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Chapter one

1- Number system and codes

Aac Y 4alsi

The binary number system and digital codes are fundamental to computers and to digital
electronics in general. The binary number system and its relationship to other number systems
such as decimal, hexadecimal, and octal has presented. Arithmetic operations with binary
numbers have covered to provide a basis for understanding how computers and many other
types of digital systems work.

4, pdall 322Y) 1.1 DECIMAL NUMBERS

We are familiar with the decimal number system because we use decimal numbers every
day. The decimal number system has ten digits, 0 through 9. Represent a certain
Therefore, these digits not limited because used in different position. As shown in example
below.

2025 Year One

For example

2X10 + 3X]

ik l
20 + 3
=

The position of each digit in a decimal number indicates the magnitude of the quantity
represented and could assign a weight. The weights for whole numbers are positive powers of
ten that increase from right to left, beginning with 10° = 1.

L 100 100 107 107 10" 100

For fractional numbers, the weights are negative powers of ten that decrease from left to right
beginning with 10!,

10 10" 10%107 " 1072 1072, ..

L pecimalr
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Example:

2025 Year One

Express the decimal number 568.23 as a sum of the values of each digit.

The whole number digit 5 has a weight of 100. which is 10°. the digit 6 has a weight
of 10. which is 10", the digit 8 has a weight of 1, which is 10", the fractional digit 2
has a weight of 0.1, which is 10", and the fractional digit 3 has a weight of 0.01,
which is 1072

56823 = (5 X 107) + (6 X 10") + (8 X 10°) + (2 x 107") + (3 X 107?)
=(5X100) + (6 X 10) + (8 X 1) +(2x0.1) + (3 X001
= 500 + 60 + 8 + 02 + 0.3

45U Jlae Y112 BINARY NUMBERS

The binary number has only two digits (bits) 1 and 0.

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 have based on power of two.

| 2UMECR | einary numees
NUMBER BINARY NUMBER
O O O O O
1 (8] O O 1
= (8] O L O
= O O L 1
P O 1 (8] O
o (8] 1 O 1
(&3 O 1 1 O
iy O 1 1 1
B 1 O O O
o 1 (e} (e} 1
10 1 O 1 O
11 L O 1 1
12 1 1 O (e}
13 I 1 O 1
14 1 1 1 (e}
LS 1 1 1 L

As we have seen in Table above, four bits are required to count from zero to 15.

In general, with n bits we can count to a number equal to 2"-1

Largest decimal number count = 2"-1

With six bits (n = 4) you can count from zero to sixty-three.

2%-1=16-1=15
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A binary number is a weighted number. The right most bit is the LSB (least significant bit) in
a binary whole number and has a weight of 2° = 1. The weights increase from right to left by
a power of two for each bit. The left most bit is the MSB (most significant bit).

Frictional numbers can be represents in binary by placing bits to the right of the
binary point. The left-most bit is the MSB in a binary fractional number, the fractional
weights decrease from left to right by a negative power of two for each bit.

Figure below show the weights of binary fraction number where n is the number of
bits from the binary point.

A S O D R
1\—Binarypoin‘t

Binary weight table as shown below

POSITIVE POWERS OF TWO NEGATIVE POWERS OF TWO
(WHOLE NUMBERS) (FRACTIONAL NUMBER)

20 24 23 2-3 24 2-5
256 128 64 32 16 8 4 2 1 112 1/4 1/8 1/16 1732 1/64
0.5 0.25 0.125 0.0625 0.03125 0.015625

1.3 OCTAL NUMBERS 4:ilall) 3)aeY)

The octal number system is composed of eight digits, which are

01,23,45,6,7

Each octal number can be represented by three digits only 000 to 111
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1.4 HEXADECIMAL NUMBERS & udbud) 3)acY)

The hexadecimal number system consists of digits 0-9 and letters A-F.

DECIMAL

BINARY

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

HEXADECIMAL

MO OE > 0o unawn-Cc
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Ay Jgad Conversion between systems
e Decimal —to- binary conversion. . (A s dal) Jygad
We have two method discussed below
1. Sum-of-Weights Method 2ae¥) &) 35} g
One way to find the binary number that is equivalent to a given decimal number is to
determine the set of binary weights whose sum is equal to the decimal number.
Example:
Convert the following decimal numbers to binary:
(a) 12 (b) 25 (c) 58 (d) 82
(a) 12=8+4=2"4+2 > 1100
B 25=16+8+1=2"4+2+2° y 11001
(€)38=32+16+8+2=25+20423+7 111010
(@ 82=64+16+2=20+2"+2! > 1010010

2. Repeated Division-by-2 Method 2 s daudll 43,
To get the binary number for a given decimal number, divide the decimal number by 2 until
the quotient is zero. Remainders form is the binary number.

Examples below explain the process for more detail.

Examples :

R
[ as

> = 22 1
12 |
—=0 0
QL_[ 22—2= 11 o
6
-1 B =5 1
3 = 1

T
i

[

O

. L

Fi
\g

=
]
- L
o;‘

gl
N_(TN
|
«
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e Converting Decimal Fractions -to Binary Sl ) ¢ dal) jgus Jygal
An easy way to remember fractional binary weights is that the most significant weight is 0.5,

which is 271 and that by halving any weight, you get the next lower weight; thus a list of four
fractional binary weights would be 0.5, 0.25, 0.125, 0.0625.

1. Sum-of-Weights¢)) ) s¥) e
The sum-of-weights method could apply to fractional decimal numbers, we determine

the fraction binary wait whose sum equal to decimal number as shown in the

following example:

0625=05+0125=2""4+273=0.101
Example:

Thereis a 1 in the 2" position, a 0 in the 2~ position, and a 1 in the 2 position.

Repeated Multiplication by 23le¥) @ & sals)
As you have seen, decimal whole numbers can be converted to binary by repeated division

by 2. Decimal fractions can be converted to binary by repeated multiplication by 2, the carry
digits are the binary number we stop multiplication when the fraction part of multiplication

equal to zero For example,

Carry LR
|

03125 X2 =10.625 U‘T

062x2=12 1

—_

|

025X2=050 0

|

0.50X2=1§g 1

Continue to the desired number of decimal plaCct:J
or stop when the fractional part is all zeros.
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Binary-to-Decimal Conversions sés A AU Jigal

The decimal value of any binary number can be founds by adding the weights of all bits that
are 1 and discarding the weights of all bits that are zero. Examples below more detail to

conversion.

Examplel:

Convert the binary whole number 1101101 to decimal.

Determine the weight of each bit that is a 1, and then find the sum of the weights o
get the decimal number.

Weight: 2° 25 24 23 22 2! 20

Binary number: 1 1 0 1 1 0 1
1101101 = 2% + 2° 4+ 2% + 22 4 2°
=64 +32+8+4+1=109

Example2:

Solution

Convert the fractional binary number 0.1011 to decimal.

Determine the weight of each bit that is a 1, and then sum the weights to get thb
decimal fraction.
Weight: =l o
Binary number: 0. 1 0
0.1011 = 27" + 273 + 27°

273 274
1 1

= 0.5 + 0.125 + 0.0625 = 0.6875

Decimal-to-Octal Conversion :~kai A g pdad) Jigad

A method of converting a decimal number to an octal

Example

number is the repeated division-by- 8

359
8

44
=55 ——305X8= 4-

=0.625 —>0625 X 8= 5 —\I’

-

T

00| h

=44 875 >0875 X 8= 7 ———

47

Octal-to-Decimal Conversions sée A (Sl Jogal

The evaluation of an octal number in terms of its decimal equivalent has accomplished by multiplying

each digit by its weight and summing the products.

2374, = (2 x 8) + (3x8) +(7X

1024+ 192 + 56

=(2X512)+ (3X64)+(TX8) + (4X1)

8) + (4 x 8"

+ 4 = 1276
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Decimal to Hexadecimal Conversion sds (uibu (A (5 ydal) Jisas

Repeated division of a decimal number by 16 will produce the equivalent hexadecimal
number, formed by the remainders of the divisions. The first remainder produced is the least
significant digit (LSD). Each successive division by 16 yields a remainder that becomes digit in
the equivalent hexadecimal number. Note that when a quotient has a fractional part, the
fractional part has multiplied by the divisor to get the remainder.

Convert the decimal number 650 to hexadecimal by repeated division by 16.

Hex cimal

nainde)

650 )
?' =40.625 50625 X 16=10= A
)
%=2.5-—>U.5X16=S= 8
i_l
2
-=0.125 —0.125 X 16 =2 = 7)
16 ’ 1
Stop when whole numt 2

quotient 18 Zzero | |

Hexadecimal-to-Decimal Conversion e A e (wiled) Jigad

One way to find the decimal equivalent of a hexadecimal number is to first convert the
hexadecimal number to binary and then convert from binary to decimal.

Convert the following hexadecimal numbers to decimal:

(a) 1C (b) AB56

ion  Remember, convert the hexadecimal number to binary first, then to decimal.

S S S

TOT0T000010T = 2'" + 29 + 27 + 22+ 2° = 2048 + 512 + 128 + 4 + | — 2693,,

Another way to convert a hexadecimal number to its decimal equivalent is to multiply

The decimal value of each hexadecimal digit by its weight and then take the sum of these
products, the weights of a hexadecimal number are increasing powers of 16 (from right to
left). For a 4-digit hexadecimal number, the weights are

163 1672 16! 16°
4096 256 16 1

Example:
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Convert the following hexadecimal numbers to decimal:
() ES;  (b) B2FRyg
tion  Recall from Table 2-3 that letters A through F represent decimal numbers 10 through
[5, respectively.
(@) ESg=Ex16)+ (5x1)=(14x16)+ (5x1) =224 +5=229,,

(b) B2F8,; = (B X 4096) + (2 X 256) + (FXx 16) + (8 X 1)
= (11 X 4096) + (2 X 256) + (15 X 16) + (8 X 1)
= 45056 + SI2 + M0+ 8 =45816,

Binary-to-Octal Conversion i ) AU JissSof a binary number to an octal number is the

reverse of the octal-to-binary conversion

Example

Convert each of the following binary numbers to octal:

(a) 110101 (b) 101111001 (c) 100110011010 (d) 11010000100
Solution  (a) 110101 (b) 101111001
1 1 J L |l
6 5= 65 5 7 1 =571,
(©) 100110011010 (@) 011010000100
dowds db L Al db G
4 6 3 2=4632 3 2 0 4=3204,

Octal-to-Binary Conversion (A ) AU Jygas : Because each octal digit can be represented

by a 3-bit binary number,

OCTAL DIGIT 0 1 2 =4 4 5 6 7
BINARY 000 001 010 011 100 101 110 111

Example:

Convert each of the following octal numbers to binary:

(a) 134 (b) 254 (c) 140, (d) 75264
Solution (a) 1 3 (b) 2 5 €W 1 4 0 ) 7 5 2 6
44 1 1 1 11 N A
001011 010101 001100000 111101010110
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Converting a binary number to hexadecimal is a straightforward procedure. Simply break the
binary number into 4-bit groups. Starting at the right-most bit, replace each 4-bit group with

the equivalent hexadecimal symbol.

Convert the following binary numbers to hexadecimal:

(a) 1100101001010111 (b) 111111000101101001

() 1100101001010111 (b) 00111111000101101001
L[ [ d e e
C A 5 7 =CA57, 3 F 1 6 9 =3F169,

Two zeros have been added in part (b) to complete a 4-bit group at the left.

Hexadecimal-to-Binary Conversion (il J) jde (udbad) Jigas

To convert from a hexadecimal number to a binary number, reverse the process and replace

each hexadecimal symbol with the appropriate four bits.

Example:
Determine the binary numbers for the following hexadecimal numbers;

(@) 10Ads  (b) CFRE,,  (c) 9742,
@1 0 A 4 ®MCTF S8 E (@©9 7 42

a2 3 et L B aeE
1000010100100 1100111110001110  1001011101000010

In part (a), the MSB is understood to have three zeros preceding it, thus forming a 4-
bit group.

Octal to Hexadecimal Conversion & (i) ) (Jlall) S gali

To convert the octal to hex number by the fallowing steps

1- Convert the octal number to binary
2- Make group 4 digit and we add 0 to MSB
3- Convert the number to Hex

Example: convert 7545 to Hexadecimal number

Octal 7 5 4

Binary 00( 111 101 100 )
0001 1110 1100

HEX (1 E C)is

10
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Hexadecimal to Octal Conversion (Sl ) jée Gualad) Jigal

To convert the hex number to octal by

1- Convert the Hex number to binary

2-

Make group for 3 digit and add 0 to MSB

3- Convert the number to octal

Example: convert the Hex (FD4):¢to octal

(F D 4)
(1111 1101 0100)
(111 111 010 100)

(7 7 2 4)s

Seven segment display : powd) aludly) 4&LE

arrangement of segments.

1034950

FIGURE 4 : Display of decimal digits with a 7-segment device.

§ b FIGURE 3: Seven segment display formar showing

189

a a a
Do0—D b h aS—
Co——|C c c If I“‘
d d Yo
Ao—A f . P )
- CLOCK 9 9
BCD to 7 Segment f-Segment
Decoder LED Display

11
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BINARY ARITHMETIC

Binary Addition (<5l e
The four basic rules for adding binary digits (bits) are as follows:

O + O = O Sum of O with aa carry ol O
O+ 1 — 1 Sum of 1 with a carry of O
i + 0 = 1 Sum of 1 with a carry of O
1 + 1 = 10 Sum of O withh aa carry of' 1

When there is a carry of 1, you have a situation in which three bits are being added (bit in
each of the two numbers and a carry bit). This situation has illustrated as follows:

Carry bits
1 +0+ 0= 01 Sum of 1 with a carry of O
1 + 1+ 0= 10 Sum of O with a carry of 1
1 + 0+ 1 10 Sum of O with a carry of 1
1 +1 +1 =11 Sum of 1 with a carry of 1

Example: Add the following binary numbers:
(@) 11+11 (1) 100+10  (¢) 111+11  (d) 110+ 100
Solution  The equivalent decimal addition is also shown for reference.
(a) 11 3 (b) 100 4 (c) 111 7 (d) 110 6
F11 +£3 +10 2 +11 3 +100  +4
110 6 110 6 1010 10 1010 10

Addition in octal (Sl aea

When we add two octal number if greater than 7 we subtract 8 from result digit

Example:
71
+47
140
1+7 =8 >7 than 8-8=0 with carry 1

7+4+1 =12 >7 than 12-8 =4 with carry 1

12
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Hexadecimal Addition : & guilud) 2eause the following rules;

1. In any given column of an addition problem, think of the two hexadecimal digits
in terms of their decimal values. For instance, 5,5 = 5,5 and C;, = 12,,.

2. If the sum of these two digits is 15, or less, bring down the corresponding
hexadecimal digit.

3. If the sum of these two digits is greater than 15, bring down the amount of the
sum that exceeds 16,5 and carry a 1 to the next column.

Example:

Add the following hexadecimal numbers:

(a) B+ 16, (b)) B +22 (c) 2B+ 84,  (d) DF,, + AC,

Solution (a) 23 rightcolumn: 3,0+ 6,6= 3,0+ 6,0=9,0= 9
16, leftcolumn: 2, + 1y =2,+ 1,y =3, =3,
39,

(b) 58  rightcolumn: 8+ 2 =8+ 2= 10, = Ay
ﬂ IEf[ COlllmIlZ 5[6 + 2|6 = 5|0 + 210 = 710 = 71(‘,
1A,

(€ 2Bj; rightcolumn: By +4) =11, +4,,=150=Fy
4'_8% ]Eft COIUITI]’I 216 1 8]6 : 2[0 + 8]0 = 10](] = Am

AFjg
(d) DFK] l'lghl Cohlmn: F]ﬁ + C](j = 1510 + 1210 = 27[“
+ACy, 21,0— 16,g=11;,= B witha | carry

188, leftcolumn: Dy + A, + 1, =13+ 10,0+ 1= 24,
2410 N ]610 = 8[[} = gm Wltha ] Carfy

13
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1-3-2 : COMPLEMENTS:

1'S AND 2'S COMPLEMENTS OF BINARY NUMBERS

The I's complement and the 2's complement of a binary number are important because they
permit the representation of negative numbers. The method of 2's complement arithmetic
has commonly used in computers to handle negative numbers.

Finding the 1's Complement

10110010 Binary number
The 1's complement of a binary LiLtiLll

number were found by changing all

15 to 0s and all Os to 1s, 01001101 1I’s complement

As illustrated:

The 2' s Complement

2's complement = (1's complement) + 1

Example:

Find the 2’s complement of 10110010.

0 10110010 Binary number
01001101 1's complement
+ 1 Add 1

01001110 2's complement

An alternative method of finding the 2's complement of a binary number is as follows:
1. Start at the right with the LSB and write the bits as they are up to and including the first 1.

2. Take the 1's complements of the remaining bits.

Find the 2's complement of 10111000 using the alternative method.

olutiol 10111000 Binary number
s complement: —> 01001000  2’s complement

of original bits— | ”Lw
— These bits stay the same

14
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15t And 2" complement in decimal

Express the decimal number —39 as an 8-bit number in the sign-magnitude. 1°s
complement, and 2’s complement forms.

Solution  First, write the 8-bit number for +39.
00100111

In the sign-magnitude form. —39 is produced by changing the sign bit to a 1 and
leaving the magnitude bits as they are. The number is

10100111

In the 1's complement form, —39 is produced by taking the 1’s complement of +39
(001001 11).

11011000

In the 2°s complement form, —39 is produced by taking the 2’s complement of +39
(00100111} as follows:

11011000 1's complement
+ 1
11011001  2's complement

15t And 2" complement in hexadecimal number

Method 1.  Convert the hexadecimal number to binary. Take the 2’s complement of
the binary number. Convert the result to hexadecimal. This is illustrated

in Figure 2-4.
Hexadecimal Binary o fu:m_piemenl 2.’5 complcment
in binary in hexadecimal
Example:
2A 00101010 11010110 D6
FIGURE 2-4

Getting the 2's complement of a hexadecimal number, Method 1.

15
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Method 2. Subtract the hexadecimal number from the maximum hexadecimal num-
ber and add 1. This is illustrated in Figure 2-5.
i I's complement 5
Hexadecimal S”b_n ot in hexadecimal - CO]‘}'lpl(.‘.‘l.'l‘lC-nt
maximum in hexadecimal
plus 1
Example:
2A FF-2A D5+ 1 - D6
FIGURE 2-5
Getting the 2's complement of a hexadecimal number, Method 2.
Method three :
I’s complement
. 0123456789ABCDEF . . 2’s complement
Hedant FEDCBA9876543210 = he;ﬁi‘*f"“a‘ in hexadeciml
Example:
012“345 9AlBCDEF b
2 FEECBA 6B432]U e ~
L FIGURE 2-6
Getting the 2's complement of 3 hexadecimal number, Method 3.

16
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Binary Subtraction (S5l das) 7 jh

Subtraction is addition with the sign of the subtrahend changed, and adds it to the minuend.
The result of a subtraction has called the difference.

To subtract two signed numbers, take the 2's complement of the subtrahend and add.

Discard any final carry bit.

Example:

Solut

ion

Perform each of the following subtractions of the signed numbers:
(a) 00001000 — 00000011 (b) 00001100 — 11110111
() 11100111 — 00010011 (@) 10001000 — 11100010

Like in other examples, the equivalent decimal subtractions are given for reference.
(a) Inthiscase,8 —3=8 +(—3)=5.

00001000 Minuend (+8)
+ 11111101 2’s complement of subtrahend (—3)

5 1 00000101  Difference (+5)
(b) In this case, 12 — (—9) = 12 + 9 = 21.

00001100 Minuend (+12)
+ 00001001 2’s complement of subtrahend (+9)
00010101 Difference (+21)

(¢) In this case, —25 — (+19) = —25 + (—19) = —44.

11100111 Minuend (—25)
+ 11101101 2’s complement of subtrahend (—19)

— 1 11010100 Difference (-44)

Lhscard carry

discard carry
(d) In this case, —120 — (—30) = —120 + 30 = —90.
10001000 Minuend (—120)

+ 00011110 2’s complement of subtrahend (+30)
10100110 Difference (—90)

17
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Multiplication @<

The sign of the product of a multiplication depends on the signs of the multiplicand and

the multiplier according to the following two rules:
If the signs are the same, the product is positive.
If the signs are different, the product is negative.

The basic steps in the partial products method of binary multiplication are as follows:
Step 1. Determine if the signs of the multiplicand and multiplier are the same or different.

This determines what the sign of the product will be.

Step 2. Change any negative number to true (uncomplemented) form. Because most
computers store negative numbers in 2's complement, a 2's complement operation is

required to get the negative number into true form.

Step 3. Starting with the least significant multiplier bit, generate the partial products.
When the multiplier bit is 1, the partial product is the same as the multiplicand.
When the multiplier bit is 0, the partial product is zero. Shift each successive partial product

one bit to the left.

Step 4. Add each successive partial product to the sum of the previous partial products

to get the final product.

Step 5. if the sign bit that was determined in step 1 is negative. Take the 2's complement
of the product. if positive. Leave the product in true form. Attach the sign bit to the

product.
Multiply the signed binary numbers: 01010011 (multiplicand) and 11000101
(multiplier).
Solution  Step 1:  The sign bit of the multiplicand is O and the sign bit of the multiplier is 1.
The sign bit of the product will be 1 (negative).
Example Step 2: Take the 2’s complement of the multiplier to put it in true form.
Example

11000101 —— 00111011

Steps 3 and 4: The multiplication proceeds as follows. Notice that only the
magnitude bits are used in these steps.

1010011
X 0111011
1010011
+ 1010011
11111001
+ 0000000
011111001
+ 1010011
1110010001
+ 1010011
100011000001
+ 1010011
1001 100100001
+ 0000000
1001100100001

Step 5:
complement of the product.

Attach the sig

Since the sign of the product is a 1 as determined in step 1, take the 2’s

1001100100001 ——— 0110011011111

——> 1 0110011011111

Multiplicand
Multiplier

1st partial product
2nd partial product
Sum of 1st and 2nd
3rd partial product
Sum

4th partial product
Sum

5th partial product
Sum

6th partial product
Sum

7th partial product
Final product

18
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Division 4awdl)

The numbers in a division are the dividend, the divisor, and the quotient. These are illus-
trated in the following standard division format.

dividend

divisor

= quotient

The sign of the quotient depends on the signs of the dividend and the divisor according to
the following two rules:

If the signs are the same, the quotient is positive.

If the signs are different, the quotient is negative.

When two binary numbers are divided, both numbers must be in true (uncomplememed)
form. The basic steps in a division process are as follows:

Step 1. Determine if the signs of the dividend and divisor are the same or different.

This determines what the sign of the quotient will be. Initialize the quotient to zero.
Step 2. Subtract the divisor from the dividend using 2's complement addition to get the
first partial remainder and add 1 to the quotient. If this partial remainder is positive, go to
step 3. If the partial remainder is zero or negative, the division is complete.

Step 3. Subtract the divisor from the partial remainder and add 1 to the quotient. If the

result is positive, repeat for the next partial remainder. If the result is zero or negative, the
division is complete.

Example Divide 01100100 by 00011001,

ution  Step 1: The signs of both numbers are positive, so the quotient will be positive. The
quotient is initially zero: 00000000.

19
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Step 2:  Subtract the divisor from the dividend using 2°s complement addition
(remember that final carries are discarded).
01100100 Dividend
+ 11100111 2’s complement of divisor
01001011 Positive 1st partial remainder
Add 1 to quotient: 00000000 + 00000001 = 00000001.
Step 3: Subtract the divisor from the 1st partial remainder using 2’s complement
addition.
01001011 1st partial remainder
+ 11100111 2’s complement of divisor
00110010 Positive 2nd partial remainder
Step 4:  Subtract the divisor from the 2nd partial remainder using 2’s complement
addition.
00110010 2nd partial remainder
+ 11100111 2’s complement of divisor
00011001 Positive 3rd partial remainder
Add 1 to quotient: 00000010 + 00000001 = 0000001 1.
Step 5:  Subtract the divisor from the 3rd partial remainder using 2’s complement
addition.
00011001 3rd partial remainder
+ 11100111 2’s complement of divisor
00000000 Zero remainder
Add 1 to quotient: 00000011 + 00000001 = 00000100 (final quotient). The
process is complete.

20
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Chapter two

e BINARY CODED DECIMAL (BCD): Sl yila 5 e alka

The 8421 code is a type of BCD (binary coded decimal) code. Binary coded decimal means
that each decimal digit, 0 through 9, is represented by a binary code of four bits.

DECIMAL DIGIT

0 1 2 3l 4 5] 6 7 8 g

BCD 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001
Example: Convert each of the following decimal numbers to BCD:
(a) 35 (b) 98 () 170 (d) 2469
Solution (a) 3 5 b 9 8
. LN
00110101 10011000
0 1 7 0 d 2 4 6 9
Lo L o4
000101110000 0010010001101001

2e¥) £eaBCD Addition

Step 1. Add the two BCD numbers, using the rules for binary addition.

Step 2. If a 4-bit sum is equal to or less than 9, it is a valid BCD number.

Step 3. If a 4-bit sum is greater than 9, or if a carry out of the 4-bit group is generated, it is an

invalid result. Add 6 (0110) to the 4-bit sum in order to skip the six invalid states and return

the code to 8421. If a carry results when 6 is added. simply add the carry to the next 4-bit

group.

Examples

(d) 0100 0101 0000 450
+0100 0001 Of1  +417
1000 0110 0111 867

(a) 1001 9
+ 0100 +4
1101 Invalid BCD number (>9) 13
+ 0110 Add 6
0001 0011 Valid BCD number
1) )
1 g
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Exess 3: 368 3 S|

The Excess—3 code also uses 4 bits to represent the decimal numbers 0 through 9 and these are
shown in the Table 4.2.

TABLE 4.2 The Excess—3 code

Decimal Excess—3
0 0011
1 0100
2 0101
3 0110
4 0111
5 1000
6 1001
7 1010
8 1011
9 1100

The Excess-3 Code derives its name from the fact that each decimal representation in Excess—3
code is larger than the BCD code by three. The advantage of the Excess—3 code over the BCD
code is that the Excess—3 code is a self~complementing code as illustrated below.
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e The Gray Code 358 AwsSzias dd
The Gray code is un weighted and is not an arithmetic code; that is, there are no specific

weights assigned to the bit positions.

DECIMAL  BINARY GRAY CODE | DECIMAL  BINARY  GRAY CODE |
0 0000 0000 8 1000 1100
1 0001 0001 9 1001 1101
2 0010 0011 10 1010 1111
3 0011 0010 1 1011 1110
4 0100 0110 12 1100 1010
5 0101 ot11 13 101 1011
6 0110 0101 14 1110 1001
7 o111 0100 15 (il 1000

Binary-to-Gray Code Conversion 4wsSaiall 5 8l as8 I AU Jogad

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

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

For example, the conversion of the binary number 10110 to Gray code is as follows:

1- > =t — | —-F =2 ]— F =0 Binary
l ! . . l
1 il | 0 1 Gray
The Gray code is 11101.
Gray-to-Binary Conversion 4wsSaiall 3 Jadl) 368 A AUEYN Jygad

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

2. Add each binary code bit generated to the Gray code bit in the next adjacent
position. Discard carries.

For example, the conversion of the Gray code word 11011 to binary is as follows:

] | 0 1 l Gray
: an [y s
170 o7 17 w0 Binary

The binary number is 10010.
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Parity code (2lall cull

A given system operates with even or odd parity, but not both. For instance, if a system
operates with even parity, a check is made on each group of bits received to make sure the
total number of 1s in that group is even. If there is an odd number of 1s, an error has occurred.

As an illustration of how parity bits are attached to a code, Table 2—10 lists the parity bits
for each BCD number for both even and odd parity. The parity bit for each BCD number is
in the P column.

¢ TABLE 2-10
The BCD code with parity bits.
0 0000 I 0000
1 0001 0 0001
| 0010 0 0010
0 0011 1 0011
I 0100 0 0100
0 0101 l 0101
0 0110 I 0110
1 011 0 0111
I 1000 0 1000
0 1001 1 1001

The parity bit can be attached to the code at either the beginning or the end, depending
on system design. Notice that the total number of s, including the parity bit, is always even
for even parity and always odd for odd parity.
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Chapter three
Boolean algebra (sl Jaad)

e |INVERTER

Standard logic symbols for the inverter are shown in Figure below:

P
—>—

Inverter Truth Table (Skall 44 55 d88a) J gaa

When a HIGH level is applied to an inverter input, a LOW level will appear on its output. When a
LOW level is applied to its input, a HIGH will appear on its output.

INPUT OUTPUT
LOW (0) HIGH (1)
HIGH (1) LOW (0)

logic Expression for an Inverter

In Boolean algebra, which is the mathematics of logic circuits the operation of an inverter
(NOT circuit) can be expressed as follows: If the input variable is called, A and the output

variable is called X, then
X = E i | >O F A

o AND GATE 45
An AND gate produces a HIGH output only when all of the inputs are HIGH, otherwise any of
the inputs is LOW or both low, the output is LOW.

| ‘7 X5
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AND Gate Truth Table 4&dal) Jgaa

The total number of possible combinations of binary inputs to a gate is determined by the

following formula:

N=2"

The operation of a 2-input AND gate can be expressed in equation form as follows: If one
input variable is A, the other input variable is B, and the output variable is X, then the

Boolean expression is

X=A.B

e ORGATE ¥l 4l
An OR gate symbol as shown in figure

OR Gate Truth Table _s¥! 43l 51 488ad) J gaa

INPUTS OuUTPUT
A 8 X
0 0 0
0 1 0
1 0 0
I: 1 1
1 = HIGH, 0 = LOW

A
X
B

For a 2-input OR gate, output X is HIGH when either input A or input B is HIGH, or when both
A and B are HIGH; X is LOW only when both A and B are LOW.

INPUTS
A B
O 0
0 |
1 0
1 |

ouTPuT
X

_— = =

1 = HIGH, 0 = LOW

Logic Expressions for an OR Gate ¥ 43 sl Ahaial) aw i

The logical OR function of two variables is represented mathematically by a (+) between the

two variables, for example, A + B.

NAND GATE &) 43 g

26
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The term NAND is a contraction of NOT-AND and implies an AND function with a
complemented (inverted) output.

A
B —

A —
B

Operation of a NAND Gate

For a 2-input NAND gate, output X is LOW only when inputs A and B are HIGH,;
Xis HIGH when either A or B is LOW, or when both A and B are LOW.

Logic Expressions for a NAND Gate

INPUTS OUTPUT
A B X
0 0 1
0] 1 1
1 0] 1
1 1 0

1 = HIGH, 0 = LOW.
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NOR GATE

The NOR is the same as the OR except the output is inverted.

For a 2-input NOR gate, output X is LOW when either input A or input B is HIGH, or when
both A and B are HIGH; X is HIGH only when both A and B are LOW.

INPUTS QUTPUT
Logic Expressions for a NOR Gate st -
0 0 i
The Boolean expression for the output of a 2-input NOR gate can be written e . ! .
1 0 0
X=4+3 i g
1 = HIGH, 0 = LOW.

e Exclusive-OR Gate
Standard symbols for an exclusive-OR (XOR) gate is shown in Figure

A
. —

Output X is HIGH when input A is LOW and input B is HIGH, or when input A is HIGH and
input B is LOW: X is LOW when A and B are both HIGH or both LOW.

INPUTS ouTPUT
A B X
0 0 O
O 1 1
1 (8] 1
1 1 O

e Exclusive-NOR Gate
Standard symbols for an exclusive-NOR (XNOR) gate are shown in Figure
Output X is LOW when input A is LOW and input B is HIGH, or when A is HIGH and B is LOW;
X is HIGH when A and B are both HIGH or both LOW.

INPUTS OuUTPUT

A B X

0 0 1

0 1 0 >o— X
1 0 0

1 1 1
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e LAWS AND RULES OF BOOLEAN ALGEBRA
Laws of Boolean Algebra
. Commutative La The commutative law of addition for two variables is written as
Equation 1
A+B=B+A
Equation 2 The convntative law of multiplication for two variables is
AB = BA

LH

: 3

Equation 3

' |

A (B C)= (A f By L

s The associative law of addition is written as follows for three variables:

;

Equation 4

A(BC) = (AB)C

The associative law of multiplication is written as follows for three variables:

|

Equation 5

A(B + C)=AB + AC

The distributive law is written for three variables as follows|

o

Rules of Boolean algebra
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Table below lists 12 basic rules that are useful in manipulating and simplifying Boolean
expressions.

LA+0=4 7.A-A=A
2A+1=1 8.A-A=0

34-0=0 9.4 = A

4A-1=A 10.A+AB=4A
5.A+A=A 1.LA+AB=A+B
6A+A=1 2.4+ BJA+C)=A+BC
A, B, or C can represent a single variable or a combination of variables.

Rule 1. A+0=A: Avariable OR with 0 is always equal to the variable.

il e
X= X=0
0 0

X=A+0=A

Rule2. A+1 =1 :Avariable OR with 1 is always equal to 1.

A=l A=0
. X= l X=1

X=A+1=1

Rule 3. A.0=0 Avariable AND with 0 is always equal to 0.

ARl A=0
X=0 X=0
T — 0 ——

X=A+0=0

Rule 4. A.1=A :Avariable AND with 1 is always equal to the variable.

=) { A=1 {
1 1
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Rule7. A. A =A: Avariable AND with itself is always equal to the variable.
A variable ORed with its complement 1s always equal to 1

Rule6.A+ A =1
4 — A=1

A=0
X =
A=0 A =1 {
y X =0 X —
A =0 A =1 1
X=.A4 A=A

Rule 8. A-A =0 A variable ANDed with its complement is always equal to 0.

A=1 —— A=0 ]
X =0 X =0
A=1 ——
1 1 =0

A =0
X

Rule 9. A = A The double complement of a variable is always equal to the variable.

Rule 10. A+ AB=A This rule can be proved by applying the distributive law, rule 2, and
rule 4 as follows:
l A
B E
|

A + AB = A(l + B) Factoring {distributive law)
Rule 2: (1 + B) = 1
4 _slmighl connection

=A-1
= A Rule4: A-1 = A
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= AA + AB + AA + AB Rule 8: adding AA = 0
=(A+ A)A + B) Factoring

=1-(A + B) Rule6: A + A = 1
=A+B Rule 4: drop the 1

A — Rule 11. A+ AB = A + B This rule can be proved as follows:
A+ AB = (A + AB) + AB Rule 10: A = A + AB
B = (AA + AB) + AB Rule 7: A = AA
Y
L
B

Rule 12. (A + B){A+ C) = A + BC This rule can be proved as follows:

A
B_
} (A + B)(A + C) = AA + AC + AB + BC Distributive law
=A+AC+ AB + BC RuleT:AA = A
8 = A(1 + C) + AB + BC

Factoring (distributive law)
l =A-1+ AB + BC Rule2:1 + C=1
=A(1 + B) + BC Factoring (distributive law)

[13 =A-1+ BC Rule2:1 + B =1
o =A + BC Rule4:A-1 = A
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