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2.3 Floating point representation 

 Floating point representation must find a compromise between the size of 

the fraction and the size of the exponent. 

Fraction : The value generally between 0 and 1, placed in the fraction 

field.(mantissa) 

Exponent : In the numerical representation system of floating – point arithmetic, 

the value that is placed in the exponent field. 

Floating point arithmetic may be represented in two ways, 

I. Single precision 

II. Double precision 

i. Single precision 

A floating point value represented in a single 32 bit word. 

32 31 30 29 28 27 26 25 24 23 

s exponent 

1bit 8 bit 

22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Fraction 

23 bits 

 

Fraction almost as small as 2.0ten X 1038 and numbers almost as large as 2.0ten X 1038 can 

be represented in a computer. 

➢ S is the sign of the floating point number. 

➢ ‘1’ means negative ‘0’ means positive. 

➢ Exponent is the value of the 8 – bit field (including the sign of the exponent) 

➢ Fraction is the 23 – bit number. 

➢ General form of floating point number is, 

(-1)s x F x 2E 

Overflow: 

 A situation in which a positive exponent becomes too large to fit in the exponent 

field. 
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Underflow : 

 A situation in which a negative exponent becomes two large to fit in the exponent 

field. Oneway to reduce overflow or underflow is to offer another format that has a larger 

exponent 

ii. Double precision: 

A floating point value represented in two 32 bit words. 

S is the sign of the number exponent is the value of the 11- bit exponent 

is the value of the 11 bit exponent field and fraction is the 52 bit number in the 

fraction field. 

Double precision allows numbers almost as small as 2.0 x 10-30-8 and 

almost as large as 2.0ten x 1030-8 . 

Although double precision does increase the exponent range, its primary 

advantage is its greater precision because of much larger fraction. 

 They are part of the IEEE 754 floating point standard. To fit more bits in 

the significant, IEEE 754 makes the leading 1 bit of normalized binary numbers 

implicit. 

 The designers of IEEE 754 also wanted a floating point representation 

that could be easily processed by integer comparisons, especially for sorting 

(allowing a quick test of less than, greater than or equal to 0) 

 Negative exponents pose a challenge to simplified sorting. If we use 

two’s complement in which negative exponents have a 1 in the most significant 

bit of the exponent field, a negative exponent will look like a big number. 

Eg)  1.02 x 2-1 would be represented as 
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31 30 29 28 27 26 25 24 23 22 21 20   2 1 0 

0 1 1 1 1 1 1 1 1 0 0 0 ……………………….. 0 0 0 

 

The value 1.02 x 2-1 would like smaller binary number. 

 

31 30 29 28 27 26 25 24 23 22 21 20   2 1 0 

0 0 0 0 0 0 0 0 1 0 0 0 ……………………….. 0 0 0 

 

Biased notation  →  00……………000two  -   Most negative exponent 

     11……………111two  -   Most positive exponent 

IEEE 754 uses a bias of 127 for single precision, so -1 is represented as                          

-1+12710  or  

12610 = 0111 1110ten and + 1 is represented by 1+12710  or 12810 = 1000 0000ten 

( -1 )3 x ( 1 + fraction ) x 2(Oponent – Bias)    

 

2.3.1 Floating Point Addition 

 The following Fig 1 shows the flow chart of Floating Point Addition. 

Algorithm: 

Step 1: 

 Compare the exponent of the two numbers shift the smaller number to the 

right until its exponent would match the larger exponent. 

Step 2: 

 Add the significant 

Step 3:  

(i) Normalize the sum, either shifting right and incrementing the 

exponent or shifting left and decrementing the exponent. 

(ii) Whenever the exponent is increased (or) decreased, we must 

check for overflow or underflow. 

Step 4: 

 Round the significant to the appropriate number of 1 bits. 
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Decimal floating point addition 

 Eg) 9.999ten x 101 + 1.610ten x 10
-1 

Step 1:  

 Compare the exponent and shift the smaller exponent. 

 1.610ten x 10
-1 = 0.01610ten x 101 

Step 2: 

 Add the significant 

   9.999ten  + 

   0.016ten 

   ______ 

         10.015ten 

 So, 10.015 x 101 

Step 3: 

 Normalize the sum 

10.015 x 101  = 1.0015 x 102 

Check whether overflow (or) underflow occurs 

127 ≥  2 ≥ -126 

There is no overflow (or) underflow. 

Step 4: 

 Round the significant  

Rounded to four digits in the significant  

1.0015 ten x 102  to  1.002 ten x 10-2   

 Ans:  1.002 ten x 10-2   
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Flow chart 

 

Fig 1: Flowchart for floating point addition / subtraction 

Source: David A. Patterson and John L. Hennessey, ―Computer Organization and 

Design‖, Fifth edition, Morgan Kauffman / Elsevier 

 

Binary Floating Point Addition: 
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Eg) Add the numbers   0.5ten and -0.4375ten in binary using the algorithm 

Solution  

Convert to binary form 

 

 

  0.5ten  = 
1

2𝑡𝑒𝑛
 

   = 
01

10
   = 0.1 ten 

    = 0.1 x 20 

Normalize the number  1.000two x 2-1 

 -0.4375ten  = 
−7

16𝑡𝑒𝑛
 

    = 
−7

2𝑡𝑒𝑛
4  

   = 
−0111

10000
 

   = -0.0111two x 20 

   = -1.110two x 2-2
 

Now we have,  

 1.000two x 2-1 and -1.110two x 2-2 

Step 1: Compare the exponents and shift the smaller exponent. 

 

 -1.110two x 2-2 =  -0.111two x 2-1 

Step 2: Add the significant  

 1.000two x 2-1 

0.111two x 2-1 → 0.110 → +1.010  x 2-1 

    Negation 1.001 + 

         1 

          ____________ 

                                       1.010  

 1.000two x 2-1   + 1.001two x 2-1 
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 →  1.000 

   1.001 

   _____ 

   0.001 

  ie) 0.001 x 2-1 

Step 3: Normalize the sum, then checking for overflow or underflow are 

occurred 

 0.001two x 2-1 = 1.000two x 2-4 

Since 127 ≥ - 4 ≥ - 126 , there is no underflow (or) overflow 

Step 4: Round the sum 

 1.000two x 2-4 

Step 5:  Converting binary to decial 

 1.000two x 2-4  = 0.0001000 

    = 0.0001 

    = 0 x 2-1 + 0 x 2-2 +0 x 2-3 +1 x 2-4 

    = 0+0+0+1/24 

    = 1/16 

     = 0.0625 
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2.3.1 Floating Point Multilication 

Alogorithm 

Step 1: 

• Add  the exponents of the operands. 

• Add the biased exponents of the two numbers and subtracting the bias 

from the sum to get the new biased exponent. 

Step 2: 

• Multiply the significant. 

Steps 3: 

• Normalize the product if necessary, shifting the product at right and 

incrementing the exponent. 

• We should check whether the overflow or underflow occur 

Step 4: 

• Round the significant to the appropriate number of bits, which may 

require normalizing again to produce the final result. 

Step 5: 

• Set the sign of the product 

• If the signs of the original operands re same, set of the product to 

positive. 

• If the signs are different, set the negative sign to product. 
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Example: Multiplying decimal number in scientific notation by, 

 (1.110ten x 1010)   x  (9.200ten x 10-5) 

Step 1: Adding the exponents of the operands  

i) ie) new exponent  = 10  +(-5) 

    = 5 

ii) add the biased exponent of the two numbers, 

 127+10=137 , 127-5=122 

 Sum of biased exponent  = 137+122 

      = 259 

Subtract the bias from this sum, 

 ie)  1259 -127 

  = 132 

Step 2: Multiply the significant 

 1.110 x 

 9.220 

 _____ 

 0000 

                      0000 

                    2220 

                  9990 

                 __________ 

               10212000 

ie) 10.212000ten 

 10.212000 x 105 

 10.212 x 105 

Step 3: Normalize the product 
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 10.212 x 105 = 1.0212 x 106 

 No overflow or Underflow 

Step 4:  Round the significant 

 1.021 x 106 

Step 5: Set the sign of the product. It depends on the signs of the original 

operands. 

 + 1.021 x106 

 → Subtracting the bias from the sum to get new biased exponent. 

  126 + 125 = 251 

251 – 127 = 124 

2.3.3 MIPS floating point instructions 

MIPS provide several instructions for floating point numbers 

for performing the following operations: 

 Arithmetic 

 Data movement (memory and registers) 

 Conditional jumps 

Floating Point (FP) instructions work with a different bank of registers. 

Registers are named 

$f0 to $f31. MIPS floating-point registers are used in pairs for double 

precision numbers and referred using even numbers. Single precision 

numbers end with .s and double precision numbers end with .d. 

Category Example Description 

FP add single add.s $f2, $f4, $f6 f2=f4 + f6 

FP subtract single sub.s $f2, $f4, $f6 f2=f4 - f6 

FP multiply single mul.s $f2, $f4, $f6 f2=f4 * f6 

FP divide single div.s $f2, $f4, $f6 f2=f4 / f6 

FP add double add.d $f2, $f4, $f6 f2=f4 + f6 
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FP subtract 

double 

sub.d $f2, $f4, $f6 f2=f4 - f6 

FP multiply double mul.d $f2, $f4, $f6 f2=f4 * f6 

FP divide double div.d $f2, $f4, $f6 f2=f4 -/f6 

Load word copr,1 Lwcl $f1, 100 ($s2) F1=memory[s2+100]32 bit data 

to FP register 

Store word copr,1 Swcl $f1, 100 ($s2) Memory[s2+100]=f132 bit data 

to memory 

Branch on FP true Bclt 25 If(cond==1) goto PC+4+100PC 

relative branch if cond is true 

Branch on FP 

false 

Bclt 25 If(cond==0) goto PC+4+100PC 

relative branch if cond is false 

FP compare single 

(eq, ne, li, le, gt, 

ge) 

C.lt.s $f2, $f4 If(f2 < f4) Cond=1; else cond=0 

FP compare 

double (eq, ne, li, 

le, gt, ge) 

C.lt.d $f2, $f4 If(f2 < f4) Cond=1; else cond=0 

 


