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2005/10/20, t-izumi@se.ritsumei.ac.jp

1 adder
Consider a mbit + nbit adder. Hereinafter, assume m = n. Here is an example of a 4bit adder:
¢n
as a2 ai; Qo
+) by by b1 by

Cout S3 S22 S1 S0

1.1 ripple-carry adder
(skip)

1.2 carry-lookahead adder
Let

and
and c_; be ¢;,, then we have

and
¢ = Gi+ P
G; +
PG 1+
PP 1Gig+
PP 1P oGy 3+
. +
PP Py PGy +
PP 1P g PiByc
i—1 i i
= G;+ Z H PG+ H Pe_;q.
(=0

k=0{¢=k+1

1.2.1 recursive division of carry-lookahead
For0<j<i<n-—1,let

Pij) = PP F
= [I~
=j

1



and
Gy = Git
PGy +
PP 1Gis +
4
PPy PG,

i—1 7
= Gi+Y I G

k=j t=k+1
Consider to divide Py and G;; into A subparts where the positions to divide are j — 1 =
z(—1) < z(0) < -+ < (A — 1) = 4. Fig. 1 shows an example of positions to a division where
i=31,j=16, A= 4, 2(3) = 31, 2(2) = 27, 2(1) = 23, 2(0) = 19, and z(—1) = 15.
<i:j>
.32 |33 |20 |8 |22 |25]2a]|s|22|a]20]19].|w].]1s].....

N YA Y B

<X(3) : x(2)+1> <x(2) 1 x(1)+1> <x(1) : x(0)+1> <x(0) : x(-1)+1>

Figure 1: An example of positions to a division

We have
Pijy = Pap-120-2+1)Pei-2:0-3)+1) - Pla©):e(-1)+1)
A—1
= ]I Pewyew-1+
and

Giujy = Guo-1wo—2)+1) T
P(:E(A—l):ac()\—Q)—l—l)G(:v(k—2):ac()\—3)+1) +
Piao—1):2(0—-2)+1) Pe(v=2):200=3)+1) G (z(0=3):2(A—4)+1) +

.. +
Piao—1):e(0—-2)+1) Pe(r=2):20=3)+1) Pla0—=3):c0=4)+1) * * * Pla(1):2(0)+1) G @(0):0(=1)+1)
A—2 -1
G(x()\fl):x()\72)+1> + Z H p<:t(f):x(£*1)+1>G(x(k):x(k*1)+l>'
k=0 {=k+1

Finally, the z(u)-th carry for 0 < g < A — 1 is obtained by

I

Co(w) = Glauya(u—1)+1) + Z H Piaoyae—1)+1) Gia@at—1)+1) + [ Ple@):ee—1)+1)Ca(-1)-
k=0 (—k+1 =0



1.2.2 example

The following is an example of the CLA computation for a 16bit adder dividing P and G into
four-parts, recursively.

= P:3)Plao) Py Plooy
= Gy + PaigyGay + Py Py Gy + Paisy Poy Py Goo)
= Py Pee) Pisis) Paay

Grny + Py Geey + Piaay Poe) G ) + Piaay Pee) Piois) G

3:0

w
=)

)
)
)
7:4)
Parsy = ParanyPuroaoyPo.e) Pis:s)
Guisy = Gary + PaiayGaoioy + Paian PaoioyGe) + Paran Paoioy Po:0y G s:s)

)

)

)

)

LD v 9y

Pusaay = PuasasyPuaisy Pasasy Puaoas)

G52 Gusasy + Pusas)Gaaay + Pasas) Paaisy Gasasy + PasasyPaaisy Pasas Gz

P50

|
R

15:12) Pa1:s) Prray Piz.o

Guasoy = Gusaz + PasazyGaisy + Puasiaoy Pais)Gray + Pasaz) Pais) Pray G o)
cis = Guso) + Puasoyc-
c3 = Gao) + Paoyca
c7 Gray + PrrayG 3.0y + Piray Prs:oye—1
cin = Guus) + PuigyGiray + Paigy PirayG sy + Paigy Py Paoyc—1
co = G + Pooyc-1
ci = Guay + PuayGoo + PaayPooyc-t
ca = Gpa + PaooyGaay + PaoyPuyGoo + PaoyPaayPooyc-1
C4 G a4y + Puaaycs
cs = Ges) + PsisyGraay + PrssyPuaaycs
ce = Gee) + PeeyGss) + Poey P55 Gaay + Peey Pis:sy Plaay s
cg = Gurg + Pgsycr
Cy Go:9) + Pro.0yG(s:8) + Plowoy Prsisycr
cio = Guoao) + PuaoioyGa:ey + Paoioy Po:9)Gs:s) + Prosioy Pro:gy Prsisycr
ci2 = Guoaz + Puagyen
ci3 = Gusasy + PasasyGuzaz) + Pasasy Pazaz)cn
cu = Guaaay + PuaiayGasasy + Paaaay PasasyGuzagy + Puaisy Pasasy Pazaz) e

1.2.3 carry-lookahead generator

Examples, a unit of a four-input CLA generator and a construction of a 16-bit adder, are shown
in slides.

1.2.4 Pseudo Code to make CLA-tree

Generate a nbit carry-lookahead adder with CLA-generators each of which has A or less inputs.

make-CLA-Tree {
let Ubealist (n—1:n—1),(n—2:n—-2),...,(0:0)})
let VU



while |[U| > 1 {
let U ()
while |U| > X {

}

}

take the first A items from U out

let the items be (iy_1 : jx_1), {ix_2 : j>\_2), ., {do 1 Jo)

create a CLA-generator Clagen< ) of size A

connect P, ;v and G, .5,) to the y th input of the CLA-generator for A\— 1>y >0

connect the (Jo—1)- th carry, which will be created later, to the carry-in of the CLA-generator.
Note that we have Py, .oy, Giy_,:jo), and ¢;, for p—22>9y >0

put (ix_1 : jo) at the end of list U’

append the remained list U to the end of U’
let U «— U’

create ¢,_; from the inputs of the last CLA-generator

make-CLA-Tree-fully-balanced {

let Ubealist ((n—1:n—1),(n—2:n—-2),...,(0:0)})

let VU

while |U| > 1 {

let m « [|U|/A], the number of CLA-generators in the current level

let X« [|U|/m], the size of CLA-generators in the current level

let mg «— m x X — |U|, the number of CLA-generators of the size \' — 1
let my «— m — m2, the number of CLA-generators of the size \

let U — ()

for x «— m downto 1 {

}

}

}

let 4 be Nif £ <mq, ow. N —1

take the first p items from U out

let the items be (i,—1 : Ju—1), (tu—2 : Ju—2),- -, (i0 : Jo)

create a CLA-generator clagen< 1oy Of size p

connect P, ;v and G, .5,) to the y-th input of the CLA-generator for y — 1>y >0

connect the (jp—1)-th carry, which will be created later, to the carry-in of the CLA-generator.
Note that we have Py, .50, Gi,_1:j0), and ¢;, for p—2 >y >0

put (i,_1 : jo) at the end of list U’

let U U’

create ¢,_; from the inputs of the last CLA-generator



