(Yuick Review

- GCD / Bezout's Theorem
- Use. Euclidean A\s. Yo find caco\(a,\aﬁ
- Do i* vackwards 10 fad S,t such
that as ¢t ot = 3&(@_&5.
. Modular Arithmetic

- 002 mod m S quivq\c,wl- +o
>m\a=-V
> a®lom = V0 Yom,

- You can 0dd /[ multiply oy inteqers, buk
you cand awlde .

> next best thing e inverdes, b
those dont alvays exist...

General Notes

¢ Mods make evu\a\-\n'ma simpler, %6 don'+ ‘e
ofcaid o vse Fhwm,

- Work With primaes whantver YoJ cen

. When dealing W[ squaves o higher powers,
tauing med Y or wod 3 might help.

- Nou cawn show a = b \oco 5\nowiv\3 M at
ol ond bla.

. I xla and x|b, tan x)qcd (a,b);
Yio con b useful.
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Modular Tnveises ‘ 2D # |

(“3 T 3 on 1aveise of © wmod \0? N

(b) Is 3 an iaverse o8 S wod M2 Y

() Is 3+Mn on inverse dof O wmod WM for
ol ne N7 Vv

(d) Does 4 have owm inverse mod 32 N

' : of o
(e) Suppose X,x € Z- ave inverses .
vno.‘\’o:n. Is it possible Pr x F X modw?

(£) Prove that W ﬁcd(&,hﬂ):'\ , Yhan o
has an inverse wod wi.
(3> Prove that ¥ o' eiivks mod m, dhen

%u\(&,m)=\ o

g

]
(e) No. We hwave X '.-E)(qx‘ e X wmad m .

) By Bezovt, 3s,¢ such that asewmtr].
Taking et sides modm, we O‘e*\' ase |,
¢o0 5= o' exists,

(4) Let s co) modm. Than as = km+\ Gr
gome K, lhence asS-kKm =|. Since
scd(a,m) dividet dne LHS, it must

divide the RHS , s ’3“‘\ (a,m) l |
thes 3"4 (e, ) =1,
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Euclid Veritication \'Z.D 7

Let o= bﬂif whive a,v,q,r € Z ond -
OD<v <. Prove Yhat Su\(,a,b) = qcd (b,r)

Ovserve Yhatv since T-d (a,%) | @ end since
gcd (a,6) [, it follows thay

ﬁu\(,a,\o}\ 6-bq = I,
%0 au\ (a,0) |\ awnd Fhvs gcd (a,%) ljtd("ﬂ)

Now , olserve ot QU\C\-,') \ bqav = a,
50 acd(v,v) e and\ ﬁu\ (b, v , so
ocd (o,v) | qcd (ay%). Thus Hhey mvst be

eﬂva\ .

Scanned with CamScanner



(a) Fill in e blonks below ‘v execwting tee
Euclidesn AN c&ov\\\nws

ged(2328,440) = ged(440, 128) [128 = 1 x 2328 4 (—5) x 440]
= ged(128,56) 56 = 1| x 440+ = > x 128]
= ged(56, 16) (16 =1 x 128+ =_Z x 56]
= ged(16,8) [B=1x56+ =% x16]
= ged(8,0) [0=1x%16+(-2) x 8]
=8.
(Fill in the blanks)

(b) Recall that our goal is to fill out the blanks in
8= __  x2328+ ___ x440.

To do so, we work back up from the bottom, and express the gcd above as a combination of
the two arguments on each of the previous lines:

8=1x8+0x0=1x8+(1x16+(—2)x8)
=1x16—-1x8
==\ xs56+ 4 x16

[Hint: Remember, 8 = 1 x 56 + (—3) x 16. Substitute this into the above line.]
= 4 x128+-2 x56

[Hint: Remember, 16 = 1 x 128 + (—2) x 56.]
= i x 4404 _3_L x 128
= Bl x2328+ 746" x40

(c) In the same way as just illustrated in the previous two parts, calculate the ged of 17 and 38,
and determine how to express this as a "combination" of 17 and 38.

ch,ck ((F,38) 1 = \3 3% -24.\7

(d) What does this imply, in this case, about the multiplicative inverse of 17, in arithmetic mod

38?
e (-1 2 L mod 25
D -1 A4 T\
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