Modular arithmetic

Linguistics 484




From last time

* Multiplication mod 26 doesnt always
produce a workable code

* Specifically,
* 357911151719,21,2% 25 all work

* 246,810121314161820,22,24,26
alll collapse alphabet onto too few
slots




What’s going on?

* Review of modular arithmetic

* Euclid’s algorithm
XK
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Military time

16 *3 19




Hyperwilitary

28 *9 31







Modular arithwmetic
(wmod 12)
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More on modular
arithmetie

* We write x=y mod p to indicate that

two numbers x and y are equivalent in
arithmetic modulo p.

* lmaqine a clock face with p numbers.
Two numbers are equivalent if they
goim at the same place on the clock

ace.




Arithmetic

* Xx=y mod p if there exist integers a and b

such that x = a*p*r and y = b*p*r where
r<p.

* In other words, if x corresponds to going
round a p-sized clock a times thenr
more, and y corresponds to going round
a p-sized clock b times then r more.




Modular inverse

* Solve for m*n=1 (mod p).

* |n other words, you win if you start at
0.do a jump of x units y times on a p-
sized clock and land on 1.

* |t would be just as good to solve m*n
+y*p=1 (in reqular arithwmetic)




Example

* Solve 14*x+10-=8 (modulo 9).




Example

* Solve 14*x+10 = 8 (modulo 9).
* 14*x = -2 (modulo 9), subtract 10
* 14x =7 (modulo9) 2=7 wmod9
* 5*x =7 (modulo 9) 14=5wmod9
* Tryx=123%456,789




Example

* Solve 14*x+10 = 8 (modulo 9).
* ... Answer:x=9

* Check: 14*x=70+10-=80=72+8 -
(8*9)+8 = 8 mod 9




In class exerecises

December 2008

What day of the week is congruent to 3 mod 7 in December 20087
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In class exerecises

* Solve x*12=3% wmod 5.
* Solve y-1=13 mod 6.




Euclid’s algorithm

* Apparent diversion, but not really

* Find Greatest Comwon Divisor of two
numbers

* One of the oldest known algorithms
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Diagram shows
multiple steps
and b fits inside a
with no overlap

ged(a,b) ged(a,h)




Hopefully obvious that
this is correct.

ged(a,b) ged(a,h)




