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Abstract

In this paper, the bit-level 1-dimensional systolic array for modular multiplication is designed. First
of all, the parallel algorithm and data dependence graph from Walter’'s method based on Montgomery
Algorithm suitable for array design for modular multiplication is derived. By the systematic procedure
for systolic array design, four 1-dimensional systolic arrays are obtained and then are evaluated by
various criteria. As it is modified the array which is derived from [0,1] projection direction by adding
a control logic and it is serialized the communication paths of data A, optimal 1-dimensional systolic
array is designed. It has constant I/O channels for expansile module and it is easy for fault tolerance
due to unidirectional paths. It is suitable for RSA Cryptosystem which deals with the large size and
many consecutive message blocks.
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Fig. 1. Ring isomorphism for Montgomery mo-
dular multiplication.
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Algorithm : MP(A B, NR)
A, B N, R
P = AXBXR" mod N

. -1 . -1 .
l1:n'< no modnr P° « 0

Input
Output

2:fori< 0ton-1
Pi <Py + a;xBXr}
mi < piXno mod r;
Pi < P + miXNxr,
3:P<PdvR
4 : return P;
a3 2. TavE] 2Ee S4F daelE

Fig. 2. Montgomery modular multiplication al-
gorithm.
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1 © begin
2: foralld <i<n-1,
0 < j < ntl do in parallel

3 if i = 0 then

4 bij < by mj < nj; piy < O

5 else

6 : bij < bi-1j mij < nioys

7: if j = n+1 then

8 pij < 0;

9 else

10: Pij < Pi-Lj+b

11: end if

12: end if

13: if j = 0 then

14: aij < ap caliy < 0; calyy < 05

15: mij < ((pi;j mod r) + & Xbi-1;) mod 13

16: else

17: A< aij-1 My < mij-1;
calij<—cali;-1; caljj—calij-1;

18: end if

19: Dy < (i + & Xby +my Xy +caly) mod 1

20: cali<((pi; + ai;¥bij + mijXny; + calyy +
calijXr) div r) mod 13

21 calij«(pij + ajXbij + mizx¥m; + calij +
calijxr) div

220 all for

23 end

T8 3. WalterdHell4] f2® Wy gy
Fig. 3. Parallel algorithm derived from Walter's
method.
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Fig. 4. Data dependence graph (n=4).
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Fig. 5. The design of 1-D systolic array.
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