desas JSLa e Ble Ahiall il
oo gsind L Sl Ll plall (S daliall ilall eda (e aaly JS cdyblaia
Slea IS ok Akal (ol 5 il sy zhA) Sleas JADU ST S Sl
o gl A 1 5 0 a clasheall (e saaly Al 3oy el L 3 Jla)
panadi (Ka Julls @hAY) Slea e 1510 sa il slae 55l bl
Bye S 8 Al sang L gellas 3 o] @lassll 510 Llaal) e Al

: il | gl Elgui 42
e Syaall anlalll gally Asilaiall cillsd) £ 15 s (4-2) Jsaal

(4-2) Jgd
) ) . sl aad)
g5 Jaa JSd B.A om Jasa
Jada T
A B AANDB
- 0 0 0
AND A7 ou AB
0 |1 0
1 10 0
1 1 1
Jada (S
A B Aé)R
OR gj—out A+B 0 0 0
0 1 1
1 0 1
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http://ar.wikipedia.org/wiki/%D9%85%D8%A8%D8%AF%D9%84
http://ar.wikipedia.org/wiki/%D9%85%D8%A8%D8%AF%D9%84
http://ar.wikipedia.org/wiki/%D8%AC%D8%B2%D9%8A%D8%A6
http://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:Or-gate-en.svg
http://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:Or-gate-en.svg
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1 1 1
das | g
_ A NOT A
NOT A >o—au A . 1
1 0

Lagyall 350201 L (Inverter) oSlaly NOT g e Lo Wle cciling S 3

ol Ailaia 50 of ALl sl delill assiy (Bubble) delill e 45l ol

s Saa
INPUT  OUTPUT
A | B ANANDB
@) S 0 0 1
2 84 P AB 0 1 1
Z
1 0 1
1 1 0
INPUT | OUTPUT
A B | ANORB
0 0 1
D%: gjo—out A+B o T 1 5
1 0 0
1 1 0
INPUT | OUTPUT
A B | AXORB
0 0 0
é ‘;‘jD—out A®B 0 1 1
1 0 1
1 1 0
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http://ar.wikipedia.org/w/index.php?title=NAND_gate&action=edit&redlink=1
http://ar.wikipedia.org/w/index.php?title=NAND_gate&action=edit&redlink=1
http://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:Nand-gate-en.svg
http://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:Nand-gate-en.svg
http://ar.wikipedia.org/w/index.php?title=NOR_gate&action=edit&redlink=1
http://ar.wikipedia.org/w/index.php?title=NOR_gate&action=edit&redlink=1
http://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:Nor-gate-en.svg
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X= Mz.M4.M5.M5

Y = M3 . Me . M7

allly (T cppad oy oy ey o ) el LIS Jhgndd (Sar LS
PN

X =11M(2,4,5,6)

Y =1 M(3.,6,7)

SOl G o S S gl g e pa ikl il Gl gl
2l TT igpadd) oy pladinly husida sl g€l 3gaall j5a) pladinly huaida
S sV uiall 0 dedll e slall dgall Jsoa Sl 6 sl) (oS0 ag0al)
bl JEA 8 a3ld adde ey (A juanll A0S
X=(A+B+C)(A+B+C)(A+B+C)A+B+C)

=M2.M4.M5.M 6

=[1M(2,4,5,6)
Y=(A+B+C)(A+B+C)(A+B+C)(A+B+C)

= M3.M6.M7

~[IM(3,6.7)
dgaall Cigpae Bypa & omsSal el gyl dghid) 530 Ay & 13

tle Juasd (S0l
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o
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(NI ARNY
J
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N ANV RN
!

Qrall  aaa a3,k aladliuly ighidl  dasall sl :(31)  JGa
45y 438 Jgaad (sum of product)

AB| Z P terms| Z

00| 1 AB

01| 0 AB|Z=AB +AB
10| 0 AB

11] 1 AB

Qall  aax a3y, aladial dighid)  dagall ) :(32) JUia
il i e $45Y) 43840 Jgaad (sum of product)

ABC| Z R P terms min terms
000| O ABC My
001| O ‘ABC my
010/ O ABC m,
011 1 ABC ms
100| O ABC m,
101} 1 A BC ms
110| 1 ABC Mg
111 1 AB C m;
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doud dutet dbiy 3 0.1

Z=m3+ms+mg+my

s e il g0

= ABC+ ABC +ABC + ABC
=BC(A+A)+ABC + ABC

=BC + ABC + ABC

= C(B+BA) +ABC = C(B+A) +ABC
=CB +CA+ABC=CB + A(C+BC)
=CB + A(C+B)

=CB + AC +AB

ikl | gustuadd |

(product of gasdl Guua 48k aladiuly 4dhidl dipall sl :(33) Jla
T Aagall Jgaad sum)

Z | S.treams =——> Max terms AB
00| 1 (A+B) Mo
01| 0 (A+B) — M
10| © (A+B) — M,
11| 0 (A+B) « Ms
Z= M1 . Mz. M3
= (A +B)(A +B)(A +B)

(sum of

qrall par Ak aladtaly L) Al b :(34) Jba

:(product of sum) geall uxay product)
F(A,B,C) = T[( M2 , M3, Mg)

ABC| Z

000 | 1 mg
001 |1 m
010 | 0 m,
011 | 0 mg
100 [ 1 my
101 |1 ms
110 | 0 mg
111 11 my
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St detend Sy 3 0. b e il .0 . il | gestuad |

L pall @93-3&)5& N |
Z:= Mo+ My + My + Mg+ My
=ABC + ABC+ABC+ABC + ABC
= AB (C+C) +AB (C+C) + ABC
= AB +AB+ABC B
=B (A+A)+ ABC =B+BAC=B +AC
A
=D
C F Z
saand) qupda 4y ok 2

Z= MZ. Mg. Ms
=(A+B +C)(A+B+C)(A+B+C)
-(A+B+C)( A+B+C )(A +B+C ) A+B+C)
—(AA +BA+CA+AB+BB+CB+AC+B C+CC)
=(A+B A+CA+A B+B+CB+AC +BC)
=(A(1+B+C+B+C)+B(1+C+C))

=(A+B )(AA+BA+EAL +AB+B B+CB +AC+BC+CC)
=(A+B)(BA+CA+AB+B +CB+A C+BC+C)
=(A+B)(B (A+A+1+C+C)+C(A+A+1))

=(A+B)(B+C)

A
B

D=

C

L

cqupdal) gan 5 Ajlia ST saaly Aulgs gaall i Ayl ke,
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Dt deted by 3 0. b e il .0 . il | gestuad |

g,a'lﬂ\ Jadll 5l
g JS Alalall 358l ac) aa A9 fuall A8l Jgaa i) (1
a) XYZ +XYZ
b) A(BC + BC)
c¢) A[(B+C) +C)
d) (A+B)(A+C)(A+B)

A ol laysa g2 i 3k (2
a) A(B+C)
b) AB(C+D)
¢)(A+B+C+D)+AB
d) A+B[AC + (A +C)

1Ay Adhiall ilgall A88aY) Jgaa qis) (3

1 A —p) 3 A
¥ A
B —i E
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dout et Sy 3 0./ b e il .0 .

il | il

4
A
A4.|>a—pv
B

||
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dout et Sy 3 0./ b e il .0 . il | gestmadd |

:AY) Agihaial) yifgall ARSaY Jgaa s (4

4, N

A Pt
' L =N
et TR
B—H S0—
3
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7. A

o
) =D

tqudal) gea A A jaall Ja (5
a) (A+B) (C+D)
b) (A+C) (ABC+ACD)
c) A+B [AC+ (B+C)D)
A5 Ll sl Anall Aalall 55040 anay) (6
a) F= AB(C +D)
b) F=A+B[C+D(B+C)
c) X=A[BC(A+B+C+D)
d) X = ABC + B(EF +G)
e) X = B(CDE + EFG)(AB +C)
A Ll el sl Jauy (7
a) ABCD + AB(CD)+ABCD
b) XY(XYZ+XYZ+XYZ)
A @hlall Ldlsd) dapal) quis) (8
a) XislonlyifAislandBis1orif A=0and B=0.
b) X =0 if any three variables A, B, C are 1’s.

1A Ll gl Al oy (9
a) F(x,y,2) = 2(2,3,6,7)
b) F(A,B,C,D,E) = X(4,15,20,23,31)
¢) F(A,B,C) =11(1,4,5,7)
d) F(A,B,C,D) = £(0,2,5,7,8,10,13,15)
e) F(A,B,C) =T11(1,4,7)
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