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Mathematical Structure of Finsler Encryption
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BEZE : The public-key encryption scheme called Finsler encryption introduced by Nagano and Anada

at SecIT'C2020 is investigated about its mathematical structure. In the previous work they stated the

scheme based on the linear parallel displacement of vectors on a curve in a Finsler space and exhibited

three algorithms of key generation, encryption and decryption in detail. The base idea of Finsler encryp-
tion was stated at CSS2019 and at SCIS2020 by the same authors. In this paper, the public key PK is
represented as a mapping from R? to R? and the secret key SK is represented as the inverse mapping

of PK.

F — 7 — K : Finsler encryption, public-key encryption, Finsler geometry, differential geometry, linear

parallel displacement

1. Introduction

Finsler encryption was defined by Nagano and Anada
during from 2019 to 2020(cf.[8],[9],[10]). In the basic,
this encryption has the differential geometry, especially,
Finsler geometry(cf.[1],[2],[3],[4],[5],[6])-

of Finsler encryption are defined on a real and smooth

Thus, all items

manifold. Further, in differential geometry(Riemaniann
geometry), almost all object have symmetric property. On
the other hand, one of the most important notions in the
public-key encryption is one direction property. And en-
cryption has been ever studied on discrete mathematics
before(cf.[15],[16],[17],[18],[19],[20]).

Finsler geometry is known as geometry that has
asymmetric property different from Riemannian geome-
try(cf.[7],[11],[12],[13],[14]). Especially, the linear parallel
displacement(cf.[7]) plays a very important role in Finsler
encryption. It is a very interesting notion having asym-
metric property which the image of a vector obtained by
the linear parallel displacement on a curve c is different
from the image of the same vector obtained by the lin-
ear parallel displacement on the inverse curve ¢~ !. This
asymmetric property is used in one direction property in

the public-key encryption. Further, in this encryption, al-
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most all items are expressed in continuous and real form
because that geodesic and the linear parallel displacement
are solutions of simultaneous differential equations. In en-
cryption system, it is not good for using them as it is.
Thus we must change them to integer and rational forms
by a quantization of a parameter easily. Fortunately, there

are many methods of quantization.
2. Finsler Encryption

We call new public-key encryption scheme introduced
by T. Nagano and H. Anada at SecITC 2020[10] Finsler
Encryption. In this paper, we discuss about Finsler en-

cryption of §4 in [10], especially.

2.1 Finsler Encryption
Let (x,y) be the coordinate of the base manifold M =
R? and (&,9) the coordinate of T\, )M, namely, = =

2

xly = 2% i = y', § = y%. The Finsler metric F(z,y, Z,9)

is as follows

F(l‘, Y, "E,y) = a’2‘i72 + b2 )2 — hlxx - h’nyv (1)
where all a, b, hy, ho are positive numbers.
According to Recipe in §2 of [10], various objects are ob-

tained. However, in the following representation of them

are on the geodesic ¢ only.

Geodesic: straight line
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1 m
em(t) = (1 (t), A2t _< t, t)
(1) = (€ 10.0) = (—st 72—
(2)
b= Cm(t0)7 q= C’m(tl)a r= C’m(t)7
where the equation of the above straight line is y = ymz
on M.

Linear parallel displacement: II. (t)

B} Bi
II. (t) = , 3
em () B B (3)
where
Bl = - !

X
(a262(1 + m2) — 82y + aZham?)tg — (b2hy + a,2h,2m2)t)3/2

(a2 (h2m2(t +t0)y/a2b2(1 + m2) — (b2hy + a2hagm?)tg

2 (\/a2b2(1 + m2) — (b2hq + a2hom2)tg — (b2hq + a2hom?2)t

+m2/a262(1 + m2) — (v2n; + a,2h,2m2)t0))

+b2h1t0\/a2b2(1 +m?2) — (b2hq + a2hgm?2)tg — (b2hy + a2}L2m2)t) s

1 1
= X
(a262(1 + m2) — (b2hy + a2ham)tg — (b2hy + a2h,2m2)f,)3/2

(abm (b2 (*\/a2b2(1 +m?2) — (b2hq + a2hgm?)tg

+/a2b2(1 + m2) — (b2hy + aZhgm2)tg — (b2h; + a2h2m2)t)

+ ho (t,\/a%?(l +m2) — (b2hy + a2ham2)tg

+101/a2b2(1 + m2) — (b2h; + a2hgm?2)tg

—t01/a2b2(1 + m2) — b2k + a2hgm?)tg — (b2h) + a2h27n2)t))) ,

1
B2

<a2b2(1 +m2) — (b2hy 4+ aZhom2)ty — (b2hq + a2112m,2)t)

372~

(abm <a2 (—\/asz(l +m2) — (b2hq + a2hom2)tg

+/a262(1 + m2) — (b2hy + aZham2)ty — (b2hy + a2h21n2)t>

4 hy (t\/n,2b2(l +m2) — (b2h1 + a2ham2)tg

+ to\/a2b2(1 + m2) — (b2hy + aZhgom?)tg

7t0\/a2b2(1 +m2) — (b2hq + a2hgm?2)tg — (b2hq + a2h27n2)t))> s

1

B3 = - 573 ¥
(a2b2(1 +m2) — (b2hy + a2hgm?2)ty — (b2hy + a2h2m2)t)

(—n,2b2 (\/a2b2(1 +m2) — (02h1 + a2hom2)tg

+m2\/a2b2(1 +m?2) — (b2hq + a2hgm?)tg — (b2hy + a2h2m2)t)

+02hy (¢ + t0)/a202(1 + m2) — (b2hy + a2hagm?)tg

+ahom?t9\/a2b2(1 + m2) — (b2hy + aZhgm2)tg — (b2 + a2h2m2)t) .

Quantization: We change each equation to forms hav-
ing rational expressions. For new parameters k and ¢, they

are as follows changing.

k? := a®b?(1 +m?) — (b?hy + a*ham?)tg (4)

t2 .= a®b*(1 + m?) — (b®’hy + a*hom?)to — (b2hy + a®hom?)t.

()

Then as for new parameters k,t, we have components
B, BY B? B2 of I
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1
(r1v2 + a2h2m2) 3

+a®km? ((h10? 4 a®ham?) (b7 = nato) — hok?)),

Bl = ((r18® + a®ham?) (a® = hytg) 67 + a®hgkm? e

abm(k — 1) (hak? + hatk — (h1b2 + a2hym?) (b2 — hatp))

1_
Bz = (n1v2 + a2h2m2) 3

s

_abm(k— 1) (~nam2at + 1y <h2m2to - 1)2> a2 4 hy (h1t0b2 + k(k + t)))

(h1b2 + a2}12m2) t3

B2 = [ (ham? (kb2 +m? (b7 — hato) t) a + b2hy (b2 (tm? + k)

(h1b2 + a2h27n2) 3

—hgmPto(k + 1)) a® — b2k (R1tgd® + k% = %))

Before obtaining the public key and secret key, we must
give a regular matrix C'(7) as the transformation of T},(M)
and splitting form of the energy of F(v1). In this paper,
we have the same splitting of E(vq) as [10].

Key Generation: According to [10], we state the out-
line of its key generation as below.
(1) ¢ a geodesic, p: start point, ¢: end point
(2) v = (v',v?): a plaintext (a vector in R?), dv =
(dv', dv?): a positive difference vector (dv' > 0, dv? > 0),
vo = U+ dv
(3) v1 = C(1)vg
(4) vy =1 (t2)vy
(5) E(vy) = E(v1) = Eg + E1 + E5: a splitting of the
energy of vq
(6) B(v1) = 32 fo+ 7 frvg + 7,22 favi
(7) Vs = Ie(7) "0, 7222) = “(V3 V)
(8) (%,V;,Vf): a ciphertext
After all, we have a public key PK = (%, Vi, V2.

First of all, let (a,b, h1, ho,m,to,t1) = (1,1,1,1,1, %, 1)

be all parameters.

Case (I) Next, let C(7) be

Then we have the secret key SK =
{(fo, f1, f2), (7)), E(v1)} is as follows.

1
(f07f1af2) = (mhlvat0h27bt1h§) = (17 57 1)7

T+1 _T—1
— 272 272

HC(T) - T—1 T+1 ’
—% 2

1
E(v1) = G(vy,v1) = §(372 — 27 + 3)(1)(1])2 +-(1- 72)11(1)1)8
1
+ §(372 + 27 + 3)(v3)?

and (52, V3, V) as follows.
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= G ((Br = 1%e§ — 8 (2 + 7 —2) 65 — 2((= — 14)7 — 5)¢3
0 ‘2

+16 (1—2 +r— 2) t5 4 4(r(117 — 10) + 17)t3 + 24(7 — 1)2) (w2
+20)(98) (b2 (b2 (t2(3ta + 4) — 14) — 8) +20)¢3 + 12 (¢ (2¢3

ity —4) +2) T3 — ((t2(ta (b2 (3t +4) — 14) — 8) + 20)t3 + 24) 24 24)
+ (vd)? (3¢ + 12§ + 8 (272 +r—1) 3+ 2(r (57 — 14) — 1)t

—16 (272 +r—1) 3+ 4(r (177 + 10) + 11)t3 + 24(r + 1)2)) .
(6)

1 1

vl = —— - (20— 1) ((t% —2) (ta(ty +2) — 4¢3 + (tg — 4t + 8) 2

64724 (vd)(v3)
—2(ty +2) (13 —2) (18 — 3+ 02 —2) 7 +8) () + @) ? ) (3¢ — 12
(r+ Dt§ — 4(r — DB(r +2) + 5)t3 + 2(r(3(1 — 57)7 + 13) — 13)t5
+8(7 — 1)(37(7 + 2) + 5)t5 + 4(r(r(137 + 11) + 9) + 27)¢3
+24(r = D3 (r + 1) = 4P P (3(r = D + D3] + (7 + DG = B)7
— )13 4+ (r(14 — T(147 + 19)) + 15)t5 — 2(7 + 1)(3(r — 5)7 — 4)t3
+2(7((r = 8)T — 18) — 3)t3 + 24(r — D(r + 1?) + ()3 (7 + 1)
(7(1— + 12§ 4 8(7 + 1)(37 — 1)t] — 2(r (197 + 34) + 21)t5 — 16(7 + 1)

(87 — 1)t3 + 4(7(257 + 6) + 11)t3 + 56(T + 1)2)) .
)

5 1
Vi = 2,4 (1) (02
6472t4 (vd)(vd)

—2(ta +2) (5 — 2) (3 — 3 + 12 — 2) 7 +8) (v9)® + (v0) > (v3) ((r = 1)
(7(37 — 22) + S)tg — 487 — 5)(r (7 + 2) — 1)t5 +2(13 — 37 (r (57

—19) + 21))t5 + 8(37 — 5)(7(7 + 2) — 1)t3 + 4(r(r (137 — 7) + 37)

—27)t3 4 8(7 — D(r(37 — 22) +3)) — 4(wh)(v$)? (= + 1(r (37 — 8) +3)¢5
+ (r(7(37 — 22) + 11) + 4)t5 + (7(7(3 — 27)7 + 24) — 15)t3 — 2(r (v (37
—22) 4 11) + 13 + 2(7((7 — 18)7 + 12) + 3)t3 + 8(7 + ) (7(37 — 8) +3))
+ @3 = 1) (7 + DS + 8(r + 1)(B7 — )85 — 2(r (197 + 34) + 21)¢3

—16(7 + 1)(37 — 1)t5 + 4(7(257 + 6) + 11)t2 + 56(7 + 1)2)) .
(8)

Case (II) On the other hand, let C(7) be

T 1

¢ = T—1 1

Then we have the same (fo, f1, f2) and II., however, dif-
ferent F(v1) and PK as follows:

1 1 1
E(v1) = G(vy,v1) = §(472—4T+3)(v(1))2—0—5(27'—1)1151)8-1—5(

and PK = (42, V', V) is

Eo

fo 64t3
+16) 4 10) — 32) + 68) + 24) — 24t2 (v}) (v3) (-3r (t% +2)

Hta(ta(ty +2) — 2) +4) +36 (3 +2) 13(v)?)

1
64725 (vd)(v3)

+27(ta((tg — 3)tg — 2) + 10)) — 8) + 12(r + 1)¢3 (fg - 10) )3 + 82 (vd)(vd)?

(—307—2 — 117 4+ 4(7 + D5 + Br(r + 1) — 2)t3 — 8(r + Dty + 25)

+ (w32 wd) (—56(1— +1) — 7(r + DS + a(r(87 + 3) — 7)t5

+2 (673 41072 4+ 7 4 25) 5 — 8(r(87 + 3) — Nt + 4 (7 (=307 + 27 + 41)
—35) t%))

(© 2021 Information Processing Society of Japan

(2(1— +1) ((t% - 2) (ta(ty +2) — 4)t2 + (tg — a5+ 8) 2

1
= ((1;(1))2 (t% (3672 (t% +2) = 247(ta (b2 (b +2) — 2) +4) + ta(t2(t2(3tn

(2(r - (w3 (f% (472 (t% - 3) + (2 - t%) (to(ty + 2) — 4)
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5 1

V.
3
64723 (vd)(vd)

+27(ta ((tg — 3)tg — 2) + 10)) — 8) — 12(7 — 1)t2 (tg - 10) w32 — 82 (vd)(wd)?

((49 —807)7 +4(7 — 1)t + (3(7 — 1)7 + 2)t2 — 87ty + 8tg — 25)
+ (w2 d) (56(7 — 1) +7(r — DS —a(r (87 — 13) + )5 + 2 (7‘ (—672 +o2r

—25) + 25) th + 8(r (87 — 13) + 7)t5 + 4 (,. (301—2 — 627 + 71) - 35)) t%) .

We can take any regular matrix C(7). When-
ever applying different C(7), we can obtain different
E(vy) and (%,V?}J/}f) even if the same parameters
(a,b,h1,ha,m,tg,t1). Then we have

Proposition2.1 In the Finsler encryption, even if the
parameters (a,b, hy, ha, m,tg,t1), the quantization and
the splitting form of the energy E(vq) are same, there
exist different pairs (SK, PK) of the secret key SK and

the public key PK depending on the transformation C(7).

Remark2.1 (1) The value ¢ty must be chosen a ratio-
nal number for k£ to be a rational number.

(2) The methods of quantization are many. For example

(t+1)% := a®V?(1 +m?) — (b?hy + a*ham?)tg

2 2 2 (9)
— (b h1 +a th )t

1
, (T + 1)? := a®b?(1 + m?) — (b*hy + a*ham?)ty
¢ (10)
— (b?hy + a®ham?)t.

(3) If we change the method of quantization, then we have

the arranging matrix II.(7) in addition.

2.2 PK

In this section, we state the mathematical structure of
the pubic key PK of Finsler encryption.
First, in Case (I) of the previous section, we take
(1, Bo, 81, B2) = (1, %, %, %) Then we have the public key
PK, 5,88, as follows

- - (—2(7‘ +1)(w)? (tg (472 (tg - 3) + (2 - tg) (to(ty +2) — 4)
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1
S (r=1,tg =Bg =)
073

prko = {pkoo, Pko1, Pko2}

3 { 324(v8)2 + 48(vd) (v3) + 2071 (v3)?
64

s

B 468(v})? + 232(vd) (v3) + 4003(v3)?
32(vd)

>

44(v$)? + 46(vd) (v3) + 499(v3)?
16(v3) ’
2
c(r=1,tp =81 = —)
3
pk1 = {pk10,Pk11,Pk12}
B { 99(v$)2 + 10(vd) (v3) + 388(v3)?
» (11)
1161 (vd)? + 498(vd) (v3) + 5858(v3)2
144(vd) ’

207(v$)? + 204(vd) (v3) + 1327(v3)?
144(v3) ’

3
Cr=1ltp=fy=")
4

pko = {pk2g, pk21, Pka2}
{ 17712(vd)? + 1872(v) (v3) + 57209(v3)?

6912

65232(v )2 + 27360(vd) (v3) + 263423(v3)?
10368(vd) ’

5616(vd)2 + 5436(vd) (v3) + 28133(v3)?
5184(v2) ’

The public key PK; = (pko, pk1, pk2) is true.

123
273’4

We have the plaintext space M is a set of lattice points
of the first quadrant in R?. From PKL%’g%, we no-
tice that ciphers are rational points in R° and the set
of the ciphers is a certain subset of R?.Thus we have the
mapping PKL%’%’% from M to R°. In general, for each
(1, Bo, 1, B2), we can regard the public key PK: g, 8,.5,
as the mapping from M to R

PKr gyt MCR? — R° (12)
| Vo = (Uévv?}> —=cl = PK‘F,BU,ﬁlﬁz(vO)'
Remark2.2 PK, g, 3,3, is the mapping from M to
R? as the public key, however, as a mapping, on from
R? to R, and excepting axes v§ = 0 and v3 = 0 it is

differentiable with respect to v} and vZ.

2.3 SK
First, we put a ciphertext ¢t = PK, g, ,,8,(v0) =

(cto, ct1, cta), where

cto = pko(vo) = (ctoo, ctor, ctoz),
ct1 = pki1(vo) = (ctio, ctr1, ctr2), (13)

cty = pka(vo) = (ctao, cta, ctaz).

According to the algorithm of the decryption, (vd,v3) is
the solution of the following simultaneous linear system of

(X,Y)

(© 2021 Information Processing Society of Japan
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1
Z((—Cf(n + ctoa + et1] — et19)T + (—ctor — ctoa + ety + ct1a)To)X

1
+ g((ctol — ctgg — ¢ty + cty12)T + (—ctgy — ctgg + cty] + ct12)72)Y
= ctgp — ct1g

1
Z((*Ctm + ety + cta1 — ctaa)T + (—etol — ctoz + ctaq + ctaa)T2)X

1
+ ;((Cfm — ctgg — ctog + ctag)T + (—ctgl — ctoa + ctal + ctan)TI)Y

= ctgg — ctaQ-

(14)
If the following the determinant Det of the above system

Det = %(Ctolctlg*Ct010t22+0t026t21*Ct020t11+Ct110t22*0t120t21)7’3

(15)
is non-zero, then the answer (X,Y), namely, (v§,v) is
rewrote by

A — BT

1
vy =
(etgretin — ctoletog + ctoaeto] — ctgoetyy + ctiictogy — ctigetar)T2

5 A+ Br
i =

2(ctgrctin — ctglctog + ctgocta) — ctgoctyy + ctygctog — ctigeta])T2

(16)
where
A = ctoyctig — ctoactip — ctooctil + ctooctia — ctorctag + cloactag

+ cti1ctog — ctiactog + ctoocCtor — ctipctar — clopcton + clipctaz,

B = Ctglctlo + Ctogctlo — CtooCtll — Ctooctlg - CtolctQO - CtogCtQO
+ ctyi1ctog + ctioctag + ctoocta) — ctipctor + ctopctas — ctipctan.

Proposition2.2 If (ctoo, ctor, ctoz - - - , ctao, ctor, Ctaz)
is a ciphertext ct of a plaintext vg = (v3,v2) and Det
of (15) is non-zero, then the simultaneous linear system
(14) has unique solution (X,Y) and it is the plaintext

Vo = (U(l)a U(Q))anamel}Ia
(Xa Y) = (Utl)av?))

is satisfied.(Decryption of Finsler encryption).
In general, from a point (ctoo, ctor, ctos - -« , Ctag, Ctar, ctag) €

R? and a value 7(# 0), we take the following matrix
11 T12
ppk, = < ) ; (17)
21  T22
where

1 2
T = Z((fct01+ct02+ct11fct12)7+(70t01*Cﬁ02+6t11+0t12)7' )

1 2
m2 = 5((Ctm*Ctozfct11+ct12)T+(*Ct01*Cﬁ02+6t11+0t12)7’ )

1 2
ol = Z((—Ct()l—i-ctog—i-ctgl—Ctgg)T+(—Ct01—Ct02+6t21+0t22)7' )

1 2
99 — 5((Ctol*Ct0270t21+ct22)7'+(70t017Ct02+0t21+6t22)7' )

and can consider a linear mapping ppk, as following

ppk, : R? — R2|vg = (vg,v5) € R* = ppk,(vg) € R
(18)
Under the determinant Det(ppk,) # 0, we can regard
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the linear mapping ppk, as the mapping PK; g, 3,3, -

(") We consider a projection pr from R to R? as follows

pr :(ctoo, ctor, ctoz, ctio, cti1, ctiz, ctag, ctar, ctaz)

— (Ctoo — Ctlo, Ctoo — Ctgo).

Then, for a ciphertext ct, we can commute ppk, into

pro PEy g, p,,6,, namely,

ppk- :prOPKTﬁuﬁhﬂz (19)

by using the value 7 decided by the energy E(v1)(See Ap-
pendix).

The projection pr is not injection, in general. Even if
PK; 5, 8,8, 1s injective, ppk; is not necessarily injective.

However, if Det(ppk,) # 0, then ppk, is regular, namely,

ppk; H(pr(ct)) = ppk; (pr(P K- gy 5,8, (v0)))

— (ppk;" 0 pr o PRy ,.5,,5,)(v0) = v ((-) Proposition 2.2)

is satisfied, where pr(ct) = (ctoo — ctio, ctog — ctag). Thus,
we have PK . [1307 Bi.fs = ppk=1 opr, namely, the secret key
SK-x p,.p1.8

SKr py.8.8, = ppks ' o pr (20)

satisfies. O

Then we have

Proposition2.3 If the linear mapping ppk, of (18) is
regular, for a ciphertext ct, the secret key SK; g, 3,8,
satisfies the relation (20). Thus SK g, 8,.3, is a mapping
from R? to R2.

Remark2.3 (1) The general form of ppk, depends on

IT and (f07f15f2)’

(2) The equation of 7 obtained by E(v;) is a polynomial
equation of a certain degree.

(3) The general form of IT and the degree of E(v;) with
respect to 7 depend on the quantization of the parameter

t.
(4) The general form of E(v1) depends on the transfor-
mation C(7).

(5) When (T, Bo, 51, 52) = (4, 17 2, 3),

S (3vg — 5v2)(497853(v3)> — 1335798(v$)2 (v3)

Det(pphy) = ——————
2654208U0 vg

+1552365(vd) (v3)? — 415172(v3)%)

Thus the plaintext v = (v},v3) that satisfies 3vf =
5v3 has Det(ppks) = 0. There is the ciphertext ct =
PK4 1 2,3(vo), however, the plaintext vy is not obtained by
the linear mapping ppks. Indeed, for any (7, 5o, 81, B2),
the mapping ppk, always has non-regular plaintext vy,
where such vg is not necessary in the first quadrant of R?,

in general.
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< %
We exhibit the calculation that obtain the value of 7

under the following data.

[V )
= w

L\:\r—‘

(7, Bo, B1, B2) = (1,
vo = (1516, 7084),
ct = (cto, cty, cta),

where

cto = (ctoo, ctor, cto2)
6574327027 —12778117799 145661807

Y R /7 R — TV
Ctl = (Ctlo,ctll,cﬁlg)
7(1237871657 —18874300661 94102555)

2 ’ 13644 " 1386
cty = (ctao, ctar, ctao)
_ (183233325809 —853944965495 92692874633

432 ’ 982368 T 2295216

)

Start!
Now, from (15), by using ct

14 4
Det(ppk,) = > 03725940771508;5677 # 0 (because of T # 0)
From (16), by using ct, we have a formal solution (v}, v})
as follow
. —2(—3921 + 31637)
vy = =
9 3921+ 31637
vg =

T

Input (v}, ) to the following energy equation(*).

1
1-
4(

(3209270886884104 — 21676886153451}0 T

1
§(372 —27’—0—3)(1}6)2—0— T )UO’UO + = (37‘ +27’+3)(U0)

~ 1952608
+ 433537723069002 7 — 1946865315933vE 2 — 3893730631866v27

Then we have
1 )
5 (—292110579 + 3154836607 — 52720937072 + 2832656287°

+2205706617%) = 0.

By solving this equation, we obtain 7 = 1 because that 7

is a rational number. O
(*) About the energy equation.

From cty, we have
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1

5T(147)

T(=14+7)

%7‘(*1 +7)

Ct01
%T(l +7) cto2
(1+7’)Ct01 + T( 1+T)Ct()2

(=14 7)ctor + 37(1 + T)Ctoz)

127781177997 (147) + 1456618077 (—1471)
6064 1288
127781177997 (—1+7) + 1456618077 (1+7)

6064 1288

<
b
—<

Thus, we have the energy equation as follows, by using

1
27
1
2
1
27

)

the first component ctyg and above 2-dimensional vector,

(o) = 6574327027  127781177997(1 + 7)
v 4 ’ 6064
1456618077 (—1 + 7)
1288 ’
1
127781177997(—1+17) | 1456618077 (1+ 1)\ | |
6064 1288 2%
U2
0
This equation is
1 2 1\2 1 2y\,,1, 2 1 2 2\2
§(3T — 27+ 3)(vy)” + Z(l T )vyug + §(3T + 27+ 3)(vg)
= (3209270886884104 — 2167688615345v;
1952608 | Yo7
+ 4335377230690v3 T — 1946865315933v4 7% — 3893730631866v372

In addition, from ct; and cto, we also have the same equa-

tion.

).



