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Hyper geometric, Binomial,
DISCRETE PROBABILITY DISTRIBUTION HISTOGRAMS: [YEtaeomer c, B

This Highlight #4 is concerred with vsudizing probability, a bpic pursted n SatisticalHighlight #5. Here, he enphass
is on hisograns for four disaete distibuions whuich ae dten ntroduced n introductory probability courses. Satistical
issus aisingfrom probability distributions ae taken p in SatisticalHighlight #2 on he bwerhaf of pageHL218.

Dign.1. The hypergeometric distibuton can ke wsedto model the pocess d seleding a R)(N-R
sanple of n kalls equiprobaldy without redacement fom an un cntining a btal of f(r) = (1) Ca=r)
N bdls of whichR are red aad N-R are Hack If the random wvaalbeR repre- N

sents the nmber d red halls in the samle, ts probability fundion is & gven in n

equation (HL4.J) at the iight (urn here orreponds © ‘populatioriin gatistics). r=012..,n
WhenN=10,R=4 a R=6, and =6, we @n abuate and gaph f () as bllows: - (HL4D)
Two Hypergeometric Probability Functions
£r) N=10,R=4,n=6 £r) N=10,R=6,n=6
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Distn. 2. Thebinomial distibution can ke wsedto model a pocess alled a Rrrouli trial, which hasthe following ¢esticted
chaacteistics:
e a Berrouli trial hes two outtomeggererically called sucessand failure);
o unde repettion, the autcomesof Bernouli trials (successand failur€) are probabilistically independent events
@ unde repeition, the pobability of ‘ sucess (and hencethe pobability of ‘ failuré) is constant [77 say and1- 7.
An exanple of Berrouli trials is ®leding equiprobaldy from an un o red and Hack balls with redacement[to be
contrastedwith the hypergeameric dstribution for sdeding without regdacement n Dist. 1 dovd; a morefamiiar
exanple of a Benaulli trial is bséng a @in
The dnomal probability fundion (for the random vaiale V) is:

Pr(y'sucoessesn n trials) = (g)ny(l—zj”’y; y=0,12...,n. - (HL4.2)

When r=10 and rsucessvely takes the vales0.2, 0.5 and Q9 the pobability fundions[ f(X), f(y), f(Z] of the
repective random vaialdes X, Y andZ are abuated and giaphedas $iovn an pageHL4.3

Distn. 3. Thenegative binomial distibuton is dso usel to model repettion of Bernouli trials, kut it differs from the bnomi-
al distibuton in its mnernwith the probability tha the th'successocaurs on he rth trial o, equivalenty, tha v
‘failures’ ocaur before the th'‘success The regatie inomial probability fundion (for random vaialde V) is:

Pr failures’ before the ith ‘successep= (”r\gl) 7e-n" ; v=0123... - (HL4.3

When r=2 or r=5 andm=04, the pobability fundionsf(y) and f(w) are abuated and gaphed ovaleaf ; the
lower haf of pageHL4.2. [Tems d theseinfinite stsof valuesare evaluaed b V=15 and W= 25 to sow the
behaviour o the iight tail of thesedistibuions]

Distn. 4. The Poisson distribution is usedto model processes invdving ‘outtomesocauriing unpredctably (on an individual
basig in space or ime the nore mmnon dorter cesciption of modelling random events in gpace or time hasthe
disadvantage of sing'randomand ‘event in ther colloguial (hot their probabilistiq serse
The cerivation of he Rissan probability fundion involves hree asumptions:

@ independence:  events(which ae numbers of outcomes in an interval) are probabilistically independent for non-
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Distn. 4. e independence: ovelappng (Spatidor tempord) intenals; te orter \ersion of this asumption — hie numbers of

(cont))

outomes comprising eventsin non-ovalappng intevals ae indgendent — isks confusing
probabilistic indgpendenceof eventswith indgoendenceof numbers.

e individuality: outcomescaur sngly, not in groups; i.e, the pobability of more than e aitcomein a sifficiently
smdl intewval is redigible;

® homogendty: outcomesocaur & a wniform rateove the ente inteval undercondderation ® thd, in a 6binter
val o lergtht, the expeded rumber of outcomess At, where theintengity parameter A is the avrage
rate of outcomes over the entire interval.
This mathematical assunption has toubkessme eatworld implications— a uniform undelying pro-
cess ahibiting unpredictable actwal individual autcomes

The Poissan probability fundion (for the random vaalde S) is:

—At —H
(M);e = ”Ss $=0,12,3... - (HL4.4)
In contrast to Berrouli trials whee a person is usudly invdved n repeition @g., in coin tossng), a Rissan process
often repeds without human nteventon and he repeitionsarise fom the gpatia or tempord) intervals imposed
on the aitcomes

Wheny takesvaluesof 1, 5 and 1, the probability fundions| f(9, f(t) and f(u)] of the tiree rmdom vaiadesS T
andU are tabuated and gaphedas fiovn an the geHL4.4. [Tems d theseinfinite stsof valuesare evaluaed
outto S=10, T=15 and U =20, regectively, to show the kehaiour o the fight tails of the dstributions]

Pr&outtomesn an inteval o lergtht) =

Distn. 3. Two neggative inomial distribution probabilty fundions(r=2, 7=04 and (=5, 7=04):

(cont)
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DISCRETE PROBABILITY DIST..N HISTOGRAMS Hypegeometric, Binomial, qntinyed 1)

Negative binomial, Poisson

Distn. 2. Three linomial distibuion probability fundions(n=10, 7=0.2, 7=0.5and 7=0.9):

(cont)
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NOTE: 1 We =e that the nostprobable value of @ random vaalle, correponding © the highest bar d each histayram,is
givenby the podud, nx 77 of the bnomial distibuton parameers; tis is (of oursg the mean of the dstributon
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Distn. 4. Three Pissm dstribuion probabiity fundions(At= =1, At = y=5andAt = y=10:

(cont.)
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NOTES 2. We =e that the nostprobale value of he random wdalle, corregponding © the highest bar d each histayram,is

the integerpart of the valie of he @mrameer (hee, he meary); when his value is a integer the kar o theleft
of this tllest kar is dso of the same hgtt (i.e, thee ae two mostprobale valueswheny is an intege).

3. Th asynmaery of the P() distiibtiion is sibgantially deaeasedin the R (5) probability fundion and i continuego
decemse aguincreases. The elatively synmetrical Ro(10 distibution is agproaching‘bdl-shaped, reminding s o
the normal apgoximation fr finding valuesfor (sums of) Pdsson grobabilities vheny is large 63y 20 or nore).
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