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n n n .
x +y =z where n represents 3, 4, 5, ___, has no solution.

“I have discovered a truly marvelous demonstration of this proposition which

this margin is too narrow to contain.”

— Pierre de Fermat, 1601/1667 — 1665.
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http://science.howstuffworks.com/math-concepts/number-theory.htm
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https://en.wikipedia.org/wiki/Leonhard_Euler
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https://www.mathsisfun.com/numbers/fundamental-theorem-arithmetic.html
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SEE A% (1777 — 1855)

Geyyon @0t K08 TP BE0 woned &8 Ho $H0: 00 HHE S POEIFNEIE
Beotord S2e: = 3 @0 a8y $0K5E0E° G S8 HBRB0 Bk @ WS
e Td. @én EHard addhen asd HEgE SoBTmed), asd a8 TS
508000 38, I8 (26 b, 30 =) ©HH0e SH)Edrdes . P Sorosd

©580D, Ber .58 &858 Sotnd) SoBtir HE ©bod arirder &)

30



K0Ty $0t58)00 HB5YB0HSE0 BB H 5o 2.8)IEMT BIE SolTed
2,870 8% @B H0500BTH &.8) BeyE® awerd) B ber? wHBR &8 5°F

Do &°8)06.

RS 8°8)% ey eredre BHTIE HAHB)0 DAL, &8 BEE 0Feo &) p O
TP Boad Biodomro. ST HEE ©5ee0? p BEPS Hoay oS (2p +1) ErE
e Sogg @8, Grrseded p = 5 ol 2p + 1 = 11 @onod . 38,8 S,
11 Hord Soad. & ©Feo 68y 0ol 59&5 g0 @9&5 DTS Dogsen

(Germaine primes) @o¢r&.

B 07 D58 JEPoos® n = p v HEE KoLTEYSBE® (9 n 539&5
BT Koy 00 SolTees®, 8 ©od0 eowd s ) PT RTPoSO
BenHod @l eersd 2208, &3 20 D rHEHolE B B BB B
500, 1$5000WIODN NRATPen Boik G2)0w0. NS, DTy WSO ?ow;oééoé’s n = 3, 4,
5,6, 7, ... od0tr @088 $ot5Tmed o EY B awerd) Dot
IO, & FBS BLooe® 3, 5,7, 11, 13, 17, .. Sioren K5es Soggen. 88 (500
Somgen ©H0SFIN eTHo. G w508 GBS F @3S D dnekore SePoed

DB 20D 2.8 gD, VD ISP avers) & PrrdE HBWS0. QWADS

31
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0°—0°=0"+ 0S5 0=0

62



K008 Boe! BoBTe? BOS® HOLTeen GIPAT? KBS Koo x = 1,y = 0.

DoHgos

120"+ 0esm0=0

KOBoN0E Br°. BOBI? HOS® HOL,TeN GIIIT? 88 P0HE EEer wer
DBHEP BB0E DFP? JoBER FrAP0? @PFoBFH) HOT)Toen Go8 @R

SJ0?

fefaloveilele (Eﬁ?@gé’s—m) Kedeso

2.8 o“ocgé’é DWEI0E & FTHH00H& &L 358, 83, a8 SBoer s Jus0. 3D, &
SBoS® 3 DB TP S H8890SE0. K S0 Kedeedy NEASE0 Keddo @
=9, $0& K380 (clock arithmetic) @2 500 @oer. K638 H0zraS® modulo
arithmetic @o¢r%. 58 38 HOWAho &) éng! @508 rler $3) Sered

B8, 2808 $Hdo T8 Ked&o (week arithmetic) seto&ei0 Sor. @b, 8D,

63



00K, aais, 108, HE, EQ ©HTI g 6b, B, wotwr wohdotro Swr. KK
K&e808® 1, 2,3, .., 12 @and 8&hard Soee 1, 2, 3, ... @ ©0tHHotro S
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" Arithmetic Mod 5

+01234 x|01234
001234 000000
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2123401 202413
3|]34012 3|]03142
\440123 404321

K& A5eS0 (253@&3566—5) S® &r&8, Heases0 HeI8en

K&SSrS0 Ke3BoS® ErdBen DAY rHeasroren ErE BoDHD). 87508 e Sreys®-
5 &rRE $8, a8 Eriys-5 o H8 (D5)0) drdikme. B, $i)8,
S50 -5 BEBEP 25 GEBOIE X — X =y + y & IOLE SQEBeD8
HOER T IHHT0. (& BE) SPAB0, o BB BAo Ko 5. FHAHS 0D

Seod. )
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x=0,y=0

x=0,y=4

OSP DF SEPOONN HOPE VBT, Srting®-5 HEBSE® 4 HoyTren o,

S, K88 H0e78S° Bs = 4 o oorpo. (E 008 2088, 5 Sty 59 5rdiod, 4
8 B8 HBYyToen. ) A8 KRR Krtingd®~7 HFBS® TY 9 HByToe0 Do,
S E7 = 9 o0)&hod. (08100 iriol. a8 HE8S° BE) 88 & Hrdd S0

Dendien @) SoHOBHD) (L858 6l Teh B Srlod, BE Eo s°):
El = 1

E, = 4.
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Es = 4.

E = 16.

7 0T°en 6363@638 P0500HE S e HBT)Tre AEHBTON SrKS® 63635530
©Fomono. BE)E Mronher BrHETN0; & EBIDET @0 Fhowes ob Soe!
o538, % E-3eb S0 oogren SEE. motss (double helix) Smrard® &,
035000 (DNA) &9 erdsed)) $36° der JZH08H%08° od digorre & E-3e8 &°
QOHE BBBere D&y woz® VEH0 wow 60k, ®ohES DoEr &) DB ©ieHdo

BETR8 $oED)0HHT.

& OGP0 ZN0T Stre QO SETpe HOL)TPe ©FE0 ed HH3Po Bddowro.

DOE HETe8 @30S HOITen &)H)B8 FBE° FoBFdenHos
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HBar)Tren B:HHA TEE° HodeR Sgdomren PR QADY BPHoBE HORTO
FB0EHY & 5.70?@5 (Louis Mordell) awers) Z0&. 0908 & JoBZd
HBaPTEen — Rery BANKED — &8 H0%) HB HHOHTCHS Eoe &°&)550. Rery
RS SEESEe $0i55,06° BHEBES o ©F Frso %K OYE Sotiols

RIHBOTE I,
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6. RBFEP — Q5T BP0

0 ©TRgoho DHBE® HIN0DS EingS HOEES HOBore, HErd Homge o
Soad 3B Doy B0y HOT)B0 D wHTFo TS BONPELEE ooy S0y IH
88Ty 150 DY &een B8P EB SR8 B, B8)m, 00, BEHESELEHT

BOSEen #OA SoBHR) MPE. S0 DY EEDE EIR0SES.

6.1 &AAPEP — QEroe 3PHS o

@8 1954 238350 J©. Bo&kl (Dol oﬁwcgoés 8BRS HoPPR0 K0& YRR
B5H%0¢5% 00 a3l afogio ee8EE ardTreon SurdHEtsto Ho 78" 830720 (Goro
Shimura) ¢ @i@ﬁoééom SAEoN0H. oﬁwég DEFTOR S05rd T Eooyrrdos®
HATTEMT BatHBBTH. 2R D) S ezeod S, Hof, weRo &) HE°S
$0880 @ohertnd® 8 i°6° Frahosreo B8 HA)P Bdard B8 o0 TP
é)vdbﬁ@c‘fo. oﬁwcgo ©anePaw, 3208 FISen IOE°K) Staed Yok @5{5555

D QPso0H0S® B, DE° BY), TBrotre SoET el $oBiTPo H) &8 HOFEL
DB J0000LTRA8 (HNomeedirds 3§cﬁ>. B8 5PN DBE cineTese €O
(Yutaka Taniyama) o3 $8 éegégéa. ® D0 BOA T°TeI8 Totd °TPen

$%E08. $50 o FPTren B, 3&3(‘6& 38, 25365563’3 &AE000H. ®otHE
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A5ETE, e 0 B8 K0P w50 KoRHoBEEA DePBome? wotir &8 Sileh

08y T HEDG.
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P80 BBE 0T AT D3TPLPES0 o0, @3 550! S0 o5 880 i) 365_3, )
508350 AN o) s DoB0NTeA8 & HIBo [Hogredho Hod é&gé(éc‘é}éo!

5568 S5y o HHBOB. EOD B BaHyso Intsen DD

Sinerse e (1927 — 1958)

EOR D VAo Swesen 1O @0& Ssen 335&363 SR & 2208 EHYEE - 2208
eoBB. AKPErS o, vonTe K8 B&8 TDoB Db ebin HI IncBEEE
SroestSsShom &) edden @"'ss& 0. H&B B, e BrenHBY S0oth L6
0. HifrTe 9B H;83%0. APHBHLD. 2.8 HEBT e&°DoD .8 Bbid Enoths

S 88o. SO0 B0YBE0 N0 @B AP oo o8 JTPHD D00 IO
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20 $0E0. wonae HEHE Hiro HAHBOS. LR Forsarins® &5,

BT J008 IVB Sarien EPEBHBETI0N, BFTTED NS0, LATET HToD

DBA0T BB, £748 6 ToYR EEHEESTEIS 28 S8 verd B Y

B8 S8 Do, e o8 Bord aipen FBBarthe:. A 0BT KBS
SErdmed® Hoer GroRtchmhe. Dmghod eBasd Y 38 8 Hodw

@%@03@9&3&3.

& Bered® el % H088ES Jeon &)y Saeed® Jeond Freorh Soew BIHS
GOGH. @B &%, CrEH e 8 DoBDH DA @ $H)B0 HHTD
K500 HOS® HENB BFR)HEr SOLTE. BP0l $KES® w8 BB Kb
& (modular forms). ¢&5°8Gr SKE0S®, 19556° a0 2.8 woSTEAD
$EraE0S® 28 OF ©IrEr FiTwit S5 ofraird) el ©HE) ErHos®
BgBHBBE. LRy SBaed — VAT @BETeds BT SHard — huroe S
P58 SoKneo FERTK. @ SEPSEI8 Fedond doEr ) — 0N
QODE HETpe o H ToToBER — &8 WPFAD0S® B OB KB $og TR

585855 &acsenza@cfo.

&
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6.2 HBS Strares

K68 Boitos?, Srtogerd &y Toe D8 Hdraren @l o geRdd T’
DB, &8 Jorr {rd BE° HH0 $0d, ot ¢ob. Hidorsss
B0HBNBZS BoBebo, Jd8exo, Hesedo, errored® Jeen StHerd & @I
eand’ Kede KH&AD @ o HA @92“,)5690363. AP, B0TT® @I SN
98 $8rares® Jod K0 SoBod & Jyirared ©Po8RHRY drreor 588
2302°, Moo &3ne, @Cgoéﬁ ©8D0oAT° aed ¥38rHo K$r05¢n EXaatiedh. e

088 HEDS 1) BB e wéar B, rHogorm ST Lo Kkl EIR0BE

! eerrid)kmee!

DG 6,5 O 4.
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£2QTEPET, BT HA VIO BEHJS 20 N °; FHBH BBFIH 8dBe0s
(four-dimensional hyperbolic space.) @805 K88 e58e8 weartn Hi
50358 $58, 80D ©BIOH @80 @dTEEIS S ook, 0135 (M.C. Escher) & 880
@580 e GOENOEE QDO 6 BE0 & VB0 50, NG DD
DSEDBoNT® 0D 1Y Dgren Ao SR Goerdh. 58880 BdeDH ednod®
1998 B8rared o uxrtros®, o Hireres® 88,0558, &8 188 Jxdrards,
2088 1H8E (PR sy $0G B G wseTren, [Hirered DAD ¥ &° Hredr
Q) aaég) G0NOY. 2.8 BHAD &HPH0 TP, SPAPHE D, BYIHSCAD,
GERHTPAD, JPPAD, S50 HF)E, SRTreNBETIr Sradsechen, 280, &), 8D
208, {73, SR0° 5068 ((Sargen sotron o0 (S wotlhr e eseoren (Paden,
B8y, 1 dw8yen, DY) Swdyeo, 8% 8¢, SFoe) Srdaran, T8 et SrdEean.
R 90808 . STPPEE K0 H9E é{giﬁ:ﬁ@@éﬁ $8 Hoed Baesed M = seadhen,
M, =80, M3 = 6, My = &b, M = 69 ... 9080t IETro. 39t a8 H0d%
357906 (2.5 B0 sead) Sraoseahen .8 dres (M = 1), 760 et o)
(M, = 3), &) Botd ) (Mj = 2), ... o500t IFHD). aidytd & S8o
350D DETAE e@o M =1, My = 3, M3 = 2, . &09&08 5o, 50é8 (Har50

ey 8B WHSPAD JBesd, Vsararen SrBRPadS 8Byl My, My, Ms, ..., o
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Be3S® Denen K08 1HPE K58rso SrdRE0b! Krodans JErards FHd ¢od

DS 1H2E S8ri0 oty Boe ek DS &b HPE $dmHo o B,

K& g0 SO QDD ooired E-@ed der ecimd K)égcmoﬁe, % Pore
1088 Sxiraresd & M-@68 oo 969. J0RE Habdsren (e sPeo $08 o,
DB K0 Bedo. 19 Sygraren 283590 oo 6 BosarRon. D& HHrES
%"o“oqé S0m50. 280 HHoE0 E-oEo ©ond 557868 M—-Hhoso. 88 @Hhoso
B0, D& Koy EAK0 erTrdies $02050 SolFD)Rr ©d 080DJaEh ErE BT
. K88 LIFIS0E0S® B8 B0, @EE B0, @ENHoID, &3 D B
€L, BrTren @EIET EHE JODE 3hcsren, 188 Hdraren 28 wer
BRIy, Bk a8 e, ), K88 FHHoSos® el ergodo K)e)%)qo?:gd). a8
FFoS® @ADI08 S0, DS $80 P8 Tuere EIVIPT) Jerds a8 o HE)

3S (James Maxwell) 95BET, @erid S0k,

T, QrTe — JOE EHbdiren, HBE Jsdrares P8 Brere EABITT,
Bo&r Qeed8 &é@@ﬁ, @ @otar §°Q) GRS S00DK. der? e 038)835 Do
8% ) E-38 dended B8 é@é& @510 08 Jendes® &) ad HHE Kdrdo

B8y, M-Ee8 6trseSeart SrRoBd. aer el Gmeseden $req S0 E0me? @b
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S50 SETRD0 SHD). HEE GTRERSen PH0BD. b EERD0 5D, ST
OT). B I SIS SPR0SHOSD? P PEHES dTPodo awertd
SOVVIPVISTIIY 6065633063 B KJ@‘E”gE‘g B0 AHZ0b. awer) SEoT GBS &
10088 QAT — 0T %ige‘b@“dﬁ)o @ DD Bl $6B2%. (L-functions of
elliptic curves over any number field exhibit automorphic properties. A
partial and refined case of this conjecture for elliptic curves over rationals is

called the Taniyama—Shimura conjecture or the modularity theorem.)

3ot DD Boee g 2.8 H0BY GOKEO JO BHAIPITLD GOLTPOD. GTPTSeed
rDeaseTren BAsEo B0, ErdBen Bokgto BE. B8 easeren BHTRE e
T8 KBS BB © eKBES o Erd, © Il Dol errdEH &:e%5Ko
080 68 FEToS T Jh)Hm)0. Berodd Grrrdne S oeorr EIDIPon.
(68oE0 &) 208 HrE@sh: time-to-frequency domain.) 83 dorr JOHE
BorioS® amyod & K58 HBE Sorod® HaR B0 IEEEO FEHE0R. Bb
DOBHEE HD0L0E, AT — ke BaPHEREho JedHd 07 $5od50

HBBoSE0 wBARENIB! @ Wome BBT HEET HD)08.
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205063 5y 581008 AT $H0aH 17, 1958 aoth e s T
SV, ©ISTER @S R, IS’ Heed oI wiirend Y Bndods
)BT, 5 SPHTRRER 2.8 BoBR) et w38 BTN TBen SHow.
&I edErd; BHE DR 9580 oS HVOL ©o 578 @B 2B
RErTe e RS 190 OO, e HSEI QIE He8 Jee PXoTE ©lo
K0 BtSotar T HWONBGDED. e Krd; FnePaiab Kot oot Sws® —
98 5PE; BB SQarel) 5°68 8. adde ab8Eorrr, SrddEorrir e
oo &K, D oD SNDEHTS® o8 BOADED. 8O BB BST 5.
oS’ P58 woze HBBT EIWE0. T° Lrdee0 Ho &8 Hi8 D &g DEDND).
& 50500 Ho @ B8 PAHB i @BPen HEBOT® o8 Teen’d T

7:5@!)85'5(5%3(‘33

& 9B rds NS 5°Q TP LHBE QAPEFP B0 28Rk, QrE® Keed
&l dyrd; B%od. b HKO 2B ©odH Ts®, hiw I6)E8 I w8
BB H5O S0EL (Hrea0 BBEITM. B 88K HHo& IPVEEPE BB I

& Jo& I, @ TrL0h.
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6.2 ©APER — (FarTe PP AR BT, 8558 D5 008

HAATFEP — QorTe BEPHTPARS Doy B5o%558 208 008 e’ w80 el
1984 &° B806° 2B a8 KBS $XrIee8 I, IFwro, Bol. & Jrados®
25 @ (Gerhard Frey) o3 &8 89, ©orko Snden 8, $¢ 0y S8 Joad 307

DB B0y SR DAL Teaho Indsen 33%3)&3:

n n n
X +y =z,n>2

0% Dome? S SR8 FrTrod HOABo B — eTh. RTD B DTH?
2.853¢ 89%0 2.8) HBT 80 S0BTF? — 0 ©&RK. 3P BEHTOD Slskvgtele
GoBA0E AV x = A,y = B, z = C 99 0008 :ao)tH. eer 0088950, 2

BE0EBea0 &o IDHH STDS DiSorr B!
A"+B =C"\n>2

B TEERD BQ) K38 mElen B, D SEGee) ATE @ 88 HIHH DS
1) 28 o & ARRT A

Deorr @Sy (Didoren Hi8 @SHIB0).

y2=X3+<AN—BN)X2—ANBN
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https://en.wikipedia.org/wiki/Gerhard_Frey

a0 P& QDS SWEBEOL® Gob ET°. W0l DDLKETE? Ty HIK8
HOER)B0 @0t €00l & SR JOPE HabEBrowe Krd) TaHHD). &
B0BLea0 KrNOT HETD ©Feren HOBO0N PN 9 LIVATER -SKeTe
BPYFAPRS 28D SolBOT HBTSorT oo, E8 RS @ 8PN $a0Ese0
Q038 5°0°? 008 RTE @ &RroDS A, B, Coo 207y 9058 H0ar80 Se8h)mre!
2.8 BPane Erdbos Sreed SHoso éég%ééﬁ)&?? ae”),e)érwé HoEK B8 Foce?
885 a8, 60666230@3'3 15500008 g 9(0(3(;0@@ 3;033% 3265@__?@. Rg;é BRCRS
Bk TE DA, DHB8 1986¢° ST 2365 (Kenneth Ribet) 52508 awes)d

ErR0TK. 08 FHHSE FoLTAE Fedndd SE0b.

90 DAY HTE 80 Kod Baoaen. RS B SAreh VS OLE $EBewo TP
DOFLRVO wow P08, AT WoLrTe? & DT D8BTS Ho0f0RN E-E6d
o QOFEOMT GobE. D08 JeForr ¢oiod 8’ a8 ErE e M-ZB
o“g)égoﬁ 08 80 G0 20esd) VDKo 0T @000 @és! 908&
D& ? LA -255Te BPDRPaDo Ve HEOS® & e JOPE
B0BBE0 BER8 FPIE0 B, @Ire HHdo @B A, B, Cen o7,

BEBeA8 HOLB0 3. (8 880 88,0 KBS0 B Frrrdes0.) B A8
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D& ? LA -25r0e BPDRPAD0 Dessh @ enversd) Wn T Sy

H0aP 80 FPodIB! b $8)0.

2.8 003 X GHAPN0NS 880 @go 0G0 é{go. &z 550 2002259 POKS B0HB
(proof by contradiction) @oérd. @l &8 ?OCS(;O@"Q; amers) BOTRS e
D0 T°R) DAFOI0. @er HETHoNS DO B0 §5°é§ag)éacgom &0&Q a0
B0, BE)E K50 BIIG &8, AXTLR-Hro Baperaho Qezsd (e, H
QOPE Habohsr HPE Jyrard) K808 ) @ AEFHOSKONE oY HEgHISOT
Feio) %ﬁ;éﬁ)@oﬁao gl Qesad 9505 BB aerd) Dad. o Sode bgeaéé

Bl HE HrhErs) k8 K080 FEHHHOET d Inteowod.
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7. Des0d BE50 TS Do ISy

7.1 9358 wese 2043 8§

Doy 86 AP0 163768 6008000 0 Hiinghis). ©abs, 2ETRE" HEES
5500 590 O Bl &5 PG Homyen a, b, ¢ BT &S & BIDD SRS $EBw0

5936(.53, OT.
an+bn=cn,n>2

& 0808880, .8 (SEE $086,06%, @S n = 2 sonsyb a’ + b’ = ¢ ©HHB.
@360 88 H&0B88ea0S® a, b, ¢ en & I8 Komgen ©onI 8 Flanaites ATPoFo
©9 50568 Ben. =0 n > 2 — ©IP, n O Hxo 2 Lo 28 e Sow

@ANFE — & SDEBE0 DO BTN POy

@ SSHESH. “& NMETS Qesad I8 o B8 ©8nBDHd awerdd ok = @8
&3 &roBos® o“aégcﬁa” T, BADI el SsTrdorr 20% Lo %@eg;@%

208 e 860 388D, 2D 1850 e S8 EFEESD.
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0% 30NN @HEPD0 N = 4 wond HEE $0BB S’ aay © BT 1640
Frogres®®, n = 3 wowd HE5E $oidiod® &) o waned 1758-70
Frogre&D, n = 5 wond $ots8)oE® ey o 468 (Dirichlet), Berord
(Legendre) 1825 &%, n = 7 @ond:)i &5 @ o (Lame) 1838 &% amerd)
DI, BHarS 1 = T DSBS B H085e0 @00 éocﬁc‘g@e’i’s Erot§ DO
SDErabo &8y o B BOS drbodkh. SHTEHTS n = ESHET 2,000,000
5% ey © FHEOR awerded FHOVD. 0 T 30D BaPHEeado n > 2
©owS ©) HoETHEE P (93, n FPE Koy wows ) KorTReE™Kir) 2/a)

03660363" 2000238 50‘ﬁ)§é§@£5336)

&3 en0ers) BADTTPI8 D0&° KesdaDFS Fraws® ) HeBo aEHed HN)0b. & B0
K880 0% 5200S° Bih; $58 BORS awerd HIEO &aroBoS® Db wotwr 3T
0EE Tgars0BG° Kr%8 BOCHED. HreEPoden schHd e amerd) Jesore

eeri) SoEKETE.

0°; 3D S ©PERPAN0 emer) BoHERAE Ke3B0S® Borh e HBBID B

SeroTon: .88 @&)8@35 S Spew, BoEse DS ?ocgoééo.
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3

@@%g S Spen o358 (a, b, c e FPTroseen ©Oo0F)E) y2 —ax +b <+ Cc X

+d = 0 $0&3 SDBBere wrgoe DB0BHD). s EE0 HELeTo HB00D3)
53 X Do &P GrTEoB0 wans SosTem Hi%8 TD. GrEEnl y = X - 2,
a=0,b=0, ¢=-2wows 508808° x = 3, y = 5 &) HOL0 &8)E &ob; 5%
&8 DRODO 2w0ers) BAglo Tre ééqo. 50 K&05eB0 Kedo t%o“acfwﬂfg K)@?’g@ §°§ﬁ°
©HHES Hoh. STERGES 50 SHE 6K 28 JOHE HE To &S 1-Kow KPS0
Kedso, 2-fotoe KedSo, 3-obre K30, ..., DRTPED GHRBPAOD ) “?/.gjc’g dogy

5B TPen” G0 BE)1E & BIHS SP0S E-3630 S5 Badghdy:
QODE HE Oo: y2 +y= X - X

E; =1, 1-550é 58050 Kedso esd@eA0d

E, = 4, 2-ote KESTE0 5880 e0@rAol

E; = 4, 3-obe N&SrE0 Neddo ed@rAow

E, = 8, 4-tfotre K&Sr80 Ko 6HA3rNod

Es = 4, 5-tfotre K&Sr80 Ked&o 6H33rNod
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Eg = 16, 6-fotre &80 Kedso 608rNod

Bee & FAD 080 HB% BreRoDHoLP HSD). S BB erkabto T JOYE K&

GENS rDéD @oz° Gén BN

o8 1998 Sydrare (modular forms) 9800 wrmro. B DBOBTIE Toth
“23850” OFPeN BP0 06006 X-a38, y-a38. & x—238S® x-Qes0, x-8e @ 3o
OFw. Oon y-a88° y-Dzo, y-8uyd, 360 Fdo 4 o ) & ol
850D @5Sea0 (B0HpS® hyperbolic space) @oérd. & HEE JyBrarod
Q8,058 HORS HeBETed M|, My, Mj, ..... 9ksdotar &8 ©$08 @83
S8 Dogi5ihy. 8 1BE Ry S5 DETOE D% b0 DG

@"*géj éCS"eS’S 5@1}@03 M1= 2, M2 = 5, M3= 1, ..... 0B 08P 3%&@&

B, e, 1950-1960 @°o€§°®e§’s, 23505 QCIET, RJrTe 9T oty Soi
BFF0 B, ¥ 5038 &8 S BRYS VORE SE Twvod, SdHard By 1H2

$i8mared s 28 ©5EICHPS BT ©HR00 EIN0V0G. BT, DS
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©DERADo eers) BADTEISE FErareain #BA FHobasen o) Siny S, Auerse
QASTET DS Kesbe KHeedo FPEE Qkuroe Sirdh B HdE ?\choéo
(Modularity Theorem ) e Kogio @omob. & rHE dgrodo HD $20508
QO HETpo8, H98 Jydrared (modular forms) s ©QTERS ©0BO GG
&redood. 585809, 8 Y 08 SE3e (rational elliptic curve) 8 es&re &.8
98 K560 0&00td) B0, SR eers) BADBED 58 ©d BPDEPADOTS
oNdFowod; drrodo Jrond QBHSE. @b dTrodo Jeond QBAB T°y B0

é@ﬁ"&éo Q—SQDE6§§ Q) ©OB° 2,59 BT D.

B &8 ORE S B &0%0mro. w8 2.8 E-3ed 60tnod Str. & (3688 Denden
Goeron Eo°. ©f Denden ¢ M-BB8° Sairedons .8 HPE $8rHo 0005w -
2000 ©8 EID0N0B. @ © IPE HE Sl © HPE SErards wd EDDD. o7
DeSore $o6°8 DOPE S8 Tard HTE 1988 SErards axd HO0s. T¥8 whsro
S208. $H& QO HE Ood 2388 0B 1998 $BH0 GoOOTP? GOLNOER EBZPORD.

500 20002 Boﬁaﬁé@‘soﬁw&.

Do 36y Ge BaPHFPaHO Jead o awerd Bobyo B DT IV

BEpHEREDO &S Qeszh o awerd) @onDPFonod! 88 Jer o oD’ Srgro.
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&3 8080838 008 HWes® @¥o seare0d) 19856° Roeb @ B0 6 D Sreed.

AR @ $8)0 Boe $toxn0d. oy SWEBwod® x = A,y =B, z=C 3D0d
©0%0mr0. (307 Bu OTD). @)D B BOD KaEBETYy &8 JOPE HE T
Er008° TPoHHy @ awerd) T, FToers BS 6B @I HE°E T e
S0 OPE HE T 1988 JstirHod® TrahBEd enversd BtH. SR HS JOHE KB
Cppd a8 28 1098 D80 SOTPd ) LCTPER -1KPT° @0, LASTER -
200700 BRPEFIDHD ezo wowd @O DOPE S8 T ewdre &8 1HPE KetmHo
60T, @ RD @ ©DHR0AKE OHE HE T I8 Hev Beb. ©08 AL @
©0%8)¢0 07 $ESe0® x = A,y = B, z = C Bomrds e 8%. 88 0w

DT Do B Benao.

1. ©SPER -0 BEPPRPaho S0 awerd) BADTONS 8 JOPE HE Tod
28 2.8 1998 B0 ¢od Eoed.

2. ©8 DOPE HE O wdre a8 1928 Hydrwo eod $88 Roeb @ V80N
QODE HE O 058 Hen B

3. Rl @ 80056 JDPE S Tp 05we8 Den TEVE 08k wndbn 1oy

$08Ee0st x = A, y=B,z=C 308 DHen S.
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4. 0908, oSN IASIAN ?ocgéo HASsSs..
B8 Do ) FHoAD $HISPE50 DQ0EI0E LIVATET -LFPTe © &35 K6 @oNdT

@ 2022°8) BANEO!

D08 €RAPKT -R3rT° BaPgErdird) D88 durodo Jrand B53K &> Dose IS,
23 7R, engardo, 19939 éo@g DFQeeseaod® wbhS $a5e®, ‘D08 SE3ew,
Aers @PAITTgen’ ©F 0080 e Fo7td Beren HHoN0TLD. 3028 1993¢® &
2erHS° Oy S Ewdod. & b 838 Bl $E0S® Ko U, 8O &
19956° $:0803%. S8t 150 Hfen PEIDHY) & 2022 FHOLTEIE Do
36)8 DL Hod. eerdd HHB0BEO wond s, QY VY SEIFEIen wowS
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30.

Fermat's Last Theorem (FLT) states, given

h n h
X+y=Z

no three integers x,y,z will satisfy the equation given integer value of n

greater than two.

On the surface this seems like something that can be posed to a middle
school student, whereby he will try a few cases for different values of n and
conclude that as n goes large, there probably wouldn't exist a triple x,y,z

such that the equation will be satisfied.

What would be the first step of transforming this question to involve a non-
trivial application of ring theory or group theory that Andrew Wiles' proof
demonstrated? In other words, how do mathematicians see the connection

between this equation and higher branches of mathematics?
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Are there similar examples, say, estimating the next prime?

I will try to give you a VERY quick overview on the strategy of the proof of
FLT. Of course I cannot avoid to use very technical tools, such Galois
representation. If you don't know about these stuff, I hope you can at least

follow the "shape" of the argument.

The starting observation is the following: for n€N, let FLT(n) be the
statement "there are no triples (a,b,c) of integers with abc#0 such that

a +b" =c .7 Then it is elementary to see that FLT(d) implies FLT(n)
whenever d | n. Therefore it is sufficient to prove FLT(p) for every odd
prime p and for n=4 in order to prove FLT(n) for all positive integers n>3.
The cases p=3 and n=4 were already known to Euler, I believe, and can be

proven by elementary methods, so we can assume that p>5.

Now the non-elementary math comes in. Suppose that there is a triple of
integers (a,b,c) which contradicts FLT(p) for some prime p. One can

construct the following elliptic curve over Q:
2 p
Eab,c: y =x(x-a )(X—bp)

It is possible to show (assuming wlog that (a,b,c) is a coprime triple, a = -1

mod 4 and 2 | b) that this is a semistable elliptic curve whose conductor

iSHlIabc l
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Moreover, Serre and Frey proved the following theorem: let

pab.c: Gal(Q’'/Q)~GL2(Fp)

be the residual Galois representation at p attached to Ea,b,c. Then:

° Ba,b,c 1s absolutely irreducible;

° Ba,b,c 1s odd;

° Ea,b,c 1s unramified outside 2p and flat at p
The key idea is then the following: suppose that we can show that for every
(semistable) elliptic curve E over Q the representation p’E is the residual
representation of the p-adic Galois representation attached to a weight 2
newform fE. Then we can apply a theorem of Ribet, using the properties of
p’a,b,c to show that for p’a,b,c we can choose such a newform in S2(T'0(2)).
But then we have a big problem: this space 1s O-dimensional! Therefore we
are led to a contradiction, and there cannot be any triple (a,b,c)

contradicting FLT(p).

This whole argument was already known long before Wiles' proof. But the
thing that was missing was the proof of the so-called modularity theorem:
every elliptic curve over Q is modular, 1.e. its p-adic Galois representation is

the p—adic Galois representation attached to a weight 2 newform.
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Even though this was the only missing part, it is by far the most difficult
one! Wiles was able to prove it for semistable curves, which was enough for
proving FLT, but some years later the result has been improved to all

elliptic curves over Q by Breuil, Conrad, Diamon and Taylor.

Anyway, if you are interested in more details, you can read the (amazing)
first chapter of "Modular forms and Fermat's last theorem", by Cornell,
Silverman and Stevens eds. Of course it is a math textbook, so you need

some background in these type of topics in order to understand it.

Actually this is a good opportunity to explain to the layman how
mathematics works, but I would change the motivating example a little bit.
Since we are searching for integer or rational solutions to the equation
Xn+yn =7, I would take a simple Diophantine equation and explain how to
solve it using simple methods, for example parity (property of sums of
integers), then change a little bit the equation in a way that our method
fails, now we need a fancier method, then I would take yet another equation

such that our last method fails too. At this point I would make a parallel

explanation regarding why Xn+yn -7 isa hard problem to solve.

PS1: It's not hard to find problems in Diophantine equations such as the

ones I talk above.
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PS2: If your audience has a little bit of experience with mathematics you
could actually explain why x +y =2z 1is hard using factorization

techniques.

QOERIOONDI a0

http:/ /math.stackexchange.com/questions/1071697 /how-to-explain-to-

a-layman-why-fermats-last-theorem-involves-non-trivial-math
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