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Fast Multiplication

Two techniques for speeding up the multiplication operation

1. Bit-pair Recoding of Multipliers

2. Carry-Save addition of summands

Bit-pair Recoding of Multipliers:

• Guarantees the maximum number of summands (versions of 

multiplicand) added is n/2 for n-bit operands

Carry-Save Addition of summands

• Reduces the time needed to add the summands
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Bit-pair Recoding of Multipliers

• It halves the maximum number of summands

• Derived from Booth algorithm
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Multiplier Bit pair recoding

i 1+ i 1

Table of multiplicand selection decisions

selected at position i
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Example: Booth Multiplication
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Example

1 1 0 1 0 0

-2-10
0 1 1 0 1

0

1 010011111

1 1 1 1 0 0 1 1

0 0 0 0 0 0

1 1 1 0 1 1 0 0 1 0

1- 2-

Multiplication requiring only n/2 summands

Multiplier: 11010

+13 = 0 1 1 0 1

1’s = 1 0 0 1 0

2’s = 1 +

-13 = 1 0 0 1 1
x x

xxxx
-1 = 2’s complement of multiplicand

-2 = 2’s complement of multiplicand x 1 0

+1 = Multiplicand

+2 = Multiplicand x 10

Multiplicand:
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Carry-Save Addition of Summands

• Multiplication requires addition of several summands.

• Carry- Save Addition(CSA) technique speeds up the addition process

P7 P6 P5 P4 P3 P2 P1 P0

Ripple carry array
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Carry-Save Array 

P3 P2 P1 P

0
P5 P4P7 P6

M x Q = P for 4-bit operands
ith multiplier bit

carry incarry out

jth multiplicand bit

ith multiplier bit

Bit of incoming partial product (PPi)

Bit of outgoing partial product (PP(i+1))

FA
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Carry-Save Addition of Summands

• Consider the addition of many summands, we can:

 Group the summands in threes and perform carry-save addition 

on each of these groups in parallel to generate a set of S and C 

vectors in one full-adder delay

 Group all of the S and C vectors into threes, and perform carry-

save addition on them, generating a further set of S and C vectors 

in one more full-adder delay

 Continue with this process until there are only two vectors 

remaining

 They can be added in a RCA or CLA to produce the desired 

product
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Carry-Save Addition of Summands
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A multiplication example used to illustrate carry-save addition

m5q0 m4q0 m3q0 m2q0 m1q0 m0q0  

m5q1 m4q1 m3q1   m2q1   m1q1  m0q1
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Schematic Representaion of CSA

F E D C B A

C2 S2
C1 S1

C2 C3

S3

C4 S4

+

Product

Level 1 CSA

Level 2 CSA

Level 3 CSA

Final Addition
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Logic gate delay to perform 6 x 6 multiplication

o 1 AND gate delay

o 2 gate delays per CSA level

o CLA has 8 gate delays

Total gate delays = 1 + 2 x 3 CSA levels + 8

=   15

In general, for n summands of  n x n multiplication,

= 1.7log2n – 1.7 levels of CSA steps needed

Using bit-pair recoding,

= 1.7log2n – 3.4 levels of CSA steps needed

Gate Delays
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Assessment
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1. We make use of ______ circuits to implement multiplication.

a) Flip flops

b) Combinatorial

c) Fast adders

d) None of the mentioned

2. The method used to reduce the maximum number of summands by half 

is _______

a) Fast multiplication

b) Bit-pair recoding

c) Quick multiplication

d) None of the mentioned
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Assessment

3. The multiplier -6(11010) is recorded as _______

a) 0-1-2

b) 0-1+1-10

c) -2-10

d) None 

4. CSA stands for?

a) Computer Speed Addition

b) Carry Save Addition

c) Computer Service Architecture

d) None of the mentioned

5. The product of -13 & 11 is 

__________

a) 1100110011

b) 1101110001

c) 1010101010

d) 1111111000
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Answers
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1. C

2. B

3. A

4. B

5. B
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Thank You


