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GP Cell

Generate G; = a;b,
X(i), y(i) : (log,B)-bit number

Propagate P, a+b,

Generate g)=1 If x(1) +y(i) > (B-1)
0 otherwise
Propagate p(i) =1 Ifx(i) +y(i)= (B-1)
x(@)  y()
0 otherwise l l
GP
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Carry Chain Cell (1)

q(i+1), q(i) : 1-bit number Cow = Git+ Pic

g(i+l) =q() when p()=1 Propagate

=g(I) otherwise Generate
a  p()
q(i+1) cch q(i)
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Carry Chain Cell (2)

g(i+l) =q(i) when p(i)=1 Propagate

=g(I) otherwise Generate
g() p(@)=1 9() p(@i)=0
BGEND L a0 a(i+1) |/ [0
o Cow = G;+ Pic
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Mod B Sum Cell

z(1) = (x(1) + y(i) +q(i)) mod B

x()  y()

boas
S‘iim F—q(i)

2(i)
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4-ary Carry Chain Addition Example

N _ - , O 1 2 3
Generate gi)=1 If x(i) + y() >3 0 0 1 2 -
0 otherwise 1 1 2 3 4
2, 2 3 4 5
3/ 3 4 5 6
Propagate p(i)=1 If x(i) + y(@i) = 3
0 otherwise p)} o 1 2 3
o, 0 0O 0 1
i — (7 N = 1 0 O 1 0
q(i+1) q(i) when p()=1 Propagate sl o 1 o o
=g(i) otherwise Generate 3 1T 0 0 0
. . L gi) o 1 2 3
z(i) = (x(i) + y(i) +q(i)) mod 4 O 0 0 O O
1. 0 0 o0 1
2 0 0 1 1
3 0 1 1 1
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Carry Chai

n Adder

x(n-1) y(n-1)

Vo

Vo

x(n-2) y(n-2)

GP GP YY)

g(n-1){ p(n-1) g(n-2){ p(n-2)

q(n) l l q(n-1) l l q(n-2)
<«— CCh == CCh &—F— o000
x(n-1) y(n-1) X(n-2) y(n-2)

Mod B Mod B
Slim - Sl—im - e00

z(n-1) z(n-2)

x(1)  y@)

b

GP

o(1), mnl

CCh

-

q(1)

x(0)  y(0)

b

GP

gwﬂ PO)}

x(1)  y(@)

b

Mod B
Sum

|

z(1)
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Carry Chain Addition

-- computation of the generation and propagation conditions
for i in 0..n-1 loop

g(1) = g(x(1), y(1));

p(i) = p(x(i), y(1));
end loop

-- carry computation
q(O) := c_1in;
for i in 0..n-1 loop
if p(i)=1 then g(i+1):=q(1); else qg(i+l):=g(1i); end if;
end loop

-- sum computation
for i in 0..n-1 loop
z(1i) = (x(i)+y(i)+g(i)) mod B
end loop;
z(n) = q(n);
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Computation Decomposition

the first iteraton includes 2.n B-ary operations

computation of g(i) and p(i) that could be executed in parallel
g(1) := g(x(i), y(i));
p(i) = p(x(1), y(i));

The second iteration is made up of n iteration steps
that must be used executed sequentially
as q(i+1) is a function of q(i)

consists of binary operation only
if p(i)=1 then q(i+1):=q(1); else q(i+l):=g(1i); end if;

the last iteration includes n B-ary operations

computation of z(i) that could be executed in parallel
z(1i) := (x(i)+y(i)+q(i)) mod B
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Sequential and concurrent computations

Splits the operations into concurrent B-ary ones (1% and 3" iterations)
And sequential binary ones (2" iterations)

Vo Vo b b

GP GP eoe GP GP
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B-ary n-digit Carry Chain Adder VHDL Code

q(0) <= c_in;

iterative step for i in 0 to n-1 generate
p(i) <= ‘1" when x(i)+y(i) = B-1 else ‘0’;
g(i) <= ‘1’ when x(i)+y(i) > B-1 else ‘0';
with p(i) select g(i+l) <= g(1i) when ‘1’, g(i) when others;
z(1) <= (x(1)+y(i)+ conv_integer(q(i))) mod B;
end generate;

c out <= q(n);
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Computation Substitution

The sequential binary operations are the same whatever base B is

However, the expected computation time can be reduced
by the substitution of the relatively complex instruction

if x(i)+y(i)+q(i)>B-1 then g(i+l):=1 else q(i+1):=0 end if;

if p(i)=1 then q(i+l):= q(i) else q(i+l):=g(i); end if;

9() p(i)=1 9() p@M=0
BGOND L e a0 q(i+1) | J ()
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Relaxing g(i)

if p(i)=1 then g(i+1l):= g(i) else q(i+l):=g(i); end if;
the corresponding Boolean equation
q(i+1) = p(i).q(i) V not(p(1)).9())

the generate function g(a,b) can be relaxed as bellows

g(a,b)=1 ifa+b>B-1..... when p(i) = 0 .... not(p(l))=1
g(a,b) =0 ifa+b<B-1..... when p(i) = 0 .... not(p(l))=1
g(a,b) = 1/0 dont care ifa+b=B-1.... when p(i) =1 .... not(p(i))=0

the original generate and propagate function

g(a,b) =1 ifa+b>B-1,
g(a,b)=0 otherwise
p(a,b) =1 ifa+b=B-1,
p(a,b)=0 otherwise
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Relaxed g(i) Examples

0 1 2 3 O 1 2 3 0O 1

O O 1 2 3 o o0 1 2 3 O 0 1
1 1 2 3 4 1 1 2 3 4 1 1 2
2 2 3 4 5 2 2 3 4 5
3/ 3 4 5 6 3/ 3 4 5 6

p)) o 1 2 3 p)) o 1 2 3 p()) 0 1
O O 0 O 1 O 0 0 O 1 O O 1
1 0 O T 0 1 0 O 1T 0 1 1T 0
2 0 1 0 O 2 0 1 0 O
3 1 0 O O 3 1 0 O O

gi)| o 1 2 3 gi)|] o 1 2 3 gi)| o 1
O 0O 0O o0 ©O O 0O 0O o0 X O 0 X
1 0 O O 1 1 0 0 X 1 1 X 1
2 0 O 1 1 2, 0 X 1 1
30 1 1 1 3 X 1 1 1
Original g(i) : 4-ary Relaxed g(i) : 4-ary Relaxed g(i) : binary
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Multiplexer Carry Chain

if p(i)=1 then qgq(i+l):= q(i) else qg(i+l):=g(i); end if; 0 1
0 0 1
1 1 2

q(i+1) = p().q() V not(p(1).g(i)

PO 0 1
O 0 1
q() —1 1 1 0
— q(i+1) I
g(iy —|0 / AN
| a0 1
p(i) 0 0 X
1 X 1
\ /
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