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Integer Multiplication (1/9)Integer Multiplication (1/9)
• Consider unsigned (positive) integers for now.
• Simple grade-school method.
• Form partial products and add.

Example:
1  2  3 Multiplicand

x  3  2  1 Multiplier
1  2  3

2 4 6 P ti l P d t2  4  6 Partial Products
3  6  9
3 9 4 8 3 Product3  9  4  8  3 Product

• Size of the final product: six digits max., since
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Size of the final product: six digits max., since 
our numbers are 3 digits wide.



Integer Multiplication (2/9)Integer Multiplication (2/9)
• This method can be used for integers in binary form 

as well.
Example: 510 x 610 = 3010
5 & 6 are 3 bits wide Ob th t ti l d t510 & 610 are 3 bits wide.

1 0 1  multiplicand

x 1 1 0 multiplier

Observe that partial products 
are either zero or just the 
multiplicand shifted left by x 1 1 0  multiplier

0 0 0
1 0 1

p y
some number of bits. 

How do we make use of this?
1 0 1  
1 1 1 1 0

Thi i 30

Here the size of the final pro-
duct could be up to be six bits.

This is 3010 .

• Straightforward implementation.
Si b 32 bit 64 bit dd

p

3

• Since our numbers are 32 bits, we use a 64-bit adder.



Integer Multiplication (3/9)Integer Multiplication (3/9)

FIGURE 3.4 First version of the multiplication hardware. The Multiplicand
register ALU and Product register are all 64 bits wide with only the Multiplierregister, ALU, and Product register are all 64 bits wide, with only the Multiplier
register containing 32 bits. The 32-bit multiplicand starts in the right half of the
Multiplicand register and is shifted left 1 bit on each step. The multiplier is
shifted in the opposite direction at each step. The algorithm starts with the
product initialized to 0. Control decides when to shift the Multiplicand and
M ltiplier registers and hen to rite ne al es into the Prod ct register
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Multiplier registers and when to write new values into the Product register.



Integer Multiplication (4/9)Integer Multiplication (4/9)

• Observe that only 32 bits of products are getting 
added at a time.

• So if we shift the product right, then we can 
make do with only a 32-bit adder.
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• Everything else is as before.



Integer Multiplication (5/9)Integer Multiplication (5/9)

Assume both numbersAssume both numbers 
are positive: sign bit = 0.

LSB of multiplication

• Observe that both product and multiplier are

LSB of multiplication

Observe that both product and multiplier are 
shifted right.

• Right half of product register is not used initially
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g p g y
• Why not store multiplier in there?



Integer Multiplication (6/9)Integer Multiplication (6/9)

Assume both numbersAssume both numbers 
are positive: sign bit = 0.

Hi Lo

LSB of multiplication

Hi Lo

• At each step we examine the LSB of the product

LSB of multiplication

At each step, we examine the LSB of the product 
register (multiplier).

• Hi & Lo registers. Hi is the upper half and Lo is 
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g pp
the lower half of product.



Integer Multiplication (7/9)tege u t p cat o ( /9)
(repeat of figure on preceding three slides)

FIGURE 3.6 Refined version of the multiplication hardware. Compare with the first
version in Figure 3.4. The Multiplicand register, ALU, and Multiplier register are all 32 bits
wide, with only the Product register left at 64 bits. Now the product is shifted right. The
separate Multiplier register also disappeared. The multiplier is placed instead in the right
half of the Product register. These changes are highlighted in color. (The Product register
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g g g g ( g
should really be 65 bits to hold the carryout of the adder, but it’s shown here as 64 bits
to highlight the evolution from Figure 3.4.)



Integer Multiplication (8/9)Integer Multiplication (8/9)

Load multiplicand; multiplier in LoLoad multiplicand; multiplier in Lo

Testbit=1 bit=0
LSB

Add multiplicand 
t l ft h lf fto left half of 
product & store 
the sum

Shift product register right, 1 bit

32nd step
No
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p
Yes

Stop



Integer Multiplication (9/9)Integer Multiplication (9/9)

Example: Consider 210 x 310 = 610p 10 10 10

Let size be 4 bits. 210 = 0010, 310 = 0011
Multiplicand = 0010; load 0011 in lower half of p ;
product register.

00 10 Multiplicand

0010    0011

00 10 Multiplicand

0000 0011Product
add

LSB is 1; add and shift

0001    0001
0011    0001

shift

add LSB is 1; add and shift

0001    1000
0000    1100

shift LSB is 0; just shift

LSB is 0; just shift

10The answer is 610

0000 0110


