NUMBER SYSTEMS,
OPERATIONS, AND CODES




2-1 DECIMAL NUMBERS

The decimal number system has
ten digits.

You are familiar with the decimal number system because you use decimal numbers
every day. Although decimal numbers are commonplace, their weighted structure is
often not understood. In this section, the structure of decimal numbers is reviewed. This
review will help you more easily understand the structure of the binary number system,
which is important in computers and digital electronics.

After completing this section, you should be able to

= Explain why the decimal number system is a weighted system ® Explain how
powcers of ten arc uscd in the decimal system ® Detcrmine the weight of cach digit in a
decimal number

In the decimal number system each of the ten digits, () through 9, represents a certain
quantity. As you know, the ten symbols (digits) do not limit you to expressing only ten dif-
ferent quantities because you use the various digits in appropriate positions within a num-
ber to indicate the magnitude of the quantity. You can express quantities up through nine
before running out of digits; if you wish 1o express a quantity greater than nine, you use two
or more digits, and the position of each digit within the number tells you the magnitude it
represeats. If, for example. you wish to express the quantity twenty-three, you use (by their
respective positions in the number) the digit 2 1o represent the quantity twenty and the digit
3 to represent the quantity three, as illustrated below.

The digit 2 has a weight of The digit 3 has a weight
10 in this position. l J:— —= of | in this position.
2 3
J L
{ +
2X10 + 3IX1]
l 3
20 + 3
L —t
4



The decimal number system has a
base of 10.

The value of a digit is determined
by its position in the number.

IEXAMPI.E 2-2

Solution

Related Problem

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

100100100 10710 10°

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

10°10' 1010 " 102 107, .,
L — Decimal point

The value of a decimal number is the sum of the digits after each digit has been multi-
plied by its weight, as Examples 2-1 and 2--2 illustrate.

Express the decimal number 568,23 as a sum of the values of each digit.

The whole number digit S 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 102,

56823 = (S X 10°) + (6% 10') + (8 x 10°) + (2% 107") + (3 X 107)
= (5% 100) + (6X10) + (8%1) +(2x01) + (3 x001)
= 50 + 60 + 8 4+ 02 + 00

Determine the value of each digit in 67.924,



2-2 BINARY NUMBERS

The binary number system is another way to represent quantities. It is less complicated
than the decimal system because it has only two digits. The decimal system with its ten
digits is a base-ten system; the binary system with its two digits is a base-two system.
The two binary digits (bits) are | and 0. The position of a | or 0 in a binary number
indicates its weight, or value within the number, just as the position of a decimal digit
determines the value of that digit. The weights in a binary number are based on powers
of two.

After completing this section, you should be able to

® Count in binary ® Determine the largest decimal number that can be represented by a
given number of bits ® Convert a binary number to a decimal number

Counting in Binary
The binary number system has To learn to count in the binary system, first look at how you count in the decimal system.
two digits (bits). You start at zero and count up to nine before you run out of digits. You then start another

digit position (to the left) and continue counting 10 through 99. At this point you have ex-
hausted all two-digit combinations, so a third digit position is needed to count from 100
through 999.
A comparable situation occurs when you count in binary, except that you have only two
digits, called bits. Begin counting: 0, 1. At this point you have used both digits, so include
another digit position and continue: 10, 11. You have now exhausted all combinations of
two digits, so a third position is required. With three digit positions you can continue to
The binary number system hasa  count: 100, 101, 110, and 111. Now you need a fourth digit position to continue, and so on.
base of 2. A binary count of zero through fifteen is shown in Table 2-1. Notice the patterns with which
the Is and Os alternate in each column.




TABLE 2-2

Binary weights.

NEGATIVE POWERS OF TWO
(FRACTIONAL NUMBER)

POSITIVE POWERS OF TWO
(WHOLE NUMBERS)
2!‘ 25 24 23 - 2'2 2 3 2 4 o dod
128 64 32 16 8 4 2 1 1/2 1/4 1/8 1716 1132
0.5 0.25 0.125 0.0625 0.03125

I T ——— SO ————— .
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TABLE 2-1

As you have seen in Table 2-1, four bits are required to count from zero to 15, In gen- )

eral, with  bits you can count up to a number equal to 2° - 1. :

Largest decimal number = 2" ~ | ;

For example, with five bits (n = 5) you can count from zero to thirty-one, 4

P-1=3-1=1 S

With six bits (n = 6) you can count from zero to sixty-three. ;’
‘)h -— - - -

-1=64~1=63 "

A table of powers of two is given in Appendix A, 9
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Binary-to-Decimal Conversion

Add the weights of all Tsin a The decimal value of any binary number can be found by adding the weights of all bits that

binary number to get the are | and discarding the weights of all bits that are (.
decimal value.

I EXAMPLE 2-3
Convert the binary whole number 1101101 to decimal.

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

Weight: 2° 2% 2% 2% 22 2! 2°
Binarynumber: 1 1 0 1 1 0 1

1101101 = 2° + 2° + 2* + 2% + 2°
=64+32+8+4+1=109

Related Problem Convert the binary number 10010001 to decimal.

I EXAMPLE 2-4
Convert the fractional binary number 0.1011 to decimal.

Solution  Determine the weight of each bit that is a 1, and then sum the weights to get the
decimal fraction.

Weight: 271 273 2= o™
Binary number: 0.1 0 | 1
0.1011 = 27" + 273 + 27

= 0.5 + 0.125 + 0.0625 = 0.6875

Related Problem  Convert the binary number 10.111 to decimal.



DECIMAL-TO-BINARY CONVERSION

To get the binary number for a
given decimal number, divide the
decimal number by 2 until the
quotient is 0. Remainders form
the binary number.

Repeated Division-by-2 Method

A systematic method of converting whole numbers from decimal to binary is the repeared
division-by-2 process. For example, 1o convert the decimal number 12 10 binary, begin by
dividing 12 by 2. Then divide each resulting quotient by 2 until there is a 0 whole-number
quotient. The remainders generated by each division form the binary number. The first re-
mainder to be produced is the LSB (least significant bit) in the binary number, and the last
remainder to be produced is the MSB (most significant bit). This procedure is shown in the
following steps for converting the decimal number 12 1o binary.

Remainder
12 6 0
21_'_1
O
5 =3 0
3
—= | e ——
> |
l =0 1
2 ,‘, _l

Stop when the
whole-number quotient is 0, : i,



I EXAMPLE 2-6
Convert the following decimal numbers to binary:

(a) 19 (b) 45
Solution (a) Remainder (b) Remainder
19 45
T 9 1 S 22 %}
% =4 ] 22—2 =11 0
4 11
— = s e 1
5 2 0 > 5
2 5
- =1 SR e——— -=32 |]————
2 | 2
% =0 | j % = | S
v v {V ~ rJ
1 1 1
MSB — Loise 2 =0 A& l
1 1
MSB — L~ LSB

Related Problem Convert decimal number 39 (o binary.



Converting Decimal Fractions to Binary
Repeated Multiplication by 2 As you have seen, decimal whole numbers can be con-
verted to binary by repeated division by 2. Decimal fractions can be converted to binary by
repeated multiplication by 2. For example, to convert the decimal fraction 0.3125 to binary,
begin by multiplying 0.3125 by 2 and then multiplying each resulting fractional part of the
product by 2 until the fractional product is zero or until the desired number of decimal
places is reached. The carry digits, or carries, generated by the multiplications produce the
binary number. The first carry produced is the MSB, and the last carry is the LSB. This pro-

cedure is illustrated as follows:
MSB — — LSB

~ W

Carry D101

\L L
0.3125 X 2 = 0.625 o—
l—'

0625%x2=125 1

#J

0.25 X2 =0.50 0

h—l
0.50><2=1£9 1

N

Continue to the desired number of decimal places J
or stop when the fractional part is all zeros.

SECTION 2-3
REVIEW 1. Convert each decimal number to binary by using the sum-of-weights method:

(a) 232 (b) 57  (c) 455
2. Convert each decimal number to binary by using the repeated division-by-2
method (repeated multiplication-by-2 for fractions):

(a) 14 (b) 21 (c) 0.375




BINARY ARITHMETIC

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

0+0=0 10, not 2.

Sum of 0 with a carry of 0

0+ 1=1  Sumof 1 withacarry of 0

1 +0=1  Sumof | with a carry of 0

1 +1 =10 Sum of0 with a carry of |
Notice that the first three rules result in a single bit and in the fourth rule the addition of two
Is yields a binary two (10). When binary numbers are added, the last condition creates a

sum of 0 in a given column and a carry of 1 over to the next column to the left, as illustrated
in the following addition of 11 + I:

Carry Carry

s

l‘—o Lo

Remember, in binary 1 +

I EXAMPLE 2-7

Solution

Related Problem

Add the following binary numbers:

(a) 11 + 11 (b) 100 + 10 (c) 111 + 11 (d) 110 + 100

The equivalent decimal addition is also shown for reference.

(a) 11 3 (b) 100 4 (c) 111 7 (d 110
+11 +3 +10 12 11 +3 +100
110 6 110 6 1010 10 1010

Add 1111 and 1100.

1=

EIJto«



Binary Subtraction

The four basic rules for subtracting bits are as follows: Remember in binary 10 — 1 = 1,
not 9.
0-0=0
I =1=0
1=-0=1

10—-1=1 0 = | with a borrow of 1

I EXAMPLE 2-8

Solution

When subtracting numbers, you sometimes have to borrow from the next column to the
left. A borrow is required in binary only when you try to subtract a 1 from a 0. In this case,
when a 1 is borrowed from the next column to the left, a 10 is created in the column being
subtracted, and the last of the four basic rules just listed must be applied. Examples 2-8
and 2-9 illustrate binary subtraction; the equivalent decimal subtractions are also shown.

Perform the following binary subtractions:

(a) 11 — 01 (b) 11 =10

(a) 11 3 (b) 11 3
— 01 = =10 =2
10 2 01 ]

No borrows were required in this example, The binary number 01 is the same as 1.

Related Problem Subtract 100 from 111.



| EXAMPLE 2-9
Subtract 011 from 101.

Solution 101

:
ol

010

Let’s examine exactly what was done to subtract the two binary numbers since a
borrow is required. Begin with the right column.

Left column: Middle column:
When a | is borrowed, Borrow | from next column
alisleft, so0 —0=0.- to the left, making a 10 in
\ this column, then 10 — 1 = 1.
0
1'o1 Right column:
—011 =] lam )
010« |

Related Problem Subtract 101 from 110.



Binary Multiplication

Binary multiplication of two bits  The four basic rules for multiplying bits are as follows:

is the same as multiplication of

the decimal digits 0 and 1. 0xX0=0
0X1=0
1 X0=0

I X1=1

Multiplication is performed with binary numbers in the same manner as with decimal num-
bers. It involves forming partial products, shifting each successive partial product left one
place, and then adding all the partial products. Example 2-10 illustrates the procedure; the
equivalent decimal multiplications are shown for reference.

I EXAMPLE 2-10

Perform the following binary multiplications:
(@) 11x11 (b) 101 x 111

Solution (a) 11 3 (b 111
X1l X3 101
Partial 11 9 Partial 111
products | +11 products 000
1001 +111
100011

Related Problem Multiply 1101 x 1010,



Binary Division A calculator can be used to

perform arithmetic operations
Division in binary follows the same procedure as division in decimal, as Example 2-11 il-

lustrates. The equivalent decimal divisions are also given.

I EXAMPLE 2-11
Perform the following binary divisions:

(a) 110 =11 (b) 110+10

with binary numbers as long as
the capacity of the calculator is
not exceeded

0 2 1 3
Solution (a) 11)110 3)6 (b) 10)110 2)6
m_ 6 . 5.0
000 0 100 0

10

00

Related Problem  Divide 1100 by 100.

SECTION 2-4
I REVIEW 1. Perform the following binary additions:

(a) 1101 + 1010  (b) 10111 + 01101
2. Perform the following binary subtractions:
(a) 1101 — 0100  (b) 1001 — 0111
3. Perform the indicated binary operations:
(a) 110x 111 (b) 1100 +011



2-5 1S AND 2'S COMPLEMENTS OF BINARY NUMBERS

Change each bit in a number to
get the 1's complement.

The 1'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 is commonly used in computers to handle negative numbers.

Finding the 1’s Complement

The 1’s complement of a binary number is found by changing all 1s to Os and all Os to 1s,
as illustrated below:

10110010 Binary number
Vbbb bbb d
01001101 1’s complement

The simplest way to obtain the 1’s complement of a binary number with a digital cir-
cuit is to use parallel inverters (NOT circuits), as shown in Figure 2-2 for an 8-bit binary
number.

FIGURE 2-2 | 0 | 0 | 0 | 0

Example of inverters used to obtain

the 1's complement of 3 binary \/ \/ \/ \/ \/ \/ \/ \/

number.




Finding the 2's Complement

Add 1 to the 1T's complementto  The 2’s complement of a binary number is found by adding 1 to the LSB of the 1’s com-
get the 2's complement. plement.

2’s complement = (1’s complement) + |

I EXAMPLE 2-12
Find the 2’s complement of 10110010,

Solution 10110010 Binary number
01001101 I's complement
+ 1 Add 1

01001110 2's complement

Related Problem  Determine the 2’s complement of 11001011,

The Sign Bit

The left-most bit in a signed binary number is the sign bit, which tells you whether the num-
ber is positive or negative.

A 0 sign bit indicates a positive number, and a 1 sign bit indicates a negative number.

SECTION 2-5
REVIEW 1. Determine the 1's complement of each binary number:

(a) 00011010 (b) 11110111 (c) 10001101
2. Determine the 2's complement of each binary number:

(a) 00010110 (b) 11111100 (c) 10010001



2-8 HEXADECIMAL NUMBERS

The hexadecimal number system has a base of sixteen; that is, it is composed of 16  The hexadecimal number system
numeric and alphabetic characters. Most digital systems process binary data in groups  consists of digits 0-9 and letters
that are multiples of four bits, making the hexadecimal number very convenient because A-F.
each hexadecimal digit represents a 4-bit binary number (as listed in Table 2-3).

TABLE 2-3
5
0 0000 0 i
I 0001 ] i
2 0010 2 g
3 0011 3 i
4 0100 4 "
5 0101 5 :
6 0110 6
7 0111 7 i
8 1000 8 @
9 1001 9 :
10 1010 A g
B 1011 B &
12 1100 C Eg
13 1101 D v
14 1110 E W
15 111 F i

R S RS S R s s



Counting in Hexadecimal

How do you count in hexadecimal once you get to F? Simply start over with another col-
umn and continue as follows:

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 1A, 1B, 1C, 1D, 1E, IF, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 2A, 2B, 2C, 2D, 2E, 2F, 30, 31, . . .

With two hexadecimal digits, you can count up to FF,,, which is decimal 255. To count
beyond this, three hexadecimal digits are needed. For instance, 1004 is decimal 256, 101,
is decimal 257, and so forth. The maximum 3-digit hexadecimal number is FFF 4, or dec-
imal 4095. The maximum 4-digit hexadecimal number is FFFF,,, which is decimal
65,535.

Binary-to-Hexadecimal Conversion

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 and replace each 4-bit
group with the equivalent hexadecimal symbol.

| EXAMPLE 2-24
Convert the following binary numbers to hexadecimal:

(a) 1100101001010111  (b) 111111000101101001

Solution (a) 1100101001010111 (b) 00111111000101101001
¢ 4l ST T
C A 5 7 =CAST, 3 F 1 6 9 =3F169,

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

Related Problem  Convert the binary number 1001111011110011100 to hexadecimal.



Hexadecimal-to-Binary Conversion

Hexadecimal is a convenient way  To convert from a hexadecimal number to a binary number, reverse the process and replace
to represent binary numbers. each hexadecimal symbol with the appropriate four bits.

‘ EXAMPLE 2-25
Determine the binary numbers for the following hexadecimal numbers:

(a) 10A4,, (b) CF8E (c) 9742,
Solution (a) 1 0 A 4 (b)) C F 8 E ) 9 7 4 2

i S 2 R 2 2R 44
1000010100100 1100111110001110 1001011101000010

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

Related Problem  Convert the hexadecimal number 6BD3 to binary.

It should be clear that it is much easier to deal with a hexadecimal number than with the  Conversion between
equivalent binary number. Since conversion is so easy, the hexadecimal system is widely hexadecimal and binary is direct
used for representing binary numbers in programming, printouts, and displays. and easy.



Hexadecimal-to-Decimal Conversion

I EXAMPLE 2-26

Solution

EXAMPLE 2-27

1

Solution

Convert the following hexadecimal numbers to decimal:

(@) 1C, (b) A85,

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

@) " e
gt S
000]1100=2"+2‘+22=l6+8+4=28,0

) A 8 5
dod
101010000101 = 2" +2° +27 + 22 + 20 = 2048 + 512 + 128 + 4 + 1 = 2693,,

16° 16° 16" 16"

Convert the following hexadecimal numbers to decimal: 4096 256 16 ]

(a) E5;;  (b) B2F8

Recall from Table 2-3 that letters A through F represent decimal numbers 10 through
15, respectively.

@) ES=([Ex16)+ (S x1)=(14x16) + (5x 1) =224 + 5 = 229,

(b) B2F8,; = (B X 4096) + (2 X 256) + (F X 16) + (8 X 1)
= (11 X 4096) + (2 X 256) + (15 X 16) + (8 X 1)
45056 + 512 + 240 + 8 =45816,



Decimal-to-Hexadecimal Conversion

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 a
digit in the equivalent hexadecimal number. This procedure is similar to repeated division
by 2 for decimal-to-binary conversion that was covered in Section 2-3. Example 2-28 il-
lustrates the procedure. Note that when a quotient has a fractional part, the fractional part
1s multiplied by the divisor to get the remainder.

I EXAMPLE 2-28
Convert the decimal number 650 to hexadecimal by repeated division by 16.

Solution :
Hexadecimal

remainder

o))

I—SQ =40.625 20625 X 16 =10= A

1

18

=25—05X16=8= 8

LA

2
—=O 125 —0.125 X 16 = 2 = 2_1
6 w N
— Stop when whole number 2 8 A Hexadecimal number
quotient is zero.
: MSD -1 LLSD

Related Problem Convert decimal 2591 to hexadecimal.



2=9 OCTAL NUMBERS

Like the hexadecimal number system, the octal number system provides a convenient
way to express binary numbers and codes. However, it is used less frequently than
hexadecimal in conjunction with computers and microprocessors to express binary
quantities for input and output purposes.

The octal number system is composed of eight digits, which are
0,1,2,3,4,5,6,7
To count above 7, begin another column and start over:
10, 11, 12, 13, 14, 15, 16, 17, 20, 21, . ..

Counting in octal is similar to counting in decimal, except that the digits 8 and 9 are not used.
To distinguish octal numbers from decimal numbers or hexadecimal numbers, we will use the
subscript 8 to indicate an octal number. For instance, 154 in octal is equivalent to 13, in decimal
and D in hexadecimal. Sometimes you may see an “o” or a “Q" following an octal number.

Octal-to-Decimal Conversion

Since the octal number system has a base of eight, each successive digit position is an in-
creasing power of eight, beginning in the right-most column with 8°. The evaluation of an
octal number in terms of its decimal equivalent is accomplished by multiplying ecach digit
by its weight and summing the products, as illustrated here for 2374,.

Weight: 8 8’8'8°
Octal number: 2 3 7 4
(2x%x8) + (3x8) +(7x8'")+ (4x8%
(2XS512)+ (3X64)+(7X8) +(4X1)
1024 + 192 + 56 -+ -4 = 1276,

2374,



Decimal-to-Octal Conversion

A method of converting a decimal number to an octal number is the repeated division-by-
8 method. which is similar to the method used in the conversion of decimal numbers to bi-
nary or to hexadecimal. To show how it works, let’s convert the decimal number 359 to
octal. Each successive division by 8 yields a remainder that becomes a digit in the equiva-
lent octal number. The first remainder generated is the least significant digit (LSD).

359 Remainder
== =44 875 0875 X8 = 7 —

85_,
=855 —0.5X8= 4

=

&

5
—=0.625 —0.625 X8 = 5§
85wt l
Stop when w hole number > i, G Octal number
quotient is zero T T
i W

MSD - LSD

Octal-to-Binary Conversion

Because each octal digit can be represented by a 3-bit binary number, it is very easy to con-
vert from octal to binary. Each octal digit is represented by three bits as shown in Table 2-4.

TABLE 2-4

Octal/binary conversion.

OCTAL DIGIT 0 1 2 3 4 - 6 7
BINARY 000 001 010 011 100 101 110 111

N S 2 el i, @ i = S



To convert an octal number to a binary number, simply replace each octal digit with the
appropriate three bits.

| EXAMPLE 2-31
Convert each of the following octal numbers to binary:

(a) 13 (b) 25,  (c) 140y  (d) 75264

Solution (@) 1 3 () 25 (@ 140 (@752°6
1 !l |1 BER
001011 010101 001100000 111101010710

Binary-to-Octal Conversion

| EXAMPLE 2-32
Convert each of the following binary numbers to octal:

(@) 110101 (b) 101111001  (c) 100110011010  (d) 11010000100

Solution (a) 110101 (b) 101111001
Lo Il
6 5 =65 5 7 1=§7]
(©) 100110011010 (d) 011010000100
TREE: REX
4 6 3 2=4632 3 2 0 4=3204



|SECTION 2-9
REVIEW

. Convert the following octal numbers to decimal:

(a) 73, (b) 125,

. Convert the following decimal numbers to octal:

(3) 9810 (b) 163,

. Convert the following octal numbers to binary:

(a) 46,  (b) 7233  (c) 5624,

. Convert the following binary numbers to octal:

(a) 110101111 (b) 1001100010 (c) 10111111001



2-10 BINARY CODED DECIMAL (BCD)

Binary coded decimal (BCD) is a way to express each of the decimal digits with a
binary code. There are only ten code groups in the BCD system, so it is very easy to
convert between decimal and BCD. Because we like to read and write in decimal, the
BCD code provides an excellent interface to binary systems. Examples of such
interfaces are keypad inputs and digital readouts.

To express any decimal number in BCD, simply replace each decimal digit with the ap-
propriate 4-bit code, as shown by Example 2-33.

I EXAMPLE 2-33

Solution

Related Problem

Convert each of the following decimal numbers to BCD:

(@35 ()98 (¢) 170 (d) 2469

(@ 3 35 (b 9 8
bk 4L
00110101 10011000

¢ 1 7 0 d 2 4 6 9
GEsdl el
000101110000 0010010001101001

Convert the decimal number 9673 to BCD.



It is equally easy to determine a decimal number from a BCD number. Start at the right-
most bit and break the code into groups of four bits. Then write the decimal digit repre-
sented by each 4-bit group.

I EXAMPLE 2-34
Convert each of the following BCD codes to decimal:

(a) 10000110 (b) 001101010001 (¢) 1001010001110000

Solution  (a) 10000110 (b) 001101010001 (c) 1001010001110000

T 1 ] L AT
8 6 3 5 1 9 4 7 O

Related Problem Convert the BCD code 10000010001001 110110 to decimal.

ASCII

ASCII is the abbreviation for American Standard Code for Information Interchange. Pro-
nounced “askee,” ASCII is a universally accepted alphanumeric code used in most com-
puters and other electronic equipment. Most computer keyboards are standardized with the
ASCIL When you enter a letter, a number, or control command, the corresponding ASCII
code goes into the computer.

ASCII has 128 characters and symbols represented by a 7-bit binary code. Actually.
ASCII can be considered an 8-bit code with the MSB always 0. This 8-bit code is 00 through
7F in hexadecimal. The first thirty-two ASCII characters are nongraphic commands that are
never printed or displayed and are used only for control purposes. Examples of the control
characters are “null.” “line feed.” “start of text,” and “escape.” The other characters are
graphic symbols that can be printed or displayed and include the letters of the alphabet (low-
ercase and uppercase). the ten decimal digits, punctuation signs and other commonly used
symbols.



American Standard Code for Information Interchange (ASCII).

CONTROL CHARACTERS

NAME

NUL
SOH
STX

EOT
ENQ
ACK
BEL

A5538

SO
SI
DLE

DEC

N XN DV Ea WY - O

T S T G oy Vo S gy
~N D W E W N - O

BINARY

0000000
0000001
0000010
0000011
0000100
0000101
0000110
0000111
0001000
0001001
0001010
0001011
0001100
0001101
0001110
0001111
0010000
0010001
0010010
0010011
0010100
0010101
0010110
0010111
0011000
0011001
0011010
0011011
0011100
Q011101
0011110
(UVRRRY]

HEX |

01
02
03

05

07
08

0A

SYMBOL

L]

L 22 a9 D W oW

DEC

37

22 &2 85888

BINARY

0100000
0100001
0100010
0100011
0100100
0100101
0100110
0100111
0101000
0101001
0101010
0101011
0101100
0101101
0101110
0101111
0110000
0110001
0110010
0110011
0110100
0110101
0110110
0110111
0111000
0111001
0111010
0111011
0111100
0111101
0111110
01
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1000000
1000001
1000010
1000011
1000100
1000101
1000110
1000111
1001000
1001001
1001010
1001011
1001100
1001101
1001110
1001111
1010000
1010001
1010010
1010011
1010100
1010101
1010110
1010111
1011000
1011001
1011010
1011011
1011100
1011101
1011110
1011111
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100
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BINARY

1100000
1100001
1100010
1100011
1100100
1100101
1100110
1100111
1101000
1101001
1101010
1101011
1101100
1101101
1101110
1101111
1110000
1110001
1110010
1110011
1110100
1110101
1110110
1110111
1111000
1111001
1111010
1ol
1111100
1111101
1o
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6D
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70
71
72
73
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