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EH3

Algorithm 1 Computing 3-isogeny on Edwards curves

Require: 3-torsion point P = (Y3 : Z3) on an Edwards curve Ey
Ensure: The 3-isogenous Montgomery curve with projective curve coefficients Cy; /Dy, where Cyy = A'+2C" and Dy =

A=
R R A
o - 1
s b+ Y32
! tg — Zé
st —h
cl -ty
(Cn -ttty
-t
Oy & Cy +ty
10: Dy to+14
It <t 4+t
12 Dy« Dy +t1
1% Oy« Cy-td
14 Dy Dy - 13
15: return Cpy, Dy

o oo~ @ LA Ee e D e

Ilty=Ys+ 7

Ity = (Ys+ Zs)°

Ity =Y}

Ilty=72

Ilty = 7% + W3
I1ty=Y3 +2%37s

Il Cy =Yi+4Y, 75+ 272
ty=272

Iy = (Yo +225)

Il Dyy = 7% + 4Y3 75 4 2Y7
Ity =2V}

I Doy = (23 +2Y3)*

Il Cy = (Y3 + 223V,

Il Dy = (Zy + 23)* 25

Er4

Algorithm 2 Evaluating 3-isogeny on Montgomery curves

Require: 3-torsion point P = (Y3 : Zg) on E; and a curve point @y, = (X, : Z,,) on M, corresponding to a point

Qe = (Y : Z) on an Edwards curve E.

Ensure: Image point ' = (X" Z') on the image curve M, 5 birationally equivalent to ¢(Ej)

Ly«X-2Z
e X417
3 to(—Z'Yg
: t1<—y-Z3
sttt
; ttz(—t%
X et X
8 tO(—tO—tl
9 to(—t%

10: 7'ty 7
11 retumn X', 7'

L I — S SR S SR ]

/'y - convert to point on an Edwards curve
Il z - convert to point on an Edwards curve
il t[) =Z‘Y3

i tl =y Z3

Iy=(z-Ys+y-Z3)
Iy=(z-Ys+y-Zy)?
PX'=(1)2)-(y+2) (- Ya+y-Zo)
o=(:Yo-y-Zy)

I i():(z-Yg—y'Zg)Q
NZ'=(1)2)(z-y) (23~ YZ5)?

_13_
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EHS

Algorithm 3 Computing 4-isogeny on Edwards curves

Require: 4-torsion point Py, = (X, : Zy,) on a Montgomery curve M,  corresponding to a 4-torsion point P, = (Yy: Zy)

on an Edwards curve E;

Ensure: The 4-isogenous Montgomery curve with projective curve coefficients Cyy /Dy where Cyr = A" +2C" and Dy =
4C” with coefficient ¢y that are used to evaluate the 4-isogeny

I:
2
3
4
5
6:

7. return Cyy, Dy, co

Oy X2,
to + Z,zn

oo Oy +Cy

o+ Co+Cp
Cy +Cfy
Dy« té

IHCu = (1/4)- (Vi + Zy)?
Ity =(1/4) - (Yy - Zy)?
Wey=(1/2)- (Y + Zy)?
IHty= (Y4 - Z4)2

I Cyy = (1/16) - (Yy + Zy)*
Il Dy = (1/16) - (Y - Zy)*

EH6

Algorithm 4 Evaluating 4-isogeny on Montgomery curves

Require: 4-torsion point P = (Y; : Zy). a curve point Q = (X, : Z,,) on M, corresponding to a point @, = (Y : Z) on

I:
cy+X-Y
gy
cticp-fp

. fg(—YZ4
7Y
cly ettty
IR
by 12

: t;(——ti

X et 4ty
: Z’%—tg—tl
: X,\LX"tg
VAR
- return X', 7

==

TR B N i N

an Edwards curve Eq, and ¢ computed from Algorithm 3.
Ensure: Image point @' = (X' : Z') on the image curve ¢(M, ) birationally equivalent to ¢(Ej)

1 X4Y

Il z : convert to point on an Edwards curve

Iy : convert to point on an Edwards curve

Ity=YZ

Ity =YZ(Yy+7y)?

g =YZ,

Ity =2Y,

Nt3=YZy+ 7Y,

Nty=YZy- 7Y,

Ity = (YZy+ ZY))?

ty=(YZy - ZYy)?

NX =YZ(Yy+ 2+ (Y2, - ZY))"
NZ'=(YZi+ IV, -YZ(Yy + Zy)?
NX'=(YZ(Yy+ 22+ (Y2, - ZY) DY 2, + ZY))?
NZ'=(YZy+ZY0) - YZ(Ys + Zy)2)(Y Zy - ZYy)?
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