Lecture 03: Ring of integers modulo n

Wednesday, April 4, 2018 1:12 PM

We oovere ProY { hﬂ:

Resic (Fm?ex%'es o—?— Ccmamence AY!"\'LYY\-C[‘\.Q.

A) a=o(mod n) ; a=bmd n) = b= o tred n)

a=b (modn)
= = ¢ (maod .
b= c Crvm:c‘n)3—> A= nedn)
@) Q=a, (mocl n) 1# Ql"'b\E qz"'bz (hr\ocl n),
E'abz Ch'ocl Y'\)

:Z\ qQ = al(mcc’ n) ]:_—37 Q'L‘ = OQ_LJQ_ CMOcl h\)
bl = LZ ("I\oc‘ Y\)

) A=r (moJ n) ond oK< <& V IS ‘H\e rEmm’nAer' O:P a
o‘l'\ll'o‘-ec' La Nn.

B (» (Gwhinve) OLl_O\2=h\Q ) b‘—la?_-;h«e for some k,’EGZ .
ab-ob =ab-ab o b-a b, = (a-6,b+a,(b-b
=nkbl+ o\2n~e = h(kL‘-rO\zm :

———
W Z
o Q|L°| = 0\?_[)2_ (mod n).
& C=}> 8& c‘i‘gfm'Jn‘On, re %_O,i, ey n-i(i aml O= NY+r.
H‘v\J S¢e n |o\-r 5 thr\er@gom O=r (hno:;‘ n).

& Sw‘r\wse re%o,d, .--,n—i'g and  O=r Cmod n). Then
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39qe”Z st B-r=nq . Therefore

" a=nq+r (2 ecr<n. Thas by the unigueness
powt o the division a,(jart‘Hr\m, ris the remainder of
a divided L’E} n. .
Ex. Let n= 124562932 . Find the remainder of
n divided ’1‘] V. Ohat 5 the vemainder of n divided by 117
Sobidion. Fiest ce prove. by induction on m that

10" = 4 (mod 4) and 10" =CD) (mod H) -

@se o] induchon . 10 = 4 = CDO (med q) ond
10 = 4 = €4y Onod 11).

Induchion step 16" = (407)(40) = (L) (4) tmod )

bn l\nc‘uc‘h'cm l’\d?sH\est

iOmEi CmoJ OI) anc[
10 = 1 (ned)

= (o" )(10) _, (-i) (-i\ Crmod 11)
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Lecture 03: Ring of integers modulo n

Friday, April 6, 2018 4:45 PM

1945672932~

S 3
1084 +1075 2 +10° x 4110 <5 +40 £+ 10% F+1F%x A +10x 3+ 2

1+2—v4-\-"5 +6+?+‘1+%+2 3 (med 1) 5 and so the

(zvvw—’ N (Ar )

r‘emamcler aP n cllV\AQc[ ba q s 3.
+24-5€ 7932 =
§ 5
) 1+ (DY x 2+ () x4 +(ATX5 NE T +(—1)2x0( +(-)x3+2=

2142 +4-5+6-7+9-3+2Z =5 Gad 14) - & remainder s 5. m

osibim. (Z,,®,0) s & unital commubative rivg
4. oo have alrﬁac‘a seen chy (Z,, @) is an abelian qravp.

o e il Focus on other properties. All the properties awn be
casily deduced using Conruence arthmetic :

aob = at+b tmed n) and aob= ab md nY

as aeb is the mmarder o a+h dricked L’g n, ond aob i
He remainder of ab divided La n. So oughly using comgruence
anthmehic | we can “remwve circles’

(a@b) oc = (@@b) ¢ (med n) = @+b)c (mad n) (D

adb= o+b (med n) — (aebc= (a+h) Cmed 1) ¢
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Lecture 03: Ring of integers modulo n

Monday, April 2, 2018 11:38 AM
Sﬁmi[av‘l‘é aec = oc Ond n) ]—_»
boc = be Cmed n)

(a@cy + (L:ec.) = oc +hc (red nY)

hwthe other hand (aoc) + (bacd) = (@00 a(bod) tned n) -

:Amc\ So
(otb) c = (a0x) ® (bod) (md n) (@)

(), @ l’mﬂ\a (A @b) oc = (aoc) @ (bex) (mod n)
And  so (a ®b) oc= (ao)@(boc) as -H\cxa are
m $o,d, .., n~i§ ond Ccmamtrrl' medulo n.

One com check other r?ro?e\r*{'\'es a-{i Q n'rxg in o st o coaa

__E_x_. C\Jrr’:e o\JJfJﬂ'on Omcl mv\ljc‘\;r\\’cxb'm tubles O:p 24.
o1 2 3 o 1 2 3
}5 1 2 3 6l o o o o
1230 1o 1 2 > Folda
2 3 o1 2 [ - ~Lwo non-zeM
23 0 41 2 3 o 2 i
e'emeﬁls
m\'ﬂkb be O

~H\€T€ is no 1 wths
rocd . So 2 does net

N m\AH[KII'Co\‘h'\IQ Inverse
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Lecture 03: Computation in ring of integers mod n

Wednesday, April 4, 2018 11:04 AM

Ex. Find oll the zews of %X in = ond Z ..
Solubion. X | X-2 ) X=X K| AL | oK
o 4 o V] 15} 0
1 o o i G o
2| 1 2 21 1 z
i 31 2 °
3 2
41 = )3 a3 1 °
| s\ 4 | 2

Oh\:j two zevos O and 1 Hbos 4 zevos o0,1,%3,4-

(This s NOT the Some as

Zeres o) Tokdmma‘a\s i €.

As In (c]'row‘: -H\eovj , e Ore |'n":E¥‘e§l:tc[ N mmfs thet ’\>Y‘eser\/e, rl'na

s"Tmc"?ure, .

Ded- Suﬂosc A ond B are rmas. -‘?:A—y% is colled & rl—hg

}\amomor?kfsm Ff-) -?(o\‘_ro\ﬁ=9(0\‘)+9(0\2\ ond -fl(o\‘o\l\-:-\z(a‘y?-(o\?),

And @ n'ng hmnomm?‘;kfsm P AR s alld o ring |'so«othism

f £ isa bljec,lﬂ'an.
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