/Lw“:or*onv\’ cezulls  (withat ‘)No@ ] for now)
(EvMer P\'\.‘ fonckion)

) Define. {Qn\—— \Ql/“—z,)"\ |
TLE n= \;\(‘ \D:"-“ PE"/ for drstinct primes
Piy-y Pr anh for dy. €N, bhen

Q)= (o) it (g pI - iy 1)

X
= G-0p
No*cs :
|2 \ N

Fin
w_  prodwct aler
primed d'l\lidi'j N

- T wprnelN are 56_\0_»*\.\@\;‘]_\2‘ e,
B ~ Clmm)=1)
Waen  @lmn) =0(m) @n).
(M\ Yroe In SM\ T Q\"\l'\\ﬂ)
ExsS:

\)1@ P IS prime Yhon \(’1/?1? \: ‘Q(@ = \>"\.
7) a= 9000 = %35 S°

\(Zr 7= @lo= W00 (1-2) (175 ) (1-3)
= %000. 73’5 = 72400



20) Feemat's (litlle) Phesrem :
1 P \S Pr‘\me,, o.e’ZZ_/ and pXa

Fhen ot =l mod P-
(also shated ag: VYaeZl , af=a med F)

| 2023 find a re CM'\'&\'N()
Ex: anv\?\)\'(. 43 mod LOT. ( n {()IF\:.../ XA

Skep 11 103 is prime ; and 103X 43, 5o 4T""=\ mad 10%.

o . + oz : 33
g2 g (g ) 43" = 43% ed 103

| mod 103

Skep T2 Campube  43™ mid 103.
&\)S(. e Sq‘uo.vt(. on d mv\*i?l\\; q\jot'\\'hm )

‘Qrile 85 in base 7@ 35= 7+ T T +7 = 64+ lbtHs

: Suqe,ss‘we\j squate Y3 until §ov Je{- g 'ﬂﬁme\ (05.
43 = 13 wud 03
43° = 1§41=98 = -5 mad \0F
%3“=Ql3’)z= (-5)" > 75 ~ud 103
159 (43 = 15* = 7 mud 103
43" 43%)°= 7%= 49 rd 03
437 (45%) = 49%= 32 ewd (03
G (457) 2372 9T = -6 mod 103



‘m\'\\“fj ‘\'(J\Te{'b\&l‘ J(L\Q, poweer 'HI\M' QFfmr in
the base T cchew\stov\ oqc g -

.2 e4t b+ Y|

A -“(3 43" 93y
= (-6)-11- 2513 =5F med 10T
Canelysion - LVS““'- SF mad 103

’Lb) Eulec's  Yheocem -
TE neN ond o€l safisfieg (an) =\,
fhen d® =1 mod .
Notes:  =When a is prime; @lal=n-1; so
this  reduces o Feemalls theorem.
* Ao evtn vuie j@t\ﬂ\l'ﬂ.\ result:
TE G s a fimde jcouP Yhan
VleG j‘(" =e .
) Find Yhe onmiks d\J\\- oF 43”7
leX n=10=7"S" . Then ("(3 n)=\ a,r\A
@)= (-0(s-) =1, 5o 4T'= 1 mad 10
= 3% gl 1T

= =7 mad [0
So/ Fhe units &'\J'l" s 7.



) Find Yhe $eng 3 onits dlgiks of  “Grahmms number :

\

) mare 35 here Phan you (Joining:
J v

3 f Can imaa’m( i ;-"\7

q= 3 ° 9 +((3))/
J J 8

[ dea': e afe ryi Lo C.Qm&‘:\)\_{ Gb'm,od N,

With q‘-'S/. b=5 and n=l00= 7%S°

i - = 7.(1-\)- -\) =40

ot shoold Try Yo wrile b= quo~r,

Wi\ Q< =< 'S Ta oYher wordg/, N




Cbm‘;u\'(, j SLl "'\Oa \00) k)|-3

(3,100) = =\ 100=7-5" ) @ (Loo) = 1(1-\)-S(5-\) =40

C.OM‘)U\'(. 5|'= 3btmd ‘0, \>,=3s

(3M01=\, do:’5 , @ M0) = T (T-)Cs-\) =1k

C.omgu\'(. 57_: 3bsmod 6, \>3=3

(3, \"’\:\/ \6'—’-'2.“/ Q(-H’W = Zs('(."\):g

Cmm?u\'(, \)3:35'1"\0&3 p b=

h‘

(3,31=, $=7%, @)= (1))=Y

— e e

C.om‘:u\'(, b= wad 4

|1
? cdd

by=(1 = -\ wmd o
= b =3 "W E 53 s
= b, =3 T = (37T a1
= b, =3 L (31 2 17 med Yo

= q=
33

1723754323 =59 61 21 = 3% mud l00.

O (S 5 o

Answ e 3'-' |97



3) Peimitive coob thearem: For ne; the  qeavp ZhzY
CjC“C s Qn_d_q'\l:], if n=L LY Y, o 1Y,

WY P o 0dd  prime and keWN,
T (Zan) s c,jc\\C_ Fhen oy J@/\ef‘w\-ar
for Yhe grovp is called & primitive coo¥

modulo n.
Exs-
) n=7, (Zi32)" i c:]c,\k.
(= {\, 7, 43
3v= (Zl72Y
Tﬁm\\"mc root
Nete: 5 38 also o primitive ot

bo¥ 14, ond 6 ofe aat.

2) n=4 ( 2047 ) =<7>  (frm (et Fisme)

\>rwm\-\\(<_ 00 M 1 Z/S'
r\on—?riw\&\'\\lc ooyt mwd \, "\/7/8



MMMWM

£nd  all residve classex

x med 103 which satisCy
x=| mod \03. -
Weite 3‘-’5. Then (note: \(FHo32)" |2 = oz
(ZLho3z)" =% 9, 9, z, e, g
MU EAN IR

Not  ditficdt +o s\\g\.J/, ug‘u\j fhe
Fhat 3“=\ &

visson A\jor'\\'l\v\}

n= 102k for same ke 77 .
"~ (nzOmed Lo2)

Evcrj xe (FhoszY roa Yhe Foem

K= o™,
J7

-Fo(‘ SONE. QS m< \O\/ S0 We. \\4\16

| wed (03 & Tm= 0 med 02

2 m=0 med (')

)

3

X =q'"=
\J

@ M= O// 3\-\11 ol GX :
heretore  Yhare ace. Ywee <saw

tonS  wad \07 °

X= a°=| wmad Las,

K= j° B ‘53{:-"‘-‘-5‘6 ™ d ‘.03/ Qr“a

= 16 wed 103.




”\) Chinese tamainder Yhescem: TF ny, ., neel
- - . e el
Sq\'\sfj (niynyl=) V\s\<Js\«/ QF““'“‘SCP‘_:&\C“ NC])
fnen VG\,N,GLG._[Z/ Ihece i an xe7l <.t
X=a, pod (\\/ R=0, mad Neyp veny A=0a Mmad ﬂk-}
and  this ‘\v\HOf/r X s Un'u\ue med (A0 1) .
Exs. \) \g-.-,i_/ (\\-:-\O/ (\L:’L\/ q\:’}/ QL=Z°
Then Q(\\,nt\'-'-\/ and  we oAt Loo\ﬁ'\:‘) for
an in‘rcﬂcr X SO&\"SFJ i’:‘)
A= F mod \0 and ®k= 3 wad 2l
Tf‘«.\ GN\A éeftar, f} %/ L’W/ %/
Therehore ; ¥he set of all solubiong i
{37’*’ T\Om™ : MG'Z.? )
A “fashtec waj fo Fird on h\\‘fﬂer X,
Sq\'\sx‘::)‘u\ﬂ e Sjs\-w\ of eﬂ&umhovxs in the CET:
- k=1": Cmv\‘:u\-ﬁ_ ‘\ﬁ\'ﬁjﬁ‘s My, N m*\&;d\l\j
mn,= n:\ W\Qa ﬁL ] W\1_=T\;\ Né\ ﬂ‘ .
Then  considenr L= nNMa8t NeMe Q.
W\Od. f\\" )K: “LNLQ\ o Q\ Né\ “] )

mad Nt X= NN, G, = Ay Moo Ne .



) k=2, n.=\§, n=3F
/ ;MY

q“=3 / 'z.= LT

SQ\\IQ X < G! Nd‘f\!/ L= q'. vad  Ne

CQM?U\'C :

™M, = \S-\ ‘V\QA 37-

St= 71\ +«F 1= 8-7-(32-7-18) =5-\S-7-3%
D= 7-7+\ =1S-7-%
ML N

1= 5\5-7-3F = m =S and thalt me=-C

Fioaly s X = (5 m T <SP € ed (5-37)

=313 med 5359 .

Comment: (When jou q,\:t(g__dM\J Lraw M= N7 red f\‘t./}

ano marier how tlmu Fovn 4 '\lr/ there is o\wajs

~\
= (\\' *

A=l mad e = 0, Cm) =\ wud 0

= nmy) 1= 0k

0 k= ﬂl(.'ﬁ\)*‘\ — v\",:\ mad 0,

N\




k23 Fisty ficd an ‘m\-(jer Xy &*K?v":ﬂ
%= a, mad n, ond X =da, med Ng .
(No‘cc Pt x, s omtkwc Mod “»“J
Neek, find X €70 qustmj

Ke = K, Mad N, f\z and K= Gy mod Ns.

F\M\\j Bind x-= ?Cy_._ SQ\'\S:F:]\\:?

Xk__ - K&,_—L Wd n\“’(, f\k,_ Q(\A X‘k—\ Q\; Mﬂd ﬁh.



3 ) k=‘{/, n=7S, r\.,_'—S/, nN;=3F, ny=101,

/

Q,= 7—/ quz/ 0.3: 2.7:/ Q;!":%\

°S°\VC K.('-'z— Nd.'g/ K.=3 Wd S_

Brute fovce (Seall #'s) - %28 (wmed 15)

- Sole %= B med IS, XK= TF ewd §F

= S1S maed SSS ecample T

- Jol\e K2=TTLT NJ_SSS}_X_}?-X\ maed 10|

Co MI\:\I\'C B

SSS™ med O] =950 wed \0| :

1-50=2-1 pud (B} = S0 =-7 cod (0],

Cavmpule

1oL ead SSY

Sherteob s S35 7= =1 mad 10} =5S5S- 2+ | =101k

Then k= 101" wmod SSS and k= \\ .




W

K= ¥g= S33-(-1)- T+ 101\ 123 wmad  (S55- 101)
Take. x=HY47F1X.

et of all salublons: { 44FTT* S60SS-m : meZS
4) Let n=605=5-". Tind o\l residue clogsex

X mod 0 which sqhs% ng_ equo\-im{\

‘I\tf- \ !v\oc\ 0 .

Observation: ccen
=\ ved N E =] mad S and  X=| med \\t‘)

Plon. Find oll a, med S5 widh a®=\ wad §
arnd all 0y wmed L[ AYh ag=) el 1T]

Hhon combine all POLLS o so\utong

(a\,mds/ 07 e d \1\\) —> (\2( Mo d "\)

using twe C(T.

\




Fack: T !\333 s Fr‘uvxe_ a,ru\ ‘(.G.N/ '\’N’N\ the on}j
SO\U\'\GI\,S -\-o 22\ Ma q ?k‘ are x=% | o d ?\:-_

P K=l mad pt € ptlxi-|
(x-\)(x-u)
& \:“'\x—\ or ?\‘\K'&\. 2

(9‘\5 otime and 2T, so i CM\\'\")
( divide both x-1 ond x*|

sm3 the foct:

A=l mod § &2 a,=2| mad S,

7=\ vud U] & qi= t| ead 10

Y4 cages: &n:-%'/ A A () IR . S med m>

N=N\N\¢ = 60S X=0, wid 1,

and

* o=\ | =) = x| wmed n
tooy =+ J A=l = %= 60N med 0
S0y sl = s T med o (qotss ond oheck)

(or... “Fist® waghhsd):
N med 0= | med 0, (take M{-‘-\)

“L(.'W\‘L‘)*\ - “\k
== \g—;‘\'\'\ W\,G&\ N = T\»LK"V"\J*\ —.—.-Tf‘ W\!d\ Nz
™
(Yake mﬁ-"z-\‘)




) O\F'\} 01""\ = %= T6Y med 0 (jutm ok@ch)

Sg, Were,  ore Y selubions wed 605 Yo X% ) med 605






