Section 2.4

Independent trials



Trial = run of an experiment

Consider experiment with two possible outcomes:
1 := success, occurs with probability p

0 :=failure, occurs with probability 1 — p.

Repeat experiment n times and assume independence of each run of
experiment (e.g., flip coin n times).
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Three random variables (built based on
independent trials)

* Bernoulli
* Binomial
e Geometric



Bernoulli r.v. (just one experiment)

/Def: A Bernoulli r.v. with parameter p satisfies: N
p
>< :gl \A/P P (]r'(ﬂ—e o g;nj,Q A)qjeal Can '{\/Jﬂ\
O WP - P
_ e BZ(”<P> )
Notation:

e w.p. = “with probability”

* X ~ Bern(p) = “X is a Bernoulli r.v. with parameter p”

=“X has the Bernoulli distribution with parameter p”
=“The probability distribution of X is Bern(p)”
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n trials

Q: What is the probability of k successes in n trials?
Ex) A = “1success in 3 trials” = {(L.>.2) @ 1,0) @, p,)}

P(A) = P29 %= 3 pli-p”

Generally, if A = {k successes in n trials}
= {All reorderings of (1,1,...1,0,0, ...0)}
N

= Chooge e
s ¢ AP
N
= Pl M) il
74
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Binomial r.v. (n trials, probability of success p)

X = # of successes in n trials

/Def: A binomial r.v. with parameters n and p satisfies h
P(X:k):@»ﬁ?k(n«p)h*k ke, .. N3
\_/\/\/\—/

A\ B 4

\——”"fZQC‘,[// '(’0\}; .]} -‘{’hé Pfab. Mme s

Notation: X ~ Bin(n,p) (.. (puf)
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Ex) Roll three dice. X = number of 1s rolled.

l
n:?) p: /6

5 | 2

px=0) = CXE-A) pix=1y= C)-15) (-2)
5173 _ o3 2 L el
’(%) “5—;17@ =35 B

7 (x=2) - <f>-<;“>7%/ Plc=3)- @'(Jgﬁ@o
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Relationship between Bern(p) and Bin(n, p)

Let X1, X5, ..., Xy ~ Bern(p) 4nd X, ... X, Q¢ inelep,

Then Xl +X2 + +XTl ~ E"'/1(M)// ,}p)
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Unbounded trials

Q: Let X be # of trials until (and including) 15t success.

{X = k} if we have k — 1 failures followed by 1 success

P = k) = Plimt tailvces) . P(1 sveces?)

Def: A geometric r.v. with parameter p satisfies:

e~ |
\f@=wy=mﬁ P k=_1,2,3 ..

Notation: X ~ Geom(p)
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Q) Roll two dice (at same time) until you get “snake eyes” i.e., both 1s.
What is the probability you roll both dice at least 17 times?

>< = ﬁfl 9€ J, e D{/} u/\f:f snaled Q}/Z}
X~ Geom (p) / P = P (snokt eyes) = - V36
— XK= l=
P(fa//9(7 %‘./nas); F(X;/7)’i P( >
o o)
- p) (7=1 / -

7 %;17(l 7\ ?(I g ~—(’ Pg _({Pz

o -1

Alternalive sofn: e y .

37((0( Z 1|/ +/m€5> (7(\(7”5\[ [6 rells #f*:/\k :G_P> :([/éb)
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Q) Again, roll two dice (at same time). “success” = the sum is even.
Roll until “success”. P(“you roll both dice an even number of times”)="?

>< = # oA rells vatil SveceSs. XK~ G@om(F)

P: ?(?um 73 Q\/Zu/\) ’i%z
(\QxQ/OIZﬁ

(7<Q\’€‘/‘ pooof /"//9>‘ }7& S Q\/zm>

- V(K??> + f(k:qwﬂ@’@f
N SN C RS
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