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Lemm03 Suwose a:zb-\-(‘ w/ 0Lty
Hoew cScJ(a;\))’-'-‘j“‘(\ch)

P.t_o_o_‘_i_ 3\\0&0 ‘“\d‘\’ Yne St o" comwnon divisers
aqgtee W ‘tot\n cases

Sypse  dla & a“ﬁg Oiv(2)NDiv(b)

) \n (‘\s.so\osekoq
then dlt=a-¢b) 000w

CometSel-}, A a“b & o“f

Hhen o”a=tb+!‘ ')

Hence Div()NDiv(b) = Div (1) N Div()
@ -\Mej Wwave Yhe Sawe Mmax:mvn Clewment-

3(4(4,%) =3cdlb‘f‘) O

Eoaid 's Alaocithm

What is aed(446dO, \o\)?

2

O

1)0.’\/35{01{\ A\ﬂoti"'\wv\. —_— %‘g f“
J,\ Use lemwma Yo Cnd gecd of smalles s
3.) Divisin Algoiitwm —> @ & 0y,





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































HodO = 45-101 + 75
10l = L-75 4+ 26

75 =4-db + 23
b =143+ 3
23= 73+

3 = 11 +(1

L= 2’.1. +0O &— Sbop once Haere is wo fewmainder
3co( is (ewmainder frown Second
do last \ine

A acd(Yo20,l01) = ged(lo01, 75)

= acd (75 26) = qcd (2, 23)
= 3cd(ﬁ3,3) = 3“!(3,.2) =

Def: a and o ot sad bo e celatively prime
.|-F 664(“/¥)=1

Hewee G20 % 101 s relatively prime.












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Bezout's Tlewtiny
a/b€Z>o Q‘KS,{;€Z S.t.

%co((a,b )= Sa+£),

Lor et
YodO = 45-101 + ¥ _ 9
</"5’ L/+ ° o £ics¥ \ine

ol = 175 + 26

“— 3 - 1'1"’1
75 =4-db + 23

— flip 23= 7.3+
24:;/1-1323 | )
23__:7.%'/4_1 26—1-2 +3
3:;1}1 75 =1-db + 23
l=l'1 +o ‘O‘ - L' 75 +ﬂb

Ho20 =45-101 + 75

C°l feattan
3 = 1d +@/3 1———-—)93 1=3-1-2
23= 2.3+ — 21/37)3
=1A23+3 FH——> 3=3¢- 1.13
/——-——'P

75 =2-Jdb + 323 FH—> 23=75- ge
10l = L.+75 4+ Ab > Jb=10\-L:75

Ho2O = 45.10| + 75+ 75=4620-45-l01






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1=3-1.2 1=3-1-(23-7-3)

1=43-7.3 =§-3 -1-23 )

=70 —1.- =8{(RAb-L-23)-1-33
333 _ f:’ ;gfs =-26 - 923

_ 2 =QdA6-9-(75-2-326
db =0\ -1-75 = 262 _2.75 )

75 =4620-45-lot  =d6-(101 -1-75) -4.75
= 26-101 =38 -75
=26 -10l-35.(460 ""5-\0|)
1 = 1601 .10} -35-4620

Ex‘;cess (emaindels aS linear combinakions
& (eplace Yals expiession M Hie \ine above W

Linear Conqivence

Sole for ¢ if
AKX =Y (mod wm)

Note:  Tyere Moy vtk be a Solotiow

=3 79(21_(««:47)

hﬂs e Solvfion Since Mo Hiples of 7
arc congiwent to O wed 7.
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Qj W“ Can oC quch"ee a So(o‘\'ton?

A'. T+ cjcol(a,W\)zl (ce. o.&w are

(e\a}ivelmmﬁ) T\\cn 3! Solution

Yo e \wear Comgluence

ax Zb (mod w)

The wawm idea:

ch woul) e -(—mJ -\Me answes o 15,4 =\3 ? Solve o S‘mplet

. . YeCsion of ine
we \ﬂofe Lft0 L we wmay divide \0‘;, 'y proviem ‘ven
N - _ — kry Yo wodify W
o qet 4= @ 'ayx=1-% =X ot o e
in ane ociqinal
Sitvation.

Molkiplicative “Twerses Mod m

Tf Za=1 (modw)

o

Hen we coll & an wvelse of &
Moolo\o WM. This 15 Yhe ana\o‘soe ok
o\ivicliuaj \»] O m ywedvlar acithwmetic
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Theorem: ?JCa,w\)f-L é;‘ wmvecse of a

woduvlo ™.

M ¢3co‘(a,m)=i égs:t Such Yat-

Sa +tm=1. Reduce bolu Sides
of e equabinm woduvo m o See

S = 1 (mod m). Hence

Sis Ye inverse of & Medulo M. 3

The Chwwese Remaindet Theorem

eq. Qe for x if

%E’:o’l (vMocl 3)
X =3 (MOAS)
x 24 (wod 7)

Qpoiler Aleck: X =43 works because

A3 MOJ 3= ( (emaindel ofter division)

23 wmed 5 =3
Z 23 wmed 7 =2




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Method 4-: (\)ack. Sobs-\-ﬂ-d-h«) & N+ Yne CRT

K2R (md3) SJkeZ <t x=3K +2
X 23 (med®) & 3Us2=3 (mod 6)

(Sobtiact 4 Srom Yoy 354'38) K= 1 (med 5)
(jcclwzs):i => coan Solve for K) K= 1 (wmod 5)

2-3-5=1
f)

IKez st. K=5k+2

X =3K+2=3(5K+L)*+2
= 15K*+6+2=15Kr3

x zZ & (MOJ 7) FMQ"-‘L we ouse hthe Haedd

Conqivence fe lation

5% +3 = 2 (mod 7) Phen Solve

SR=~( (mod7) 2
e

I5K = 1 (wed 7) G

s, —* L[a]

LY)-4psy 75






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































acd(15,7)=1 & 1=15-2.7

s K=t (med 7) & ¥=9p+1

for Some im-eger {2 Thus

X=15K+8=15(7k+1)+8=1058 +23

We vew Wave an expiession Lot A}l Solutions
b He ofiqinal Sqstem of \near conqivences.

X =23 (Moel )

=§ Poss:h\e aANsSwers avC

23

\ 9%
233 X =& (med 2)
: X 2 3 (wed 5)
x =& (wod 7)

Theccewm: (CRT)
If W\‘,M,,...,m

n Ofe Qeifwise re\a’melj plime

(.é.c. qco‘(‘Mi ,W.j):i 9{1:{:1) .l""'eje‘s (al\ '71) Z

a, 'al/ -.., & 5 Of€ afbi"(m-’ in!-e7ers ) Then























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































X=A; (wmod W, )
XzZa, (mod M, )

X :."".““ (IV\OOl Nn)

Has Qo uai«toe Solution moclolo m==M"M1'...'M,\

(ie. :
3 Sololion 4 Lith oL xawm £ a\ other solukvouns
ate Coaqivent wdvle W Yo Mis sdukow))

pree ¢:
(bt mmgme o

LA ’wl /'%D divide by
: c-a-‘
a @ @ Moo! ™
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Check Haat % as defined oove Was e desicedf
Ptopeﬂ-:es.

%MOJM(';

QMg A B, ek

all +erms except M‘ Nave a factor of M,

Hus % wod m = 4( mod W
{

inverses wodvlo M :

The(e‘:oce ?C W\OJ M, = a
. =
—

te. X =a, (\Moot MD] £ Similar

| &

feaSom‘aej peoves ')C"-'-ai (wmedl W\;') V":. 0

Le}s now frevisit ihat exawple :

%X = (W\“la)
X = 3 (wmeds)
=& (mod7)

Next €ind iaverses wod M,








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(Simpif)

= 1.35.(-1)+3-2-1 + 415

= “70+63+30 =|23

Agplication: Compotes Astmedic w| Loge Tteqels

7 (UWn oot o-(' Space b stete nowmoers

Compol-ﬂs aenefall
&-m, powe I¢ we wmvst

belote fov\n-'ﬂj oot of cowmpv
Cou-] ot arilhmetic wf loige nombers the Chmese

The Cowmputer was an easiel time comprtivg wilih Yhese n-tuples
& e answel caw e intefpreted \ng iranslatag back & &
Sngle laige rwwber vy wag of CRT,
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