DeMoivre-Laplace theorem

0~ oeneral p
r—[Theorem 10.}
Let Xn-tp M)
en>1pe(0,1) (ﬂp(l-p) )3
e X, ~ Bin(n, p) L s
@a<hb
where &~ W, 1)
Then Elxq,] o<z <6)
i Xn _ﬁl? ) 5
imPla< —2"—"__ <b)|=0d(b)—d(a)
n—oe < (np(1 — p))*/*
Empirical rule: > T

Accept approximation as long as np(1 — p) > 10

T —



Binomial converging to normal: illustration
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Figure: Binomial histograms for different values of (n, p)

Probability Theory

45 / 84



Example: enrollment overbooking (1)

Situation:

@ ldeal size of a first-year class at a particular college
is 150 students.

e Data: on average, only 30% of those accepted for admission
will actually attend

@ College policy: approve the applications of 450 students.
Question:

Compute the probability that
more than 150 first-year students attend this college.
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Example: enrollment overbooking (2)

Notation: We define
e n=450,p=.3

° X; = l(i—th accepted student attends)s for i = 1L...,n

Hypothesis:
e X; i.i.d with common law B(p)
Random variable of interest: Set
X = # students that will attend

Then .
X =>_X; ~ Bin(n,p)

i=1
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Example: enrollment overbooking (3)

Normal approximation: We look for

P (X > 150.5)
B X —450x03 1505450 x 0.3
~ \(450 x 0.3 x 0.7)1/2 ~ (450 x 0.3 x 0.7)1/2

Therefore by DeMoivre-Laplace,

P (X > 150.5) ~ 1 — $(1.59) ~ 5.59%
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Outline

© Exponential random variables
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Exponential random variable (1)

Notation:
E(N), with A >0
State space:

Ry = [0’ OO)
Density: />_‘\°L€‘“‘$~’ z0
f(x) = e Mg, (x)

Expected value and variance:

1 1
E[X] = X, Var(X) = ﬁ
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