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>  We use computer to process data and get desire
output.

> The data input can be in the form of alphabets, digits,
symbols, audio, video etc but computer can only

understand O and 1 so data must be represented In
the computer in 0’s and 1’s.

We will study data representation in this chapter.
>  Numeric data(0,1,2..9)

> Alphabetic data(A,B,C,.....Z2)

> Alphanumeric data — Combination of any symbols

(A,BC,...Z2), (0,1,2..9), or special characters (+,-, blank
etc)
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There are infinite ways to represent a number.

The four commonly associated with modern
computers and digital electronics are: Decimal,
Binary, Octal, and Hexadecimal.

Decimal (base 10) is the way most human beings
represent numbers. Decimal iIs sometimes abbreviated as
dec.

Decimal counting goes:

0,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18,
and so on.
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Binary (base 2) is the natural way most digital circuits
represent and manipulate numbers.

Binary is sometimes abbreviated as bin.

Binary counting goes:

o, 1,10, 11, 100, 101, 110, 111, 1000, 1001, 1010, 1011,
1100, 1101, 1110, 1111, 10000, 10001, and so on.
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> Octal (base 8) was previously a popular choice for
representing digital circuit numbers in a form that is more
compact than binary.

> QOctal 1Is sometimes abbreviated as oct.

> Octal counting goes:
0,1,2,3,4,5,6,7,10, 11, 12, 13, 14, 15, 16, 17, 20, 21,
and so on.
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> Hexadecimal (base 16) is currently the most popular
choice for representing digital circuit numbers in a form
that is more compact than binary.

> Hexadecimal Is sometimes abbreviated as hex.

« Hexadecimal counting goes:
0,1,2,3,45,6,7,8,9,A,B,C,D, E,F 10, 11, and so
on.



>
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Base number: The base of the number decides the valid
digits that are used to make a number. Decimal number
nas a base 10, Octal iIs 8 and Hexadecimal i1s 16

—ace Value : The face value of a digit is the digit located at
that position. E.g. in decimal 52, face value at position O is
2 and face value at position 1i1s 5

Position Value: The position value of a digit Is
(baserositon) "E g. in decimal number 52, the position value
of digit 2 is 10° and position value of digit 5 is 10?.
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We are concerned with 4 kinds of number.
1. Decimal Number System — Base 10

2. Binary Number System — Base 2

3. Octal Number System — Base 8

4. Hexadecimal Number System — Base 16

Number given as input to computer and output from
computer are generally in decimal number system and are
most understood by humans.

> But computer understand binary number system (0’'s and
1’s). Binary data also represented internally as in Octal
and Hexa due to their ease of use.

Y
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All four number systems are equally capable of
representing any number.

A number can be perfectly converted between the various
number systems without any loss of numeric value.

Since the job of electrical and software engineers is to
work with digital circuits, engineers require number
systems that can best transfer information between the
human world and the digital circuit world.
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> An octal number (base 8) can be up to 1/3 the length of a
binary number (base 2). 8 is a whole power of 2 (23=8).
That means three binary digits convert neatly into one
octal digit.

> A hexadecimal number (base 16) can be up to 1/4 the
length of a binary number. 16 is a whole power of 2
(24=16). That means four binary digits convert neatly into
one hexadecimal digit.

> Unfortunately, decimal (base 10) is not a whole power of
2. S0, It Is not possible to simply chunk groups of binary
digits to convert the raw state of a digital circuit into the
human-centric format.
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0 0 0 0
1 1 1 1
2 10 2 2
3 11 3 3
4 (0[0) 4 4
5 101 5 5
§) 110 6 6
7 111 7 7
8 1000 10 8
9 1001 11 9
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
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Example of 1792

ﬁﬁz?:rl Operation Quotient Remainder Binary Result
1792 +2 = 896 0 0

896 +2= 448 0 0[0)

PAVIRS +2= 224 0 0[0]0]

224 +2= 112 0 0[0]0]0)

112 o = 56 0 00000

56 +2= 28 0 000000

28 2= 14 0 0000000

14 +2= 7 0 00000000

7 +2= 3 1 100000000

3 +2= 1 1 1100000000
1 2= 0 1 11100000000
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Example to convert
1792 decimal to octal:

Decimal

Number  CP€ration Quotient Remainder Octal Result
1792 ~8= 224 0 0

224 +8= 28 0 00

28 +8= 3 4 400

3 +8= 0 3 3400



Decimal
Number

1792
112
/

0
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Operation  Quotient  Remainder ggzﬁlctlecimal
+16 = 112 0 0
w16= 7 0 00
EEch 0 7 700

done.



Decimal
Number

48879
3054
190
11

0
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Operation

=16 =
=16 =
=16 =
=16 =
done.

Quotient

3054
190
11

0

Remainder

15
14
14
11

Hexadecimal
Result

EF
EEF
BEEF



Course Contents

Convert binary number 1010, 5 Into decimal form

1010560 2) = 1X23 + 0x22 + 1x2' + 0x2°=8+0+2+0=10

So, the required decimal number is
110101(base 2) — 53(base 10)

Alternatively, (110101), = (53),,

Where, (base 10) means the number is in decimal number
system and (base 2) means the number Is in binary number
system.
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Convert octal number 156, g INto decimal form

156 = 1x8%2 + 5x81 + 6x8° =64 + 40 + 6 = 110
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Convert hexadecimal number Al .. 16) INt0 decimal form

Al e 16) = AXL6L + 1x160° = 10x16% + 1x16° = 160 + 1 = 161

So, the required decimal number is
Al pase 16) = 161 pase 10)

Alternatively, (Al),, = (161),,

Where, (base 10) means the number is in decimal number
system and (base 16) means the number is in hexadecimal
number system.
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Steps:

1. Divide the binary digits into groups of 3 digits, starting
from the right.

2. Convert each group of 3 binary digits into 1 octal digit.
Convert Binary number 100101, into Octal form

Step 1. Make groups of 3 digits from right 100101,
Groups: 100, 101,
Step 2. Convert each 3 digits group into 1 octal digit
101, _ = 5, 100, = 4, so, 100101, = 45,
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Steps:

1. Divide the binary digits into groups of 4 digits, starting
from the right

2. Convert each group of 4 binary digits into 1 hexadecimal
digit
Convert Binary number 101001012 into Hexadecimal form

Step 1. Make groups of 4 digits from right 10100101,
Groups: 1010, 0101,
0101, =5,
1010, = A

Step 2. Combine the groups so, 10100101, = A5,
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Steps
1. Convert each octal digits into 3 digits binary group
2. Combine the groups

Convert Octal number 454 into Binary form

Step 1. Convert each octal digit into 3 digits binary group
45, Groups: 44 5

5, = 101,

4, =100,
Step 2. Combine the groups

so, 455 = 100101,
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Steps

1. Convert each hexadecimal digit into group of 4 digits
binary

2. Combine the groups
Convert Hexadecimal number A5, into Binary form

Stepl. Convert each hexadecimal digit into group of 4 digits binary A5,
Groups: A5 946
5, =0101,
A =1010,
Step2. Combine the groups
so, A5, = 10100101,
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Steps

1.
2.
3.

Convert each octal digit into groups of 3 digits binary
Combine the groups from step 1

Divide the binary digits from step 2 into groups of 4 digits,
starting from the right

Convert each group of 4 binary digits into 1 hexadecimal
digit
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Convert Octal number 254 into Hexadecimal form

Step 1. Convert each octal digit into groups of 3 digits binary 25,
Groups: 2 54
55 =101,
24 = 010,
Step 2. Combine the groups
so, 255 = 010101,
Step 3. Divide the binary digits from step 2 into groups of 4 digits, starting
from the right
Groups: 0001, 0101,
Step 4. Convert each group of 4 binary digits into 1 hexadecimal digit
0101, =5,
0001, =1,
S0, 255 = 15,4
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Steps:

1. Convert each hexadecimal digit into groups of 4 digits
binary

2. Combine the groups from step 1

3. Divide the binary digits from step 2 into groups of 3 digits,
starting from the right

4. Convert each group of 3 binary digits into 1 octal digit
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Convert Hexadecimal number 15,; into Octal form

Step 1. Convert each hexadecimal digit into groups of 4 digits binary 15,
Groups: 1,5 544

5, =0101,

1,, =0001,

Step 2. Combine the groups

so, 15,, = 00010101,

Step 3. Divide the binary digits from step 2 into groups of 3 digits, starting from the right
Groups: 000, 010, 101,

Step 4. Convert each group of 3 binary digits into 1 octal digit

101, = 5

010, = 24

000, = 0Og4

S0, 15,, = 0254 = 25,
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Ewﬁ 5: Convert 0.2345 from Base 10 to Base 2.
0.2345
X 2

0.4690

4690
X2
0.9380

7520
X .
1.5040

5040

—x2

1.0080
The binary cqui\'alcnt ﬂf{U.E;Hﬁ_]“_.I 15 (0.00111 l}:
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Example 5a: Convert 0.865 fromBase 10 1o Base 2, 8 and 16.

0.865
_x8
6.920
_x8
7.360

X ﬁ
£ BB

_x8
7.040

The octal equivalent of
(0.865), is (.6727)
1.360

The binary equivalent of The number 13 in hexadeci-
(.863),, is (.110111), mal is D.

The hexadecimal equivalent
of {0.865)  is (.DD7)
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Example 6: Convert 34.4674 from Base 10 to Base 2.

to Base Number Remainder 0.4674
(Quotient) x 2

14 0 9348

LW
1.8696
X2
1.7392
—x2
1.4784
X )
0.9568

X -

The binary equivalent of (34) s (100010), 1.8136

The binary equivalent of (0.4674)__is
(L011101)

The binary equivalent of (34.4674) _is (100010.011101)
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Example 7@ Convert 34.4674 from Base 10 to Base 8.

o Base SNumber REemainder 0. 4674
il:}-.-iliml:l _x @

- 3.7392
. x B

8 | 4 | 4 5.9136
0 4 x B
7. AR

_x8
2. 4704

The octal equivalent of (34) _ is (42)

The octal equivalent of (D.4674) _is

3572)

The octal equivalent of (34.4674) _is (42.3572),
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Example 8: Convert 34.4674 from Base 10 to Base 16.

tt; Ba;e anl;cr 7Rcmaindcf

(Quotient)

16

34

16

+ 2

4

'S

0 2

The hexadecimal equivalent of (34)

522
LE

04674
x 16
28044
4674x
94784
X166
28704
4784x
7.6544
B [
19264
Oo44x
10 4904
x 16
29424
4904x
7.8464

The hexadecimal equivalent of (0.4674)

is ((97A7) .

The hexadecimal equivalent of (34.4674) is (22.97A7)
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1011 fromBase 2 toBase 10 62 fromBase B toBase 10 C15 fromBase 16 toBase 10
10011 = 1*2" ¢ 0*2% & 1%2" & 1%2 B! = 6%E" + 2%Q Ci15=C*16* + 1*16" +
|8 4 04 + 1%2 4 1*] = 6"8 + 2"1 5*16
B+0+2+1 = 48 + 2 = 12*256 + 1*16 + 5*1
=11 = %[ W72 &+ 16+ 5
The decimal equivalent of (1011) The decimal equivalent of = 3093
is 11. (62) is 50 The decimal equivalent of
(C15) . s 3093

Example 1k Convert .1101 from Base 2 1o Base 10,
Convert .345 from Basc 8 to Base 10,
Convert .15 from Base 16 vo Base 10.

1101 fromBase 2 wBase 10 345 fromBase 8 woBase 10 15 iromBase 16 wBase 10

1101 =124 1*2- + 0*2° 345 =3"8" + 4*8 + 5"8 A5 1*16 "6
+ 1%2- = 18 + 4/64 4 5/512 = /16 + 5/256
12+14+0+ 116 = 229512 217256
= 13/16 A4y 08
8125
The decimal equivalent of The decimal equivalent of

The decimal equivalent of (.345) is 447 A5} is 082
(.1101), is .8125
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Example 19: Convert 1011.1001 from Base 2 to Base 10,
Convert 24.36 from Base B to Base 10.

Convert 40.21 from Base 16 to Base 10.

1011.1001 fromBase 2 oBase
10

10111001

= 8+0+24+1+
1/ ) e ) 14k
11 « 96

11.5625

The decimal equivalent of
MO 10010, s 11.5625

24 16 fromBase B toBase

10

24.36 = 2*8' + 4°8° +
. 348 + 648"

=164+ 4+ 18 + &6

= 40 + b

= 20.4687

The decimal equivalent of
(24.36), is 20.4687

40.21 fromBase 16 toBase 10

40271 =4"16" + D*16" +
2*16 + 1*16~

=bd + 15+ 216
+ 1/256
=77 + 13/256

77.1289

The decimal equivalent of

4D.21) is 77.1289
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Data Representation (6 Hrs.)
Binary Arithmetic;
Signed and Unsigned Numbers;
Binary Data Representation;
Binary Coding Schemes;
Logic Gates
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Binary Arithmetic

» Arithmetic operations performed on binary
numbers is called binary arithmetic.

= addition, subtraction, multiplication, division.

» Computer systems actually perform only
Binary Addition and Binary Subtraction.

» Binary Multiplication and Division is
performed using some simple operations
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Binary Arithmetic:
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Binary Arithmetic:
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Binary Arithmetic:
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Binary Arithmetic:
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Binary Arithmetic:

M

| | "

. Ad L ARV A R ART AN

Binary Addition ' Decimal Addition

10
+ 01
11

+
W)= N

1,=3,
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Binary Addition: Example

Example 2. Add 01 and 11. Verify answer with the
help of decimal addition.

Binary Addition Decimal Addition
1

01
+ 11 -
100

W -

1002 - 410
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Binary Arithmetic:

N e e

A L N
1Y 7)) ,,_A\r 7 f \ f\ 411 1T N e s rq 3 I =
| ~ ! | |

— |
AF AALANAL Y 4 _\,.,\Jl-v_\/——v ;—.—;--W;—- S A N

- -

Faun)

Binary Addition Decimal Addition

+
» W W
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Binary Arithmetic:

| A : ) ! ‘ ! \ / 3 \ !
— e J o : v e ——— | — P

| Decimal Addition

+
N | = =2
| O W

111 002 = 2810
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Binary Addition: Example

Example 5. Add 10111, 11100 and 11. Verify answer
with the help of decimal addition.

Binary Addition

Decimal Addition

N N

S W oo W

&)

1101102 - 5410
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Binary Arithmetic:
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Binary Arithmetic:

~
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Binary Subtraction: Example

Example 1. Subtract 01 from 11. Verify answer
with the help of decimal subtraction.

Binary Subtraction Decimal Subtraction
i 3
- 01 =1
10 z
102 = 210
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Binary Subtraction: Example

Example 2. Subtract 01 from 10. Verify answer
with the help of decimal subtraction.

Binary Subtraction Decimal Subtraction
010
10 2
- 01 -1
0 1 1
01,=1,,
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Binary Subtraction: Example

Example 3. Subtract 0111 from 1110. Verify answer
with the help of decimal subtraction.

Binary Subtraction
10 10
0 0 010
X
1
1

o o~
_L_g*

—L_Lo

Decimal Subtraction

1

I
N N A

01112=710
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Binary Subtraction: Example

Example 4 Subtract 10010 from 10101. Verify
answer with the help of decimal

subtraction.

Binary Subtraction

010
¥ 0 1

10
- 100170
00011

Decimal Subtraction

p
1

W |00 —

000112 = 310
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Binary Subtraction: Example

Example 5. Subtract 101111 from 110001. Verify
answer with the help of decimal
Binary Subtraction

1 1 Decimal Subtraction

0 1 4
11 - 4
10

NN ©

000010, = 2,,
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Binary Arithmetic:
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Binary Arithmetic:
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Binary Arithmetic:

,0 1100011 ‘ 11001011
MSB MSB
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Binary Arithmetic:
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Binary Arithmetic:
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Binary Arithmetic:

001 |[0700 [s010000
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Binary Arithmetic:

mlm
I GO CIED
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Binary Data Representation

» Binary number can also have a binary
point, in addition to sign.

» Binary point used for representing
fractions, integers and integer-fraction
numbers.

» Registers are high-speed storage areas in
CPU of computer. All data is brought into a
register before it gets processed.
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Binary Arithmetic:
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Binary Arithmetic:
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Binary Arithmetic:

-1l FOINT r

P, NI —

00010010
\ =

!

Sign bitis 0  Binary equivalent of +18
Staned /1 0010010
magnitude . o
representation Sign bit is 1 Binary equivalent of +18
Signed 1's 10 1
complement /'1 Rl Y i)
it figaabluih Sign bit is 1 1's complement of +18
Signed 2's
complement 1 [ e i ) e
representation A Y ‘
Sign bit is 1 2's complement of +18
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Binary Arithmetic:
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Signed Binary Number: Addition

» Represent positive number in binary form.
*Fore.g., +5is 0000 0101, +10 is 0000 1010

» Represent negative number in 2's
complement form.

*»Fore.g.,-5is 111 1 1011, -10is 1111 0110
» Add bits of the two signed binary numbers.
» Ignore any carry out from sign bit position.
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Signed Binary Number: Addition

» Negative output is automatically in 2's
complement form.

» Get decimal equivalent of negative output
number

* Find its 2's complement, and

» Attach a negative sign to the obtained result.
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Signed Binary Number: Addition

Example 1. Add binary +5 and +10. Verify answer
with the help of decimal addition.

Binary Addition

+
o o o
O o O
oo O
o o o

010
101
el

-LO-A

Decimal Addition

+ 5
+9 0

+15

0000 1111, = +15,,
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Signed Binary Number: Addition

Example 2. Add binary -5 and +10. Verify answer
with the help of decimal addition.

Binary Addition
’

QIO =
OO0 — =
O = —
-0 O -
O |=b =k

’
1
0
0

+
OO—L—L

—LO—L

Decimal Addition

O |Oo O,

+ 1
+

0000 0101, = +5,,
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Signed Binary Number: Addition

Example 3. Add binary +5 and -10. Verify answer
with the help of decimal addition.

Binary Addition

- O O —

0
+ 1
1

_L_;o

0
1
1

—L—Lo

10
1 1
0 1

—LO—L

Decimal Addition

o+
-1

o O,

1111 1011, = -5,
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Signed Binary Number: Addition

Example 4. Add binary -5 and -10. Verify answer
with the help of decimal addition.

Binary Addition Decimal Addition
1111111

1Al 1011 - 5
+ 11110110 =10
11110001 =I5

1111 00012= ‘1510
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Binary Arithmetic:
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Binary Coding Schemes:
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Binary Coding Schemes:
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Binary Coding Schemes:
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Binary Coding Schemes:
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Binary Coding Schemes:
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ASCII-1

» Standard ASCII code.

» 7-bit code. 3 bits for zone; 4 bits for digits.
> Allows 27 = 128 combinations.

» Represents 128 unique symbols.

» ASCII-7 modified by IBM to ASCII-8.

The zone used by ASCII for alphabets is 0100. For e.g. Ais
represented as 0100(zone)0001(digit). The hex equivalent is 41 for A.
Character A =0100 0001; Character B = 0100 0010
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Binary Coding Schemes:
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Binary Coding Schemes:
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Binary Coding Schemes:
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Binary Coding Schemes:

UTF: Unicode Transformation Format
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L; Llip snae

Unicode character encoding
in MS-Word 2007

Recently used symbols:
Nj€l, |7 £]|¥[0|®™+]|=|<|=|~+|

INTERSECTION Character code: 2229 From: Unicode, (hex)

| AutoCorrect, .. | Shortcut Kev... I Shortcut key: 20999

Unicode code in hex. Unicode (hex.)
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UTF encodings include:

» UTF-1, a retired predecessor of UTF-8, maximizes compatibility with ISO
2022, no longer part of The Unicode Standard;

» UTF-7, a 7-bit encoding sometimes used in e-mail, often considered
obsolete (not part of The Unicode Standard, but only documented as an
informational RFC, i.e., not on the Internet Standards Track);

» UTF-8, an 8-bit variable-width encoding which maximizes compatibility
with ASCII;

» UTF-EBCDIC, an 8-bit variable-width encoding similar to UTF-8, but

designed for compatibility with EBCDIC (not part of The Unicode
Standard);

» UTF-16, a 16-bit, variable-width encoding;
» UTF-32, a 32-bit, fixed-width encoding.
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o« Logic Gates



