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The main purpose of this paper is to examine applications of group theoretical concepts to
cryptography. We construct a backward deterministic system employing the action of the
modular group on the upper half plane and the amalgamated free product structure of the group.
We invent a geometrical algorithm that finds the normal form of an element of the modular group
effectively. This algorithm makes our backward deterministic system tractable. Using the
backward deterministic system, we invent a public-key cryptosystem in terms of a functional

cryptosystem.
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(p), ANy 77— FREZATATHDZ L
. EV 25 -BICBIAITHOEREO &
HEFH LT, BRICHYITE S, fu PETDH
L5ZLIIMOLHITH D, 2 RSNz A F—
AP ->TINHEDONY 77— FREY AT A
ZFH U CABER 5 2 T %,

N

ABEIE Ny 2T = FREY AT A (W,
Wat, p, x)
T

MEEII Ny 77— FIRET AT A (V) Vaf,
v (p), H)
HEENDTLEH f1ieee-in EAET Do 2D
L&, k=12 ...nZLTire 1,2} ThHb,
HaEE | Witea

751 Wi, Wi, ...
&S,

Wi%EHL, ZOf5% E

E=M"Y MMV M. MV, M=M"VV, .V, M

LB LITHERT S,

151 EWC & D Y€ 3 % Mobius Z#12 X - T,
x Lo p AT E #EH &% %, 2 fr (p)
=Eq 2R L. TOR% q 28T %, 2%,
q=Eq £ 3%, GiZ. yEHT5DT. g
Fy EZHh b, M q 3FHEENZEEICH L TR
BE3N5, g EFEXL iiiz...n DBFFLTH %o
w9tk

TINTY XL 2 ZFHLT, GENZEEE.
Mg=X1Xz...X1 (MP) £ % % 1ERE X, Xs - X1
RN T D, TOEE, k=12 ... 1T LT X«
XA X A2XE BThbs, 1175 Xy, X, -.r, X
# NLitdo L7zAoT. Mg=N(Mp) TH 5,
SL(2 Z)i3. AL BRoAERINEDT, AKX
' BiE. 119 At RO B LTHEHIT 5,
A=Z1 (A, B)) LU° B=Z> (A1, B1) L IRET 5.
ZTZ1 (A, B) & Z2 (A, B)IZ A1 RO Bl &
DFETH S, AT Z1 (A, B)IZ Z2 (A, Bl) %
RATHZLICLY., GENZERR

N:Zj,(Al’Bl)ij(A]’BI)"'Z_,’,(AHBI)

BiHb, COLE, XuMADEX JLiZ1TH
V)\ Xkﬁi‘BO)&c%\ chiz‘(:\%éo T}l/:q.])x“
A1 ZAHL. FENZEAEIX A LT B1ICH
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5 NOIEREZRS, IEBEOXIO— B
B ¥ Vit Vo lZB 542X 0. B
ZREZE. H ViVe... Vi BT, I-FRICE
D, V) TFNVONEL fiiz...in 135,

6 T2HEICOWT

AREICTREVED IO W T IS HERT 50
W b & 51k, MBS % 7V —T7 Oik5 - hE
DOHMEIHEAE L. GL(2, C) ®IIT X % kX
Al ZRo O THIEH L NWIN-, NW2N-1%
Wi723SL(2, Z) DI NERALIZWESLY, &
BEHDATHI N 2B A TE 201X, TOEEE
ORI AT A EZRET L7207 VT
AN ETVNITY XL 2 %MHTHIENTE
b0 TDX)BATHI N ZFRIT 57201213 AT
B iR

NW,N™' =U NW,N"' =V

2R MERH DB, 22T U VESL(?, Z2) H
D NEGL?2, C)TH5 L)% U V, NIEME
HMThbo COYVATFLIHEERKLED 2 D%
BeHwz 11 o R0k S b, NI
RanZga. U VEHEINICEERI NS,
EROBIHBROBL Y KEvwoT, KAk
LT, HBROZDY AT LD DR
ZHbo THI M Vi V23D 5 HD—DTH
HILERAIZHSTWVD, FEHEDOHMBIRDY
COE)BHBRREML72DDOT VT XL
FRERAIN TRV, BN R %
HHT 5L HBRREZHNTZ DY AT LD HT
L REYEIR D B A5, # N OEPEAS 95 720
Thbo &oT. BAEMH B EBRIHEES 5
MEPLIPL RV, ST, HELKRE A
ROFERRIERIZWET LI LITED, T X
I BRBBEH S ENTEDLTHS I Niddbh
FTLY MEELWEZVWEIRWY, £720 NS M
LRLDYE. BEENA -V BT 5
2D HENEL D NIZBTLHEA DEKME
2729 SL(2, 2) ® Bl B0 Aot %
"3 2bIFTRLEVDNSTHE, AS=1=B; &
A3=B; OB %Zii72¥ SL(2, Z) DERITT A2 K
O B: LOFETH 475 Ui & Uz 2SHHER
HoHHARTLZ LR LTWAELTH, Uik Us



DAL A2 O B2 I3 A5 IERBICLT LY
HERBELRV, XoT, EXEHLZDIC
1 2ZED SRS T b,

o etk E LT, A EZRRL, Wik
W2 DRI ZDITHN % 53R T 2 HENE 2 D
b0 fTHIEZBRL. 0T 57200 Xk
BhorrdbLlhhwv, bbsA. 175 E25R
SNYE. PR EEZHENT LI EITLD,
WHEHIATH] E OBEPIEL VWD O E S R
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VALTHY ., WERMEZLELT S, LoT,
COYVATAZWAH-DITE, FZ2FZRERD
MPbo TOMP, Wy 7 T—FREY AT A
(Wi, W2, p, x) ZEtHRNETH L, —H. Ny
77— FREY AT L (Vy, Ve, fu (p), H) 13, L

BEE

FFMORMAEZMEHTHILATELDT,
FHEWRETDH 5. BFTIR. BRI T VT
ZH2DEIIZHRBTLITY X2 %H7256F, 1
FHONY 77— FREY AT AE. W5 2R
LIS WER IR L. —H. 2H/FHOY X T
2iF, L ASNZHTH A IS T
bo DDV AT ADFENIRIFEMICH Do
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