
Lecture 11 October 18
-

• Hon PB 2 due Thursday -3 more days .

• Number theory part 2 : GCD> Euclid > Mutlip . Inverse

• Ianto to probabilities :
-

pro Sab as counting . , spaces, events , outcomes
- uniform prob distribution
- non - uniform probabilities
- random variables

÷



t-uPB2 hint

Ñ7TH(7MHz)1(×ik4)1(7✗zv7✗a)1kzV7✗a)
→7✗z M 7×3--7×4 12--77×4 7×2=>7×4

j ✗3=>7×1 7×4--7×3 ✗4--77×2×4=7×2

Trial and error (intelligent

9$µTr_yH=T⇒☒=TGs-r-)④ ⇒✗a⇒-→k-r
↳yxy-crdtad.EE#.--.:.::i-:--:*want Runtime C- 2m2

poly-quadratic 3m4-s-uzo.ie
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next ⇒ unique prime decomposition .

GCD= take common primesa-412=2?③ audnden repetitious in common)
5--15=3-05 GCD /12,151--3
→

a -410=025 -④
6=66--02.3 .④

G (1/966)=2^11--22

¥-27¥128,1093311) -4
6=10931--2 no "2" no trine in common



Gcdpropelies(theorems)
1) GCD Cais) = the biggest value DEZ

divides
soft

pref by contradiction
assume d- GCD (at) is Not the biggest IYER
⇒ Fog > d gla glb .

g> d ⇒ there at least a pane factor p
ing more than in d
⇒ pig⇒ play plb ⇒ pals partof GOD

.

⇒ ppafactorfd
contradiction



2) nla ; nlb
A- common divisor }⇒ n / GCD Cars)

pref exercise Case decompositions into pines
for

n)

n=pI' .pk .
- - pii ⇒ ← . . -

⇒n / D= Goobers)

EÉÉhmÉassunea>b)
• d=GCDCais)⇐> d-6cDCa#b)|ob=66subtract "one" b a-5=44

gcdN9b6)⇐gcd(%)• consequence : subtract all as

a= b. qtr E- {0 , - r . )
b-t} a -_ 22 6--6 16

GCDCaib-GCDlfa-b.iq , •b) one bsustmd : (22-0,6) , (16%6,6)
(22/6)=(22--3--6,6) .gr (10-96,6)

=GcD( r , b) all ofthem 22=6^3-+4



Euclid Algorithm

rep-et-GCD-ra-bqtruut.it/GCD
is found . a b q r

22 ⑨ 3 4
-←④ 1 ②☐

51 9 5 6

a b 9,
r

z€%"9- 6 I ③Ñ☐ €
6 3 2 0

51=3-17 } ⇒ Gas =39=32



A b q
r 60=2203.5

108 60 I 48 108--22*2.33
Go 98 1 BIG GCD -- 22.3
48 12 4 0



Modulo-i_hversede_fInverseofauuodn-b-a@ndotieniffa.b
= I wed n .anio@b-iurerseof.a⇐ a=ihreao$4- at wodn 9=51 und

n-O-if-fgdca.sn/-yInverse doesnt always exists . relative prime

ex.ae#wautih-eseofaundq--4-1-und9-bs.t&ab=-twq.d
a=ÑÉ=⑦7=28- I iudqwant -12

"
und 15 that is b

doesnot exist : 12.cl?l.---t--und1sgedft4151--B



Find the inverse usrp hudtipilicatme group order
.

reg : gcdka.hn) as
look at power .ca) group nod n
a , a} a} a§aJ . .

-

uuddin until we gets

a-_4 und u-9

4
,
42rad -9=7, 43-need 9=10

4$- 1 mud 9

a=5#É 42--7

5
,
52--4

,
53=4.5--6

,
54--30--2

, 5☒=zs
and 't

56-3-5=10 ⇒ 51inverse55=2*7



a⇐7 M€ 10

7- , 72--49--9=-1
,
73- -

-
-

, 74=747--1-15--1
7-'
inverse
' 73 .

ÑÉpHicatrue order of a

d-' = inverse because

a. oil-1 = all =L und n .

④ if food air) =L relaterely prime

⇐ I v s.t . a'=L und n -



Probabilities Into . yreguiesu-mibupnt.is space-

spaces, events , uniform prob .

⇒ prob =
favorable

⑨ informal)
count denominator

all

- random variables , joint , conditional
⇒ not simple counts +fractions

functions (RW) like expectation, variance,
entropy .

-www.fomdistusnton#:pmb--f-IEItI-iaTo
doesnt work



probability • random experiment ⇒ outcome

set of outcomes I
Eez

'

outcome WE -R①^ 5 3 %?q
Event : subset ECI iG#⑦
E- outcomes

"favorable"

probate measure Eze even outcome -44416 }
p(outcome) C- Et EEE.EE?ie- 7%5--4%4,516}of plwi) Et

total PCEE) - Epcw)
IPCW) - I WGE

,

wc-aunifom-pcw-fyuwitoy-PCE.it?---lz



Jind 2={1417,11^-1} .
. - 1467

② 1) (2,4 -
- - CZG)

to :

36 (61) (6,4 . -
-

6,6 ) }
f-= Sismof 7
← { (467,1451 , - . - 6,1)}

(EKG

PCE) - 6/36--46

Ez- sown 78 PCEZ) -÷
I 9 or 10, -11,12
36 4656 66

:¥¥



fdakofcardsk.euits B- ¥
value,

213-4--4,6 > 4¥÷*-random exp : pick acard

Ee -
"
face card

"

= ¥-2
zsuits Ar

1--2=11 value between "
-
-9+4

2 an lo 52



15 red balls to blue balls in urn
.

-draw 1 at random Plred) =#
25

-draw 3 at once ( without repetition)

(F) favorable posse'spts reds) =¥
(3) all possib of s

out 01-25

-draw 3 with replacement
→
all red possets

p( 3 reds) =
thxp .

253
> all possets w/ repeat


