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2Overview

q You  will  learn  the  following  in  this  tutorial:
q data  representations  

q Base  conversions  and  two’s  complement
q IEEE  754  single/double  precision  floating  point  numbers
q ASCII  encoding.
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Data  representation
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-­ IEEE  754  floating  point  format,  
-­ ASCII  representation  of  characters

Examples
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4Conversion  of  bases

q Example : Convert .625(10) to the binary format:
0.625 x 2 LHS of decimal pt=1 RHS =0.25
0.25 x 2 LHS of decimal pt=0 RHS =0.5
0.5 x 2 LHS of decimal pt=1 RHS = 0 done!

0.625(10) => 0.101(2)

q Example : Convert 101.101 (2) to the decimal format:

(1x22) + (0x21) + (1x20) + (1x2-­1) + (0x2-­2) + (1x2-­3) = 5.625(10)

101.101(2)  =>  5.625(10)
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Most  significant  digit

Least  significant  digit



Two’s  complement  representation

q Computers  use  two’s  complement  representation  scheme  for  signed  
numbers.  

q The  positive  numbers  are  represented  as  before.  
q The  negative  numbers  are  converted  as  follows:

q Each  bit  in  the  number  is  inverted  to  get  its  one’s  complement,  
q Add  1  to  the  one’s  complement  number  to  get  the  two’s  
complement.

q Bit  31  is  the  sign  bit.  (for  +ve numbers  bit  31  is  0,  for  –ve numbers  
bit  31  is  1)

q Example  :  -­5  (0000  0000  0000  0000  0000  0000  0000  0101(2))
q Its  1’s  complement  is  

1111  1111  1111  1111  1111  1111  1111  1010(2)
q After  adding  1  the  2’s  complement  becomes  

1111  1111  1111  1111  1111  1111  1111  1011(2)
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Two’s  complement  representation

q To  convert  a  two’s  complement  number  back  to  its  decimal  form,  one  
needs  to  do  the  following:
q Look  at  the  sign  bit,  if  sign  bit  is  zero,  convert  the  binary  number  
directly  to  decimal  format,

q If  the  sign  bit  is  one,  invert  the  number  and  then  add  1  to  the  
inverted  number.  Convert  the  result  to  decimal  format  and  put  a  
–ve sign  to  the  number

q Example  :  Convert  the  two’s  complement  number  1111  1111  1111  
1111  1111  1111  1111  1011(2)  to  decimal  format
q Sign  bit  =1,  invert  all  the  bits  we  have

0000  0000  0000  0000  0000  0000  0000  0100(2)
q Add  1  to  the  inverted  number  we  have

0000  0000  0000  0000  0000  0000  0000  0101(2)
q Convert  the  result  to  decimal  format  and  add  a  –ve sign

-­5(10)
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Overflow  and  Underflow  in  Signed  Integer

q Overflow (signed  integer)
❍ The  value  is  bigger  than  the  largest  integer  that  can  be  
represented

q Underflow (signed  integer)
❍ The  value  is  smaller  than  the  smallest  integer  that  can  be  
represented

Data representation

Overflow and Underflow in Signed Integer 

� Given the number of bits used in representing a signed integer 
� Overflow (signed integer) 

The value is bigger than the largest integer that can be 
represented 

� Underflow (signed integer) 
The value is smaller than the smallest integer that can be 
represented 
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Underflow Overflow Representable range Representable range 

Large negative Large positive zero 
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8The  IEEE  754  single  precision  floating  point  format
q The IEEE 754 standard uses 32 bits to represent single precision
floating point numbers.

q S : sign bit (0 positive, 1 negative),
q Exponent : 8-­bit field, bias = 127,
q Significant : 23-­bit field.

Exercise: Convert -­5.625(10) to the single precision floating point format:
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S Exponent significand
31    30                          22                                                                                                                            0                                                                                  

1  bit      8  bits                                                                    23  bits
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9The  IEEE  754  double  precision  floating  point  format

q The IEEE 754 standard uses 64 bits to represent double precision
floating point numbers.

q S : sign bit (0 positive, 1 negative),
q Exponent : 11-­bit field, bias = 1023,
q Significant : 52-­bit field.

Exercise: Convert -­5.625(10) to the double precision floating point format:
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S Exponent significand

1  bit      11  bits                                                                                52  bits

63          62                    51                                                                                                                                                                0
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10IEEE  754  special  cases

q IEEE  754  Single  precision  format:

q IEEE  754  Double  precision  format:



Overflow  and  Underflow  in  Floating  Point

q Overflow (floating-­point)
❍ A  positive  exponent  becomes  too  large  to  fit  in  the  exponent  field

q Underflow (floating-­point)
❍ A  negative  exponent  becomes  too  large  to  fit  in  the  exponent  field

Data representation
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25 Overflow and Underflow in Floating Point 

� Overflow (floating-point) 
A positive exponent becomes too large to fit in the exponent field 

 
� Underflow (floating-point) 

A negative exponent becomes too large to fit in the exponent field 
 

 
 
 
 

Overflow Overflow Representable range Representable range 

Large negative Large positive close to zero 

underflow 



Representing  text– the  ASCII  codes

q The  American  Standard  Code  for  Information  Interchange  (ASCII)  is  a  
character  encoding  scheme  for  encoding  text.

q ASCII  code  uses  8  bits  to  represent  one  character.
q The  list  of  the  first  128  characters  are  listed  in  the  table  below
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Exercises

Question 1: Given the bit pattern 1000 0000 0100 0110 0000 0000
0000 0000

-­ What is the value if this is a 2’s complement representation?
-­ What if the pattern is an unsigned interger?
-­ What if it is an IEEE single precision number?
-­ What if it represents 4 ASCII characters (assume bits 31-­24, 23-­16,
15-­8, 7-­0 store the characters, and ASCII value of 128 is the symbol
‘€’).
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Exercises

Question 2: Assume the bit pattern 1001 1100 follows the IEEE-­like
floating point representation format

-­ What is the bias of the exponent?
-­ What value is the given pattern representing?
-­ What is the range of numbers that this IEEE-­like floating point
representation system can represent?
-­ What is the granularity of this representation system?

S Exponent significand

1  bit      3  bits                                                                    4  bits
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16Conclusion

q Today  we  have  reviewed:
p simple  base  conversions,  the  IEEE  754  floating  point  format,  and  
the  ASCII  character  scheme.


