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An improvement on the computation of 2-power torsion
points on genus 2 hyperelliptic curves

Shunji Kozaki* Kazuto Matsuo*
*Institute of Information Security

Abstract. Gaudry and Harley proposed a Schoof-like algorithm for genus 2 hyperelliptic
curves which uses the 2-power torsion points on the Jacobians. Using actions of the 2
torsion subgroups on the 2-power torsion points, Gaudry and Schost improved the 2-
power torsion point computation. This paper shows properties of the halved points of
the 2-power torsion points and the actions of the 2 torsion subgroups. By using these
properties, this paper improves the computation of the 2-power torsion points. Moreover,
an implementation of the improved algorithm is shown in this paper. The implementation
results show that the improvement is efficient.
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Table 1. Timing of computing a 2" torsion point Dy from Dy, for p = 10° + 3
on Athlon64 2.4GHz (sec.).

| Ds | Dy | Ds | De | Dr | Ds | Dy | Dio || Total |
Reference | 16 | 11 | 23 | 56 | 179 | 693 | 1560 | 6731 9269
Proposed | 17 | 10 | 20 | 41 98 | 255 | 782 | 1876 | 3100

Table 2. Timing of computing a 2* torsion point Dy from Dy _; for p = 10° + 3
on Athlon64 2.4GHz (sec.) (without Grébner basis computation).

| Ds | Da | Ds | Ds | Dr | Ds | Do | Dio || Total |
Reference | 0.6 | 1.1 4 | 18 | 94 | 503 | 1119 | 5627 7366
Proposed | 1.2 | 0.4 1 3| 13 65 341 771 1197
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Table 3. Timing of computing a 2k torsion point Dy, from Dy _; for p = 280413
on Athlon64 2.4GHz (sec.).

| Ds [ Da| Ds | D | Dr| Ds| Dy | Do || Total |
Reference | 30 | 45 | 180 | 336 | 714 | 3673 | 15810 | 68923 || 89712
Proposed | 34 | 46 | 152 | 271 | 482 | 1798 | 7165 | 27377 || 37323

Table 4. Timing of computing a 2* torsion point Dy from Dy_; for p = 280 +13
on Athlon64 2.4GHz (sec.) (without Grébner basis computation).

| Ds | Ds | Ds | Ds | Dr | Ds| Do | Dio | Total |
Reference | 2 5| 47 | 94 | 368 | 2888 | 13954 | 64450 || 81807
Proposed | 5 4 | 17 | 43 | 135 | 1022 5349 | 23086 || 29661

Table 5. The extension degrees of the definition fields of Dy over F,,.
| Type | D2 | Ds | Da | Ds | Ds | Dr | Ds | Do | Dio |
I 10 | 20 | 40 | 80 | 160 | 320 | 640 | 1280 | 2560
IT 10 | 10 | 20 | 40 | 80 | 160 | 320 | 640 | 1280
I11 5| 10| 20 | 40 | 80 | 160 | 320 | 640 | 1280

Table 6. Timing of computing a 2k torsion point Dy, from Dy _; for p = 280413
on Athlon64 2.4GHz (sec.) (without Grébner basis computation).
| Type | | Ds | Dy | Ds | Ds | Do | Ds| Dy | Dio || Total

I Reference 2 6 | 61 | 105 | 456 | 3567 | 16848 | 79211 || 100255
Proposed 7 4| 33 53 | 228 | 1906 9232 | 39360 50824

I Reference 2 41 39 89 | 302 | 2481 | 12863 | 54665 70445
Proposed 2 9 4 35 51 250 1955 9342 11648

I Reference 1 4| 32 82 | 285 | 2180 | 10557 | 49657 62797
Proposed 2 2 4 33 54 247 1950 8549 10841
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