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C om putational Statistics

Param etric Probability D istributions

D iscrete D dstrbutions

KeyPont:ALW AYS LOOK AT THE DATA !!!!
DOES THE DATA REALY FIT THE DISTRIBUTION

Param etric Probability
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Advantages of Param etric D istributions

® Com pactness: The probability distroution of a param etric distroution
can be explined w ith a fomula.
® Empircaldistrdbutions could require a very com plicated histogram
orpdfto describe the data.
® Sm oothing and interpolation : Sm oothing is lngely unnecessary, or
can be detemm ined thiough itegration of a form uk. Interpoktion is
urmecessary.
® ForEm pircaldisrbutions, sm ocothing can be very com plicated -
orvery m iskading . Interpolation can be a nightm are in data spare
partsof the distrbution.
® Extrapolation: If the param etric disorbution isbelieved to be
sufficiently accurate for conditions outside valies in the samplk data,
then extrgpolation is sin ply am atterofw orking w ith the equation
descrbing the param etric distdbution.

Param etric Probability
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B inom ialD istribution

® A binom ialdistdbution describes the probability of occunence of the
num berof tin es a cuttom e occurs, given a num berof sam ples and the
probability of thatoutoom e fora single trial.

® ForN tral, there w fllbe N +1 possible outcom es, range fiom zero
occunences to N occunences.

® Two key considerations forapplicability of a binom ldistrbution are:

e 1) the probability of occunrence doesnotchange from eventto

event, and

2) The outom e of each trial is ndependent from the other

outcom es.

® Cse approxin ations to these conditons are often acceptable.
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Param etric vs.Em piricalD istribbutions

® Em piricaldisorbutions are based on amatch to the ssamplke data.
® They are notbased on underlying physicalknow kedge

® Param etric distributions are m athem aticalm odels (dealizations) . In
som e cases the Healizations can be expected to be of very high quality.
® Onekey question 1 bter kcturesw illbe ‘how welldoesthe
distrbution descrie the data?”
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D iscrete vs. C ontinuous D istribbutions

® Param etric distrbutions can be classified as eitherdiscrete or
continuous.
® Conthuous distrboutions apply to data that can have any value
(inclding fiactions) betw een specific lin is.
® Example:G aussin distrbution has Iin ofto.
® D iscrete distrbutions contain only specific valies.
® Example:abnom Aldisrbution has htegervalies fiom 0 o N,
whereN is the num berof ssamples.
® E g., five heads outofnine con flips.

Param etric Probability
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B inom ialD istribution Exam ple

® U sed to describe the outtom e of a certain num ber of elem entary
events, forw hich the elem entary event has only tw o possble
outom es.
® Example:the daily maxinum temperanne > 60°F
® These outtom esmustbe m utually exclusive.
® The eventsmustbe Idependent.
® The probability of the outtom e of a single eventm ust not change.
® GivenN trials N isthe num berofekm entary events), there are N +1
possble outom es.
® Eg,0,1,2,.. ,N -1,0rN dayswhenT,__ > 60°F.
® N ote that forthis exam pk, the sam ples w ould have to be separated
by quite a few days to ttuly be independent.
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B nom 1D isribution Form ula

® Consderthe probability of X ofthe N eventsoccunrdng.
® Forexamplk,X headsoutofN con flps.
® The pwobability ofX eventsocauring Pr{X =x}) w riten as

Ny N-x
Pr{X =x}= ]p*(]fp)v Sforx = 1,2,3,.,N
X
® W herep i the probability of ocounence, and (1 — p) i the probability
ofnon-occurrence. n=4tiis
p=
N NI 04
- )
X x!(N—x)! e
&
WhereN!=1x2x3x..xN 00
0 1 2 3 4

X = Number of successes
/-bi300bbiom Ehote:

B
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Exam ple B inom 321D istribbution

Probability Distributions
by Probability of Event Per Trial for 100 Trials
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® Notethatthem Ininum in the pesk occursatp=05.
® The spread of the distrbutions is lrgest forp=05.
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G eom etric D istrbution

® The geom etric distrbution isused to detemm e the probability ofa
successfiloutrome (1 the st trigl) 1 a fixed num berof trglks.
® O thew ise the assum ptions required to apply to the geom etric
distribution are Henticalto those required forabiom &1
distrbuton.
® The pmwbabiliyy ofa one) successfultrial in X events is
® Pr{X=x}=p(l-p)*
® One application of this distrbution is the ength of w aits or ‘spells.
Forexamplke, w et spells orcod spells
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M ore Exam ples
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® Consierthe folbw ing categories foreach of the above pbts:
® p<05,p=05p>05
® Tdentify the category foreach pbt.
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Binom ialD istribution : Exam ple

® The elem entary event is the probability of a Bke freezing in w inter.
® The probability In any year is 0 .045
® Consderten years of events.
® W hatis the probability of the ke firezing on at kastone of those
years?
e pr{x>1} = Pr{X=1} + Pr{X=2} + Pr{X=3}+.. + Pr{X =10}
® Orianeaserfom :Pr{X>1} = 1-Pr{X=0}
e Pr{x>1}=1-Pr{X=0}=1-[10!/(0!10!)] (0.045)° (0955)
=037

Pazam etric Probability
Disrbutons 10

@ The Florida State Universty

Exam ple G eom etric D istribbution
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® Think aboutw hy there isa pesk
® Eitherprobability of any success is small (eftof pesk), or
® probability of a successes is greater than probability of no sucoesses.
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N egative B nom 121D istrdbbution

® The negative binom Aldistrbution descries the probability ofa

numberof faiflures ), priorto the k success.
e Tnotherwords, afterX +k events, there were X failures i the first
X +k-1 events. The hsteventmustbe the k¥ success.

o pPr{X=x}=Tkx) /(x!T k))p@-pF
= k+x-1)1/(x! k1)!)pF A —p)F

® Fortypialapplicatibnsk &an teger, nwhich case N k) = k-1)!

*N egative B fiom ial
probability finction w ith

‘PTT TTT‘T gaf;“_jmk =6,%=24,
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Poisson D istribution

® The Poisson distrbution descrbes the Tkelhood of a certain num ber
ofevents (k) occurring in a lin ied space andortime.
® Asw ih the previbus distrbutions, the events m ustbe dependent.
® Ttisthe lin itng case of the binom Aldistrbution, whenp — 0 and
N -
® Examples:
® The num berofhumricanesm aking kndfallon the U S.eastcoastin
ayear.
® The annualnum berof tomadoes in Leon county
® The Poisson distrbution is descrived by only one param eter: .
® Pr{X=x}=p*et /x|, forx=1,2,3,. .
® Thisparam eter (1) is rather convenientbecause it is equalto both
the standard deviation and the mean.
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O ther Characteristics of the
D iscrete Param etric Param eterizations
® Expectation valie
® Expectation valie I a fancy w ay of saying the m ean oraverage.
® Square brackets are usually used to Indicate an expectation value.
® Forexampk [x] OrE [])isthemean valie of x.
® There are som e sin ple ke that can be gpplied to products:
® E[c] = c,wherec isa constant
® Efcgk)]=cEQk)] whaeegk) safincton ofx.
® E[Rg&)]=X(EK)])

D istrbbution n=EX) o? =VarlX]
Binom il Np Np@-p)
G eom etric 1p 1-p)/p?
NegatieBinom#al | k (L-p) /p X 0-p)/p?
Poisson s s
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Exam pleN egative B lnom &1D istribution
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® Thepesk shifts to the rightas the requaed num berof successes ncreases.
W hy?

® Becausemore faihnes are likely to occurw ith the Jargernum berof trials.
Gaphic fiom htpy/vww
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Exam ple Poisson D dstribbution
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Poison distributions are on the kft, and the rehted cum ultive

probability distributions are on the right.

N ote that if you have a CD F, and a uniform random num bergenerator,

you can use the CD F to convertto the num berassociated w th a

random ly generated cum ulative probability.
Gmaphic fom it y/fn w kpedia omg/r kifok
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