Events

® W e wiloften want to assess or make use of the probability that an
event ocours. In many applications, we wil be interested I the
probability ofa set of events occurdng .

e The single, ndivisble, event is called an elem entary event.

® The setofevents is called a com pound event.

® Exampls?

W e will discuss how the probabilites of elmentary events can be
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Probabﬂw combined to determ ine the probability of a com pound event.
. e ® There are sinpk mlks that can be combined to model quite compkx
Basic Law s of Probability i
COIlthDnalPIDbabﬂJW ® Computers are very w ell suited forthese calultions.
Thdependence
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G raphicalor Spatial Perspective
on the Probability of Precipiation
® Considerthe probability that precipitation ocours (naday, ata ® Tn fm iddle school?) math classes the concept isa Venn diagram should

Precipitation Exam ple

specific bcaton, eg., my garden) .
Is this an elem entary event?
Is ita com pound eventm ade up of chances at severaltin es of day?

have been nttoduced.A figure is show n draw ing the breakdown of
outcom es.

O utom es that do notoverlp 1 the Venn disgram carmotoccur

® Tneality yes; how ever, thatw on’t stop us from defining smu v B .
precpiaton i tem s of daily toals. Traditonal R epresentation
® How ever, m eteorobgists consider precipiation totals kess than 0 01
Inches (@ ‘race’) as not counting as precipiation.
® Therefore, precpiation m eans that it Iiquid or solid w ater fell, and No Pobability
the dafly totalw as greaterthan 0.01 inches. precipiaton “ Space
® A compound event.
® The Jogic could be firther com plicated by separately considering
different types of precipiation: i orsnow  (orhail, orbbw Ing snow ,
or.. J).
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G raphicalor Spatial Perspective Axjom sof Probability
on the Probability of Precipiation (TheRules)
e Tfallpossiilites are being considered i ism ostreasonablke to have the ® Based on the previbus inage (or just thinking about the problem ),
event span (com pktely cover) the probebility space three miles can be used to describe key characteristics of the system
<0 01" Prec andpansofﬂaeazsan. . .
BetterR epresentation ® (1) The probability of an event is non-negative.
— T ® Thotherw ords, an event cannot occupy negative space in the Venn
Ligud |¢ .
Precpiaton 1 T - ) .
only 1 ) ® Tterestngly, a consequence of a negative probability fora
No P_——m : Pmbability physicalsystem w ould often be thatenergy could be used to
precpiation Lrud & o Space generate m Ore enelgy .
Frozen Precp | . . .
T ® (2) The probability of the com pound event spanning the system 1
Frozen 1 (100% ).
Precpiaton !
only o : e Combining mks (1) and ) hdicates the probabilidesmustbe <1.

®  (3) The pobability thateitherof two m utually exclusive events ocours
isequalto the sum of the tw o probabilities of occunence.

® Canbe extended to apply to any num berof such events.

Com putational Statstes hitp y/fam pus fu adu,
Bask Satistis 5 bowmssa® m et adu The Floriia State Universty

® The above disgram could be described asmutually exclusive and
collectively exhaustive M ECE ), made up of 7 elem entary events.
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N otation

® Pr{event} means the probability of the eventocourrng .
® Exampl: Pr{main occurring today) = 0%
® Example forLaw of Large Numbers:
e pr{h/n-PrE}|<e} > 0asn—>x,
® W here E Ean event, a i the num berof occunrences, n is the
num berof opportunites, and & is a atbiarily sm allnumber.
® U Unbn
e Pr{ eventl U event2 } means the probability of ethereventl or
event2 ocauning .
¢ ExampkPr{nomhyU mhn} = 1=100%
® N Tntersection
® D escribes the events that belong to both of tw o categordes.
e Pr{ eventl N event2 } isthe probability of an eventbelbnging to
both categories.
® Ifboth events are elem entary events Pr{ eventl N event2 } = 0

hitp 3/fam ¢ u,
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Com putational Statistis.
Basic Statistics 7

Programm Ing in FORTRAN

® Programming N FORTRAN ©lbw s the way people would sate the
probkm mtherthan the com pact satisticalnotation.
® The htersection of tw 0 events w ould nom ally be said asboth eventl
and event2 occurrdng .
® However, h programm Ing nguages, probabilites are etther tue or
false. This isbiary bgi.
e A tfematively, more com plicated m odels can be devebped butare
harderto aode) w ith fluzzy Jogic, w here fiactions can be used
® W ewould program whetherornotan event is partof the tersection
as
bgical :: eventl, event2, combo ! dechre the varebles
combo = eventl AND .event2
® Tomake thispracticalw e would w ant to have valies foreventl
and event2 priorto determ nng the hterssction.

hitp u,
bourassae m etfon sdu r@ The Florida State Universty
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DeM organ’sLaw s

® AugustusDeM oman (aBritish m athem atician), w orked w th G eorge
Book to modem symbolic bgic.
® U sd asthe basis orphibsophical argum ents
® Used i computers
® W ew illskip mostofthis, and assum e that the com puterhas
been conrectly program m ed
® ANB)=ACUB®
e AUB)=A°NBC
® OrnFORTRAN
e NOT.(A AND.B) EQV.NOT.A OR.NOT.B
® NOT.(A OR.B) EQV.NOT.A AND.NOT.B
® Whydidweuse EQV .1matherthan = ?

Com putational Statistes
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.@ The Florta se Uniessly

Com plin entary

® Complinentary isaw o that is often used nconectly by scientists. Tn
regular Enguage, the conceptof com plin entary isw elldescribed by
the word not.
® Examplks:
® The complin entof working isnotworking.
® The com plin entofpassing is failing.
® The notation forthe complin entofan event is eventt .
e IfPr{event} = x, then Pr{event'} = 1-x
e everything in the system space thatdoesnotbelbng to the event

Com putational Statistis.
BasicStatistics 8
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Programm Ing in FORTRAN

® The unin of two eventsw ould nom ally be said as eithereventl or
event2 ocauning .
® W ewould program whetherornotan event is partof the union as
Jgical ::eventl, event2, combo ! declhre the variblks
combo = eventl OR .event2
® Tomake this practicalw e would w ant to have values foreventl
and event2 priorto determ nng the htersection.
® Complin ents are very easily programm ed
Jgical ::eventl, complin ent
eventl = FALSE. ! A tematively, we could use TRUE.
complinent= NOT .eventl

Com putational Statistis.
Basic Statistics 10
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Independence

® Tndependence isa very very inportant concept in statistics.
® Eventsare ndependent if they are notrelted
® W hatdoesthismean i term s of the ntersection oftwo
Independent events?
e pr{eventlNevent2 } = 0
® W hatabout the probability of the union of the tw o events?
o pr{ eventl U event2 } = Px{ eventl } + Px{ event2 }

® W henwe getto satistics volving conelation and uncertainty, the
1um berof independent observations w illbe abig deal

Com putational Statistes
Bast Statistcs 12
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C onditonal Probability

® The pobability of eventA , given that eventB has ocouned, is
conditonalon the occurrence of eventB .
e p{a B}
® IfeventB hasocouned,the Pr{A [B } =Pr{A }
® Conditbnalprobability can also be thoughtof in term s of intersection
e pP{A |B }P{B }=P{ANB}
® ThereforePr{A |B }=P{ANB }/PrB}
® Provided thatPr{ B } # 0

Dr.Bourassa's section O ther section Pmbabj]jw

space of
M oming pecpk)® M|oming peoplke M ET3220C
students
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M ore C om plicated Exam ple

® O ften, we have to considerm ore than one conditon.
® Tn this case, considerw hetherornot the professorisbald, and if the
pofessoruses a proecor (@Ether than only w riting on the board)
® Examplew ithwords
testl = TRUE. 'tue if the professorisbald (otherw ise false).
test2 = TRUE. !the professoruses a projctorat astsome of the tine
T (tes2 ) THEN
T (testl ) THEN
do notsitin the fiontiow  lavoid being blinded by reflection
ELSE
sitin frontrow and give appearance of excitem ent  \getbettergrade
ENDIF
ELSE
sitin front1ow and give appearance of excitem ent  lgetbettergrade

ENDIF
r@ The Florida State Universty

Com putational Statistis.
Basic Statistics 15

A W ord of Advice

If statem ents are rathertin e consum ing com pared to other comm ands.
If the code mns fastanyw ays, tdoesnotm atter.

How ever, if the code hasm any if statem ents lnside DO ops, w hich
are furtherem bedded inside DO Joops (end o on), then having too
many IF statem ents can greatly sbw a program .

Com putational Statistes
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Conditonalsin FORTRAN

® W hen programm Ig, i i often usefilto be ablk to have the code do one
thing #fan event is true (TRUE .) and som ething else ifan event is fale
(FALSE ).
® This ismthereasy to codew ith an IF satement.
® Examplkew ithwords
Testl = TRUE. ltue ffthe professorisbald othew ise false).
IF (testl ) THEN
do notsit n the fiontow  lavoid being blinded by reflection
ELSE
sit h fiontrow and give appearance of exciement  \getbettergrade
ENDIF

Com putational Statistis
Basic Statistics 14
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Better Program m ed Exam ple

® O ften, w e have to considerm ore than one conditon.
® Tn this case, considerw hetherornot the professorisbald, and if the
pofessoruses a proector (@Ether than only w riting on the board)
® Examplkw ithwords
testl = TRUE. !twe if the professor sbald othemw ise false).
test2 = TRUE. !the professorusesaprojpctorat kastsome of the tine
TF (test2 AND .testl ) THEN
do notsitin the fiontow  lavoid being blinded by reflection
ELSE
st fiontow and give sppearance of excitement  lgetbettergrade
ENDIF
® CouH the condition be sim plified using D e M organ’s milkes?

Com putational Statistis.
Basic Statistics 16
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