. -

Uy,
Ve <
VG 1y wispon A

Josephite Math Club

PICEIERC BRI

Tawhid Bin Omar
June 8, 2026



Josephite Math Club

G2 YEAEHH FIM Tw?
e SRR QIR o (A G A GG B FN0] AL 3 |

Let Infinite Be Your Limit | 2



Josephite Math Club

Contents

1 TSfeass: swaiw R A St 2
1.1 fereyel g2 FefFer o wieefems ... L 2
L2 AR TE . . o 2
1.3 9f%q WifRABF: Z, SFFOI . . . . . 3
1.4 TG GATTRITTIR . . . . oo 4
1.5 AR Roem qae TG 3T . . . . .. 4

2 R TAAMTIZ 8 SItH TsfRe *fE 6
21 GRF AL . . ... 6
2.2 B Remainder Theorem!! (CRT) . . . . . o v v v it 6
2.3 Fermat's Little Theorem . . . . . . ... ... ... ... ... .. ... 8
2.4 SEECAA BIBED PN GR SR TAAW L L L L 8

3 EEEIRS FIEOIR: W Gk e w6 10
31 WA TG . o o e 10
3.2 fafefG® %6 (Primitive Root) . . . . . . . o o 10
3.3 ©IF ©AAW (Wilson's Theorem) . . . . . o o o oo i 11

4 (FREHT @PES «le @Rt 12
41 @Eegbs @mfes . . 12
4.2 Legendre &SIT . . . . ... 12
4.3 NSO GETR (Gauss's Lemma) . . . . o o o oo 13
4.4 (RCGHS @RTAMG (Law of Quadratic Reciprocity) . . . . . . . . . . .. 13
4.5 Jacobi @S . .. 14
4.6 Q@I ™0 (Hensel's Lemma) . . . . . . . . . .. . ... ... ... 14

5 SR 15
B ST . . . 15
52 ALFC QRS . . .. 17

Let Infinite Be Your Limit | 1



Josephite Math Club

1 Tofedsd: otid Faw (IF FaE™
1.1 Reeget g3 TefFeT o wpsifany

aAfiicea FRwE (ifeF Qe Tt @b 2 Reys! | e SN GFaN UF (AF 9F I |

el 1.1 (Rererel). «eal a,b € Z G b # 0 1 SN o1 b G - [erey wea (20
b|a *% 2F “'b divides ") I G PICAT Y k AF @ a = kb I

THIZRTRA: 3|12 PRV 12=4-3 1 PG 5413 FHT13 =25+ 3 43I AT 3 £ 0 1

ool 3.5 — SEFOR O SpEem (Euclidean Division Algorithm)

QI gfo 2R ¢ @2 b > 0-99 G, SFyeicd e sy ¢ (See) a3 r
(SrreeR) e @:
a=qb+r, 0<r<b

e

wfEe: G166 KT S S = {a —kb: k € Z, a—kb> 0} 1 b > 0 RS, k-97 e
Yol M FCT o — kb > 0 #ANGA AR, ©1% S o1 Well-ordering principle Sl
S-q3 @5 FTH Toime AR, G r = o — gb AT

LIEH r<bl%’@Trzler—b:a—(q—i—l)bzO,@Qﬁﬁr—beSﬂ?‘&r—b<rl
af r-g7 FEfTEeE ReAfEs! F0 1 oA r < b

el G0l a = q1b+11 = qob+1o @AW 0 < 1y, 79 < b1 ORE (¢ —qo)b =19 —17 |
<8 |re — 1| <b,@"?{b| (ro —r1) ORI AT 1| = 719, G O gy = ¢ | O

1.2 AR A

e 1.2 (FAPR). G FDT 1 72 TR 0, b-4F T GINT AT 0 93¢ b W n
modulo-(® FVEFTH G2 &<

a=b (modn) < n|(a—>b)
n-(F I ¥ modulus |

Trgd: 17 = 5 (mod 6) FRA 6 | (17 — 5) = 121 WFF —3 = 9 (mod 12) F=
12] (=3 —9) = —121
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TAAW 3.2 — FAPCEH G0 e 7% (Equivalence Relation)

(mod n) FALCIF FEM Z-q @6 equivalence relation | wfie @ft feoe feaft e
C:
(i) efoTamAETe! (Reflexivity): TR o = a (mod n) |
AN 7 | (a —a) = 0. ECPCA AW 0-(F Kooy a1 v
(i) afe3wel (Symmetry): T ¢ = b (mod n) T O b = a (mod n) |
AN o = b (mod n) M n | (a—b)1 & n | (—(a — b)) = (b—a), 9 b = a
(mod n) 1 v/
(iii) el (Transitivity): IM o = b G b = ¢ (mod n) T, & a = ¢
(mod n) |
AN 0| (a—b) AR | (b—c) 1 SREA n | [(a—b)+(b—c)] =(a—c)1 v
oG (mod n) @36 75 equivalence relation | @f6 Z-& nf6 equivalence class-@
9 S (0], [1],[2], -, [0 — 1] 1 @8 class-%TE AP TN R Z,, I Z/nZ

1.3 it wpifsaefbs: 7, reveid

NG RLNGE @RIF TR 2SR 20 9fE Fga F41 1 S B q(ers, IBEF Fo!
12-99 21t OIE 1-9 (FF, 8F @9 7,68 12 =01

=0T RGN TP TNge: @I —1 = 11 (mod 12)

Let Infinite Be Your Limit | 3
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1.4 g FAEHTTR

IM o =b (mod n) €k ¢ =d (mod n) T, SIRCET:

a+c=b+d (mod n) (1)
a—c=b—d (mod n) (2)
a-c=b-d (mod n) (3)

a* =b* (mod n) T AT TR k-9F & (4)

QTR AN (ARPST Sgho):
a="b+sn 9R c=d+ tn T I Y ALY 5, -9 G | O

ac = (b+ sn)(d + tn) = bd + btn + sdn + stn* = bd + n(bt + sd + stn)
TOAR 1 | (ac — bd), IR ac = bd (mod n) | O

FMET; T TS A9 A TS

B 8 AT (2= 219 (mod 7) F©? FAPIR el @Ay, 8 pattern (A

2'=2 22=4, 2°=1 (mod?7)

@ T 100 = 33341 SR, 2100 — (23)33.91 = 133.2 = 2 (mod 7)1 €3 RG2S
?td order"-9UF (g [ (I |

1.5 Wgae e g3 Tgae 2ot

@, [, w9l 379 i I8 07, 8 o7 ek AFCe TA!

RINERACE A SIS IEACDIE | .

6 =10 (mod 4), 932 Ty M 2 M O FA AR 3 =5 (mod 4)1 & 3 -5 = -2,
@32 4  —21 o5 gol Ao Teq 26q TR 3 = 5 (mod 2) (modulus 4/ ged(2,4) = 2
R Sl 27) |

= ac = be (mod n) ¥ a = b (mod n/ ged(c, n)) — modulus-€ (=B 2!

7

WGl 1.3 (VAR ETO). ¢ 4R n TP 20 (ged(a,n) = 1), W ¢ @ ax = 1
(mod n), O a-G TeNF TP o1 B G2 o~ (mod n) e 2 F41 271

Let Infinite Be Your Limit | 4
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T 5.8 — TG TR TRy

ax =1 (mod n)-9F AN W O @2 (<@ 49 T4 ged(a,n) = 11

e

BOzout's identity SRR, ged(a,n) = 1 O QI (I O T4 R 2,y A=
@ azx+ny = 11 @6 @RT az — 1 = —ny, 9L 0 | (az — 1), S8 az =1 (mod n) |
TTBIoNE o) AW gz = 1 (mod n) =, O ax + ny = 1 (P y-9F &, ORI
ged(a,n) | 1, Wt ged(a,n) = 11 O
Extended Euclidean Algorithm ot 3ot @a <4

1771 (mod 26) (39 $=C 512 | Extended Euclidean algorithm BTeTE:

26=1-17+9

17=1-948
9=1-8+1
8=28-1

o (At 1=9-1-8=9-1-(17-9) =2-9-17=2(26—17)— 17 = 2-26—3-171
AodR 17 (—3) =1 (mod 26), @R —3 = 23 (mod 26) 1 ©18 171 = 23 (mod 26)

Let Infinite Be Your Limit | 5
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2 &0 TAMPTIR @ Oitd SefRe *If&

2.1 AR I

T 2.5 — WRE FAPTHETT TN 1

ax = b (mod n)-aF AN AT ©24F @32 (&1 O T4 d = ged(a, n) | b1 TN
e 3 dfS o1 TG AEF (mod n) |

qret:

az = b (mod n) M az+ny = b @A PR y-9F & | BOzout TR @F FILI
@R iff d | b (FRY az + ny-99 7 A8 T (-9F &feP) |

M d | b T, FNFFABEE 2o = L (mod 2) B TS N1 Q24 ged (9, 2) = 1,
{SAR T AN @2 (mod n/d) 1 @fF  (mod n)-a B dfS 4= o7 O

TwRgd 2.1. 152 = 9 (mod 21) W& I 1

d = ged(15,21) = 31 (AR 3 | 9, TN QIR 1 ©F F¢F: 5z =3 (mod 7) 157 (mod 7)
@EIR:5-3=15=2-7+1,©25 ' =3 (mod 7)1 oI =3-3=9=2 (mod 7) I
o9l STNEI: & = 2,9,16 (mod 21) 1

2.2 B Remainder Theorem!! (CRT)

FEN I G GH e Yoz (@O 3 5 FACE SN 2, 5 B9l FAE ©INTHT 3, @2 7 Ol
FAC ST 2 (AT | CRT A0 A2 STOPF NG AR G2 Freid TR O T

Let Infinite Be Your Limit | 6
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T 2.3 — Chinese Remainder Theorem

@ 1y, N, . . ., 0y, TR TR (pairwise coprime), R § £ j 2@ ged(ng, n;) =
11 SI=E @GN ay, as, . . ., ap-9F G ANER O

r=a; (modny), z=ay (modny), ..., x=a; (mod ng)

@ (mod N) © G5 Sy FALIF @R, @ACT N = nqng - - - ny, |

el

N; = N/n; 9 @RY n,;-C pairwise coprime, ged(N;,n;) = 11 o2 M, = N1
(mod n;) TSI | T =0T

k
T = ZaiNiMi (mod N)
i=1
&g @ @ft e ICH:

- AN S: j # i T n; | N, O a;N;M; = 0 (mod n;)1 ¥ i = j W5
an: aijManj-lzaj (mod TLj)l v

TGOl G
QR ¢ IR o TOIR WG | O &f® i-9F & n,; | (v — 2) 1 n;-¥TN pairwise
coprime AR N | (z — 2’), 9Li& 2 = 2’ (mod N)1 O

Zos = 75 % Zs: CRT-49 foq

~N

215 11 2 8 14

11 10 1 7113 4

oo o 6 12 3 9

0 1 2 3 4
A ¥ 7 = 1 (mod 3),7 = 2 (mod 5)

(mod 5) of

(mod 3) Ie[taF

Triegd 2.2 (CRT IR2[). FWET & 2 =2 (mod 3), =3 (mod 5), z =2 (mod 7) !

N =1051 Ny = 35,Ny =21, N3 = 151357 (mod 3): 35 =2, 27! =2 (mod 3) | O
M; =2121"" (mod 5): 21 =1,1"" =1 (mod 5) 1 ®F M, = 1115~ (mod 7): 15 = 1,
17'=1 (mod 7) 1 ©1F My =11

r=2-35-24+3-21-14+2-15-1=1404+63+30 =233 =233 —2-105 =23 (mod 105)

e = 23 (mod 105) |

Let Infinite Be Your Limit | 7
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2.3 Fermat's Little Theorem

©o#W .9 — Fermat's Little Theorem

p GIfETd @R pta T P! =1 (mod p) | TP, QI 2FARA 0-9F & a? = a
(mod p) !

AN S (VAR & A=©):

p1aq a,2a,3a,...,(p—1)a RWEET  (mod p)-CS AT Jeml @R {1,2,...,p—1}-
¥ @36 permutation | WO

a-2a-3a---(p—1a=1-2-3---(p—1) (mod p)

a - (p—1)!'=(p-1! (mod p)
(p—1)! GR p FREEF REAR T WF (p — 1)! McT O T/ T 0?7~ =1 (mod p) |
U
A9 X (Combinatorial — (A A):
p F0eF 2ffe M p-5ifox T Cofsia A2 21°/1 FCR 1 GG arrangements p? | Rotation-
equivalent arrangements I e p | (p? — p - (TOmrOm)) Fre AW 1 GfS o? =
(mod p) A A ¢-9F G |

FLT-99 (RTES I/

a2 (mod 23) F9? p = 23 GIfTF, ©12 ¢22 = 1 (mod 23) | 947 2023 = 22-91 421 1
©I% 022 = @' (mod 23) 1 WG 0! = a2 /a=1/a =a"" (mod 23)!
ALRA @RI b (mod p) VAT k- p — 1 W@ oo I (T2 ged(a, p) = 1) |

2.4 AT OISET T Q32 TIEANIT SAAWS

& 2.1 (SREACEE GRS T, ¢(n) M@ 1 R n RS TMIANGTNT F& n-9F el
STRCANeTp I AT (IR | !
=1 (1)

g ¢(12) =12 (1—1/2)- (1 —1/3) = 41 3(95% {1,5,7,11} 42 5= et 12-97 el
NZCAIeTP |

Let Infinite Be Your Limit | 8
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TN .8 — AT BATF 4

ged(m,n) = 1 T ¢(mn) = ¢(m)p(n) |

&9 (CRT M@): CRT I Zyyy =2 Zoy, X Zy, (ARG ged(m, n) = 1)1 @2 isomorphism
BTG (TR SAWE) ATHA IR | Z,y,,-d OB A p(mn) 9R Z,, X Zy-4
BB A p(m)p(n) | O
G Jeod T @ ¢(p*) = pf —pt = (0 - 1)

TAAN ¢ — TIENET Sy

ged(a,n) =1 2 a®™ =1 (mod n) |
&AT: {11, 79, .. ., Tg(n) } AT N-GF MR RGN GBI reduced residue system |
O {ary, ary, . .., arym) }e 9F2 set (mod n) (FE ged(a,n) = 1)1 B T

a¢(n) . T1T2 00 o T(j)(n) = 7"17’2 .. T¢(n) (mOd TZ)

Toy WS (AP r1r2~~.r¢(n)3ﬁﬁﬁa¢(”)zl (mod n) #11 g
gy 7, (0fe® modulus) Z., (@5 modulus)
4 nonzero SAMITT ITSH? T (FETI) Y AR TIMS
FLT/Euler &CAey? at=1 a®™ =1 (3 TRl 27)
Primitive root SC=? T i wy ReIE -9 &
yARUER D] cyclic (=2 Z,_1) e, CRT foear otet =

Let Infinite Be Your Limit | 9
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3 EEIIRT [FO: AU G fAffee %6

3.1 g oeR

7@ 3.1 (TAMITR WOH). ged(a,n) = 1 20 a-9F n modulo-C® SOIF J¢all FI7E 4ATeE
997 d @ o = 1 (mod n) 1 GfF ord, (a) M &F B 271

T 0.5 — IR Fo1 {Ite

IM a¥ =1 (mod n) W, O ord,,(a) | k1 RITS, ord,(a) | ¢(n)!
g d = ord,,(a) 4G 1 Euclidean algorithm @1 £k = gd +r I IW @A 0 < 7 <
AREIGH

a* = a1 = (a¥)?-a" =19-a" = a” (mod n)

o =128 a” =1 (mod n) 1 8 r < d €32 d T AE, ©I2 7 = 01 JoAqR d | k1
Euler S#%My (AtF o) = 1, 12 d | ¢(n) | O

TAAT ©.% — WO A6 T A

ord, (a")

B ord,(a)

~ ged(k, ord,(a))

&N d = ord,(a) 9R g = ged(k,d) G (aF)¥9 = o*¥9 = (a?)*/9 = 11 @
(aF)" =1 d | km, SR ;—Jl | m1 @41 ord, (a*) = d/g1 O

3.2 fafufo® %6 (Primitive Root)

et 3.2 (faifif6® #6). g-F n modulo-¢® primitive root 351 23 ™ ord,(g) = ¢(n), TR
g-aF O {1,2, ..., n — 1}-4 n-aF e F2CaNere 7 SAMIAE produce FCH |

TotoA 0.0 — -4 S ofow

Afef Gl p-97 &= Zy cyclic &, @efi] primitive root AN |

ST A Z:-9 d | (p— 1)-99 &, A=t 24 = 1 (mod p)-9 A dfS AT
9t (F199 @ff F,-cS degree-d polynomial) 1 @7 WE, order-d SAMITTR W < ¢(d) |
G 5ol FRCT: > _d|(p—1)(order-d TAMALG) = p — 1 = > dip—1) () ! afs d-a3
oo IS B p(d), RS d = p — 1-93 & ¢(p — 1) > 1 — primitive root STZ |
U

Let Infinite Be Your Limit | 10
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Discrete Logarithm

g primitive root (mod p) A, @FCEN o # 0 (mod p)-dF & 9N k €
{0,1,...,p— 2} @R @F ¢* = a (mod p)! 92 k-F a-99 discrete logarithm e,
log, a G141 2 |

Discrete logarithm =1 41 071 — @f52 cryptography (&< Diffie-Hellman, DSA)
a3 farerers fefa

3.3 T2 Goliwy (Wilson's Theorem)

TAAW 0.8 — TSR B

pGifed «—= (p—1)!=—-1 (mod p)

AT (= 7<)
p G 20 7« effofd MG @S5 unique inverse AR 1 (T TAMING fcer
inverse? a =a ' M > =1, 9 p | (a—1)(a+1), 98 a =19 a = —1
(mod p) | © 3 THMIT ST (ST (SIS AL | (p — 1)!-Q &4 FAE G2 (SIS
R, %Y 1 qR p— 1= —1 A

p-1!=1-(-1)-(2-3---(p—2))=-1 (mod p)T

S

(e & = 1

A (<= WF): n QFF TE 0 = ab @AE 1 < a,b < n1 O&A a | (n — 1)), 8
(n—1)! = —1 (mod n) W a | 1, Retgrem |

TwiRdd 3.1. Wilson's theorem Mta p = 7 verify 3@l (7—1)! =720 = 102-7+6 =6 = —1
(mod 7) 1 v/

Let Infinite Be Your Limit | 11
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4 @EEHe @NTE W2 @PaHn

4.1 @EGLE @RS

@ 4.1 (RGBT @FES). [ene @l p 42 ged(a, p) = 1-97 & a-(® quadratic
residue (QR) 351 3X (mod p) ™ 22 = a (mod p)-GF (FICA TN ACF | 7 ABCT 0 2
quadratic non-residue (QNR) !

Z:-4 QR-4 A (p — 1)/2 @I QNR-97¢ (p — 1)/21 @fefs QR 5% 76 == (square
root) ALY FALNG |

4.2 Legendre &S

3e@l 4.2 (Legendre Symbol). RCen® ¥ifers p @32 p t a-99 G:

(E) +1 Ima QRZT (mod p)
—1 IMa QNRZ (mod p)

TAAWT 8.5 — TIENEF N« (Euler's Criterion)

(E) =P V2 (mod p)
p

&N FLT (A0 a?~ ! = 1, ©I8 (a(p_l)/2)2 =1, WA aP~Y/2 = £1 (mod p) |
M o QR A a = 22 (P 2-97 &, OIRGA P~ D/2 = 271 =1 (mod p) |
IM o QNR 2R g primitive root M€ 1 ¢ = ¢* TR k [C&C 1 oP~1/2 = gh(r-1/2 | @2
ord(g) =p—1 @R k(p — 1)/2, p — 1-99 &fdes 77 (k Reare I6=), O o7~ D/2 £ 1,
©i8 = —1 (mod p) ! O

E-GE

& Euler's criterion &TA N1 (ab)P~1/2 = o®=1/2. p=1)/2 (mod p).

Legendre &OIET ¢argd €%

Let Infinite Be Your Limit | 12
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4.3 SR @ (Gauss's Lemma)

T 8.8 — Gauss's Lemma

faee @i p @R ged(a, p) = 1-99 &, a, 24, 3a, . . ., ’%1@ MAPGTECE  (mod p)-
(® reduce € AR (—p/2,p/2) range-d A FCA 1 v (AF AT ACFF A |
SIEIGH

Tarad 4.1, (2) 9 P13 =3,2-3=6,3-3=9=2 (mod 7) ! (—7/2,7/2) =
(—3.5,3.5) range-4: 3 — +3, 6 — —1 (¥NFL), 2 —» +21v =1, ©F (2) = (—1)! = —11
@2 3 2¢a1 QNR  (mod 7) 1

4.4 (@RACGLS @RTAFG (Law of Quadratic Reciprocity)

sfdted oY FOE Fwd ST G0 | Gauss @bt “Theorema Aureum' (G
TAAWY) eI |

Tosivy 8.0 — (TGS @PRElB (QRP)
p 9R ¢ IEWI [RTee G 26T

(g) (;%) = (-1)= T

WW:?lﬁquEZS(mod@ﬂT@,W(f):(i)lﬁﬁw;3(mod4)
= o () = (i)

p

(—?1) _ (—1)e-Dr2 <}%> _ (1)@

QRP JFOIF IF FIR?

(L) oterar et

71 = 3 (mod 4) @R 73 = 1 (mod 4)1 ©12 exponent 2 - 2 = 35 . 36, @B =Y
o (5) = (7) = (7).

(712 —1)/8 = (5041 — 1)/8 = 630, (AT 1 ©1F (Z) = 11O 71 N QR (mod 73) |

Let Infinite Be Your Limit | 13
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4.5 Jacobi 2O

Fe@ 4.3 (Jacobi Symbol). n = p{ips? - - pit (RCSC §IAF) 2T:

G-G) G -G

FeHl: Jacobi symbol +1 BC@2 QR ff6® 73, 5§ —1 203 &9*Z QNR |

4.6 RIET T (Hensel's Lemma)

©o4?Ilw; 8.8 — Hensel's Lemma

f(x) @F 7R coefficient-93 polynomial | €T f(a) = 0 (mod p) 9 f'(a) Z 0
(mod p) 1| O &fefb k > 1-99 & 46 &0 a), (mod pF) MR @ f(az) = 0
(mod p*) @32 a; = a (mod p) |

Lifting 3@ apy1 = ap — f(ax) - [f'(ax)] ™" (mod p**)

Triege: 22 = 2 (mod 73) TN FCH 1 AL (mod 7): 32 =9 = 2, ©I q; = 31
f@)=a®— 2, fi(z) =20

Lift @ (mod 49): £(3) = 7, f/(3) = 6, 6 (mod 7) = 6 (I 36 = 1)1 ay =
3-7-6=3—42=3—42+49 =10 (mod 49)

Lift S (mod 343): F(10) = 98 = 2- 49, f/(10) = 20, 20" (mod 49).. 4O
BeCe ACF |

Let Infinite Be Your Limit | 14



Josephite Math Club

5]

I ANLICAS e AR @ wifert

NER SIRACAGS WA blank page AT €8 et el Hes:

1. (Al prime/prime power modulus 1€ FH3? FLT d Euler &TI25?
2. CRT W modulus ©rel AC?

3. (I C2MICTR order ¥9? Divisibility 5= 1 A2

4. Quadratic residue € i WEPE? Legendre symbol & FAC?

5. Small cases check ST 43R pattern Cfte |

ST

5.1 EBTIR

P1.

P2.

P3.

P4.

P5.

Pé6.

pP7.

P8.

P9.

P10.

[Basic] (7418 @ n®' = n (mod 1155) 3 R 1-qF & |
[Basic] FO&TE 59 n € {1,2,...,2023} SR @F n? =n (mod 2023)?

[Basic] &¥idl S @ ged(a™ — 1,a" — 1) = 4™ — 1 37 g SRl 0 > 1 4R
m, n-4q & |

[Basic] 4 &€ (mod 100)-9: n(n + 1)(n + 2)(n + 3) = 24 (mod 100)-9F FefB
TN @A n € {0,1,...,99}-4?

[ISL 2000 N2 &3] p GIfel® 9 ay,ay,...,a, &F {0,1,...,p — 1}-49 I
permutation | &Y JEN @ ayay + asas + - - + ap_1a, Z 0 (mod p) AP 7T |

[Euler @ primitive root] p RTEC Gfeid €32 ¢ 2CA primitive root (mod p) 1 ¢A2e
@ ¢gP~1/2 = —1 (mod p) 1

[CRT 8 FLT] 3R n-A3 &0 n'3 = n (mod 2730) &= FC&A, (@ACT 2730 = 2-3-5-7-13 |

[IMO 2005/4 &%&] fad Sca 71 Gfets p @F p | (277! — 1) /p 96 ot =7
(Wieferich primes)

[Quadratic Reciprocity] Legendre symbol (g) ol T ] [eere Glifer p £ 5-99

G @R TP p (mod 20)-93 fefere @aRm T

[IMO &9 %< =il n (redt =iz @wie weat & Sop_ (27) = 0 (mod 2n + 1)
IM GR & IM 20 4 1 GfeT /1 27 |

Let Infinite Be Your Limit | 15
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5.2 AP 8 i‘fﬁ_w

AP ALFS

P1:
1155 =3-5-7-111 CRT e Sieiwi <611 &fS prime p-93 &+ FLT IR I
pl(61—1)? ARI@3-1=25-1=4,7-1=6, 11 -1 =10 @R
lem(2,4,6,10) = 60 | 60 1

P2:
n?=n W& n(n—1) =0 (mod 2023) 1 2023 = 7 - 172 factor A1 CRT W &fe
prime power-& K el T |

P3:
d = ged(m,n) 4G &G FCA () a? — 1 | a™ — 1 F9 d | m; (ii) a? — 1 | a” — 1;
(iii) BT common divisor a? — 1 & f@%y &, Euclidean algorithm <<R<
IS

P4:
100 = 4-251 CRT: (mod 4) €32 (mod 25) S=M! B¢l | B consecutive FRR
@eIPe pattern (AT

P5:
«@f6 specific permutation construct FCA @MCH sum = 0 (mod p) T Random
permutations I 21¢ 299= approach Ao Fcat |

Pé6:
g '=19@R ord(g) = p— 11918 g~1/2 2= 1-99 square root | 8 (p—1)/2
& ord(g) = p — 1-97 wfTeP?

P7:
2730 =2-3-5-7-131 FLT &f® factor-q &ws @1 12 = lem(1, 2,4, 6, 12) 612
AT

P8:
Wieferich prime 2T p @ p? | 221 — 11 ®Y 1093 @R 3511 AMMD© 1 Fermat
Quotient ¢,(2) = (2"* — 1)/p (mod p) A9 I |

P9:
QRP T2 Tl | (g) — () 92 p (mod 5) € {1,4} A (2) = 1, p (mod 5) €
{2,3) = —11 Sign 5% F909 @32 p (mod 4)-9F condition TR |

P10:

Lucas' theorem 31 FLT /- I S0 (3) = 2201 4 W co QAT (1 +

L= L= 1) evalugte §i8) lreBeyourr Limit ¥ |- 17




Josephite Math Club

A8 TS e

ToAfmy s THE

FLT p GfEd, pta a?~! =1 (mod p)

Euler ged(a,n) =1 a®™ =1 (mod n)

Wilson p Gfere (p—1)!=—1 (mod p)
Euler’s Criterion p ftete Glifers ¢) =a® Y72 (mod p)
QRP p, q ST Reee G ; (g) —(—1)ES
Hensel f(a)=0, f'(a) Z0 (mod p) FNLF (mod p*)-4 lift T
CRT n; pairwise coprime e FANG  (mod N)

el Afdred ot

Ngee Sifaaciite oy afeirices 93, aft g searey, b, qae FecHR
eIt fof6 | RSA encryption, elliptic curve cryptography — QT 79 €3 432 &
(ATF O CAcR A Qi @i #IweET |

“Mathematics is the queen of the sciences and number theory is the queen of

mathematics'- Carl Friedrich Gauss

Let Infinite Be Your Limit | 18
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