AP Statistics — Lesson Notes - Chapter 14,15: Probability

Probability = relative frequency "in the long run"

Consider this situation: On your drive to work you encounter one signal light.
When you arrive at the signal, sometimes it is red, sometimes it is green (or
yellow). Because you don't leave al a specific lime each day, the exact time you
arrive at the signal is random.

But there is an underlying structure In the situation: the signal light is red for 2
minutes out of every 10 minules and green/yellow for the rest of the time. For 20%
of the arrival times, the signal will be red.

On any particular arrival time, anything can occur. But if you keep track of the
signal at your arrival time over 100 days, this underlying structure will emerge:
about 20% of the outcomes will be red and the rest green/yellow.

The Law of Large Numbers (LLN) says that the observed relalive frequency of
red lights will approach the probability that the light is red (20%).
Probability terms:
Outcome: One possible result that can occur in an experiment.
Examples of outcomes: A single roll of a die: 5

Tossing a coin wice: TH

Sample space: Set of all outcomes that can occur as the result of an
experiment.
Examples of sample spaces: A single roll of a die: S = {l, 2,3,4,5, 6}

Tossing a coin twice:  § = { HH, HT,TH, T'['}
Event. Any subset of the sample space.
Examples of events: Rolling an even number: E= {2, 4, 5}

Obtaining at least one tail: E= {HT, TH, TT}

Probability of an Event: A numerical value between 0 and 1 representing
the likelihood of the event occurring. Denoted P(E).

a) 0<P(E)<I _
b) The sum of all the probabilities of the outcomes in §= 1.

Probability of a single event, its complement, and sum of all outcomes
Drawing one ball from a jar...

Venn diagram:

Y
R
S
G
Probabilities
Probability of the Probability of the complement of
sample space: Probability of an event: an event:
._Illm a(y) L fveY= ply) = N —
P(S)=3+3+3=1  P(N)=3 P(r¢)=P(¥)=P(r)=1-r(¥)
Hdesired outcomes . 1 2
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( ) Htall possible outcomes (Y ) l 3 3



Probability of a single event with equally likely outcomes

Drawing one ball from a jar... e ?( ‘Q e (J \,{\{ \< (_: 3
S ={RY,G} S ={R,Y,G)
Pmbabiﬁ!ie.\‘:—l- i1 p,-,,]mb,-,r,',,-m-i ol
333 ‘8 88
1 , 3
h(y)_5 I ()f):g
( ): #desired outcomes p ( ) e tdesired outcomes
#all possible outcomes 3 {flall possible outcomes

Only true for equally likely outcomes
 —
Conditional Probability
If we asked 60 girls and 40 boys at a local high school what their favorite
entertainment activity was, the results might be something like this:
girls boys
read a book | 18 4
video games | 12 | 20
watch Netflix | 30 | 16

Whenever we have a table of data, we should always add up the rows and

columns to get the marginal values: .
girls boys

readabook |18 | 4 | 22
video games | 12 | 20| 32
watch Netflix | 30 | 16| 46

60 40 100

Now we could ask various questions about the probability of certain events.
Each prohability would be the percentage which is the ratio of two numbers from

this table.
We could ask: If | select a student at random, what is the probability of selecting a
girl? Each student is equally likely to be selected, so this is an 'equally-likely cases'
probability, and we use: P(B)- number of ontcomes in event If

1 pumber of eutcomes in the sample space §

number of 'desirved’ outcomes
fotal number of oulcomes

If | select a student at random, what is the probability of selecting a girl?

Here, the total number of outcomes would be all

the students, so the entire table. There are 100 glris boys
students total, reada book [fig)[ 4)| 22

The number which are girls is just the left column, v/deo games | |12 20]| 32

There are 60 girls. watch Netfiix |{30) _1Q| 46
P(giri)=%=.60 40

When we are selecling out of the entire sample space,
this is referred to as a Simple Probability.




- Orwe could ask: 1f1 select a student at random, what Is me probabihly of selecling a

.-student who llkes video games?

- "Here, the lotal number of oulcomes is stilf all ihe
“students, so the entire table. There are 100
" students total,

The number which like video games is just the
-mlddie row of students. There are 32 students
who like wdeo games.

P(wdeo gamm) =—=.32

gms boys

readabook {18 .

4

video games [H42 | 21

watch Netflix |30

16|

80

@

46

40

-But what if we ask this: What is the probability that a girl prefers video games?

3--'N_ow-ihe {tolal number of outcomes isn't-all the
. studenls, it Is only the left column of girls. There
are a total of 60 g]ris in this sample.

-"Staymg wnthm just the girls, the number of girls
: who prefer video games is 12,

12
60

=20

read a bdok 18

video games [§i2

waltch Netfiix @

e gm‘s ..‘.my&.‘. .

4

20

16

22
a2
46

40 100

"i.'.his probability Is 12 out of the €0 girls, which is 20%. But this situation is more
- ccmp]tcated JAtisn't what we call a simple probabilify. 1tis the probability of playing
" yideo games with the condition that we only look at the girls. This is known as a

e cpn_d:tional probability.

" Toindicate a condilional probabilily, In the
. .+ probability statement we have fo indicale both the
- icondition (the denominator) and the event (the
- numerator). Here is how this is writlen:

P(videé games| girl) = %% =.20

event : condition

read a book
video games
waftch Hetfﬂx

glris boys

18

4

22

@

20

32

16

46

- 40 100

We e sl;EI fi ndlng the probability of someone preferring video games, so that
o ls_l_lste_d_ first.” Bul after a vertical line, we indicate any condition.

: -.:S__(')me important things to nolice...
, , 12
P(video games | girl) = 0 20

s

event condition

read a book

video games
watch Neiflix

" The event is always The condition is always
- contained within just a portion of the sample space.

- ‘the conditional
:sample space

gitls boys

18

4

22

12)

0] 32

30)

16| 46

40 100

" The conditional sample space is a portion of the sampie space.
The event isa portton of the conditional sample space.

The evant (what comes hefore the line)
¢oes In the numarator of the fraction,

P (video games| girl) = —2—3— =.20

read a book

video games
walch Nefiiix

The condition (what comes after the fine)
goes in the denominator of the fraction,

This is called the condltiona! _samgle space.

girls boys

22

32

o) %s

46

60

40

100



__..How about this one: What is the probab:hty that a sludent who pre!ers walching
& Neiﬂlx wit be a boy? : :

The most lmpor!ant (and somelimes !nckiest) gms boys
.- thing Is to decide what is the event and what s readabook 118 | 4 | 22
the condit(on‘? . video games | 12 | 20{ 32
By watch Netfilx § 30 | 16| 46
-Let's dis_secE lhe quesiion senlence; : 60 40 100

_ .What is the probability that a sludem who prefers watching Netflix wilt be a boy?

__'_.:1f we put the m:ddle partin parentheses the rest of the sentence is stilf asking about a
-~ probability:

_' : What is lhe probablhly lhal a student (wh&pm{efswa{ehfﬁgﬂe&ﬁm) w:ll be a boy’P

;*IThas quest:on is realiy asking about lhe probabmiy of being a boy. The stuff in the
:parentheses is the 'condition’. So the correct probability statement for this question Is:

P(boy| watch Netftix)

Now we cén start evaluating. First, let's identify glrs boys
4ty conditional sample space and get the readabook |18 | 4 | 22
. .number for the denominalor. This would be afl video games | 12 | 20| 32
i/ Ihe students who watch Netflix, which is the .
'row of 46 R watch Netfiix {30 []16
k : o 60 40 100

: _-;Then, \Sn.thm the conditional sample space (only , 16
-, -this row), how many students are boys? The P(bo}'i walch Ne{ﬂ‘x) = z”é' =.3478
py numeralor shaufd be 16.

“o'ne' mofe”frdrrj this scenario: What is the probability that a student is a girl if they
prefer elther playlng video games or watchlng Netflix?
girls boys
readabook |18 | 4 } 22
" The condlttonat sample space would be all the  vidso games [i2)] 20) 32

- sludents In the video games or Netflix cells, watoh Nettix {30]] 1¢]] 46
““which Is a total of 78 sludents.

P(g:rl | wdw games or walch Neyhx)

SR S 60 40 100
- The event would be only the giris within this
- “‘condlional sample space, which Is 42.

P(girl{video games or watch Neflix) = :—z = 5385

Note: it métlers which part is the event and which is the condition:

girls boys
20 readabook |18 | 4 § 22

P(baylv{r_feo game-v)=§5=-6250 video games |(12 [[20] 32
. watch Netfilx | 30 | 16] 46

60 40 100

girls boys
20 readabook | 18 H4) 22
P(vi_deo games | bgy) =1 = 5000 video games | 42 |{20l 32
' 40 watch Netitix | 30 1{16)| 46

60 40 400




'_".Com'pb'u'hd Event Probability: one event OR another event happening
- If we draw one card from a standard deck of 52 cards ‘what i, s lhe probabmty
!he card is aclubora dramond? R :
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. 35 E R «v;l v vl e ¥ :
Each card is equally iikely to be draWn so we could ]ust fist all the cards the
ever_]l ‘club or diamend' and count them, then divide by the ltotal number of cards.

P(clubU diamond) = iﬂg J!

2
. .We could a[so add the separate probabilities for club' end ‘diamond’
P(dub) = -l—, P (dmmtmd) = —]— OR = add
4 4 {but there's a
1 1 catch...)

: -I’-(dh:b Ud_irurrond ) =P (ch_rb) + (dr’mnomf ) = -;_ + ra by

: ffwe draw one card from a standard deck of 52 cards, what is the probability
the card Is a dramond or a 5?

' '_ : Lef‘_sl _ﬂrsf't _'s.c_!ve by just ccuﬁ_lf_hg i:p the individual cards in this event:

16

P(diamond U5) =}~
] Now Iels try addlng the separate probablfltles for ‘diamond’ and '5'
4 This is incorrect.
P(dlamond) =, P(§)=— We know the
oo . 52 correct answer is
4 17 16/52,
- P(diamondl) 5) = P(diamond)+ P(5) =

. The reason adding produced a value too high is because the 5 of diamonds got
. “included twice. There is 'overlap’ between the two events. But this is easy to
fix: we'll just subtract the overlap:

P (dmmrmd 3 5) P(dmmrmd )+ P(5) - P(diamond{15)

13 4 1 16

52 52 52 52




- This wasn 't a problem in our first example w;ih dlamonds and clubs. Compare its Venn
: dragram to lhe diamonds and five examp]e e

diamond club

all

diamonds

- \We didn't have a problem just adding 'probabililies with the events ‘diamonds' and 'clubs’,
- because there was no ‘overlap'...nothing to get counted twice.

‘Some people memorize thal for probabililies 'OR equals addition’, That idea Is correet, but
~for it to work in all cases, it needs to be 'OR equals addition, but subtract off any overfap'.

.;' Pro_t;abil'_iiv'i.)_f 'OR.'_c;qs._a_ cjb.r_h;pot'm'd events:
 P(AORB)=P(A4)+ P(B)~P(4AND B)
5 P.(A__U B)= P(A)+ P(B) P(An B)

' :_' ‘Thisis the true ‘OR' formula whlch works in all cases.
: -To help us wsuaitze this, here are Venn dlagrams for these lwo situations:
' " ‘spscial case

OC

A and B are non mutuaﬂy—exc!usive A and B are mutually-exclusive

A ' B

. A and B.are not disjoint events A and B are disjoint events
) and B are ;om! events L
P(AQB);&O o P(ANB)=

- P(AUB) PArP(B)-P(AND)  P(AUB)=P(A)+P(D)

.; { Test for dls omt mutuall -exctuswe events:

We can afso def‘ ine a test for dISJomt events";
Two events are dlsjomt if P(A N B) 0 (there is no overlap)

r:f-C.ompount Event Probabihty one event AND another event happening
B Lets Iook agaln at the student survey about entertainment choices:

The probablhty that the chosen student is a girl would be ~ Similarly, the prqbabilily that the Qirls boys
 a simple probability because we are choosing from the  chosen student likes to read a book 14302 book [ 18 | 4 @
_ entire sample space of alf lhe students: would be:

video games | 12 | 20§ 32

o -~ _.-‘ = P(book) —22 watch Netftix | 30 | 16| 46
L ....._..P_(gu_l)_w—:_—-.é @ 50 40

s To f nd the probablhty that the. chosen studentis a @
-girl AND likes to read a book we are slill choosing a P( girl AND book) = 8 =.18
(]

*“sludent out of all 100 students, so this is stili a
. simple (not conditional) probability: -



The other way to write 'AND' is {o use the
“intersection symbol [ . Note thal this Is because
_Ahe 18 studenls who are both girls AND fike reading

a book are at the intersection of the read a book row

and gils column:

P(girl N book) = =18

Canwe campute P(gnlﬂbook) from P(gu 1) and P(boo}. )?

““"";'Th[s number of studenls for 'girls' AND ‘baok', 18, 1s smaller -
- than the number of giris (60) and the number who llke fo

read a book {22} because, to be In this group, the sludent
~‘must meet both requirements so It makes sense that fewer
siudents wou!d maal this more slflnganl requirement

F—'or the OR case, we ended up addlng probabitities. That was bscause itis
"“easler for success to occur If there are two ways to be successful, so the
/- probabliities add to become larger than the individuat event probabliities.

CFor the AND case, it Is harder for success to occur, so the AND probability
-*should be fower than the individual svent probabllities. When fractions are
csmulliplied, the result s a smaller fraction, which suggests we might try

- multiplying probabllities for AND cases.

:_' We aEready know what the AND probabltlty
'should be from calculaiing ’ asa simple
¥ probab]lity bafore

Lat's try muftiplying the Individual even! probabilities;
_ P(girl Nbook) 2 Pgirl)+ P(book)
18
.P(_S’_"lﬂf_’c_’f.’k_)=ﬁa=»13 18 (6) - (22)
A8 = 32

I~

This doest't work, so there musl be something else
going on (there is a 'calch’)

-'1:"To lnvasllgu!e fet's look at]us! the glils cotumn: gls) boys
: . T gis readabook |48 | 4| 22
" read a book video games | 12 | 20] 32
vidoo games watch Netitix | 30§ 18] 46
wateh Nci_ﬂlx 30
R o \ 60/ 40 100
Since we are choosing the gils column, we should use P(gir]) Tha probabllitios shoukt ba...
ae :he first probabmly . plar) =L - 6
_ 160

P(gui ﬂbook) P(girl)e

— - :»(m):l% =22

P(giﬂﬂfmolc)mi'mé%n.w

- - But the 2nd probablity can't he Pgbook) because Ihat
1|ncludes some boys. and we are only considering girls.

R -'Instaad i has to be the probability that the student likes
~“’books but from within only the glris. That would bo lhe
G ondltfonal Efohab“u! P(bggﬂ E&"ﬂl) -

P(grr]ﬂboak) P(girl) P(book ) girl

_ :‘3 lgﬂ
P(gf?‘l N book) = 2,

100

' 'No__!..v it ié__cor_rect_.
_.For AND cases we do multiply, but the 2nd probability is conditional.



__Here s another way to picture what is going on, Even though we are Just chooslng a singte student we
could imaglne each event ('girl") (book') as a ‘choice' and imaglne that these chotces were made in
:sequanc:e We cou!d then make a tree diagram showing posslbflitles

If we label each branch wnth a probabllity, remember that the 2nd choices are all conditional
-probab:iltles and the end nodes are all AND cases:

" If we just look al the {op set of branches...
_ _P(b_t’).ﬂ_k E-‘f”") . _bDO_R P(&H -] ﬂlmm{)

P{book|girl) book P(girlﬂ bm:rk)

: : el
e Netflix P(gir/ N Netflix)

book  P(boyNbook)

games P{boy [\ games)

...it gives us an easy, visual way to remember the AND formuta:

Netflix P (boy ) Neyftiv) P(girl Nbook)= P(girl)+ P(book| girl)
"eur decislon to list the gandar cholce first was arbitrary,
We could have Instead listed the 'activity' first:

p (girl | book

gfrl P(giriNbook)
 book

--P(f;b_)}gbna_ boy  p(boy book)

RIS : P-(gf"“g"".m;’-“ - girl P{givfNgames)
S -Il(gﬂ’”eé') games . .

If we agatn look at Just the top branches...

Pl girl{book it P(giri{Ybook
boy P(bayﬂgmnes) yg (AH frere )
S book

girl  P(girl (Y Neiflix)

P(boy| ganes

L P(Neti\,

' Pgirl| Neflix

: Netfix .

...we get anolher version of the formula

for the probabilily of choosing a student
who Is a gifl AND likes books:

l’(bo) [ NeyfXY ™~ Doy p(boy 1 Netflix) P(girl Nbook) = P(book) « P(girl | book )

_'S_t:)'_'it.d.c_aeé_ri"t: hﬁé_iler which event is Ii_sted first;
P(gtrl Nbook)=P(girl)s P(baok | girt)
P(glrl N boak) P(baok) P(gir!| book)

_-Some peopte memorize that for probabilities "AND equals multiplication’. That
~idea is correct, but for it to work in all cases, it needs to be ‘AND equals
g multtplicatlon but one of the probabllmes is a conditional probability'.

Probablllty of 'AND case compound events:

| P(AANDB) P(A) P(BIA) P(B)+P(A|B)
| P(4nB)=P(4)- (B 4)=P(B)- P(4]B)

i 'rh|s is 'ih:e true 'AND' formula which works in all cases.



.The specnat case for AND: Independent Events

“In the 'OR’ case we found that there was a 'special case' which was if the évents were
_ disjoint (mutuaily exclusive). This slightly al_te_r_ed (simplified) the 'OR' formula.

:;T_heré is also a special case for the 'AND' situation: if the events are independent.

:'__E_vents are considered independent if the probability of one event happening does
.n_ot cha_n_ge the probability _that the other event will happen.

he data we collected shows that favorite activity' is girls boys
: '_nol independent from ‘gender’, ' readabook |18 | 4 | 22
~T0 see-Why, consider what you would say if | asked - video games | 427120132
- you the question, "What is the probability that a watoh Nettix | 30 1181 46

“student likes to play video games?"

nEE _ ‘ 60 40 100
“There are 3 probabilities you could find to try to answer this question:

P( ga:)rev) = -2 P(games| girl)= % P(games|boy) = %g—

P( &cm:c.s) 32 P(games| girl)=.20 P(games|boy)=.50

. S0 your answer to the question would have to be, "it depends. Are we talking about
.- boys, girls, or all students?"

K T his méang ‘activity’ and ‘gender’ are not in_depndent.

_ How can we determine if two events are independent?

. 0 ne way té to check any two of the three probabillties
i -of one- of the events llke we Just did.

"..:if you t" nd that they don't match lhen the events are not independent.

: '."..Somelimes, we are presented with segmenled bar
'.graphs that show the two conditional probabilities, like
Cthisi e gins boy

| ::“.ﬁ 1 % that like games %

B (games| g:'ri) = E P(games|boy)= %

P(game.s girl)= 20 P(games|boy)=.50
if you fi f‘ nd that the shaded regions don't match, then the events are not independent.
_ .$ometimes_. we have a tree diagram: . book

games

Netilix

book

boy games

o Netflix
'-_'_"lf you ﬁnd that probabilities for the 2nd choice don't match,
_then the events are not independent.



Heres what |twould took Iske |f gender and actlwty were mdependent
' giﬂs boys
readabook |12 { 8| 20
video games | 30 | 20| 50

_ Notlce that the counts are. the same between the watch Netfiix | 18 | 121 30
. boys and glrls and still not the same.

At first glance thls iable doesn_t Iook very dlfferent
from the previous set of data

60 40 100
Yet thas daia does show thal gender and actlvny are mdependent

' We can't teil by companng the counts between categorles we must compare the.

_ .' percentages o ) _
“The percentages would now be the same: And 9'.‘ atree diagye{n, cor res’m”qi"g .
. conditional probabilities would be identical:
20 5 book
P(gamea) P(games) gir ]) P(games|boy) ="~ :
; 40 ghtl games
P(gamés) 50 P(games|girl}= -50_ P(games|boy)=.50 3
= . . . o Nettiix
gl boy
' - o . : book
N R % that Iike_games e
. - V/ ' T % boy games
N é i % Netfiix

: _Tﬁe speeial eéee 'disjoint evenle modified the OR formula {it removed the overlap term),

e Slmilarly, mdependenl evenls are a speclal case for the AND formula and will
modify (simphfy) !he formula 3

".::_ Sgeclai Case: !f the probablllty of an event does not change regardless of whether
R or not another avent happens, :hen 1he avents are ndegendent events,

{f P(B) P(B | A) P(B | A) !hen A tmd B are independent.

and the 'AND' formula B
o P(AﬂB) P(4)-P(814)
slmpllﬂes to _
| P(AﬂB) P_(A)-P(B)
:'_._Testformdependentevents S '

Two events are independent if P(B) P(Bl A)= P(B | Z)

In other Words check any 2 of the 3 ways lo find probabilily of B. If they don't malch,
th_e_n Bis de,pendmg upon A and the events are not independent.

| “Note: .Note S.o'n.ie' b'o:oke also use the e;mbk:fted version of the AND formula
' as a 'test for Independence

lf P(A ﬂ B) P(A)+ P(B), then A and B are independent.

- E but this is more a consequence of independence, not the reason
the events are mdependent

Probabmtv of K AND‘ case comnoun d even te: Picture a part of a tree to remember the AND formuia...
| rea ANI)H) P(A)e P(BIA)= P(B) P(A] 3) "’(”i/f’)s PUANB) gy, PLANB)
| 2D P P < (BB P14 P(8) 8~




More app;it cohditi_on_ai p_r_o_'bability

" Now that we've defined how 'AND" works, we can say more about
“conditional probability. Conditional probability is a probability that is

n 'computed wnhln only the part of the sample space that meets the condition:

e part af B that is within A

PB4
( | ) allai A

———

~..Butthe red éhadm'g'ls the.overlap. When we compuie a probability fraction . . .

_we can use either counts or probabililies, as long as we are consistent. So
. we can use probablhl!es for sach shading:

66

| Con_d_itional Probability Formula: P ) = ﬁ%})ﬂ
V__Tables, Venn dnagrams, Tree diagrams Table Tree venn
Regular Diet total o s
- Fema[e 18 421 760 ) P
Male ] 160 24 | 40 P(M)= \%% % ( *S%@M&‘Q 2tk (90
BRI e T =
/oo Diet {0 pect orlrea a4 g&gﬁ
6 Regular P(Diet | M) = Lol pe%L TNV
¢ E (Diet| M) Jo 55
=Y N Dlet 5@&%}%&%&%} ing;W> -::,EL
AR _ (DieInM) oo ( Y ) 2yHbrig e 1°F
" Regular Female
e . Zam(waﬁ# an
. &L ‘i?» 24 A = 64
e : P(D’el) - o= f“’? /mm
& B G M 2x16411442
N
p D L
P(F|Diet)= _4%. (é%,w*émés Wb o

rwﬂcif@%{)



‘Reversmg lhe Conditmn (Baye s Formula, a pnon probabllxtles)

P ( F[ D t) probabth{y of ways to get dlel "thru' IY
total probability of ways to get diet

This defermines the [P/ o
condltional sample space 7 .. - P
{the denominatar) .. - éﬁ : wéﬁ”} Y = Xﬁﬁ{”

E T
e
= kg% i
éeé@

: _'Anolher examp!e A test exlsts to detect cancer. In people who have cancer, the
. te'st correctly detects cancer 95% of the time, and fails to detect the cancer 5%

- ofthe lime. In people who_ do not have cancer, the test correctly reports no

- cancer.90% of the time, but falsely reporls cancer 10% of the time. Long term

i -'dala co!lectlon has shown that 10% of the populaucn overall does have cancer,

.5 .-_fif a person lakes thls test once and cancer is detecled what is the probability that
o th ey actually have cancer?

Ka person who has tesled posmve undergoes a second test which is also (, !> ( ﬁlj

posatwe what is the probab;lliy tha! they actually have cancer?
RENRAE . ((;m lor 'il‘ff'(’t’ e 4!)/,‘?59 HA (H')
=, ST35 /sﬁ

(\') (‘qy)/'qy) o
(s +{ XDl

= M l@

 Ploas est44) =

'_Independenl and Dlsmmt

L if lwo evenls are dlsjomt they cannot be mdependent




am,
; HEY

" Aand B are non mutually-exclusive
" Aand B are not disjoint events
" A and B are foint events

Ssummary of Probability

fonteomes in A

e f'( 1) =
k i mml Cicomes

= Conditional Proba liy:
the event . .' ' :
goes m the numerator of the fmclion

Ilre pazl of B (hat I8 wﬂhm A

‘. Ways lo hst sample space set table Venn dlagram lree diagram.

e but only for equa!ly likely outcomes.

| P(mA)

all of 4

. “the condition '
...goes In the denominator of the

fractlon ( | n B)
P(4)

_Reverse condilion {Baye's) ramember that

P(BI f)

;iitls a probability of paths through the tree:

. Oﬁ cass r ab |1 Bs:

A()Rb' : ' B g B
- - . 2

'. A mrwnB o %

AUB SO I Kl

girls boys
readabook |18 | 4 | 22
video games | 12 | 20| 32
watch Netflix 1{30 i |16} 46
60 40 100

(0 8)‘(0 4)
L]y P—
(0. B)'(D 4) + (i} 2}‘(0 ?)

special case

OO

- --f-P(A NB)#0

A and B are mintually-exclusive
‘A and B are disjoint events

P(ANYB)=0

P(AUB) P(AY+ P(B)-P(ANB)

P{AUB)=P(A)}+ P(B)

'_";__--._é_ﬁ'@ ca ‘sgprgmj biltes;
b .: AnB .; :

: '-1n ganeral B depends uponA... !
1’(B§A);t__1'_?.(B!A);&P(B)_ P(B] A)=P(B}4)=P(8)
.30 2nd probabilily must be condilional:

OR additlon, but suhtract over]ap (un!ess special case)

AANDB
- A intersection B

y,;'l

os“

P(AﬂB) - P(4)s P(814),

P{B1A4) 5 P(A0B)
L

%

special case

D
(&

03 B

Aand B are indapandent if...

..50 we can use the simpler AND formula;

P(ANB)=P(4) P(B)

3 _' AND multlpiy. but 2nd probahmty is conditional {unless special case}



