T HAVE NOTHING TO DO, SO0 ITM TRYING
TO CALCULATE THE PRIME FACTORS OF THE
TIME EACH MINUTE BEFORE IT CHANGES.

[
ITWASERSY WHIN I N
STARTED AT 1:00, BUT
WITH EACH HOUR THE

NUMBER GETS BIGGER
!

I WONDER HOW

LONG I CAN KEEP UP.

1M FACTORING Y&,
THE TME.

(53 Gen

=D [

xkcd.com/247

GCD and the
Euclidian Algorithm
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Extra Set Practice

Showo* (6, 6) (©° 6), 0" O

Proof:

Firse, weéeddl I0)B@od); 0 6
Let wbe an arbitrary elementob® (6. 0).
Then by definition of* h we have:

WN 0T wNOT wNo

Applying the distributive law, we get

(WN 07 WM 6)” wN O~ wN O

Applying the definition of union, we have:

WN 0° 6 andwN 0° O

By definition of intersection we havew™ (0° 6), 0° 0 .
So0d° (6. )P (©° 6), 6 6.

Now we show(6° 6). (6° 6)P 6" (6. 6)

Let wbe an arbitrary element of (6° 6). (0° 0)8

By definition of intersection and union,(N 0~ wN 6)” @N 07 N O
Applying the distributive law, we havew™ 0~ wN 6~ N 0

Applying the definitions of union and intersection, we havewN 0° 0
So(®° 6), (6° 6O)PO" (6. 6).

Combining the two directions, since both sets are subsets of each other, we hage (6. 0)

5

(0

0),



Extra Set Practice

Supposed P 6. Show thaty (0) Py 06 .
LetOR' be arbitrary sets such thad P 6.
Let wbe an arbitrary element ofy (0)8
By definition of powerset,P 0.

Since® P 0hevery element of&is also ind8And sinced P 6, we also
have that every element of®is also ino.

ThuswN V 0 by definition of powerset.

Since an arbitrary element ov (0) is also inv 6 , we havey (0) P
vV 0 .



Extra Set Practice

Disprove: Ifo P (6 ° 0) thenw
————<

5Consider6 {pklo}d  {plt}d {oh}8

6° 60 plloh sowe do havebE' 6,buto R6 and 0 R 0.
v—‘
A<BUC)

Whenyoudisproveal, youdre just providinc
showingM) 8y o u r pr oof wubeah arbitrary element of @st

Ay }
Bt ?mj e




Facts about modular arithmetic

N PN Ny PN N

For all integersehududi® whereé 1t

Ak waé @ andok A é @) thend ok w Qaé @ .
fOKk wd € @ andk Qd € @ thendhdk QA € @ .

—_——

WOk wa € '@ ifandonlyifok @ a ¢ @ .

wbh&¢ (W €)bE,
W

We di dnot prove the first, 11t0s
though we had proven it in class.

A



Another Proof

~or all integers,ciudhugShow that if & @ wthen & wor &
\_/g_’_/
Proof:

_et ¢hudwobe arbitrary integers, and supposad” (o 68

Then there is not an integerd such thatd & @ & %5[‘5(
A ! A 2 e -'F
8 Mo 7o Y

There is not an integer®such that® & ahor there is not an integer
such that® @ ® —

SO Wor - o




Another Proof

N P Ny P ~ ~
7 € ] e 7 €

For all integers,

Proof:
Let ¢tohobe arbitra
Then there is not a

el

e

There has to be a befter way!



Another Proof

For all integers,dhaiugShow that if & @ wthen ¢ (I)‘ @
g N— < -

There has to be a better way!
| f only there were some equlil val er

One where we could negate everyt!l

Take the contrapositive of the statement:

For all integers chifugShow if cab@nd) Gglothen 6 @
\_/ N— \_/



By contrapositive

| | how that if F h s X
Claim: For all integers that t
gers¢tuhogShow that if & @ wthen ¢ wor @
LﬂNe argue by contrapositive. —")qr_’% — P
Let chudwobe arbitrary integers, and supposeisvwand mgb
\ /

Therefore ¢an @
——



By contrapositive

Claim: For all integersghotugShow that if ™ @ wthen & wor & @
We argue by contrapositive.

Let chodwobe arbitrary integers, and supposeignand ¢gn

By definition of divides,® & wand © w wfor integers ®and w
Multiplying the two equations, we get® ¢ & GIo

Sinceduhware all integers,o @ i an integer. Applying the definition of
divides, we havecgn w

So for all integersciuhwif & @ wthen @ wor & @



Try It yourselves!

Show for any set0MH: ifo R 6° 6 thend R 6.

1. What do the terms In the statement mean?
2. What does the statement as a whole say?

3. Where do you start?

4 Whatos your t a Fill out the poll everywhere for
5. Finish the proofJ Activity Credit!

Go to pollev.com/cse311 and login
with your UW identity
Or text cse311 to 22333




Try It yourselves!

Show for any sets0h:ifO R 6° 6 thend R 6.
NAVBVC (A 2RU)—> Adc)
Proof: ( AT — As%\guc.) )

We argue by contrapositive,

Let 0O HO be arbitrary sets, and suppose P 6.

Let wbe an arbitrary element ofo. By definition of subset,c™ 08By
definition of union, we also havew™ 0" 0. Sincewwas an arbitrary
element of ohwe haveo P (0" 0)8

e—

Sinced ) were arbitrary, we have: iD R 6¢° 6 thend R 6.

ﬂ

e




‘ Divisors and Primes



Primes and FTA

Prime

An integer n  pis prime iff its only positive divisors are
and =80t her wi se 1t 1 S 0CcoO

Fundamental Theorem of Arithmetic

Every positive integer greater than 1 has a unigue
prime factorization.







