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ABSTRACT

This paper proposes Galois Field Arithmetic Unit(GFAU) whose structure does addition, multiplication and
division in GF(2m). GFAU can execute maximum two additions, or two multiplications, or one addition and one
multiplication. The base architecture of this GFAU is a divider based on modified Euclid’s algorithm. The
divider was modified to enable multiplication and addition, and the modified divider with the control logic
became GFAU. The GFAU for GF(2193) was impiemented with Verilog HDL with top-down methodology, and
it was improved and verified by a cycle-based simulator written in C-language. The verified model was
synthesized with Samsung 0.35um, 3.3V CMOS standard cell library, and it operates at 104.7Mk in the worst
case of 3.0V, 85T, and it has about 25,889 gates.
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Table 1. Division by extended Euclidean algorithm

R=B(a); S=P=P(a); U=A(a), V=0,
count=0;
for i=1 to 2m do
if 1, ==0 then
R=aR; U=aU mod P;
count=count+1;
else
if sm==1 then
S§=8-R; V=V-U;
end
S=aS;
if count==0 then
R<S; UV,
U=aU mod P;
count=count+1;
else
U=U/a mod P;
. count=count-1;
end
end
end
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Table 2. Operation per cycle in division

Im| Smfcount| R S U V | count

0] Xt X aR S aU V' |count+l
11070 aS R \Y U |count+]
1{0]=1] R as U/a | V |count-1
1] 1] 0 {aS-R| R [|aV-U)] U {count+l
11121 R |aS-R)| Ul |V-Ujcount-1
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Table 3. RS circuit outputs by control signals

VHU, Vi, VUfx,
VU, XU/,

Operation | DV| XR| XS|r_out | xr_out | xs_out | rs_out

Addition X/ 0] 0] R | xR S S+R

Multiplication | 0| 0| 0| R xR S S+R
I{ 1] 0] R | =R N S+xR

110 1] R | =R x8 | xS+R

Division I 0] 1| R | xR xS | xS+R

1| 1| 1] R | =R xS | x(S+R)

1} 1y 1| R | xR xS | x(S+R)
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Table 4. UV circuit outputs by control signals

Operation | DUj XU| XV|u_out | xu_out | xv_out | uv_out
Addition X| 0 U | xU v V+U
Multiplication { 0| 0| 0] U | xU v V+U
0] 1] 0| U | xU V | VixU

0101 1| U | xU XV | xV+U

Division 1| 1| 0] U | Ux V| V+Uk
o 1|t U xU xV | x(V+U)

1107 0| U | Uk \ V+U
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Table 7. Synthesis result of the proposed circuit
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