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1 1 A2 RAIZDUVT About project name
FUN-ECMMDFUNIZ. (22 THRE K% ECMIZ Elliptic Curve Method(#5 AR #RZ)EEIRL THY.
FNOEREFEOARTOC VN DEETH S,
Why this project name is FUN-ECM is that FUN means Future University Hakodate and ECM
means Elliptic Curve Method that is a best algorithm for prime factorization.

1.2 ﬁﬁ Background
940 ATIC RSARE B XIAEIGL . RELEFHEINGI A AIEEL G ST, RSAEENDZ L2 X ARBOERB N EORBEIEMTHLE
EZoN51-80, RSABEDER UK. RRBPMEREBRIIEELT—IELEO>TVS, ATACI VM REAM S ZD P TECMERRE
THEAF. RREDI1DTHAI LM FIEEDLOT S AFERL TV SEMHIRIES (ECC) X2 EELTL\S-HTH S,

X1 RRBSBHIRETHNIEHIIZELRLTHIARBBESD—2,

X2 FEMBhIR L OBERT MBI O MR 2O RIUEL-ARREED

—D, ECMEAEABRIES D7 ILTY X LIFFEEIL TS,

RSA encryption %1 was developed at 40 years ago, and secure e—commerce has become possible. Prime factorization experiments have become an important
theme since the spread of RSA. Because the security of RSA cryptosystem is considered to be equivalent difficulty in prime factorization of public key”. We
have three reasons that prime factorization among ECM is selected. First, it is one of the best methods. Second, it is easy to implement in parallel. Third,
elliptic curve cryptography (ECC) 3¢ 2 have become widespread relate in recent years.

%1 RSA is one of public key cryptographies. RSA is based on the hardness of prime factorizations.

X2 ECC is one of public key cryptographies. ECC is based on the hardness of elliptic curve discrete logarithm problems. Algorithm for ECM is similar to one
of ECC.

1.3 BB The purpose

ECMZFIALE-ERHBDRBROTOYT S LDIERK *Making of program for prime factorization using ECM.
-REHSEF YL UECMNETIZSU I/ (3%1) *Ranking in ECMNET, which is a factorization challenge
=STUDIO KAMADA(X2) 125294 * Ranking in STUDIO KAMADA.
SEERORRERIE-MET AT A EER *Making a website to report activities and results

¥1:ECMNETO B#IIL. EICECMIZKY RELERBOAHERDOITHIET
Cunningham projectiZE R &, (FEMIIZQRO—FESHR)
The purpose of ECMNET is to find large factors by ECM, mainly by contributing to the Cunningham project.
URL: https://members.loria.fr/PZimmermann/records/ecmnet.html

32:STUDIO KAMADAD B#IZ, Z7L 7 T4 v/ OB O BRABBEEDHD
RRBPEREERT D, GEMIZQRO—FESH)

The purpose of STUDIO KAMADA is to create a prime factorization table of numbers related to near
replicates (natural number of Repdigit).

URL: http://stdkmd.com/nrr/#summary
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2.2 RITFEB N B EH
TR S LDHERMERBESED-OIC HRALTIVTYXLDEEET oI, M2, DTILRIYTMORF AV DERLT=,
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DICCEEDTATFVEHEALTL D, TR TRHERERDLDICHBN LD TLEI O FOTIFANI7IIVICRBERE
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=7 LT X LDOER

TOVSLDHEDEEZR LSBE-HIC HABTILTYALEZREL, 7ILTUAXLIE
Baby-Step Giant-Step, E>3 A1) —HfR. FHRFUL I EFEALT=,

T LA TR DR
TASSLDEFTENERATIEOIZ. ROYTREER LT,
E5IZLTHY.
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3.2 ECMOETEDFh

Stage1 D

P € E mod NIZX®LT.
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gcd(n,2) = 1D
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mHHE mod pDIEEDEE. mP = 0 (mod p)&7FY.

mp = (x:y:z) mod N IZ®R LT, z=0(mod p) &%,
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33 7IILaYX L

3.3.1 MontgomeryBI$RIZDLVT
MontgomeryBifR&(E. By? = x3 + Ax? + x ELVSKHSRINIHIETH D, A)vbEL T, yEEZEERETIDLENLGLEDH.
WeierstrassH#REE ST, yEZEZRAWWTICEHEFH K S LSI12HS, TAUYLEL TS ETHERALI-MEESE->TP - QD REHAE
THILELHS, .

Montgomery IR D EIZEDFHEDULNT

2ERETOME C>
BPLEQEMETAE=OIZITUTOTILIY X LIZHSTNEETS,

BP=Xp:Zp),R0=(Xq: ZqQ) T B Po = Xp—q:Zp—q) =P — Q&9 5,

hoERAWTEHEZITS,

* Montgomery ladder
Montgomery ladder(ZMontgomeryBi i D A DT —(EE T XLITI=HDOTILTYXLTH S,

3.3.2 Baby-Step Giant—Stepj% (LLF,BSGS) [CDUL\T
EFEFTIL, Stage2DEA TITDEDBNVRLYEAEEIN TV,
ZITSEIL. LYRSGTHETESHBSGSHRELT-,
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B; <s < B,&iil=¢ £ TDHRM%S1, 52,53, ... Sk, Stage | DFERTHONI=EPELT,
sSEEMLTHEFTICLTERRILEZRSFETHD,

Stage2lds «Q = 0D EEFINT S, COREERL TN s =210 *v +u (-105 < u < 105) &9 5&
(210*v)* P = —uxP &35,

COXZEBBELVDOT, BAMBBOFETOERLY. modp LT BBEEDDEZEMNFLL,
(210 * v) x POxEEEHEGx, —u* POxEEZEHxET HE

Gx = Hx (mod p)&#Y ShlLGx — Hx = 0 (mod p)EFE KL

(Gx — Hx)DpDE#ELTEDH, ST, £ TDsITDONVT(Gx — Hx)FFHEL.
FTRTCERTEDLE=#EdETDHE. Gx — Hx = 0 (mod p) L BsMEE T NIL. d = 0(mod p)&iid,
ZDT=O . dEEFRBNDERRIBERHDHZETpAHIBAT 5,

3.33 RBRTIULTIZDLVT

BSGSHEKLYUBEIL T EFRELT. RERTIVI DS,

(210 x v) * P = —u x P -+ %

K*HKDAEZEIZDOLNTEZS,

BEAMBROFETOERKIY., —u*P & u*PIE, xEHISHLTRIFTHY . xEEZDEMNFLL, o T, (Gx — Hx) DIEIFRILIZA
b,
BL.210*x v +u, 210 xv - u WNEBITHRE o0& RRDEHEFEL L. RLHEZ ZEICTIZEITHRYIEMNELY,
ZFIT. 210xv+u s 210 x v - u BEBITHRBULRIRTEIHEL . sEELL DD H(Gx — Hx) KR&H 5,
hIZEY ., RITEBENFL-HERILTEHENTES,

KHIFEDIIICHLEMATRETH D,
L. s = 210 xv + u [EFREFEZ 51D 210 * v -u BRETHRWEOITRT YL T TERMoTzEEIC,
s =210*v +u = 210*(v-1) + (210 + u) = 210*(v-2) + (2%210 + u) = 210* (v-3) + (3%210 + u) ="
EEZBDET, RYUBRARTERT ENTE RTOHMNER  HITEBNKYB D=0, BSGSDERIENHAFTES,
=L ARXOBEDMEZ L5 SLDFFEEADBEELGD=O. FENDEICGS,

n 4, FHAIGER
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