
Modeling Random Phenomenaand Making De
isions underUn
ertaintyUn
ertainty in 
omputer environment� Arrival of jobs� Exe
ution time� Memory requirement� Failure of 
omponents� Exposure to viruses� Errors in 
odes� Et
., et
., et
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Introdu
tion: Un
ertaintyRandom phenomena elsewhere� E
onomy:{ sto
k pri
es{ number of jobs{ pri
e of oil� Environment{ temperature{ pollution{ natural disasters 2



Introdu
tion: Un
ertainty� Going to UTD{ number of green lights{ available parking� This 
lass{ quiz problems{ time spent on ea
h topi
{ gradesThis 
ourse: Quantify un
ertainty, modelun
ertainty, make de
isions 3



What we'll learn� Un
ertainty; probabilities of events� Random variables� Monte Carlo simulation� Sto
hasti
 pro
esses
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What we'll learn� Appli
ation: queuing systems
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What we'll learn� Statisti
al inferen
e� Estimation� Testing hypothesis
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Probability= 
han
e (
ommon sense)= odds (gambling)= long-term proportion (relative frequen
y)= likelihood (fore
asting)= �nite measure (mathemati
s)
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ProbabilityProbability= fun
tion of an event = P (E)Domain: eventsEvent = 
ombination of out
omesConsider an experiment, results are out
omes,Sample spa
e S = fall possible out
omesgEvent E = a set of out
omes= subset of S (E � S)Range: [0;1℄ 8



Probability\Every event" E has probability P(E),0 � P(E) � 1If E = fO1; :::; Ong= fout
omesgthenP(E) = nXk=1P(Ok) = P(O1) + � � �+ P(On)An empty event ; is an event,P(;) = 0Also, P(S) = 1. 9



Rules of ProbabilitySet operationsE1; E2; :::; En - events (sets of out
omes)Union of E1; :::; En is an event� 
onsists of all out
omes of E1; :::; En� o

urs if any of E1; :::; En o

ursfE1 [ ::: [ Eng= fE1 or ::: or Eng 10



Set operationsInterse
tion of E1; :::; En is an event� 
onsists of 
ommon out
omes of E1; :::; En� o

urs if ea
h E1; :::; En o

ursfE1 \ ::: \ Eng= fE1 and ::: and Eng
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Set operationsComplement of E is an event� 
onsists of out
omes that are not in E� o

urs if E does not o

ur�E = f not Eg
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Set operationsDisjoint, or mutually ex
lusive events� 
annot o

ur together� A \ B = ;Exhaustive events� their union is Sample Spa
e� at least one o

urs for sure� A [ B [ C = S 13



Basi
 rules of Probability� 0 � P(E) � 1 for all E� P(;) = 0 and P(S) = 1� Disjoint events:P(E1 [ ::: [ En) = P(E1) + :::+ P(En)� Any events:P(A [ B) = P(A) + P(B)� P(A \ B) 14



Rules of Probability� Complement ruleP(E) + P( �E) = 1(disjoint and exhaustive)) P( �E) = 1� P(E)Question:What should I 
ompute: P(E) or P( �E)? 15



Rules of ProbabilityIndependen
e� Independent events:P(A \ B) = P(A)P(B)P(E1 \ ::: \ En) = P(E1)� ::: � P(En)Questions:Can disjoint events be independent?Can exhaustive events be independent?16


