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The Binary Multiplication
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The Array Multiplier
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𝑀 𝐵𝑖𝑡 𝑋 𝑁 𝐵𝑖𝑡 −> 𝑃 = (𝑁 +𝑀 − 1)

𝑅𝑒𝑞𝑢𝑖𝑟𝑒 𝑁 − 1 𝑀 − 𝐵𝑖𝑡 𝐴𝑑𝑑𝑒𝑟𝑠 𝑅𝑒𝑞𝑢𝑖𝑟𝑒 𝑀 𝑋 𝑁 𝐴𝑁𝐷 𝐺𝑎𝑡𝑒𝑠

𝑡𝑚𝑢𝑙 = 𝑀 − 1 + 𝑁 − 2 𝑡𝑐𝑎𝑟𝑟𝑦 + 𝑁 − 1 𝑡𝑠𝑢𝑚 + 𝑡𝑎𝑛𝑑
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The Carry-Save Multiplier
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𝑅𝑒𝑞𝑢𝑖𝑟𝑒 𝑁 𝑀 − 𝐵𝑖𝑡 𝐴𝑑𝑑𝑒𝑟𝑠 𝑅𝑒𝑞𝑢𝑖𝑟𝑒 𝑀 𝑋 𝑁 𝐴𝑁𝐷 𝐺𝑎𝑡𝑒𝑠

𝑡𝑚𝑢𝑙 = 𝑡𝑎𝑛𝑑 + 𝑁 − 1 𝑡𝑐𝑎𝑟𝑟𝑦 + 𝑡𝑚𝑒𝑟𝑔𝑒
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Vector Merging Adder
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Adder Cells in Array Multiplier
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Product terms generated by a collection of AND gates

Wallace Tree Multiplication



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

10/29/2022 9

Wallace Tree Multiplication



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

10/29/2022 10

a3 a2 a1 a0

b3 b2 b1 b0

p33 p23 p13 p03 p02 p01 p00

p32 p22 p12 p11 p10
p31 p21 p20

p30

a3 a2 a1 a0
b3 b2 b1 b0

p33 p23 p13 p03 p02 p01 p00
p32 p22 p12 p11 p10

p31 p21 p20

p30 p29

Wallace Tree Multiplication

1. Use FA and HA to reduce column height

2. To use FA/HA previous column should have 

3 or more partial products and to use HA 

previous column should have 2 or more 

partial products 

3. Stop if two bits are available in the column an 

also in preceding column.   

Step -1

Step -2

a3 a2 a1 a0

b3 b2 b1 b0

p33 p23 S-3 S-2 S-1 p01 p00

p32 C-2 p30 p20 p10
C-3 C-1

FA-2  &  HA-1 
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a3 a2 a1 a0

b3 b2 b1 b0
p33 p23 p13 p03 p02 p01 p00

p32 p22 p12 p11 p10

p31 p21 p20
p30

Wallace tree Multiplication

Step -4   Six- Bit Fast Adder

Step -2

a3 a2 a1 a0

b3 b2 b1 b0
p33 p23 S-3 S-2 S-1 p01 p00

p32 C-2 p30 p20 p10
C-3 C-1

a3 a2 a1 a0
b3 b2 b1 b0

p33 S-6 S-5 S-4 S-1 p01 p00
C-6 C-5 C-4 C-1 p20 p10

a3 a2 a1 a0
b3 b2 b1 b0

p33 p23 S-3 S-2 S-1 p01 p00
p32 C-2 p30 p20 p10
C-3 C-1

Step -3

FA-2  &  HA-1 

FA-1  &  HA-2 

Handbook of Digital CMOS Technology,

Circuits, and Systems 

Karim Abbas
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Wallace Tree Multiplication
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Wallace Tree Multiplication
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Wallace Tree Multiplication

Wallace tree reduction for 4 X 4 multiplier



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

10/29/2022 15

Wallace Tree Multiplication

Wallace tree reduction for 5 X 5 multiplier
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Wallace tree reduction for 6 X 6 multiplier

Wallace Tree Multiplication
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Wallace Tree Multiplication

Wallace tree reduction for 7 X 6 multiplier
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DADDA Multiplication

For an N X  M multiplier, we choose the d which is less than the smaller of N and M, thus for 

a 3 X 8 multiplier the chosen d would be 2 because 2 < min(3, 8). 

For a 4 X 4 multiplier d would be 3.

For an 8 X 8 multiplier d would be 6.

1. If the position has bits less than d, move on 

2. If the position has bits equal to d + 1, use an HA to compress two bits, pushing one result to 

the next position. The current position would be reduced to d, allowing us to move to the next 

bit position

3. If the position has any higher number of bits, use an FA to compress, pushing bits and 

repeating again from the first step. In other words, this step would keep us looping on the 

same position until the height in the position

reduces to d.

Specifically the sequence is 2, 3, 4, 6, 9, 13, 19, 28, etc.
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DADDA Multiplication

8 X 8 DADDA multiplier
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Sequential Multiplier
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Sequential Multiplier
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Booth Algorithm 
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Booth Algorithm 

Example:
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Booth Algorithm 
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Booth Algorithm 
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Thank you


