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Abstract The authors proposes a square root (SQRT) algorithm in Fpm (m = rory - -tn-12%,7; : odd prime,
d > 0 : integer). We compute the inverse SQRT in F,« using MW-ST algorithm. Then the Frobenius mappings
with an addition chain are adopted for this SQRT algorithm, in which a lot of computations in a given extension field
F,m are also reduce to those in a proper subfield by the norm computations. Those reductions of the field degree
increases efficiency in the SQRT implementation. More specifically the Smart algorithm and proposed algorithm
in Fps, for example, were implemented on a Pentium4 (3.8FHz) computer using the C++ programming language
and NTL Library. The computer simulations showed that, on average, the proposed algoithm accelerates the SQRT
computation by 3 times in Fys, compared to the Smart algorithm.

Key words Elliptic curve, Square root calculation.
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Table 1 Running Time for SQRT and QR Test

Fpm Bk BH3EE5RT (msec)
Conventional QR test 3.44
m=2 Fast QR test 5.94
p=2150 1+ 7 | Smart algorithm 3.44
Fast SQRT 0.15
Conventional QR test 8.28
m=3 Fast QR test 2.19
p=210 47 [Smart algorithm 7.97
Fast SQRT 2.66
Conventional QR test 30.0
m=5 Fast QR test 4.38
p=2'%0 47 |Smart algorithm 31.41
Fast SQRT 5.78
Conventional QR test 50.63
m=6 Fast QR test 25.93
p = 260 1 471 | Smart algorithm 54,06 -
Fast SQRT 8.91
Conventional QR test 115.62
m=8 Fast QR test 111.72
p = 2160 4 291 | Smart algorithm 113.44
Fast SQRT 0.93
Conventional QR test 164.37
m=9 Fast QR test 11.4
p =260 4 643 [ Smart algorithm 164.85
Fast SQRT 31.41
Conventional QR test 267.97
m=11 Fast QR test 16.25
p=2!60 + 7 |Smart algorithm 264.69
Fest SQRT 22,97
Conventional QR test 591.57
m=14 Fast QR test 11313
p = 2190 1 357 | Smart algorithm 599.84
Fast SQRT 38.75
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Table 2 Total Running Time for SQRT and QR Test

Fpm BHE 5 396300 (msec)
m=2 C.QR test ans Smart algorithm 6.56
p=2'6047 [ Fast QR test ans SQRT 6.09
m=3 C.QR test ans Smart algorithm 16.25
p=2160 47 |Fast QR test ans SQRT 4.85
m=5 C.QR test ans Smart algorithm 61.41
p=2160417 | Fast QR test ans SQRT 10.16
m=6 C.QR test ans Smart algorithm 104.69
p = 2160 4 471 | Fast QR test ans SQRT 34.84
m=8 C.QR test ans Smart algorithm 229.06
p = 2169 1 291 | Fast QR test ans SQRT 112.65
m=9 C.QR test ans Smart algorithm 329.22
p =200 4643 | Fast QR test ans SQRT 42.81
m=11 C.QR test ans Smart algorithm 532.66
p=2160 47 [Fast QR test ans SQRT 39.22
m=13 _ | C.QR test ans Smart algorithm 1191.41
p = 2160 4 357 [ Fast QR test ans SQRT 151.88
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