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Computation of the superspecial (2,2)-isogeny graph

using theta functions
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Abstract
It is known that the (2,2)-isogeny graph of superspecial abelian surfaces in characteristics p > 5
can be computed by using the Richelot correspondence. In this report, we propose another algorithm
for computing this graph by using the theta functions. Our algorithm seems to be slightly faster than
conventional algorithms, and is useful in computing the (2, 2, 2)-isogeny graph of superspecial abelian
threefolds (see [21] for details).
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BiEE AL, RBEE O [EREFILRD 720 O (JPJ000254) 1 2B 3 Bttt [ &2 e ki
BEY — A0 D OF IR SEANCEE T 260500 OFRRO—HTH 5. £z, RFETIEIINKYE
RR T AT A4 I R— a VEBKERE T 0 Y5 ADOKES X ORISR AT & 2R
iR ZDEY 2 7 4 =M OWIL L T SICHANDERH (23K12949) 1 DB ZZIT 7=

2 7—ANJLEEC T —XEK
O, HRERBR L TERI N7 — UL & Z O/ D (2, 2)-FIFEESD 7 — X B E W T
CDOXIGIHETE 20021885 5.

2.1 FEFMMHRICIREY 37— X B
KK FETERIN-FE 1 OIFFRGHEHRE , 20 LD 150 ¢ EDflE K LOEAMIRE V.

R K O 2 ThRITAUE, 20 X5 HlhifRigr ey v o~ FauER

E:y=z(x—1)(z—t), tckK, t#0,1 (2.1)
YRR O ¢ EDfile LTRENS. LLA6RTWS X512, HiMHiiR E Loseikolis B(K) &
MO ZHRATe LT 2 23, DT, FIC K =CO%LEaE2#E R 5.
EE 1 (XL 1 07— X))
et a,b € {0,1/2} IS T 27— E, M2 e CEXU r e HIIHNLT

0[%](z,7) = Z exp(mi(n + a)’7 + 2mi(n + a)(z + b))
neL

LEFT .
ZIT(21) THZxHNC LOBHARIH LT, 5 7€ HDED 2HEE b— 7 ANDFRTIEGR
E = C/(Z + 7Z)
(0,0), (1,0), (t,0) —=1/2, 7/2, (1 + 7)/2
PIEET . 2D & & B RN
(65 : 67 : 63 : 03] == [0 §](0,7)% : 6 1)5](0,7)% : 6[ /2] (0, 7)* : 9“;;]( 7)’] € P
, FiFIHR B SRS 2 7 — 2 Hme kX2 2icT 5.

find 2
EDRBUBWTC, MR E D7 — X FrZ [1:VE:V/1-1:0] e PP THEZ SN 5.
FEBH b~ DA (cf. [19, Theorem 8.1)) % g = 1 DLGEWHH L THE L. 1

2.2 77— HEEERER
fHELIC S Z4Z, 7 — OVl 2 3R D 2 Zothiic 72 5
EE 3 (7 —~Lihim)
KK W o HERBERATD > T, KL 2 THOMMEZ 3 2b D% K LOT—ANJLEE L V5.
7=~V A DBITTE 04 EEHS & &, HAK O ITH LT
Alf] ={P e A|IP=0,}
Z ADI-RENEBREELE V.
RO 7 —~ OV A l&, ROWTNPICFAATH %
o HAHFEE 2 MR C OV IEZERIEF (le. I 0 DEIFHEAZ T RHAEE).
o HBIEMENR By, By DIEFH.
FHCHTE CH 256, 7 — VLI A 3E#cH 2 205,
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EE 4 (FEER)

7 —~ULHHEH O 2HHERR ¢ : A —» B THoT, ZDKD Al] DIBK (-ZEETHTDH S 57D DIk
7 —~ULHHIE O (0, 0)-BEREEH R Xidhd. Z 2T, E0%F LW (0 0)-FIEES ¢,¢' : A — BlXf& BTOD
HORMOZEZFRNT T 5790, 2hoZ2FH—H7T 5.

DIRETIZ A 2 EERIAC EoEsEI 7 —VUliH 5. 55 &, O —7 L B FH

Ho = {02 € Maty(C) | ‘2 = 2, Im 2 > 0}
WET 2521151 212ED A C?/(Z? + 272) AR D, 2D X 57 2 € Ha \d7 —~ULHlE A D
AT Jidhs. TR BT 2 £ Q' € Hoy TH-TH, 20 b ZEAMTINCD D7 —~LHHD
FIENC R BI5E0H 5 Z L ITERY &,
E&ES (P TLrT 4y 7175)
®£E
%Azy:{Mecmgm‘m(;;g)m4:<32%)}

WHEERL, 2COILEARS I TLI Ty 7175 05,
8 6 ([17, Lemma 8.2.1])

IEVifT5 a, B,7,6 € Maty(Z) W LT M = (3 5) € GLy(Z) ZIUET 5 &, XD 3 Z&fFERMHETSH 5 -
() FTINMIWZ AR > TV o T 49 7175 TH 5.

(ii) 1751 !B, v e BIHFETH D, 22D ald — Bly = 1, 27z T

(iii) 179y, IBOZE DITHFRTH D, DD tad — By =1, i/ T .

EEDL YTV 2T 49 2475 M = (25) € Spy(Z) ISR LT, =5V BT Hy ~OER]

Sp4(Z) X HQ — HQ
(M, 2) — (a2 + B)(v2 + )" = M.2
XGRS EED, 5%
C? > C¥2r— (240 2= Mz

I C2/(Z2 + Q72) = C2/(Z% + M.QZ?) iy 5. W2, e 77—~V 2 5@ 23 2 TN,
HEIYTVLIT 4y ZFHIDIERICE OB ES ZeBHILATWS.

TEIE 7 ([17, Theorem 8.3.1])

V=7V EYFHEDITH] 2, 2" € Ho IR LT, KD 2 &FIEFETH %

(i) 7=l oA C?/(Z2 + 72) = C? /(2 + 2'72) KL T 5.

(i) 2> TV 7T 4y 7179 M € Spy(Z) BFAELT 2 = M.Q %z 3.

2.3 T7—NJLHEICHREYT B T — 2 EK
I =T BV HIOITE) 2 € Ha W LT, Rt 1 DHE EFRICRD L 5 Bz E X 5.
EE 8 (L2 07— XK
1R a,b € $7Z%/Z2 \TNIET 27— XBE, M2 e CPBXU 2 € Ha ITHLT
0[%](z, 02) = Z exp(mi’(n +a)2(n +a) + 2mi'(n + a)(z + b))

nez>?
CERTS.
b L 2 € Hy HIXATTH

= <7(-)1 ’7?2)’ 71,70 € H (22)
THEZLNA58, ZHIINES 27— B2 RONKEZHWTEIRTE 5:
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#8788 9 ([7, Lemma F.3.1])
LORRCBOTAEED 2 = (21, 22) € CZITH LT

0 bs ] (2,02) = 0], ] (21.71)0[ 3 ] (22, 72)
PRI T 5.

Rz, [ 7e 7 — OVl &2 5 2 2 JEHATA 2, 2 € Hy WHNBES 2 7 — X B OIS 2 Btk %
HNT 5. 20 L5575 Q2,2 LT, BT 95 2 = M2 273475 M = (2 57) € Spy(Z) »
ST 5. 2O YTV I T 49 779 M ODIEFIZ X o T, 4751 02, 2/ 123 %5 7 — X BRI RD K 51
ZALT % BHEkR a,b € 122/722 1T LT

k(M,a,b) = (a'6 —b'y) - ‘(b'a — a'B + (a'B)o) — a'b (2.3)
BIORfIRZ b . .
M.a:=a's — by + 5(7 )0, M.b:=bla—a'8+ 5(@%)0, (2.4)
ZEBRLTHL. 2T, A0 a’B, v DRI ZWMARTATRY P2 ZRZH ('B)o, (716) R L.
T2, EHI0DE ST LT 2 HEES 27— XBEREAIHRTES.
FEH 10 (Theta transformation formula)
B 5ER ¢ # 0 DIHEL T ALEDIHE a,b € 122/72 1TH LT
o[ Mal(M.z,M.Q)=c- e”k(M"a’b)G[Z] (z,0)
MR T 5.
FIEBA 1] 2.1X [17, Theorem 8.6.1] Z 2Rt X. 1

2.4 T—ANLHEOETTILIVILA

ZDO/NHITIE 2 € Hy Z2IEE LT, 202 TINS5 7 — UL A I2DOWTHE R 5. Rl 2 flfi#iic
?57‘:2@, %al,CLQ,bl,bQ S {0, 1/2} 0:;({“_/—(

Vi(2) = 0[5! 42 ](2,92), i:=2by +4by + 8ay + 16ay
P s 5. LIELIE 0:(0) IS d; & ML, RS [92); ¢ PV % 7 — ULl A DF —RBAY 33
WE, EE {0, 15) &
Teven = {07 1; 25 37 47 67 85 95 125 15}5 Ioad = {5; 75 105 115 135 14}

EEIT 5.

fERE 11
B L i€ Iyqq BB 0(2) BABKTH D, 25 TRIFT 9(2) 1B TH 5.

SEEA (LR a,b € 122/22 170 LT
0[3](~22) = (~1)*"*0[ 3] (2. )

DAL B DT, BHEZFEICE D FERP L7205 I

COMBE 1L E > THEBIZ G € Iygg HIEY; = 0 BRILT 25, WiE—MITHEL L. X D IEREICIE,
M 12 TRT I ADRPHITH 3LEICRB > TZDOWEDNLT 5.
Rl 12

(a) L ADHSIRSIE, LD i € Loven LT 9 # 0 BHLT 5.

(b) L ADWFITRIIUEY; = 0 BT i € Loyen D727 1 DAFAET .

SEBH #1Z1F [8, Remark 5] & D L7=A%5. 1



DT, 77—~V A O F — R EH [02]; € PY 52 SNEBEIC A R BT 2 HEERNT 5.
F3 APEMTH 255 (e & 12 (a) WMD) ORXELHZ 3.
8 13 ([11, Section 7.5])
FEED i € Iyen LT #0E2NETS. 2D X

192192 192192 192192
C:y?*=x(xr—1)(z—N(z—p)(z—v), A= 02 =212, 0712

Y EDIUE A Jac(C) HBILT 5.
RIZ, B i € Toyen ITHT LT i = 20y + 4by + 8a1 + 16ay %1723 a1, aq,b1,by € {0,1/2} D

e BLi#A15 BT
e 2b1 0 e 2a1 0
bi "(o 2b2>’ i '_(o 2a2)'

P15 = <_11 11>7 V15 = G }) .

o TS5 TRIFNI

LERT B,
#ieE 14
{FRED i € Toyen WHRLT )
i = (72 1[52)
LEDIUL, THBIFARS YTV I T4y Z170ITHZ. 5 L 9y =0 %512 9,(0,T;.2) =0 TH 5.
BB %50 € Loven WCXT LT By, v WEXFMTHIT Birys = viBi = 02 Zili/z T2 5, 4l 61X D T; € Sp,(Z).
Fa=b=01T0LT, K (24) 25
T;.a = (a1,az2), T;.b=(b1,b2)

DD D HH B DT, FH 10 & h FiRESES. 1
WE AZHMTROT — LA & TAUR, B 12(0) KD BB j € Toyen DEELTY; = 0DLT 5.
ZDYEHIM = TisT; '€ Spy(Z) ZEME B/ 7 — X UE, M 14 XD 0150, M.2) =0 %1725
T 5L (8, §4.1]) DRk H M. FIHAITHIE 72D, L7z o T M.Q = diag(mi, 2) 273 7,7 € HIZ

XLUT, Z0BIATHIT 57— XA
[0[8](0,71)% : 9[1(/)2](0,Tk)2 : 9[1é2] (0,7%)% : 9[5;](0,@)2] cp? (2.5)

ZHIE 9 EHWTEHETE 2. &I, Ml 2 X DFEMEIR B, = C/(Z + 72) DR AR ZE 3l
RKDB7—~UHHH A2 B, x By MRz D ERFDERDS, ROT7AVITVXLI5THS:

FZILdV XL 15
AJ1: 7 —=OVHITH A DT — X 3FE S [9?]; € P15,
W 7 —~OLihiE A oF7E.
1. H LHEED i € Loyen AL T I £07461F, @ 13 ZANWT C 2EILLT A = Jac(C) T 5.
2. B TRVWEE U7 =0 2{ii72T j € Loven D272 1 DIFET 5.
2-1. W14 TERINIATH T, 1T LT M = TisT; 7 € Spy(Z) &5 5.
2-2. %ie€{0,..., 151 1T LT ¥,;(0, M.0Q)? Dfiix, EH 10 ZHWTKD 5.
2-3. M9 XD M.Q = diag(r, 72) hi/zF 71, € HISHBIS 27— 235 (2.5) il 5 5.
2-4. i 2 ZHW TR B, OERTERXZETCLTA =FE x B &35,
3. 7=~ A 215 5.



2.5 T—ANJLHEED (2,2)-FEREGFHE7ILIV XL
TREDITHI 2 € Hy ITRLT
C?/(Z? + 7*) — C*/(Z? + (NZ?)
z— Uz
& (CO-RAFSHBTH D, ZDOMIX 372/72 285 5. L7 oT 2,20 %2 FAHTINC S © 7 — ULl
HWZ (2,2)-AFETH D, ZHSI1SHIET 57— ZBBIERD X 5 e BIGR 2 it 5

FEH 16 (Duplication formula)
RO a,b € 12%/72 1T LT
04](z,202)* :i > (1) B 0[9] (2, 2)0[,25] (2, 2)
Beiz2/72
DWEILT 5.
SEBA il 21X [13, Chapter IV, Theorem 2] % m; =mo BE UK 21 = 20 = 2 & L THATIUI LW, I

LUIKETE Q RTINS S D7 — Ul R A ¥ LT, 207 — X BS [92);, e P HEZ BN T 3.
EF 16 Z VAU, %5 € {0,..., 15} ISR LT 9;(0,20)? DEZFRETE 2. Z T THADEEE 272012
% 02,92, 092,93 OFJTRENTRELRD 225, ZHUZ (6, §5.1] Diamic X DIEEIWCH L TRV, L7z2is T,
RDEDRTNVNITV AL 1T HGHNS:

FZILdVXL 17
AJ1: 7 —~OLE A DT — R B [92]; € PO,
1. 7 — ULl A (2,2)-fE%H 2 A OF— X8 (0], € P

1 @ 12205 92 £ 0 &3 j € {0,... 3} BFIET 5. Z 2T [07]; ZIERMEL T2 =115 5.

2. % ke{0,1,2, 3} {jH TN LTI} OFITREERIIHT Z LTI, Dz RD 3.

3. %ie{0,..., 151 IR LT Y = 9;(0,202)% D%, & 16 Z FHNTRD 3.

4. F—RBHE[) € PP 2T 5.

3 B (2,2)-FEE®RI T 75E

C O L TER p > 5 Ok LTO7 —~OLHIITIc D WTE R 5. F T (2, 2)-FM5% 75 7 %
ERUABIC, THEIHET 27 AT Y RLRER .

3.1 BREIREEGRI 7

FiFIHERR B 120 LT, 2D p-R UV FIICH 5 (ie. E[p] = {0}) » D% BIFREMAMIE k3.
FRERI 7 —~OVERITTE, R EAS MERAR O 2 IOt e RsE 5.
EE 18 (R 7 — L)
7 — UL A 25EBYFRIRI & 1%, B 2 @R EFE AR B o0t LT (RRME R L C) A = B2 01T %
LEERWVD. YA LERIA Jac(C) DSERRI 7 —~OVERIE & 72 2 KR 2 HEFR O @RI E WS
T OB S R o [ AR

p—1  1-(3)

. 1 (5)
=Tt T3

EFAEL T, £72 p > 572 SR pIREEL 2 gt O [FIREHIX

_ P rup o6 - (5) 1-(5) 1-(5) 6,{4/5 if p=4 (mod 5),

N2,p

2880 32 8 + 18

TFEEST 2 Z 2 DBFHNTWS (cf. [12, Theorem 3.3)).

0 otherwise
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EE 19 (BRBIFAEESE S Z 7)
FEAOAp I LT, RO XS WERSNZHINT T 7 Go(L,p) ZBRBIRABEEHRIT Z TS
o 757 Go(l,p) DIER, BFEA 7 —~ Vi O FEHH Y 5 5.

ZDTT 7 (+ 1)+ 1)-1ERI (BHE) 77 7122 5. 7z, ROBERFRERPIFONLT VWS
EIE 20 ([14, Section 7.2])
ER DRI # p X LT, BRAIFEIFEBR S Z 7 Go(¢,p) 1I3THEAETH 5.

Z D/NEID IR, FIFEEAR 75 7 Go(l,p) D ¢y : Ag — Ay BEL g : Ap — Ay I LT

B L ker ¢y = ¢ (All]) 7 H1F, FIREAR ¢ & ¢ OIRIER L X,

B L ker o N1 (Ao[l]) = 07263, FFEER ¢ & o1 DRWIEKE X

RS THIUL, AEER ¢ & o1 DBEWMERE I

FEREDL ¢y : Ag — A ITH LT, ZORWVIEKRIE 6 HFET 2 Z 25N TS (cf. [3, Lemma 2]).

3.2 BENT7T—RIIHEDT—2FS

5 2 HiCI O 7 DEBBUA LD T — X B D AR ERR L7228, FFIIE Mumford O [18] 1T & D
D 2 TRWMEEDK ECRARDRILT S (FATVRL 15 7L TY XA 1T DIEHICHEET ).
T, TO/NEITUE, @RI 7 — VBRI O (2, 2)-FIREGEI I Fe ETITA 2 2 L 23T 5.
i 21
R AR D 7 — 2 T/ [02] € P2 LT, 1 6;/0k (01 # 0) 3HABRIAF,. DILTH 5.

SERR FRICEREBMEMRE > =2z — D)z —t) 22U, ME2 XD 207 —XFNIZ

(03 : 67 :03: 03] = [1:\/%:\/1—15:0] cp?

ThHZBHN%. ZZT1, Proposition 3.1] kD ¢, 1 —t € Fp2 (3APUKF,2 LD AFITTTH Y, L1zdoT

b _ap i B
%= Vi, 5 = 1—t =0
RINSDEIF 2 BT 5. 1
EIE 22
TR 7 — OV O 7 — 2 %553 [92] € PP et LT, e, /9y (9 # 0) 1ZATBRIKF e DITTH .
SEPE LEUTRIER 7 —~ vl A 2 & 5. DIETIE A DRI Z 5 TRODPTHER T LTHEZ 5.

o 7 —~ULI A DSHITRWGI G, B 2 ERHIASHIER By, B> D(AEL T AX By x By BROIT 5.
DL EE, B, DT —RF R EZEN 2], [0 € PP 2 THUL, i 21 12X D Th B D D
{TIRIK Fpe DITTH 5. M9 XD By x By DT — RHE5H [077] € P1% 1%

0o = aofo, V) =aifo, Vy=wf1, V3=o1f, V) =af, V5= af,

Vg = apfa, Uy =a1fa, Vg =agfs, V5=10;=0=1 =0)3=71,=0
ELTHEAETET, ThoDt 9 /9, (0, #0) bEXFprDILTHE. WK AZ Ey X By Boledb,
EFTICED By x By DF —RBH 97 e P IS LTH2Z M < Spy(2) ZIEHE DN AD
T—RER [ e PP I3 EMI0D0, HEEW 0 :{0,...,15} = {0,..., 15} DIFEL T

Doy V5 .
19(]):19_?,(/__1)167 j€{0,...,15}, ke{0,1,2,3}
a(0) 0

DHALT 5. FTdE /1€ Fpe WKWHEETHUR, Tho Dkl 9, /9, (9 #0) SRENN Fpe DILE2%.
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o 7L A DHSIT B B850, B 2 BRI R 2 B O HFE LT A 2 Jac(C) DHALT 5|

3.3

*%zpz5tot7b>%,%o>;o7zccai
C:y?=x(x—1D(x—-N(z—p)(z—v), #{0,1,\uv}=>5
YFRTET, 2OV aLEHK Jac(C) DT — X B [9)7] € P15 23
5\ _pr=DA=—p) (95 _p (9 _pv =1 1) (Y _ pr-1A—p)
9% vip—1A—=v)" \W) Av’ \Wh Av(p—1) 7 \ W) vip—1)(A—v)
Rz &1 NnD (cf. 6,§7.5]). THL [20 MainTheoremA] TRUZAERD2 S, ThH DT
AIRIKF,. EDARITTTHS. Ti2bH 9/ /19 N2 /90 I EFpe BT 5. 72

19_/1: 119/ —119/ 19/ l/—11912 v—XA1 1912 %:L%
9% 19” 9y’ = ’ “Voon sy 0 NOEL

EREDLDT, THHD /0, (9], #0) EITRTFRIZBLTWS. WK A= Jac(O) Ko7k b,
HIBR & AR DRI & o TH 9, /0k (U #0) DERIKF . DT L 72 5. ]

ERE&I S 7HET7ILIVI LA

TAIVRLITIE, 7=Vl A DT —&ZFR [92] e PP 2 A1 LT (2,2)-FAfEEH ¢: A— BD
%% 1 DFETE 25, Hlo (2,2)-FMEBR ¢ : A — B I X 2%%5HET 2581 [0?) € P° IZH#EY)7%
YTV I T 4y Z4TH M € Spy(Z) #ER I B THHH/ET LTV XL 1T 2FE(TT 2 0EDH 5. Z T
RD &S 15 HOITH R EHET 5

=

g

5

=

BRI A N R Y
=lo 0o 1 0] Mx={(1 01 0] Ms=\|0o 1 1 0} Mya=17 11 ol
00 0 1 00 0 1 100 1 100 1
REE A A R EEE
=lo o0 1 0] Me={1 01 0] M=|o 11 0} Ms=17 11 ol
010 1 01 0 1 110 1 110 1
EEE A ATE R
=11 00 0] Mo=|g o0 1 o) Mu=|_4 0 0 of: M2=|1 o 1 0of:
0 0 0 1 0 -1 0 0 0 1 0 1 0 -1 0 0
1 01 0 1 01 0 1 0 01
0 1 0 0 (o 1 0 0 (o 1 1 0
=111 0 o) Ma={7 1 0 o) Ms=|09 -1 0 0]
1 0 1 1 T 1 1 1 “1 0 0 0

%j €{l,..., 15} A LT, 77— & T [9?7] € PP IZAT8I M; ZAFHS BB VIV R L 1T ZFITLT
Yehs (2 2) WFIR% ¢, A - B; &5, ROMEM o 5.
fned 23
FORIUTENT, & ¢; BHELR S (2,2)-FFHRIHES 5.
FEBA 45 M; DSARS Y T T 49 ZATHITH B Z I3 6 KD L1eh>. 22T, 55 M € Spy(Z) %
T — X R [92] € PO OCEF ¥ %7 AT Y R4 17T R2FITLTE SN S (2,2)-FREE5A ¢ ¥ —F 2
By 51X, 1751 M 23 Spy(Z) DEIHE

Ip(2 —{M ( §)68p4(Z)‘”/502 (mod 2)}

WET2ZeTH5 (cf [5,§2.3.2]). Lichio THIEL S (2,2)-FMES%21G 25 7201213 Spy(Z)/TH(2) D
M2 2 0% 7 — X F R [92] € PP IEA I BRI V. 2 OREREE Spy(Z)/16(2) DN 15 TH - T,
ZTNHDREICH My, ..., M5 THZONZ I ZFIEMC I DERTE 3. 1



TBRFEEER 25 7 Go(2,p) ZEF 19 THIBNZ X S 15-FAITH D, ETER L 15 HOIT5%
HWBZ e TROTZAITYV AL 24 DEICHETEZNTES:
TILIAUZXL 24
A1 F 8 p > 5.
W FFEEBR Y S 7 Gy(2,p) DIENER V BIOUES €.
1. B8 p TOMFRSMMR O FME2AOEEE {(Er,.. ., B, E LT VA S+ 0 R HET 3.
1-1. VARV {E; x E; | 1<i<j<n}Z2ERT5.
1-2. VAPV ORERIIN LT, 207 —XFpiZmd 2 E9IC X DEIHEL TS ITEMT 3.
22 VAME—DeHLL T, 72k« 1T 5.
3. VAFSOFEEFHOELKR ) cPP LT, Fhj 1275,
3-1. 10 £ b [02] € PY5ICATHI M; ZAEERT [0 e P15 2 5.
3-2. PATYRLNTIZ [0 AL THE SN T — ZBEERHTIC 9] e PP 2T 5.
3-3. TATY XA 151 W] 2 AN LTEGNET —~Lilifie A’ £ 35,
34 BLADBYDYOEHRL HFMTRIFIUI A 2 VISEMLT, $7= [0 2 SI138MT 3.
3-5. VANV O E FHP A i TH2 e LT Hl (kK) % EWKLMT 5.
36. BLj<15RBIXj«+ j+1 2 LTRAT v 7 3-11TR3.
4. BLk<#SHOREEk—k+1 2L TATY T 3ITRS.
5 VAMVBIUOURNEZHNT 3.
AR 25
777 Ga(2,p) FOTHMR (= #FHHI 7 —~vihi) 2, ZORBELH—MHT LI TRAT Y S 34 351
BB EBPHEZSPRINCITS e TE S HI2E, RAERL LT
o 7—r~ULHHH A = Ey x Ey BHEATROWEEE, MR By, By 2R 200 j-AERDES.
o 7—ULHHI A = Jac(C) 2SHHMTH 2 5510, FEL 2 iR C DIFEALE.
ERRHT 22N TES.

3.4 FE#ICKBEER

73V X424 BEHERES A7 4 Magma [2] 12X DFEED LT, BEFED ST (cf. |9, Appendix B]) &
FITRIR % LU 3 3 . 32513 Intel Xeon Gold 6130 CPU T, X E Y 23 768GB 58 D1 5HM% FTHIT L 7=.

BREC| WEfE | || | BB | AEl || ] BB | S| B MEE | Sl
5| 0.36 | 0.02 43 | 1.70 | 1.04 97 | 13.97 | 8.88 151 | 56.62 | 36.40
71 040 | 0.32 47 | 219 | 1.33 101 | 16.76 | 10.01 157 | 61.98 | 41.32

11| 0.16 | 0.11 53 | 293 | 1.78 103 | 17.60 | 10.85 163 | 68.24 | 42.24
13| 0.12 | 0.11 59 | 391 | 2.39 107 | 20.08 | 12.16 167 | 77.12 | 43.53
17 | 0.21 | 0.16 61 | 4.18 | 2.51 109 | 19.41 | 12.49 173 | 89.22 | 46.54
19| 0.27 | 0.17 67 | 539 | 3.26 113 | 22.53 | 13.93 179 | 97.27 | 51.65
23 | 042 | 0.26 71| 6.21 | 3.90 127 | 32.15 | 19.35 181 | 102.30 | 53.38
29 | 0.71 | 0.42 73| 6.89 | 4.07 131 | 36.33 | 21.24 191 | 122.32 | 62.49
311 0.76 | 0.47 791 793 | 5.12 137 | 39.71 | 23.53 193 | 129.74 | 64.11
37| 1.18 | 0.69 83 | 7.34 | 5.88 139 | 41.39 | 24.88 197 | 134.90 | 68.22
41 | 1.54 | 0.93 89 | 11.85 | 7.10 149 | 54.02 | 33.03 199 | 159.59 | 70.06

£ 777 Go(2,p) DEIRATE L T2 F¢H

F72, GO ERZHWT T Z 7 G5(2,997) DatHEIZ 9556.86 #0T5%E T L7z (THREUZ 355925 ).
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4 BENEHR2HRY ST Y TADKH

53 3.1 fiTHR ATz X 50, BREIRTEL 2 HAR O [APENE Ny, EET 2. 2 OHiTlk, 2406 D LA 7%
EHRSTERERDZTNTY XL B2HIRTS. 22T, 777 Go(2,p) DML D HMOVTREZENT 2.
EE 26 ([9, Theorem 7.2])

BRFEMEGS TS 7 Ga(2,p) DERIT T 7 To(2,p) ZRD XD ITIERT 5
o 757 J5(2,p) DIHAUZL, BRAIFELL 2 O Y 2 B 2K R 5 5.
o 757 Jo(2,p) OZ, TUHIMD (2,2)- G HRE 35,

ZDYE, 57 Th(2,p) BEETH S,

TR 2 TBREAIIARZ U A b 7 v 75 2 LT Go(p) D25 7 To(p) ZHRIT I THTH2. 22T
TNANITYVRL 24D LA LT, RO X573V X427 %145 (24X [16, Algorithm 5.1] DR ¥
AR3 e BN TES).

LAV XL 27
AT B p > 5.
7 K25 p T OIBRERIFER 2 HfR O RIBRE 2K DES L.
1. 48 p TOBRFRFEMIER E 20841 1 2ER LT, VR S+ 0 2 HET 3.
1-1. MEXED7—2FHZME2 LM IOICKDFIELTSIENT 5.
2 VAML— DML L T, £k 13 5.
3 VALNSOFEEKFHOESRZ 2] ePP 2 LT, F/j« 1275,
3-1. FEFE10 & b [02] € PY5ICATH M; 2AEFE VT [0 e P 23 5.
3-2. PATYRANTIE [0 B AJILTE SN T — ZBE R 9] e PP 2T 5.
3-3. 7T XA 15T W] AN L TR BN T — ULz A’ 5%,
34 L A PHMTRINE, 27 v 7 3-6 ITRR. 25 ThRIFIUL A = Jac(C') £ T 5.
35. L OB LOYDOEHRY HEMCRIFIUEC & LITEINLT, £/ 97 & SI1SBINT 5.
36. bLj<14BBEEj+j+1ELTARAT Y 7 31ITRS.

4. VAL L DEREHD Nop, K7 513 L 21, Z5TRHRUNUIk + k+1 L TRAT v 7 3ITRS.
AR 28
Z IR Z BT 253, 4740 My, . .., Mg \ZRWIEKIZ, 175 My, . .., Myg WFFENEKIZ, 175 Mis 1
BOHERIZHHGE L TWAB. L7zdio T, 73V X 4 27 TITH My (3B 25 7R ZF| SR 3729,
AT v 7 36TiEj=15 2HRL TN 3.

5 &HHDHIC

AR CRERHRR 72 7 Go(2,p) 27 —ZBIBUC KX DR T 27 AT VXL (TATY XL 24) %
LT, Thps Richelot X% FHWV 2 BEF D77 L LU U TR 72 & & 23T EAAFERNC X DGR L 7.
F 728 4 WCWE, M 2 @RPIIHERR Z SRS Y R b7 v T ET7NAVT VXL (FATVRL27) bR
IO ZHRMAE S AT 4 Magma [2] THEEL-a— R

https://github.com/Ryo-Ohashi/richelot_graph

POFHARETH 2. SROELL LT, 713V XA 2T TRWIERKDAZFAT 2 2 & T X DRI
ERFAIFEEL 2 HIFRD Y A b7 v THIMT R IR0 2 RE L ThE 2w,
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