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Two conceptions

o certamty [likelikood of particular evests
ea‘.,?GCad(cwlw com Fl(\.(a = Heads ) 3
eq. Pr (e wond m o cevtum tedt s = hwn)
e relathve frqw.cwcy of a cevtamn kemd a(-

outcowme i aw infindely large numbev
of repetitions of sﬁ‘mmue experimend”

eq. Pnpod-ion ofv “heads" W o0 ne. o(— com Hlips
e9q, Pmporuou o{» nouns . an oo text Covpus

- Tu eshwatuig probebilcties, we we the
Cotter conception .

- mq (eshwated) th‘iw('ies )
we wic tee First conception .

RANDOM VARIABLES

= Kk 1y, picks sut some observable in a
repeatable expenuwent
- Tis vadue varies frow repelition to repelohion
e.q., "Fup" cowld be =# (for M),vT(fn-l-uiQ
i vepeated soin fosses
eg., "CAT* could be N,V,P, A, Det...
nty POS) for e werel found m sowe
&vbi)hmr\/ Cﬁ.ca-{'im " f.“cor.au

Br(Rip = H) = .2
Soys Haat the prob-v(v heads e flopping
Sewe eoim is 49.7%

Pr(car =n) = .24y
s Hut Hee prob. that om urb{{-un'(,
selected wovel in some favge corpus (or

in Some Hype of eorpus) is a noun & 299
Abbrevintow :
Pr(4) =497 i
V. 18 “understood”

[FN) = .2y



Towdly dishibubed GV.'s ’

— We can consider multiple rv's at tee
Sawe time , coming em one experiment
or wmultiple 'experiamd'x .

— The valeees asSwme be dependent
on one mi’l-.%g (beew“-fb:!n is Some
camsal conmection between the nv's),
or independad . (we'l formalize Hus)

E.q, Let (¢, X) be rv's for the oudcones
of L successive rolls o{» a due .

SO, velues are (')'), (')L)) s ) [‘l‘)

For o fair doe & saurally independed,
voamdonweed volls, Br (%=1, %1 = [F (X1, X2
= ... = Br(X=6,%a®6) = f5g "joit probubilily

6-3~) Ld' (C.,C,,C;) bc "RV for Hee 'PD.S

2 successive weords mwde selectes(
ﬁou o lavge corpus . -

Possible values : (0,9,N), (N, 8, V) , -, (Ady, Ay M)
Tutevdepended : B (0,0N) # (29)°

\
Pr(c-l'”'”; cr."“, (e M)

0wy N 4
Eroh.btb.{'\/ AXIOW-i
|, The waab{u{-y of un.y owtcome lees
between. O awd 1
0s R(X=-x)sl
where x |3 any poxs(‘lc value + rv. X

2. The Pnbubit&k‘cx of ell pessible alterwative

outcomes addl 4o 1. E.q., B(FLr=H
Pe(FLP=T) a‘up b ( P

b Pr(x=x) =1
xenmﬁe()() ( )

Tutormadly, 1, peRx) &l
2. ZRO) <

S’mi(uly -for jofuﬂ.y distnbuted rov.'s :

l. 0sBr(x) sl
Z. § F(x) =1

where B (%) abbreviates B (X = x) ansd
X = (% yXn) 116, n ruls | awsd

X * (¥ %) ) .8, an n-tuple po.m-blc
velues otr Koisicsh. - DF



Coudiﬁonwl Pmbubilifz

Por o»db, distributed rv's, we may be
mi'etex‘(’u( m hew praba“e a cevtam value
is for owe of thewm, auvew '('kcvalm-a(-

another . Wnte as
Pr(Xaxl\I:\,) ) oV b'\.‘Hﬁ‘, R(‘ ’Y)
g, Tt
qwen

63 - Preb. that c‘"‘wor&v{— a fext (s a noun ,
gwcn. Heat ‘ﬂw*rfcccdm. wovd s a determuner

6"* be wrs ﬂ'(c '”lcsl’bd')

" (¢ 'x/\lty) ided
BlY=y) Be(Ysy) 70

Eﬁ'p mpposc * (C;,. «Det, C; = l.l) = 0. 7_

m—
u)ken. we rau-dnu.LY select o poeiv: '{'
’ successive werds frowe o eovput, Z0 7
of the 4ime Heey ave a Det | N pum

& swppese Pr(c .:Del) = ?S

ve., when wc. mvu(cm. sclcd‘ o woevrel
frow o corpus, 25% Qf Hee e ot it QM

o BelEw, oD
TL“ P" (C\"“lt“‘ bd-) R’{C‘- ’w) 0.2\'

L

Any 2 suceeszive words

Veun cu'a.gvau

TR Hiarkor Suppoese €, is couh-kou.dbj

Ckaiu rwle

Praas) = RE) P (b12)  from defof eondeprok
Similurhj
Pr(agbge) = R@)F(bla) B (clakt)

Useful esp. (f we can make ecertain inslcpendenes
assumptions. Here, suppese
a,c are conditio melepenslent, ﬂwm b:
Priclaks) = Pelelb
Thew
Pr(ak bke)s RG)FR(ola) B Clb)

We can easily genernlize tv n evend® or Vs

Eg) S«."ese AR = rcprescd ﬂup«rﬁ
of speech of & ‘shetth of n successive

wovdls rrudewdy celecked Frow a text covpus,
Pe (e, ) C0) = Brle) B (eale) Rrlealents) ...
Pf[cn e 3 8net)

lt‘wdcpeudcuf
all earlier parts of speech, given the
:tuuuuk prrc:ult:g o':te e

Pr ecle,- ’)cs-'l) Pr (ec ‘ci-c)
Then Pr(eyy-ntn) = ?r(c.)]_'l;Pr(c.-lc,;-.)

man'ﬂm



“Marﬁiuf (absolile) probabilikics
in tevws of f;“f probabilities

D

Meore gcmul(y, suppose b.,..:, .b.‘ are
mutually exelusive (elisgomt) , Jontly
exhaustive events (fotal prok. 1) Then
b, a,c : ~a--5 A P = é Pe(a&bi)
: 2 RENFGEIL)
=1

L

Bra) = T(akb)+ a2 b)

.H‘,,;u L;‘u‘!'lbu”

Didependenee

Tuduidively , two eveuts AR ave molependod
of the ,!aj that oune oceurved (o failed o ocour
tells us nathing. abould The probability Hat
The ofher occurved ; c.e. 9

p (A’ /[;) = Pl A) B provides no evidence eboul '
P(A/"B) = P(k) Asy of‘ftc varisasl
PCRIA) = P(B) fouudahous eax

= € prov Youe an
F[@/"A) = ,’[B) O/:‘;u: m‘kfr.r .

P(ANR) = P[A) P(B)
P(AAB) = P(A) PR
etfe.
€.9., Flup a coin tiwice f\«_.-ﬁA oot ek o)
Possible oufoomes [ (i, (0,7, T, (T,Q;

IF all 4 probs ave Yo thew . e MMQ
A8 are iudependewt.’ ,m
== D LT dezjoral
Ludependend ry.'s -

€.5., For the above prob, space , et
X)) = X(cum) = I, XKT0)=XK1Y)=0

YEHH) 2 YT =1, YD) = Hern) =0

“e," X =" F st tasisH, & 0
b5 B F sl — u s % g




Iusependent rv.'s, eont'y
Se ¢7¢m, f P[X*() P[Xfﬂ) P(7=l)=ﬂ(7 0)
X, Y are indepedent r.v.'s; & we have
PlX>xnY=y) = PlX=x)P(Y>y) forxyefs}
Ao Plx =x/yvy) = P(x -x) For xy elo,q
efe.

Oftew abbreviwhons ave wied | sucl as
Pl for P(X>x), & siiterly for Y
Jo, for independad X, Y,

Pley) = PLIPLy) | ch

Ano tur excawuple

S/om = €S 9"\4 stdewts
X = verkdd GRE score (up +o &0\
T~ auntylical GEE soore (ups fo <00)
Z = 4ey grade (up to 4.9)

These are probably nearly independedt

Conolchoval tndependence

€9 FA(Z-z|x=x1Y=y) = P[Zsz[va)

provides no Yurfher evidente Qiﬂu?"z
beyond what X »x poroviedes

10
Izgicx’ Cule

P(kaB) = P(A) P(GIA)
- P(B) P(k(B)

. P(B[A) pnb.'{co(l(, guven sore fhroat

< ) PIAIB)
)

= O(B)PCAIR) ®)
f(w)f/‘(mls)

e !
s

qu‘au'v
Colisjoint)

5. K= eolef
A = Sore Throat

{5“)" P(R) P(AIR) (z)
PB)PAIR) + P(1B) PLAI® | FP(8) =

t— P(e)

Es., lf we Know :
P(B8) * Plostd) = .01 [fier /aroép/ s
PCAIB) = P(sorc fhwoat [cold ) = .¢ e
Likelhood of evidendy, 7wen
the cold hypollests
P(A[8) = Plsore throat | wo told) = . soc
Likelohoool of evidtuee, g ivew
fﬁ( ¢ cf colol hypot“au
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Then we_can compeite P(hypoth.[new cvidence) .
P(IA) = [PLeold [store thyoat)
= poskerior prvéa‘*zl-'\‘v v'/ ol
hypothetd
" ~o0r.q)
0I(%) # (1-.0D (-00%)
= 64 NI : mesich lu'”d fhan frf", -0/

Odds- Likele hood fon« af @mdc:’/&de

Above we needed 3 mumbers fo oom.,«k Flr(4)
bt it really enly fakes Z .... i

By analogy with (3) :

F RIA) = ﬂ("G)PﬁI"Q) ’
Bl e

Divide (3) by (1') (Nok: came denonu'ufw,/) ;
A(BIA) _ PLB)P(AIB)
P(rj4) =  P(B) P(A|R)
O “oslels*
O(RIA) = O(r) L(ais)| (¥ , :4;];4.

ko

12

o where e oddc" 1w faver of an event [f"
,arorariﬁﬂ!) A s the rahe of o
of occurvente Yo ifs probabilty of wenoccirence

r8) - L@
o8 e ° 1-A®

\{P lar&, for conde tioned (or ,oa.rkn'or) aﬂ(a/,rj

. Pl | PEIA)
OCIN = Geain) ™ i-peit)

o and the Lokelchood rokis L(AIR) is The
ki of the lokelchood Z/ the evidence, v
the hypothetic, fo Hu tkellood q’/&
evidenee, il'v/eu T dendad af e hy/oaﬂ.em

_ LPraig)
L) = Pla]8)

How o recover probabilitios from (4) :

Frowm 0O(G) = c'p:-%s) ) 1t eanly shown fhat

Aes) = T%Cg()-@

Stmila )
* AliIA) = /i{g,[:/.«)
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Combin lh? Evidenee. Then (5) simplifies Yo :
. . ; . PHIE) P(E<IM) ¢
E.y. waght have 2 picses of evidence P(HIEAE) = J)
for . el A#aﬁgn’::’fw Hrost, ruany woce dalbiiati it
i = .E'z {0, we already know how o sompule PIH(E)
Wrile dnon Bages rule for P[H[E) agam : wing- PH), PEIH), & PLE (1K)
PHiE) -~ L0 e 0 © So (6) Shows us how to allew fr bofh, pieees
\ F[“)’(E;{”) bk evidenee , E, RE, , with fhu lﬁzﬁ-{—t—m/}
Take fhis posierov prob. ac the prior datn PLEJH) , PE 1Y)
prob. for the next poiece 7’ evidente | E, : — = -
E . Let's use P(Cold) =.01 Ploorcfinmt (bld) =9
PLHIE) PLEJnE,) e ) Y
H/E AE,) = fhoroat | 700l ) = .
PNIEE) = orIE) PUEJIRE) + PENIE) P ) e it FNEYS g ae
Now assume that relative fo a cituetion. where Pcold [sore eroat) = . 4y
‘f‘& hgp.‘“lt’ H l‘t ’_l.VL“ (k“mu 'ﬁ‘e M)j as ‘eﬁ" . >
E XEr are mdependent {condifinual wmdepessleuce): New assume new evidenee “sniffles ;' whiie
P(EUH AE,) = P(E.It) ' Plswiffles |eold) = . ¢5
Sins lur by if 11t is grvem (H is kuown o be false): Plsniffles|1e0ld) = .
P (€ HAE,) = PLE.|1) From (i) : P (cold | core HrouT A swiffles) =

__SLIgi(-4s) L ok Hhe
e YSL-9C) v (1--6¥9) (1) @ increase. |
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We can fa‘ an oddc- Gkelchood Version as
60&(? : Wrte an cx,arembu /br
PEHIEAE
anadogeus to (6). Call this (60). Divite &)y
PHIEAEY _  PHIE)P(E-H)
PGHIEAEY  P[HIE) PE-St)

O(H[EAE) = O(HIE) L(E~IH)

But OCH|E) = OMH)L(E, |#)
So |
[ow[EnE = 08 LEIH)L(ER) | (7)

To updek* the odds in faver of 1t
as new evidente £ B, ... domes
we Juit walbiply by fhe oormpmdmg

bikelckood redios L(EIH), L(EIY), ..

(but keep 1 wesed Yha eomolihiound
ﬁule,uw[mec wssqutptoy f)



