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Chapter 2: Internal Data Representation
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Types of  information processed by the computer:

Numbers, instructions, images, animated image 
sequences,sounds, etc, always represented in binary 
form.

Advantages of  binary:

● easy to achieve technically using bistables 
(systems in two equilibrium states: the existence 
or not of  an electrical voltage +5V=1 and 
0V=0).

● fundamental operations that are simple to 
perform, in the form of  logic circuits.
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The computer's memory is limited => the bit 
sequence which represents the information is also 
limited

Internal Data Representation

number of  bits on which we must 
represent this data

11011101
11101111
10111111
11111011
1
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Introduction Binary coding

1. The reflected binary code (GRAY code)
● Gray code, also known as reflected binary code, is a binary numeral system with a 

unique property that distinguishes it from traditional binary representation.
 

● In Gray code, adjacent numbers differ by only one bit, which makes it particularly 
useful in applications where you want to minimize errors during transitions between 
values (Karnaugh's tables, input output circuit, optical encoders and analog/digital 
converters, …)
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Introduction Binary coding

1. The reflected binary code (GRAY code)
Principle:

1. Start with the leftmost (most significant) bit of  the Gray code, which is the same as the 
leftmost bit in the binary representation.

2. Move from left to right through each bit in the Gray code.
3. For each bit, calculate the corresponding bit in the binary representation using the 

following instructions:
- If  the current bit in the Gray code is 0, keep the previous binary bit as it is.
- If  the current bit in the Gray code is 1, flip the previous binary bit.

4. Continue this process until you have converted all bits from Gray code to binary code.
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Introduction Binary coding

1. The reflected binary code (GRAY code)
Example: We want to represent the first 8 numbers using the gray code.

 

Mirror level 1

Decimal 
Representation

Binary 
Representation a b c

0 000 0 0 0

1 001 0 0 1

2 010 0 1 1

3 011 0 1 0

4 100 1 1 0

5 101 1 1 1

6 110 1 0 1

7 111 1 0 0

Mirror level 2

Gray Representation
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Introduction Binary coding

1. The reflected binary code (GRAY code)
Converting GRAY to Binary 

Converting Binary to GRAY

Binary

Binary
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Introduction Binary coding

2. The Decimal Coded Binary code(DCB  code)
Principle:

This is the most used code. Its principle is based on associating a binary code with each 
decimal digit on 4 bits.

Example: 

(512)10= (1000000000)2 = (0101 0001 0010)DCB

nbr of  digit in decimal = 10
nbr of  numbers we can represented using 4 bits = 24 = 16

There are 6 unused configurations

Decimal DCB

N
ot

 u
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d
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Introduction Binary coding

3. The code exceeds three
Principale:

Exceeds three code is very similar to the DCB code. Its principle is based on associating each decimal digit 
with its binary equivalent plus 3.

Example: 

(512)10= (1000000000)2 = [(0101+ 0011) (0001+0011) (0010+0011)]Exceeds 3 

                                     = (1000 0100 0101)Exceeds 3
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Introduction Representation of  
Integers

1. Representation of  Unsigned Integers:
An unsigned integer is represented by its binary equivalent and the non-significant bits 
are replaced by zeros.

Example: On 8-bit sequences
8 is represented by 00001000                        138 is represented by 10001010
Evaluation: 
The evaluation of  a number represented in binary is done by converting the 
representation from the binary system to the decimal system (polynomial expansion).
Range of  values:
The range of  numbers that can be represented in n-bit binary is [0, 2n-1]
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Introduction Representation of  
Integers

The problem is how to tell the machine that a number is positive or negative???????

An unsigned integer is represented by a machine like its equivalent in binary (as seen in the previous 
section). 
On the other hand, to represent a signed integer, there are several methods:

1. Signed absolute value
2. One’s Complement
3. Two’s Complement
4. With Excess
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Introduction Representation of  
Integers

2. Representation of  Signed Integers:
A- Signed absolute value
A Signed integer is represented on n bits by the binary equivalent of  its absolute value 
on (n-1) bits and the nth bit represents the sign of  the number. 
By convention, the positive sign is represented by 0 and the negative sign is 
represented by 1.

Example: On 4 bits      1 0001                                      0 0001
                                                                                                 representation of  +1 on 4 bits

                   
                  representation of  -1 on 4 bits

Sign absolute 
value
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Introduction Representation of  
Integers

2. Representation of  Signed Integers:
A- Signed absolute value

Evaluation: A (an, an-1, an-2…. a2a1a0) is the SAV representation of  N in decimal.  
The evaluation of  N is done according to the following algorithm:

If  an=0 then (* the number is positive * )
  N      + Decimal Conversion (A)
  Else (*the number is negative*)
  an       0
  N      - Decimal Conversion (A)
End
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Introduction Representation of  
Integers

2. Representation of  Signed Integers:
A- Signed absolute value
Range of  values:
The range of  numbers that can be represented in n-bit binary is [-(2n-1-1), +2n-1-1]

Example: On 3 bits, we have
               The range of  numbers 

NB: we have 2 representation of  0 (-0 and +0)! 

SAV Value
Binary 
Value

Decimal 
Value
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Introduction Representation of  
Integers

2. Representation of  Signed Integers:
B- One’s Complement

● A positive integer is represented by its binary equivalent on (n-1) bits the nth bit 
represents the sign of  the number which is 0.

● A negative integer is represented by its one's complement.
We call the one's complement of  a number N the number N' such that: N+N'= 2n-1
 where n is the number of  bits of  the representation of  the number N.

Example:
N=1010. Its One’s complement is: N’= (24 - 1)-N 
N’=(16-1)10-(1010)2= (15)10 - (1010)2= (1111)2 – (1010)2 = (0101) 2= (5)10

Introduction Binary Coding
Representation of  

numbers
Character representation



Introduction Representation of  
Integers

2. Representation of  Signed Integers:
B- One’s Complement

NB: To find the one's complement of  a number, simply
1. First write the absolute value of  the number (|N|) on n bits.
2. Then invert all the bits of  this number: if  the bit is at 1 put 0 in its place and if  the bit is 
at 0 put in its place a 1.

CA1(CA1(N))= N
On 4 bits On 5 bits

bit of  sign
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Introduction Representation of  
Integers

2. Representation of  Signed Integers:
B- One’s Complement

Evaluation: A (an, an-1, an-2…. a2a1a0) is the 1C representation of  decimal N.  
The evaluation of  N is done according to the following algorithm:

If  an=0 then (* the number is positive * )
  N      + Decimal Conversion (A)
  Else (*the number is negative*)
 A         1C(A)
  N      - Decimal Conversion (A)
End
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Introduction Representation of  
Integers

2. Representation of  Signed Integers:
B- One’s Complement
Range of  values:
The range of  numbers that can be represented in n-bit binary is [-(2n-1-1), +2n-1-1]

Example: On 3 bits, we have
               The range of  numbers [-3,+3] 

NB: we have 2 representation of  0 (-0 and +0)! 

1C Value Binary Value Decimal Value

000
001
010
011

+000
+001
+010
+011

+0
+1
+2
+3

100
101
110
111

-011
-010
-001
-000

-3
-2
-1
-0
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Introduction Representation of  
Integers

2. Representation of  Signed Integers:
C- Two’s Complement

●  A positive integer is represented by its binary equivalent on (n-1) bits the nth bit 
represents the sign of  the number which is 0.

● A negative integer is represented by its tow’s complement.
We call the one's complement of  a number N the number N' such that: N'= 1C(N)+1
 where n is the number of  bits of  the representation of  the number N.

          N=1010 on 4 bits 
CA1(N)=0101 
CA2(N) = CA1(N)+1 = 0101 + 1 = 0110
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Introduction Representation of  
Integers

2. Representation of  Signed Integers:
C- Two’s Complement

NB: To find the one's complement of  a number, simply
1. First write the absolute value of  the number (|N|) on n bits.
2. Next, traverse the bits of  this number starting from the lowest weight bit to the first 1 
and invert the other bits that come after.

CA2(CA2(N))= N

bit of  sign
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Introduction Representation of  
Integers

2. Representation of  Signed Integers:
C- Two’s Complement

Evaluation: A (an, an-1, an-2…. a2a1a0) is the 2C representation of  decimal N.  
The evaluation of  N is done according to the following algorithm:

If  an=0 then (* the number is positive * )
  N      + Decimal Conversion (A)
  Else (*the number is negative*)
 A         2C(A)
  N      - Decimal Conversion (A)
End

Introduction Binary Coding
Representation of  

numbers
Character representation



Introduction Representation of  
Integers

Exercise: 
Use these different codings to code the following relative integers on 8 bits (if  possible):
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Decimal Binary Gray DCB exceeds 3 SAV C1 C2

5

-5

32

-17

222



Introduction Representation of  
Integers

2. Representation of  Signed Integers:
D- Representation with excess

● Every number N is represented by the binary equivalent of  the characteristic C such 
that: C = N + Excess. 

● The excess E is chosen so that the sum C is always positive. 
● In general, this representation is used to present the exponents of  numbers real (IEEE 

754 standard) with Excess = 2n-1 -1.

 Exemple:   On 8 bit sequences: E= 27-1=127
  10 is represented by 10+127= (137)10 = (10001001)2
 -10 is represented by -10+127= (117)10 = (01110101)2
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Introduction Representation of  
Integers

2. Representation of  Signed Integers:
D- Representation with excess

Evaluation: 
The evaluation of  a number represented with excess is done using the following 
relationship: 
C = N + 2n-1 - 1 ↔ N = 2n-1 +1
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Introduction Representation of  
Integers

3. Representation Real numbers:
● A real number is made up of  two parts: the integer part and the fractional part 

(the two parts are separated by a decimal point).

● The problem is how to tell the machine the position of  the decimal point.??

● There are two methods for representing real numbers:
    - Fixed point: the position of  the point is fixed
    - Floating point: the position of  the point changes (dynamic)
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Introduction Representation of  
Integers

3. Representation Real numbers:
    A- Fixed point: 
  In this representation, the Integer Part (IP) is represented on e bits and the Fractional 
Part (FP) on f bits, in addition one bit is used for the sign.

Example: if  e=3 and f=2 we will have the following values:

NB: In this representation the values are
        limited and we do not have a large
        precision !!
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Sign 1 bit Integer Part (IP) e bits Fractional Part (FP) f  bits

Binary values
Sign IP FP Decimal values



Introduction Representation of  
Integers

3. Representation Real numbers:
    B- Floating point: 
  Each real number can be written as follows: (-1)S * (0,M) * BE  

Where S: Sign (positive = 0, negative = 1), M: Mantissa, B: Base, E: Exponent. 

 Example:  
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Introduction Representation of  
Integers

3. Representation Real numbers:
    B- Floating point: Standard IEEE 754 (1985) 
In this presentation, the real number can be written as follows:
  

Mn: Mantissa normalized to base 2 with a hidden bit. Indeed, the decimal point is placed 
after the most significant bit at 1,
for example: 11.01 => 1.101 =>  Mn= 101
- E: Exponent coded with excess 2e-1 -1 
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Introduction Representation of  
Integers

3. Representation Real numbers:
       B- Floating point: Standard IEEE 754 (1985) 
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32 Bits 64 Bits

Number of  Sign bits (S) 1 1

Number of  exponent bits (Eb) 8 11

Number of  bits of  the mantissa (Mn) 23 52

Exponent coding with Excess 27 – 1 = 127 with Excess 210 – 1 = 1023
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3. Representation Real numbers:
       B- Floating point: Standard IEEE 754 (1985) 
Example: Code the number N = (35.5)10 according to IEEE 754-32:
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Introduction Representation of  
Integers

3. Representation Real numbers:
       B- Floating point: Standard IEEE 754 (1985) 
Example: Code the number N = (35.5)10 according to IEEE 754-32:

- Converting N to binary: N = 100011.1
- Exponential form of  N: N = 1.000111 x 25 

- Sign bit S = 0
• Mantissa = 00011100000000000000000
• Exponent coding: C = E + 127 = 5 + 127 = 132 = (10000100)2

- Overall representation:  (0 10000100 00011100000000000000000)
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Introduction Representation of  
Integers

3. Representation of  Characters: 
The characters include : upper and lower case alphabetical letters (A..Z, a..z), numbers 
(0..9), punctuation (?,!, ..), special characters( %, @,..) and other symbols ( >, ;, ..).
       A- ASCII Code :  (American Standard Code for Information Interchange)
 
ASCII code of  ’A’ is (100 0001)2 = (41)16 = (65)10
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