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ABSTRACT

In this contribution, we developed and improved an existing GF (Galois Field) dividing algorithm by
suggesting a novel architecture for a finite field divider, which is frequently required for the error correction
applications and the security-related applications such as the Reed-Solomon code, elliptic curve encryption/
decryption, is proposed. We utilized the VHDL language to verify the design methodology, and implemented
the architecture on an FPGA chip. We suggested the n-bit lookup table method to obtain the throughput of
2m/n cycles, where m is the order of the division polynomial and n is the number of the most significant
lookup-bits. By doing this, we extracted the advantages in achieving both high-throughput and less cost of the
gate areaon the chip. A pilot FPGA chip was implemented with the case of m=4, n=2. We successfully utilized
the Altera’s EP20K30ETC144-1 to exhibit the maximum operating clock frequency of 77 MHz.
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Division Algorithm
Division:
F:=F(x); )
Si=F(x); V:=0; (deg S = m)
R:=B(x); U:=A(x); (assume deg R = m)
delta:=0; (delta = deg S - deg R)
for i:=1 to 2m do
if rm = 0 then
Ri=x - R; U=(x - U) MOD F;
delta+=1 (deg R-=1)
else (rm = 1)
if sm = 1 then
S:=5 - R; V:=(V - U) MOD F,
end;
Si=x - S (deg S-=1)
if delta = 0 then
(deg S < deg R : division done)
R < S); (U « V);
U:=(x - U) MOD F;
delta:=1 (deg R - deg S)
else :
U:=(U/x) MOD F;
delta-=1;
end
end
end (A(x) - B'(x) = U)
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Fig 1. Block diagram of suggested GF divider.
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Table 1. Functional description of R, S, U, V cells.

Module Operation
R cell | R, xR, xR, xS, x’S, x(S-R), x2(S-R)
S, xS, xS, R, x(5-xR), x’(S-R), x(x5-R),

S cell

x(R-x(S-R))
Ucell | U, XU, U/x% V, XV, V-U, x(V-U)

V, U, V-U, V-xU, UV, V-U/x,
V cell
U-x(V-U), V-U-U/x

Counter delta, 0, delta+2, delta-2
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Table 2. Comparison of GF dividers
Circuit
Item Brunner{7] | Guo[8] |Proposed
Throughput
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Fig 2. Waveform of the suggested GF divider.
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