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Objectives 

 Understand the fundamentals of numerical data 

representation and manipulation in digital computers. 

 Master the skill of converting between various radix 

systems. 

 Understand how errors can occur in computations 

because of overflow and truncation. 

 Understand the fundamental concepts of floating-

point representation. 
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Introduction 

 Numbers  are represented by binary digits (bits): 

 How are negative numbers represented? 

 What is the largest number that can be represented in a 

computer world? 

 What happens if an operation creates a number bigger 

than can be represented? 

 What about fractions and real numbers? 
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Number 

 Numbers are kept in computer hardware as a 

series of high and low voltage of electronic signals. 

 They are considered base 2 numbers (Binary) 

 All information is composed of binary digits or 

bits. 

 In any number base, the value of i th digit of d is  

 

 

    where i start at 0 and increases from right to left 

d ´Basei
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Binary Numbers 

 Base 2 

d ´Basei
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Binary Numbers 

 Binary Number System 

 System Digits:  0 and 1 

 Bit (short for binary digit):  A single binary digit 

 LSB (least significant bit):  The rightmost bit 

 MSB (most significant bit):  The leftmost bit 

 Upper Byte (or nybble):  The right-hand byte (or nybble) of a 

pair 

 Lower Byte (or nybble):  The left-hand byte (or nybble) of a 

pair  
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Binary Numbers 

 Binary Equivalents 

 1 Nybble (or nibble)  =  4 bits 

 1 Byte  =  2 nybbles  =  8 bits 

 1 Kilobyte (KB)  =  1024 bytes 

 1 Megabyte (MB)  =  1024 kilobytes  =  1,048,576 bytes 

 1 Gigabyte (GB)  =  1024 megabytes  =  1,073,741,824 bytes 
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Binary Numbers 

 8 bits long 

 Range of numbers that can be represented; 

 = 0 to (28 – 1) = 0 to 255 
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Binary Numbers 

 

 

 

 32 bits long 

 Range of numbers that can be represented = 

 = 0 to (232 – 1) = 0 to 4,294,967,295 
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example 

d ´Basei

x                x        x  x 
     x               x         x  x       
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MIPS Architecture 
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…  O R  IN T E G E R   

Fixed-Number 

Representation 
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Numbers: overview  

Integer 

Unsigned 
Numbers 

Whole 

Division-
Remainder 

Successive 
Subtraction 

Fraction 

Multiplication 

Signed 

Signed-
Magnitude 

Complement 

One’s 
Complement 

Two’s 
Complement 
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Unsigned Numbers  

• For positive number only. 

• Range number = 0 to 2n-1 

• There is no negative values representation. 

 

If 32 bits long. 

Range of numbers that can be represented  

= 0 to (232 – 1) = 0 to 4,294,967,295 
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Signed Numbers 

• Integers as binary values can be positive or negative. 

• Problem:  

• How to represent and encode the actual sign of a 

number? 

• Solution:  

• Need code to represent the signs. 

• Three signed representations covered: 

• Signed Magnitude 

• Ones Complement 

• Twos Complement 
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Signed Numbers: a) Signed Magnitude 

 To represent negative values, computer systems allocate the 

high-order bit to indicate the sign of a value. 

 The high-order bit is the leftmost bit in a byte.  It is also called the 

Most Significant Bit (MSB). 

 The remaining bits contain the value of the number. 

 If MSB = 0  number is +ve; If MSB = 1  number is -ve 

 Note that this leads to having two representations for the 

number zero. 

 With an 8-bit number representation: Largest number is 

+127, smallest number is -127 

 

 

In 8 bits numbers: 

0000 0000 = +0 

0111 1111  = +127 

1000 0000 = -0 

1111 1111 = -127 

Example: 

+2510= 0001 10012 

-2510 = 1001 10012 
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Signed Numbers: b) One’s Complement 

 The MSB is the sign bit 

 Negative numbers are obtained by flipping (or 

complementing) the bit  0 to 1; 1 to 0 

 Note that this leads to having two representations for the 

number zero 
 

 With an 8-bit number representation: Largest number is 

+127, smallest number is -127 

 
In 8 bits numbers: 

0000 0000 = +0 

0111 1111 = +127 

1111 1111 = -0 

1000 0000 = -127 

Example: 

+2510= 0001 10012 

-2510 = 1110 01102 
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Signed Numbers: c) Two’s Complement 

 The MSB is the sign bit 

 Negative numbers are obtained by adding 1 to One’s 

complement negative. 

 Note that this has only one representation for the number 

zero 

 With an 8-bit number representation: Largest number is 

+127, smallest number is -128. 

 
In 8 bits numbers: 

0000 0000 = +0 

0111 1111 = +127 

1111 1111 = -128 

1000 0000 = -127 

Example: 

+2510= 0001 10012 

- 2510 = 1110 01112 
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Calculation of 2's Complement 

 Step 1: 

 invert the binary equivalent of the number by changing all 

of the ones to zeroes and all of the zeroes to ones (also 

called 1's complement) 

 Step 2: 

 Then add one. 

 Example: -17 

17 = 00010001 

Step1 : 11101110 

Step2 : 11101110  
 +       1 
----------------------- 
   11101111 -17 = 11101111 
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Fixed-Number Arithmetic  
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Arithmetic Operations 
22 

 Complement 

 Addition 

 Subtraction 

 Multiplication 

 Division 
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Example: Signed Arithmetic Operation 

The operation:  

(-19) + 13 = -6 

Signed Magnitude: 

   10010011  
+ 00001101 
----------------------- 
   10100000 (-32) 

Ones Complement: 

   11101100  
+ 00001101 
----------------------- 
   11111001 (-6) 

Twos Complement: 

   11101101  
+ 00001101 
----------------------- 
   11111010 (-6) 
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Binary Addition 

 Rules of Binary Addition 

0 + 0 = 0 

0 + 1 = 1 

1 + 0 = 1 

1 + 1 = 0, and carry 1 to the next more significant bit 
 

 Example: 26 + 12 Carry 
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Binary Addition: Example 
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Binary Subtraction (a) 

 Rules of Binary Subtraction 

0 - 0 = 0 

0 - 1 = 1, and borrow 1 from the next more significant bit 

1 - 0 = 1 

1 - 1 = 0 

 Example: 37 -17 
 *direct subtraction 

borrowed 
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Binary Subtraction (b) 

 Another method : Using addition with 2’s 

complement 

 Example: 37 -17  37 + (-17) 

ignore 

1 
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Binary Subtraction: Example 

M ??? 
S ??? 
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Sign Extension  

 Extending a number representation to a larger 

number of bits. 

 Example: 2 in 8 bit binary to 16 bit binary. 

 

 In signed numbers, it is important to extend the sign 

bit to preserve the number (+ve or –ve) 

 Example: -2 in 8 bit binary to 16 bit binary. 

 

 

 

00000010 00000000 00000010 

11111110 11111111 11111110 

Sign bit Sign bit Sign bit extended 
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Detecting Overflow in  

Two’s Complement Numbers 

 Overflow occurs when adding two positive 

numbers and the sum is negative, or vice versa 

 Why ???   

   A carry out occurred into the sign bit 
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Overflow in Humankind History 
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Overflow Rule for addition 

 If 2 Two's Complement numbers are added, and they both 

have the same sign (both positive or both negative), then 

overflow occurs if and only if the result has the opposite 

sign.  

 Adding two positive numbers must give a positive result  

 Adding two negative numbers must give a negative result 

 Overflow occurs if 

(+A) + (+B) = −C 

(−A) + (−B) = +C 

 Overflow never occurs when adding operands with different 

signs. 
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Example: Overflow Rule for addition 

 Example: Using 4-bit Two's Complement numbers (−8 ≤ x ≤ +7) 

 (-7) + (-6) = (-13) but  Overflow (largest −ve number is −8) 

-7 = 1001 

     1001 
+   1010 
------------ 
 1  0011 (3) 

-6 = 1010 

Overflow 

occurs  

The sign bit has 

changed to +ve  
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Example: Overflow Rule for addition 

 Example: Using 8-bit Two's Complement numbers 

 80 + 80 = 160  

 BUT … result of -96  Overflow 

Not 160 because the sign bit is 1. 
(largest +ve number in 8 bits is 127) 

     01010000 
+   01010000 
------------------ 
     10100000 (-96) 
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Overflow Rule for Subtraction 

 If 2 Two's Complement numbers are subtracted, and their 

signs are different, then overflow occurs if and only if the 

result has the same sign as the subtrahend. 

 Overflow occurs if 

(+A) − (−B) = −C 

(−A) − (+B) = +C 

 Example: Using 4-bit Two's Complement numbers (−8 ≤ x ≤ 

+7) 

 Subtract −6 from +7 (i.e. 7 – (-6)) …. 

 

result has the same sign as the 
subtrahend  overflow happens 
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Example: Overflow Rule for Subtraction 
 Example: Using 4-bit Two's Complement numbers (−8 ≤ x ≤ 

+7) 

 Subtract −6 from +7 (i.e. 7 – (-6)) 

 

     0111 
+   0110 
------------ 
     1101 (-3) 

7 = 0111 6 = 0110 

Overflow 

occurs  

Result has same sign 

as subtrahend (-6) 

(+A) − (−B) = −C 

subtrahend 

result 
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A little summary 
37 

 Addition 

 Add the values, discarding any carry-out bit 

 

 Subtraction 

 Negate the subtrahend and add, discarding any carry-out bit 

 

 Overflow 

 Occurs when adding two positive numbers produces a negative 

result, or when adding two negative numbers produces a positive 

result.  

 Adding operands of different signs never produces an overflow 
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A little summary 
38 

 Overflow 

 Overflow conditions for addition and subtraction 
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A little summary 
39 

 Overflow 

 Notice that discarding the carry out of the most significant bit during 

Two's Complement addition is a normal occurrence, and does not by 

itself indicate overflow 
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... multiplication 

 ...  

 Complement 

 Addition 

 Subtraction 

 Multiplication 

 Division 

 


