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## 5570501421 : MAJOR COMPUTER ENGINEERING
KEYWORDS : DOUBLE BASE NUMBER SYSTEM / FUNDAMENTAL ARITHMETIC
OPERATION / PARALLEL ADDITION

WUTTHIPAT CHALERMCHATWICHIEN: PARALLEL ADDITIVE OPERATION
ON DOUBLE BASE NUMBER SYSTEM. ADVISOR: ASST.PROF.ATHASIT

SURARERKS, Ph.D.,37pp.

Double base number system (DBNS) is an alternative number system besides the binary
system. Its representation is similar to the radix number system together with two bases, usually
be two and three. DBNS preserves the two important properties: redundancy and sparseness. The
redundancy is the property accommodating with the parallelism. In this research, we are
interested in parallel addition algorithm on DBNS. Our theoretical result shows that parallel
addition in DBNS can be performed. An addition algorithm together with the proof of correctness
is described in this paper. In general, we study the generalization form of DBNS addition

algorithms in any sizes. The algorithm takes constant-time complexity.
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Algorithm: Find a double base number representation for x
Input: x a number
Output: d[i][jl where x = 2 d[i][j] X3
Begin
GenerateR,, ={r_ =3"2":0<m<M, 0 <n<N} where M = Floor(log,x)
N = Floor(log,x)
Sort: R, from max to min, element in R, denoted by R.
For(k=max to min and x>0)do
If(R[k] <x)then d[m][n] =1
x =x-R[k];
else dim][n] =0
endif
enddo
End
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Algorithm: Parallel addition in SRZ signed-digit number representation system
Input:  x= ) xiBi wherex , ...,x_be digits in 4* and m<n

y=2iem Vi Bi where y , ...,y be digits in 4* and m<n

Output: z=x+y= in:+r}n(—h Z; Biwhere 7, s 7, be digits in 4% and m<n
begin
for each i(done in parallel) do
z, = X1y,
findg, € {-c,...,0,....c} where z, - g BEA*
z,=z,— Z};—h qi—jbj
enddo
end

N \ d’ a o oA 9 o
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VONAUAY A = { -5, -4, ..., -, ..., 4, 5 ) AUIUMTUINUVVYUIUYON x = 25255003 1AL y =

512254005

A o A 1 2 3
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X=x+1
@ : ' 4 v & I
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INEIER
S0 =-X'+7 - 1%
Y1 & o q ¥ o = o Y A
121801 B =7 naz M =2 Falinaih 1 =1 uaza’=3 naz a=5 onUszNMITNNIUAIAD 4 ={-
5,...,0,....5} aonvszmelune 4* = {-3,....0,....3}
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The on-the-fly addition algorithm:

input: A =2q,23 and B=2b 2%

output: 7= Ezi’j2i3jwhere Z=A+B

begin fork=1 torlgn—|step 1 do
for all pairs of compositions performing in parallel
composition row r and s by computing CMOCLS (x,,)
for all j = 1 tondo

perform the carry function ¢, (x,, = a,,.b, )

ij+
enddo
perform composition of all carry functions of two rows in parallel

z,;= round(xl.J. +cl.J.)

enddo
perform all cell additions in parallel

end

!
WNAHQ C, (x,) = (¢, + 20, 5y T3+ 25, =Y, 20,0, — 20 4 ,)/3.

i1 i-1,j+1
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Algorithm: Parallel addition in double base number system using 2 X 2 sub-table
Input:  Two operands 4 and B with 2¢X2¢
A=Y755 20 a;,;2'3) where a, € {0, 1}
B=Ziz=ca,]-1=0 b; 213} where b,€10, 1}
Output: The result Z with 2¢X2¢
4 =212=C5,]-1=0 Zi'j213j where z, € {0, 1}
Begin
for all corresponding cells (done in parallel manner)
for all 0 < i,j<2cdo
x,; = a,; + b, enddo
enddo
for each 2 X 2sub-table

for all 0 < kl<cdo

1 i
Sumy; =Yizgj=0%;,j2'3

Sumk,l
Coutzkfl Sis2 J
Sumy
Coutlk'l:l S032 J-zCoutzk’lenddo

for all 0 < k1< c do
Cin,, = Couty, X 2°3° + Cout,, X 2'3°
Sumy; :Zilzo,jzo xi,j2i3j
Couty, -2°3?Couty, +2'3%*Cout,, ,
Resulty ;-Sumy, ; + Ciny, ; — Couty ; enddo

End
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Output: The result Z with ncXnc
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