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Outline

● Review of Numbers

● Floating-point numbers

● The implicit leading 1

● Floating-point number addition
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Number Systems
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● Fixed-point notation

● Has an implied binary point between the integer and fraction bits

0110.1100

Integer bits Fraction bits

= 22 + 21 + 2-1 + 2-2 = 6.75



Number Systems
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● Fixed-point notation

● Signed fixed-point numbers can use either two’s complement or 

sign/magnitude notation

● E.g. How to represent -2.375 using fixed-point notations with four 

integer and four fraction bits

(a) 2.375 =  0010.0110 (absolute value)

(b) 1010.0110 (sign and magnitude)

(c) -2.375 = 1101.1010 (two’s complement)

Two’s complement inverts the bit of the absolute value and adding a 1 to the LSB



Saturating Arithmetic
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Floating vs. Fixed Point Numbers
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Number Systems
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● Floating-point number is composed of a

● Sign

● Mantissa (M)

● Base (B)

● Exponent (E)



Floating-Point Numbers
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Floating-Point Numbers
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● IEEE 754 32-bit Floating-point format

● What is the floating-point representation of decimal number 228?

● 22810 = 111001002 = 1.110012 x 27

● The sign bit is positive (0)

● The 8 exponent bits give the value 7

● The remaining 23 bits are mantissa (111 001….)



Floating-Point Numbers
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● IEEE 754 32-bit Floating-point format

● The exponent needs to represent both positive and negative 

exponents

● Uses a biased exponent, which is the original exponent plus a 

constant bias

● 32-bit floating-point uses a bias of 127



Floating-Point Numbers

● How to convert 10.875 to IEEE 754 FP Format ?

○ Step 1: Write the number in binary

■ 1010.1112 = 1.010111000… * 23

○ Step 2: Determine Sign/Exponent/Mantissa

■ Sign = Positive ->0

■ Exponent: 3-(-127) = 130 -> 1000 00102

■ Mantissa: 1010 1110 0000 0000 0000 0000

○ Step 3: Concatenate

■ 0100 0001 0101 0111 0000 0000 0000 0000
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S Exponent Mantissa



Floating-Point Numbers
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● IEEE 754 32-bit Floating-point format

● How to represent 1.110012 x 27 in IEEE 754 format?

● For the exponent 7, the biased exponent is 

7 – (-127) = 134 = 100001102

● With an implicit leading one



Floating-Point Numbers

● How to convert 0xC3CC0000 to decimal?

○ Step 1: Write the number in binary

■ 1100 0011 1100 1100 0000 0000 0000 0000

■ C       3       C       C 0       0       0       0

○ Step 2: Determine Sign/Exponent/Mantissa

■ Sign = Negative ->1

■ Exponent: 1000 01112 -> 135-(127) = 8 

■ Mantissa: 1001 1000 … -> 1.001 1000 = 1 + 2-3 + 2-4

■ (1 + 2-3 + 2-4) * 28 = 28 + 25 + 24 = 304
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The implicit Leading 1

● Our mantissa is guaranteed not to have any leading zeros

○ If we wanted to write 0.234*105, we’d instead write it as 2.34*104

● In binary, every digit is only either 1 or 0

○ Since the MSB can’t be 0, it must therefore be 1

○ If the first bit will always be 1, we don’t need to store it!

○ We can save 1 bit (or alternatively add another bit of precision) to 

the mantissa by not including the MSB of the mantissa

■ This is known as the implicit 1

■ The resulting mantissa is a “normalized” number
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The implicit Leading 1

● How to convert 10.875 to IEEE 754 FP Format?

○ Step 1: Write the number in binary

■ 1010.1112 = 1.010111000… * 23

○ Step 2: Determine Sign/Exponent/Mantissa

■ Sign = Positive ->0

■ Exponent: 3-(-127) = 130 -> 1000 00102

■ Mantissa: 0101 1100 0000 0000 0000 000

○ Step 3: Concatenate

■ 0100 0001 0010 1110 0000 0000 0000 0000
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Takeaway Question
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● How to represent -58.2510 in the IEEE 754 format with 

implicit leading 1?



Takeaway Question
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● How to represent -58.2510 in the IEEE 754 format with 

implicit leading 1?



Floating-Point Special Cases
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Floating-Point Precision
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Rounding & Overflow
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Rounding & Overflow
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Floating-Point Addition
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Floating-Point Addition
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Floating-Point Addition
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