











































































































Oscar Nathan Bragden

Start Solve

1 314 x 73 mod 399
Q Does 314have a malt inv in mod399

A Yes since qed314,399 L
Ok sowhat is it By EEA write 1 314 t a399

t 169 230mod399

go.noaismitaiI I 3
ons

anduse inv
23011314 x 2307173 not399

X I 16790 32 not399

2 9x 207 mod399

Badnews here gcd9,399 3 not I So 9 has no mnlt.int

Usethedefn of congruence
9x 207 mod399 399 9 207

or some ke I s that 399k 9 207

key 3 divides all of 399 9 and 207 Usingthis

399k 9 207 becomes 1334 3 69

3 69 not133

Notethat gcd3,1331 1 By theEEA get
44 89 mod133 is malt inv of 3 inmod133

Solve

3x I 69 and133 using malt inv

89 3 x 189469 mod133 or X E 6141 I 23 mot133

1320In mot 133 2

23 156 289 422 555
are all thesame But in mod 399

23 156 289 422,5548
Answersto origprob

X 23 156 289613
all different startrepeating














































































































ThispageaddedtogiveExtendedEuclideanAlgorithmdetailsfor Example 1 above
EuclideanAlgorithm Preparationfor ExtendedEuclidean Algorithm
Set ro 399 r _314 Equationsfrom the leftcolumn can berearranged

g 399 314 85 re85 7 rg 5 212 re 27
2 314 8513 59 5 59

3 85 59 26 ry 26
d ra 7 5 rs r

14 59 2612 t 7 rs 7 5 r 26 713 re 3r

5 26 713 t 5 re 5 y r 59 2612 rz 2ry
g 7 5 t 2 ra 2 z ry 85 59 R2 B
7 5 212 t 1 8 1 d r 314 8513 r 3h

2 211 to
fl rz 399 314 ro r

lastnonzeroremainder god L

startingwith the
modified 17 the EEA just repeatedly substitutes until

rg the god is written as Sro tr i

Tg re Zr
r 2 rg rg 3 2g
3 ry 3r Zr 3ry Ilr

3r 11 rz 2ry 254 Hrs
25 rz rz Hr 252 365
25 36 r 3rz 133 36in

133 ro r 3Gr 133ro 169r 133 tf 169 r
So we havewritten god1314 399 as the weighted sum

1 133ro t 169 r 1331399 t 169 314

andget that 169 I 230 mod399 is the multiplicative inverse

of 314 in Izqq














































































































3 9x 206 mod399

still have gold9,399 3 butnow 206 isn'tdivisible by 3

No solution X E Z

Affine ciphers f x ax b mod26

A O G 6 L Il Q 16 V 21

B l H 7 M 12 R 17 W 22

C 2 I 8 N 13 S 18 X 23

Do 3 J 9 O 14 T 19 Y 24

E 4 K e lo p 15 U 20 Z 25

F 5

Ex a l b 3

Orig message HELP
Encrypt

It 7 fl7 1717713 mod26 to K

E 4 f 4 117141 3 mud26 7 H

L 11 flu 1 111713 mod26 14 O

p 15 fli5 171151 3 mud26 18 S

Fa a 5 6 19
f 7 5 7 t 19 mod26 2 C

f y 5114 f 19 mod26 13 N

and so on














































































































Q How does therecipient decode an S

A Mustsolve

ax tf mod 26 18

knowing a 2 5 8 19
Same as solving

5 x t 19 18 hot 26
Double because god15 26

Some really bad choices for a leadtobad ciphersystems

a 2 10 13 all are not relatively prim w 26


