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Lecture 6:  Lecture 6:  
ArithmeticArithmetic
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Unsigned Multiplication in CUnsigned Multiplication in C
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True Product: 2*w bits

Operands: w bits

Discard w bits: w bits UMultw(u , v)
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Unsigned MultiplicationUnsigned Multiplication
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Unsigned ShiftUnsigned Shift--Add Multiplier (Version 1)Add Multiplier (Version 1)
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Algorithm (Version 1)Algorithm (Version 1)

for (i = 0; i < 32; i++) {

if(MULTIPLIER[0] == 1)

PRODUCT = PRODUCT + MULTIPLICAND;

MULTIPLICAND << 1;

MULTIPLIER >> 1;

}
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Unsigned Multiplier (Version 2)Unsigned Multiplier (Version 2)
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Algorithm (Version 2)Algorithm (Version 2)

for (i = 0; i < 32; i++) {

if(MULTIPLIER[0] == 1)

PRODUCT[63:32] += MULTIPLICAND;

PRODUCT >> 1;

MULTIPLIER >> 1;

}
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Product         Multiplier

Unsigned Multiplier (Final Version)Unsigned Multiplier (Final Version)
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Algorithm (Final Version)Algorithm (Final Version)

PRODUCT[31:0] = MULTIPLIER;

for (i = 0; i < 32; i++) {

if(PRODUCT[0] == 1)

PRODUCT[63:32] += MULTIPLICAND;

PRODUCT >> 1;

}
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Signed MultiplicationSigned Multiplication
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Booth’s Algorithm Key IdeaBooth’s Algorithm Key Idea
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Multiplication: SummaryMultiplication: Summary
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Unsigned and Signed DivisionUnsigned and Signed Division
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“Float” by Frank Ortmanns
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The Binary PointThe Binary Point
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Obvious Approach: Fixed PointObvious Approach: Fixed Point

bi bi–1 b2 b1 b0 b–1 b–2 b–3 b–j• • •• • • .

1
2
4

2i–1

2i

• • •

•• •

1/2
1/4
1/8

2–j

bk ⋅2k

k =− j

i

�

��

Fixed PointFixed Point
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Another Approach: Scientific NotationAnother Approach: Scientific Notation
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Exponent

radix (base)Mantissa

decimal point

Sign, magnitude

Sign, magnitude
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IEEE Floating PointIEEE Floating Point
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IEEE 754 Floating Point StandardIEEE 754 Floating Point Standard
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IEEE 754 Floating Point ExampleIEEE 754 Floating Point Example

*�(����G���#������"�����",��

��"����
��	���
����5������	���
���"����(�����	�B�<��

+����"���,�6')��

s E M

02367

��

IEEE 754 Floating Point Special ExponentsIEEE 754 Floating Point Special Exponents
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IEEE 754 Floating Point Special ExponentsIEEE 754 Floating Point Special Exponents

1����%����,���≠ '''H'�������≠ ���H�
������%�O�%��",���<����H�

- 4�≠≠≠≠ '''H',
- 1��6�61��
���91�1;

- +����"���"���!�%�����������!�%���������������

- 1��������
��	�
���������(����#�9�)Y)�"Y��96�;;

- �5���%�",�"Y��9:�;	�∞ − ∞
- 1�1"���������,�(91�1;�<�1�1

�


IEEE 754 Floating Point Special ExponentsIEEE 754 Floating Point Special Exponents
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Encoding MapEncoding Map
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Wimpy PrecisionWimpy Precision
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Dynamic RangeDynamic Range

S  E    M exp val ue

0 0000 000 n/ a 0
0 0000 001 - 6 1/ 512
0 0000 010 - 6 2/ 512
…
0 0000 110 - 6 6/ 512
0 0000 111 - 6 7/ 512
0 0001 000 - 6 8/ 512
0 0001 001  - 6 9/ 512
…
0 0110 110 - 1 28/ 32
0 0110 111 - 1 30/ 32
0 0111 000 0 1
0 0111 001 0 36/ 32
0 0111 010 0 40/ 32
…
0 1110 110 7 224
0 1110 111 7 240
0 1111 000 n/ a i nf

closest to zero

largest denorm
smallest norm

closest to 1 below

closest to 1 above

largest norm

Denormalized
numbers

Normalized
numbers
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Is Rounding Important?Is Rounding Important?
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Rounding Modes in IEEE 754Rounding Modes in IEEE 754
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Rounding Binary NumbersRounding Binary Numbers
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ArithmeticArithmetic
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The FDIV (Floating Point Divide) BugThe FDIV (Floating Point Divide) Bug
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What was the FDIV Bug?What was the FDIV Bug?
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The Importance of StandardsThe Importance of Standards
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