N
o
=
~
o
~
o
=

Copyright (c) 2015 Young W. Lim.
Permission is granted to copy, distribute and/or modify this document under the terms of the

GNU Free Documentation License, Version 1.2 or any later version published by the Free Software
Foundation; with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of

the license is included in the section entitled "GNU Free Documentation License". ]




References

| I N 1 |

Some Figures from the following sites

. Weste & Harris Book Site ...

[2] en.wikipedia.org




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:

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

the last one. In this case, the|Dadda tree

will use

half adder

« If there 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.
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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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hargest velue 4 45 <maxn, )

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; .
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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
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height (€3) = dy + |

hley) dj

max (N, n,)
L LA 2 ™ ) )p'.l

HA Righen prionty  Thom A




O (

D (

c
J
—
N\
—
AN
si QO 0
@) R
)]
()
fay
J
-
)

(1

cn

cn

=V

€




D W

v

L2 C 2 0 2 I

(@)

D R R B R e ee

N
N
"
n
n
N
n
"
N
"
N
n
N
e







A= 4

Mo he ht—/X—\
grE=8) =B, ds=q, [a={]

d:l:q’} d:= 3} d|=2-

=60

=3
WE-‘Sht: © dl':B/ 4$=q) d"zé) |—LIM= d:= 3/ d;=2
j=2
Mox heigh. =4 di=B, ds=q, d=i, di=4, [h=3] d;=2
©)
1= |
MO\X%\ d‘=|5/ 45=q, dy:é) 43.:4'} J‘= 3) M

@)




O000000000000O0O0

O000000000O0

000000000

0000000
- A4

00000

O000000000000O0O0

00000000000

O (
(o] ¢
O(
O(¢
OC
O
O(¢

D O
D O
) O
) O
) O
) O

0000000000000

0O00000000O00O0

O000000000000O0O0

000000000000

0000000000000 O0

| 0000000000000




Mo

'?\eisht =

dt'-‘B, ‘.f:q, |d¢=;,

®

d3=q’} d"l=3j d|=2.

{ 2 3 4 ¥ 3 n g ,7

original Coum®T

Cg CB cx ¢ ¢o 9 ¢ U] CL ¢k ¢ < o

g=u W)= L+

OOOOOOOOO

vvvvv'v'

el — N —af

- W W W

D00

D O 00
DO 0O
DO O
0D O
D O
DO

-w e W W W v e

o

0Ol

wl

Ol

00O

000

O |

O[g00oO

0000

8]
oXe)[e}oXelle

—

oooooooooooooocoo

 0O0000O0O0O0OOOOOO

00000000000

00000000

. 0000000

000000




3

I

'Y
d‘:BI A":q’ dq:é) d;=4|- Jz= 3/ d|=2.

+

<

o

<

o<

)

(|

)

4

I

Aw.,
L& 0
mu. OO0
HERN o Yo Xo!
5 0000
n 00000
ot 0000100
ez 000000
vs 0000100
v 000000
s 0000100
~ 000000
Iz 0000
=5 000
8 100
-5 O

laWaVYaVWaWaWa)

OC
o)o
o)e

) O

9

OO0
o

o0

DO

O

O

) O

DO |

oXeo

) O

) Q

DO

) U

DO

(0]

DO

O

o

) O

DO

O

) O

oJo
ofe

) O

oXo)
000
00O
00O
00O
000
000
oXoNo)
000
00O
000
00O
00

0O0000000O0O0

mox %eiskt =6




‘?\eisk .= L‘-

d‘=|5; ‘$=q, d(!':é) d: =4,

~
RS
n

2

l')_q_l.\.L\-l»L»,q,q,q_q,q_origsndcomt

J=2 W)= 3 )\

T CB Cr oo o ¢ @ ¢ ¢ c& @& O

(2 ¢l <o

000
(oMo

o

00O
00

Ol

L0000
o|[eXe[o Ko
I[eXe]

0[0Qgo0o

el[efe)Xe

O

Al — Nl N e — N —

000
(o Xo




Mo height =3 diz, ds=q, du=6, b=t h=3,[{=1 4= |
t 3 3 3 3 3 2 2 3 2 3 3 3 06rigmal ooumt dl=2 \)n\ .R(CL)=2+\
Ty CBb Cr CT o ¢ ¢ ] ¢ <& ¢ G (o C| Cp
oNoNoNoNoloNeoJoNoNoNoNoNe]loNe)
0000000000000
0O000000000O0O0
DOO0OO0OO000000O0O0 | o o
6666%5?66 (‘)lc‘J(‘)
olldlolld jollolplididdla @ o a
olddld oloaddidiaal | o

(o]
O0000000D0D00000
Q00000000000 O0|O0







1= 4
b+ |

—
-

SR @)

dy =0

®

original Goumt

) O
) O
) O
) O

) O
) O
) O

d['-'B, 4$=q, d(!:‘ 43':4} &= 3} dl=2'

OC
(o) ¢
O(

2 32 4 5 ¢ 9 3 79

Clg CB cr &l o ¢4 @ ] ¢ c& ¢ QB [r C| Cp

{

) O
) O
) O
) O
) O
) O
) O

) O

o

E|Ldo
O]

N

O (¢
O
o] ¢

) O
) O
) [O]
DO
) O
D O
) O

)/14 Mok ‘%eisht -—'

|

s
i

\Y AR Y4
(e fe)

o[l

0000000000000 O0O0
0O000000000O0
000000000
000000




o) 9 O O
mu 00 00 00 00
- 000 00O 000 000
0 0000 0000 000p0 0000
S 00000 00000 00000 00000
000000 000000 000000 000000
000000 000000 000000 000000
000000000 0Q00901 000000 000000
0000000 00000000 0000Q0000 ©0O0O0O0O|O
000000 000000 000000 000000|0
00000 00000 00000 00000
0000 0QO00 0000 0000
000 00O 000 000
00 00 oJo 00
o O o) ‘o)
o o) O ‘o)
00 00 00 00
000 000 000 000
0000 0000 000D 0000
00000 00000 00000 00000
000000 DO0000O 000000 000000
00 0|/00lIa 000000 000000 000000
00000000 ooogomww ooo@uﬁ 000000
0000000 00000 0000000 =»00 0|00 O|0¢
000000 Q0000 Q0000 000000
00000 Q000 0000 00000
0000 000 000 0000
000 o No) Qo0 000
‘o) O O 00
o o
|




& o)
mv o 00
I 000 000
i 0000 0000
5 00000 00000
000000 000000
000000 000000
000000 000000
000000 000000
00000000 000000
00000 000000
00000 0000
00O 000
OO0 00
O o
o) o)
oXo) oXe)
000 000
O000 0000
00000 00000
000000 0Q0000
000000 000000
000000 000000
=»0Q 000 9|0 000000
0000000 =»0 00 000
00000 00000
0000 0000
00O 000
= o0 o
T 1]




) T
I <
B 0
-~
&
o<
)
~ [}
" 3!
-
~ AN .
“ [ | |
. 3
3
u
<
m -~ Mrmu O O
o 55 00 00
< i 00O 000
o 5c 0000 (o] 0000
5 w: 00000 o 0000
< <2 000000 D 0000
u < 000000 q 0000
2 Js 000000 Q 0000
vs 000000 C 0000
<5 000000 C 0000
- - 000000 C o) 0000
= k5 0000 C [o) 0000
¥ -2 000 0000
.Mu <8 100 00
oF -z O @)
Z
s
SN




O o) (o) o) o
00 00 00 00
. 00O 000 000 000
m 0000 0000 0000 0000
B 00000 0000 0000 0000
000000 00000 0000 0000
0000|100 000000 " 0000[0000 NoXeXo)e]eXel
000000 000000 000000 0000000
00000O 000000 000000 0000000
[ 1] 000000 000000 000000 000000
000000 000000 000000 000000
0000 0000 0000 0000
] 000 000 000 000
1| ©0O0 00 00 00
o o o ‘o)
O o) o ‘o)
oYe] 00 00 oXe)
000 000 00O 000
0000 0000 0000 0000
>0 0 O 0000 0000 0000
oo Ko o 000000 00000 0000
000 0 000000 0000|000 00000000
000 o 000000 000000 000000
0QO0 O 000000 000000 000000
000 (o] 000000 0O000I0O 000000
000 o) 000000 000000 000000
0000 0000 0QO00O 0000
000 000 00O 00O
oJo 00 O 00
O o) O ‘o)




O o)
) 00 OO0
) O 00O 000
)OO 0000 0000
) OO 0000 0000
) 00 0000 0000
Nelle 0000 0000
)OO0 000 0000100 0000
) 000 O 0000000 00000000
DO 0|00 000000 000000
) 0|00 O 000000 000000
DO O 0000 0000
) O 000 000
) (o) o) OO
o o)
o) o)
00 oXe) 00
000 000 000
0000 0000 0000
0000 0000 0000
0000 0000 0000
00000 0000 0000
O0000O00 ea»p00 000D a»0 0 000|O
000000 000000 000000
000000 000000 0O00000O
000000 000000 000000
0000 0000 0000
000 000 oXoNo)
oxo (o)e) o)
o) o)

000000000

O000O000O0|0




3

i

00O

00O

00O

00O
000
000
00O
000
00O
000
00O
o0

00
oJolNe
00O

000000000

0O
0O

00O

00O

000000000

) O
) O

eWa)

00O

00O
oXoNo)
00O
0QO

oXo)'e)

000
oJoNo)
00O
00O

000|000 O0O0O0|0

00O

O0O0O0O0O0O0O0O

[eWe)

) O

00O
000
00O
00O
000
o00o
00O
00O
o0

000000000

OO0
00O
000

) O

o

00O
oJoNe
000
00O
(oo No)

00000000|0

00D]
000
00O
00O

[eXe] e e XoXeXeoXeol[e

oJe]

o0

000000000




o o

m@ oXe) OO0

. 00O 000

il 0000 0000

B 0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
00000 0000
0000 0000
000000 0000
00O 0000
oJo 00
o 0

1] 5 b

— oXo oNeo)
00O oJoNe
0200 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000

«=»0 O DOQO 0000

0000 >0 00
oNoNe) 000
00 OO
O O




——

Mo heigh v = & de=B8, ds=q, dv=6, di=4, [£=3] d,=2 =2
[ 2 6 0 & & 4 4 4 4 & 4 Originad Gund dz=3 J=2 #Es)= 3 +)
Cl4 CB c Ol ¢o ¢4 @ ] cf & ¢ B (2 c| C¢p
O00000000000|0O0O0O
0000000000000 —
O000000O00 0|0 [ ]
O00000000O0 L]

0000000000

00
o

E_?é
O[O0 O
000

00
(0

00O
00O
00O
000
00O
000
00O
000
00O
00O
00O
000




@ o) (o) (o) O (o) o
00 00 00 00 00 00
~ 000 000 000 000 000 000
l 000 000 000 00O 000 000
[ 00 0|00 000 000 000 000 000
oYoNe]le] 00000 000 000 000 000
- 000|0 00 0|0 00 0|00 000 000 000
0000 0000 0000 000|0 000 e X0 X°,
oYoNe]|e 00 0|0 00 0|0 00 0|0 00000 000
oXeNollo 000|0 000|0 000|0 000|0 0000
00 0|0 00 0|0 00 0|0 00 Olo 00 O|o 00 0|0
0000 00O0|0 00O0|0 00O0|0 00O0|0 000|0
00 0lo 00 0lo 00 olo 00 0|0 00 0|0 00 0|0
oJo 00 00 00 00 00
o) o o o o o
]
1 o) o o) o) o) o
00 00 00 00 00 00
000 000 000 000 000 000
=0 0 0[]0 000 000 000 000 000
00 0|0 >0 O O[O 000 000 000 000
00 0|0 00 0|0 00000 000 00O 000
N'eXoXo)(o) l000|0 00 0|0 00 DO 000 000
00 0|0 00 0|0 00 0|0 00 0|0 (oY o} 0)[oX0] 000
00 0|0 00 0|0 00 0|0 00 0|0 00 0|0 (oYY o] [oX¢
000|0 000|0 000|0 000|0 000|0 000|0
00 0|0 00 0|0 00 0|0 00 0|0 00 0|0 00 0|0
0 0 0|0 00O0|0 0 0O0|0 00O0|0 00O0|0 00O0|0
00 0|0 00 0|0 00 Olo 00 0|0 00 0|0 00 oOlo
o) (o) o] o0 o) o)
o o o o] (o] o
Q




o o) o o
@ 00 00 00 00
000 000 000 00O
N 000 000 000 00O
S 000 000 000 000
00O 000 00O 00O
000 000 000 000
000 000 000 000
00O 000 00O 00O
000 000 000 000
00 0|00 0060 000 000
0000 000[00 000 000
00 0|0 00 0lo 00000 000
(0 J0) 00 o0 00O
o o o 0
o) o) o) (o)
00 00 (e J0) 00
000 000 000 000
000 000 000 000
000 000 000 00O
000 000 000 000
000 000 000 000
000 000 000 000
000 00O 000 00O
0 000« 000 000 000
00 Ol0 00 O[O 000 000
0000 000|0 oolblog 000
00 0|0 00 0|0 00 O|O 00 Ol
O 0] o) O
(o) (o) (o) (o)




( 3 3 3 3 3 3 2 3 2 3 2 3 6rigna Lunt

i -
feight =3 di=1, ds=a, di=l, di=t, h=3, [d =2 2= |
@
d; =2| j=1 #G)=2+\

Cy CB c CU ¢o €q @ ¢ ¢ c& 4 ad 2

¢l ¢

OOOOOOOOOOOOO

OO

0]
(\

v

o/fo)
00
OO0
00
OO
(o

0

0|0
0|0
O|O
00
O 0

[ ]

(o fe)
O

o
OO0

b
Ol ¢
ol




va o) 0 o | o o) o) o
00 00 00 00 00 00 00
— 00 00 00 00 00 00 00
5 0000 @ 00 00 00 00 00 00
00lo 00loo | 00 00 00 00 00
000 oolo 0000 | 0O 00 00 00
ooT 000 000 00000 | o 00 00
oolo 0olo 000 0olo 0ooloo | oo oo
oolo 0olo 000 000 0olo ooloo | @9
0 olo 00lo 00lo 00lo 00lo 00lo @000
oolo oolo 000 000 00|0 oolo 000
oolo oolo 0Xe]e) oXe]le oolo oolo 00|0
00lo 00|o 00|0 0olo 00|0 00|o 00|0
oolo oolo oY e]fe (oY o]lo] oolo oolo 000
0 o) o) o) o) o) o
0 o) o) o) 0 o o)
00| 00 00 00 00 00 00
- 000 00 00 00 00 00 00
oolo o) 00 00 00 90 00
Q0|0 000 ololo 00 00 00 00
(0Ye]'e) 000 (0Yo)'e) lvoﬁ_g 00 00 00
00lo 00lo 00lo 00lo oﬂﬁ@ 00 00
oolo oolo oolo olo oolo opoad | 00
oolo oolo oolo olo oolo oojo | =»00/00
0 0lo 00lo 0 0lo olo 0 Olo 00lo 0 Olo
oolo oolo oolo olo oolo oolo oolo
0 olo 0olo 0 olo olo oolo oolo o 0lo
00lo 0olo 00lo olo 00|o 0olo 00lo
oJ[© oJte) oJ[e o0 olo oo oJ(0)
o) o) o) o) o) o)
- | |




D O

D O
) O
) O
DO
D O
) O
DO
D O
DO
D O
> O
D O
D O

) O

) O
) O
) O
) O
) O
) O
DO
) O

Xe,
) O

DR g
00 o) o o
- 00 00 00 (o)
1] 00 00 d0 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 0o
00 00 00 0o
00 00 00 00
00loo0 | 0O 00 00
00|0 Q0000 00 00
Q0|0 Q0|0 ooloo 00
oolo oolo oolo 0000
o) o) o o
(o) | o) o)
00 [0Xo) 00 00
00 00 00 00
00 0O 00 00
00 00 00 00
00 00 00 00
00 o© 0 00 ©O0
00 00 00 00
00 00 00 00
oblod | oo [0Xe) ©O0
000 oblod 00 00
000 OO0 | «=»00[00 00
0olo 0O|o 00|00 | =»0D[00
000 o) (o) (0][0) O[O
o) o) o [0)
Sy

el

ninnnnnnnnnnnnn laWaWaWaWoalaWaVaWalWaVWaVWaWallaWal




e eedW e Secsens

Peedecees

LV

e

Ry

B

ttp://ieeemilestones.ethw.org/images/d/db/A_comparison_of Dadd

a_and_Wallace_multiplier_delays.pdf




A Comparison of Dadda and Wallace multiplier delays
Townsend, Swartzlander, Abraham
spie03.pdf

Dadda reP\aceo( Woliace's pseuds adders

with IDowwM (n, ™)  counters

F A (3\ 1) (ownfer 3"\r\yu\' ?_—owl-'pyc\’

WA (3Y) coumben  2- inpnt- D—oubput

U a minimal ypmber of (3,2) amd (1, V)

Cowumters

of each |yl




Doddo's Reduckion  Procedure

di = )

A,“}-ﬂ = LI.§ daJ

A_  the height- of the matvix fv the j-th stage

Re 3 h -th sta reoched

ith whch the original N height matrix  onkains

OL{: }mst one__ column shich has more bhan g!', dats
di =2

ds = ]_3.5‘1_):'3

o\sr—- %—-;J:[[_.

dg = LZal=¢(

de = L% .0)=9

gy = LZ-9)=13

be !Mys‘o
mox height =§) 4K, DK, [di=C) di=4, =3, d,=2
—/
Stant | 4-th stase  di= ]
30 stage  di=l Matvin height
2 -nd st ge & =
¥ ‘ -St S‘fa\%g, d|=2.




Dadda's Reduckion  Procedure

Ih the j-th stage

Plue (3,2) omd (2, 2) (ounters

GS reguived to dchieve (. veduced matrix
from the end
Reoluce

@0"') the columns wibh move Baan al_j dots

@ or the columns which’ will have mofe than d; dots

Gs they rveceive Corvies  fyom the |ess s;gn;lli ont
(2,2) amd (2,2) touwnkers

1=9-l

v

re'peo.t ffer 2

bl 0 matnx with & height  of two 60 genevated

(3=1)




R

PP PP
EH

RY LTI
c S e

R

e













