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Comparison of High Speed Modular Multiplication and
Design of Expansible Systolic Array

Bong-Jo Choo' - Sung-Wook Choi'!

ABSTRACT

This paper derived Montgomery's parallel algorithms for modular multiplication based on Walter's and Iwamura’s
method, and compared data dependence graph of each parallel algorithm. Comparing the result, Walter's parallel
algorithm has small computational index in data dependence graph, so it is selected and used to computed spatial and
temporal pipelining diagrams with each projection direction for designing expansible bit-level systolic array. We also
evaluated internal operation of proposed expansible systolic array with C++ language.
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/+ ABNRP : double integer */

/+* P ¢ i th accumulative value */
Algorithm : MM(ABNR)
Input A B N R
Output P = AXBXR" mod N
1: o' mod T
2. Pg«<0
3: fori< 0ton-1
4 P <P + axBxr
5: m; < piXno'mod r
6 PP+ mXNXri
7: P< P dvR
8! retum P
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1: begin

2 forall 0 <i<n-10<j < n+l doin parallel
3: ifi=0 then

4: bij < by nig < myp pij < O

51 else

6: bij < bi-ty; mij < ni-1p
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71 if j = ntl then
8: py < O
9: else
10: Pij < Dirlj+ls
111 end if
120 end if
130 if j = 0 then
14: aiy < a Oy < 0 caliyy <= O
15: mij < ((pj mod 1) + aXbiy) mod 1,
160 else
17: A aij-1; Mij—mij-1;
calhj—cali;-1; calijj—calij-1;
18 end if
190 piy < (i + aigXbyy + mXng + caliy) mod 1
20 caliy < ((pij + aijXby; + myXny; + caliy + cal
Xr) div r) mod r;
210 calij—(pij + agxbij + myyXny; + caly +caliy ¥r)
div 1%
22: all for
23 end
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1 begin
2 forall 0 <i<n-1l 0<j<nt2
do in parallel
3: if i = 0 then
4 bij < by nij < nj pij < 0
5 else
6: bij < by nij < nia
7: if j = n+2 then
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8: Dy < 0
9: else
10: Pij < DirLj+ls
11: “end if
12: end if
13: if j = 0 then
14: aij < ap caly < 0; caly < O;
15: m;j < pij mod 1;
16: else
17: aij<aij-n M« mij-1
cal;j<—cali;-1; calij<—calij-1;
18: end if
19: i < (D * @ XbyXr + myXnyj +
ca0ij) mod r;
20 calije— ((py + aiyXbi;Xr + mijXni;
+ caliy + calij X r) div r) mod 1;
21 caliy < (pij + ayXbijXr + myXnjj
+ caly + calijXr) div 15
22 all for
23 end
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