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Division and multiplication by 2™
Division: Unsigned Integers
Let a be an n-bit unsigned integer and let m <=n-1
a=an12" + ..+ am2™+...+2ap2°
Division by 2™
a/2™=[apn12" 4+ ..+ an2™+..+302° 2™

a/2™=[301 2"+ ..+ am2°F ... + a0 27
< T =

Integer part Fractional
part

Discard the fractional part
a/2™=[an12" ™+ ...+ an 2°]

a/2™ (after discarding the fractional part) is the same as shifting the bits of a by m
bits to the right

In bit notation: discard

a dn.l dp-2 ... d dm-1 ... dO

Isd (least significant digit)

/

a/2m 00..000%@an1an2 .=

m
<> You can safely use an n-m bit bus for
< pad S ~ a/2™ . Padding to the left is needed only
N 7 N

if a wider bus is used
m bits n-m bits
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Quartus example, unsigned division example:n=16 m=3

16 bit bus

a
g2 .01, a[15 .. 3]

16 bit bus
\ a[15_.0] \
X a/23
—

a[15..3]

13 bit bus

Multiplication: Unsigned Integers
a=an12™+..+ am2M+..+a392°

Multiplication by 2™
ax2™=[an12™ +..+392%2m
ax2M=[an12"™™1+ .+ ..+a92M]

= [an12™™ 1+ ..+ .. +302™+0 x2™+ .. +0x2°
a x 2m is the same as shifting all the bits of a by m bits to the left

In bit notation:

Insert O's
d an-]_ an-z oo am am-]_ .. d
ax2™m an1i an2 ...am am-1..a000..0 .
el dn2 e dmogmed e €0F F e =0 You can safely use an n+m bit bus for
= n bits ~ T bits ax2™.Padding to the left by 0's is
- -~ heeded if a wider bus is used
N ”~
n+m bits
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Quartus example, unsigned integer multiplication:n=16 m=3

32 bit bus
12..0], a[15..0], g[2..0
\ 16 bit bus x d 2l | 92 7] x
a[15_0] \
b X ax23

a[15..0], g[2..0]

\

19 bit bus

GND
Division: Signed (2's complement) Integers

For signed integers stored in 2's complement notation the procedure is exactly
the same as that for unsigned integers except that we need to be carful about the
sign bit. This restricts m to m <= n-2. Also we want to make sure that after shifting
right by m bits the padding on the left hand side is by 0's if the sign of a is positive
and by 1's if the sign is negative. The trick is to pad with the highest significant
digit of a, i.e., an-1 which is O for positive integers and 1 for negative integers.

In bit notation:

discard

a drl dn2 .. do Isd (least significant digit)
a/zm an-]_ “es an_]_ an_]_ an_z e dm
<> You can safely use an n-m bit bus for
pad a/2™. Padding to the left is needed onl
< >< > / g Y

if a wider bus is used
m bits n-m bits
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Quartus example, signed integer division:n=16 m=3

16 bit bus
a

\ 16 bit bus
a[15..0]
4

a[15], a[15], a[15]. a[15 .. 3]

a/23

a[15..3]

13 bit bus

Multiplication: Signed (2's complement) Integers

Just as in the case of signed division we need to make sure that if
we require padding on the left then we pad with a,.;, otherwise
signed multiplication by 2™ is similar to unsigned multiplication.

In bit notation:
1
a dn-1 dn2 ...dm dm-1...d0 Insert O's

a2m an-1 An2 ... @m aAm-1 ...
<~
\ .
n bits
< ,
n+m bits

You can safely use an n+m bit bus for
a x2™M. Padding to the left by a1 is
needed if a wider bus is used
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Quartus example, signed integer multiplication:n=16 m=3

22 bit bus
a

\ 16 bit bus
a[15..0]
4

a[15]. a[15]. a[15]. a[15..0], g[2..0]

ax?23
a[15..0], g[2..0]

19 bit bus
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