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The|Dadda|multiplier is a hardware multiplier design invented by computer scientist
Luigi Dadda in 1965. It is similar to the Wallace multiplier, but it is slightly faster (for all

operand sizes) and requires fewer gates (for all but the smallest operand sizes).[1] 8

In fact,(Daddaland Wallace|multipliers have the same 3 steps:

1. Multiply (logical AND) each bit of one of the arguments, by each bit of the other,

yielding n? results. Depending on position of the multiplied bits, the wires carry
different weights, for example wire of bit carrying result of agbs is 32.

2. Reduce the number of partial products to twlayers of full and half adders.
3. Group the wires in two numbers, and add them with a conventional adder.

https://en.wikipedia.org/wiki/Dadda_multiplier




However, unlike|Wallace|multipliers that reduce@s much as possible)on each layer,

Dadda multipliers do(as few reductions as possible) Because of this, Dadda multipliers
~ have a less expensive reduction phase, but the numbers may be a few bits longer, thus
- requiring slightly bigger adders.

.To achieve this, the structure of the second step is governed by slightly more complex
rules than in the Wallace tree. As in the Wallace tree, a new layer is added if any weight is

—

carried by three or more wires. The reduction rules for the Dadda tree, however, are as
follows: '




To achieve this, the structure of the second step is governed by slightly more complex

rules than in the Wallace tree. As in the Wallace tree, a new layer is added if any weight is

carried by three or more wires. The reduction rules for the Dadda tree, however, are as
follows:

» Take any three wires with the same weights and input them into a full adder. The

— result will be an output wire of the same weight and an output wire with a higher

~ weight for each three input wires.

@ « If there are two wires of the same weight Ie the current number of output wires
with that weight is equal to 2 (modulo 3), input them into a half adder. Otherwise, pass
them through to the next layer.

ﬁ « If there is just one wire left, connect it to the next layer.

This step does only as many adds as necessary, so that the number of output weights
stays close to a multiple of 3, which is the ideal number of weights when using full adders
as 3:2 compressors.

https://en.wikipedia.org/wiki/Dadda_multiplier




— However, when a layer carries at most three input wires for any weight, that layer will be

_ thelastone. In this case, the Dadda tree will use half adder more aggressively (but still

~_notasmuch as in a Wallace multiplier), to ensure that there are only two outputs for any
weight. Then, the second rule above changes as follows:

e Ifthere are two wires of the same weight left, and the current number of output wires
with that weight is equal to 1 or 2 (modulo 3), input them into a half adder. Otherwise,
pass them through to the next layer.

https://en.wikipedia.org/wiki/Dadda_multiplier
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M aximum Heidh\: (cf;uevn(e dd

The progression of the reduction is controlled by a maximum-height

sequence d;, defined by:

dy = 2 and dj+1 = flOO’I’(15 * dJ)

This yields a sequence like so:

dy =2,dy = 3,d3 =4,dy = 6,d5 =9,dg = 13,...

MGy mum  height (egnence

di =2

da = ]‘35.)_‘):3

ds = %-3_\:4.

da = LZal=(

de = L5 6)=9

dy = LZ.9)=13
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000000 000000 0000000
000000 000000 0000000
00000 000000 0000000
000000 0000000
0000000
00000000
00000000
00000000
00000000 A =2
00000000 da = 1% -2)=3
00000000 ds = | % 3)=4
00000000 de = LBal=(
DO0000000 de = L= ¢) =9
0000000 Ay, = L=.-9)=13
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the progression o0f Yeductfon
—onilled by 6 Mmaximum height sequene  dj

d =2

dyn= LIS xd; |

ki =2

&a = ]_35-)_—153

ds = | 531=-4

0\q = L%'#_]-_—. L

de = L5 0)=9

Ay, 1Z<.9)=13
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The initial value of j is chosen as the largest value such

that'd; )< max(n,,ny) , where n, and n, are the num-

ber of bits in the input multiplicand and multiplier. The

larger of the two bit lengths will be the maximum height

of each column of weights after the first stage of multi-

plication. For each stage j of the reduction, the goal of

the algorithm is the reduce the height of each column so
that it is less than or equal to the value of d; .

The k@\@»\k oF eooh tolumn & (F 4 )
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V\\=Y\x=?
— i =2
(Q;Q<mo\x(8, =7 ba = 1% 2)= 3
N Ty STos
dq = LZ2a1=¢(
o4 =5 ds = 15 ()-9
s = q dy = [Z.91=13
de =
o,
/d?' =3

@\ =2




dj < max(n,, m)

S'\'o\gﬁ, 3 — | o{ecyoo\s'\ng oviun da . Torget he,-gy,t

For each stage from j..1 , reduce each column starting at

the lowest-weight column ,@according to these rules:

Columm increasing ordtn,

1. 'If height(c;) < d; the column does not require re-

duction, move to column ¢; 4,

Stank o

Tedw ckis

n

2. If lhexght(c;) = d; + 1/add the top two elements
in a half-adder, placing the result at the bottom of

the column and the carry at the top of column ¢;41

, then move to column ¢; 4,

3. Else, add the top three elements in a full-adder, plac-

ing the result at the bottom of the column and the

carry at the top of column ¢; 4 , restart ¢; at step 1

7!

\ A

height (€3) = dy + |

hley) dj

max (N, n,)
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mox height (&) di=8, ds=q, [d=L], ds=4, &=3, d,=2

| 2 2 |1 & tawy T - Q‘ )__ ‘
[ 232 & 5 ¢ 9 % 7 origmal Gunt dA—"é J=4 'f\é"é'{'
C4 CBfcr CUfco ¢4 g ] cf [c& ¢ G (2 C| Cp
0000 @ @ 00000 e height(cg..cs) are all less than or equal to six bits
0000 o0 00000 in height, so no changes are made
e height(cg) = dy + 1 = 7, so a half-adder is ap-
B o060 \./ \./ o000 0 _ plied, reducing it to six bits and adding its carry bit
e00000 000 to cr
C N ) @ @ CW N ) e height(cy) =9 including the carry bit from cg , SO
we apply twe-faH-adders to reduce it to six bits
E— 0000 B | FA 3 | WA
000 e height(cg) = 9 including two carry bits from c¢7 ,
7 ~ so we again apply ewe-ful-addess to reduce it to six
o bits | FA 3 | HA
e height(cg) = 8 including two carry bits from cg ,
so we apply a single full-adder and reduce it to six
bits
[ R e height(cig..c14) are all less than or equal to six
[ 2134 5 4 4 & § Teduction count bits in height including carry bits, so no changes are
C¢ cB [crn CU o ¢ @ €] ¢ |c§ 4+ & r ¢| Cp made
000000000 000OC0OCS
L N e e o o o 00
000000006 00
o000 00000
oo oooeoe
g0 eee




Mox Hhe

C vV

de=B, ds=q, d=6,[d:=4], &h=3,6 d,=2

I 2 2 2 2 2 2 )\ < (wmwmy d-_ . _
([ 2|3 & L & 6 6 ¢ T |original Gunt 3 —4' J=3 -R(Cq"— 4+\
Cly Ccy jcr e co ¢4 @ ] cf c& | B (L ¢\ Cp
e [
. 0000000000 @ 0000 i3 d-
LIL 0606000 L e height(cy..c3) are all less than or equal to four bits
in height, so no changes are made
@\ @\ & &
o f.\ /.\ /.\ @ /.\ /.\ C XK ) o height(cs) = d3 + 1 = 5, so a half-adder is ap-
plied, reducing it to four bits and adding its carry bit
oo oooode to s
000 o e e height(cs) = 7 including the carry bit from ¢4 , so
LA & A we apply a full-adder and a half-adder to reduce it
to four bits
e height(cg..c10) = 8 including previous carry bits,
so we apply two full-adders to reduce them to four
M2 2 2 2 2 2 1 « oy bits
[ 213 2 2 2 2 2 2 3 4 |rednckien count e height(c11) = 6 including previous carry bits, so
gy Cb |cr C Go ©f ¢ ¢ ¢ c& 4|8 o C| Cp we apply a full-adder to reduce it to four bits
o0 00 e height(cya..c14) are all less than or equal to four
bits in height including carry bits, so no changes are
o e o made
L




PY\G\X ‘?\e‘-sh v = L"

de=13, ds=q, dv=é, d: =

—_——
Ll‘} Jz=3,

e

B chg,bd c d2'=3 3=2 )= 3 #)\
[ 2 4 b b L b 4 & 4 origin Coum
Cy [CB [cr Cu o ¢ ¢ ] ¢ <& ¢ B | ¢| Cp
. . . . . Stage j =2, do =3
S ® o e height(cy..co) are all less than or equal to three bits
o0 in height, so no changes are made
— 00000 O0DOCOOO e height(c3) = d2 + 1 = 4, so a half-adder is ap-
plied, reducing it to three bits and adding its carry
bit to ¢4
e height(cy..c12) = b including previous carry bits,
so we apply one full-adder to reduce them to three
bits
e height(cys..c14) are all less than or equal to three
bits in height including carry bits, so no changes are
Ll 1T 1 1 1 1 1 1 1 & awy made
C>]2 2 2 2 2 2 2 2 > 3 |reduckion count
Cly o ¢ O |2 ¢l Cp
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Mo ?\e_‘ush t=3

Y

de=B, ds=9q, d=6, da=4, h=3 [d,=2

(|1 1 1 1
({ 3/3 3 33 3 2 3 =z 3

R
3 3 orignal Goumt

o, =2] j=1 #G)=2 )\

Clg CB ¢ c& ¢ a

¢l ¢p

Stage j =1, d; =2

e height(co..cy) are all less than or equal to two bits

- Hd

UUUU@U@@@@

in height, so no changes are made

e height(cy) = di + 1 = 3, so a half-adder is ap-

plied, reducing it to two bits and adding its carry bit
to c3

e height(cs..c13) = 4 including previous carry bits,
so we apply one full-adder to reduce them to two bits

e height(c14) = 2 including the carry bit from ¢y3 ,

so no changes are made
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a_and_Wallace_multiplier_delays.pdf










