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Central Limit Theorem (CLT)

o Q PRIBREIEZE: EVRIR D B0 SR EFRE;
The limiting distribution of is standard
normal.
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Central Limit Theorem (CLT)

o Q PRWRFEIEZ: RARR D SR E R RE;
The limiting distribution of is standard
normal.

o A: NER{TEDHES (§8)

o A EEARIIE, X (58) B

o AZELBHEATION: T0 L ()

se(Y(n))
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Definition of Central Limit Theorem (CLT)

Central Limit Theorem (CLT)

o Q PRIBREIEZE: EVRIR D B0 SR EFRE;
The limiting distribution of is standard
normal.

o A: NERITEDES (58)

A AT, X ($8)
A B BEVEA TSR Jo (IEf)
Definition of CLT: X1, ..., X,, arandom sample

with mean u and variance o 2.

X () —
Z (o) N(,1)asn o0
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Definition of Central Limit Theorem (CLT) Analytical Proof of CLT

How do we show CLT via Plots?

Most Books: x-axis: x
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Definition of Central Li
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How do we show CLT via Plots?

Simulation Proof of CLT

Analytical Proof of CLT
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Definition of Central Limit Theorem (CLT) Analytical Proof of CLT Simulation Proof of CLT

Learning CLT

My Ways: Q, Plots, Play with data, Poem

e 1. Ask questions. (The limiting distribution of is Standard normal.)

e 2.Plots. (see Plot Z = Z0 =K s, X(n))

o/vn

e 3. "Prove CLT” via simulation approach. (next pages)
o 4. 3T (BE—X): [BEAERE ANEER]
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Definition of Central Limit Theorem (CLT) Analytical Proof of CLT Simulation Proof of CLT

Learning CLT
My Ways: Q, Plots, Play with data, Poem

e 1. Ask questions. (The limiting distribution of is Standard normal.)

e 2.Plots. (see Plot Z = Z0 =K s, X(n))

o/vn

e 3. "Prove CLT” via simulation approach. (next pages)
o 4. 3T (BE—X): [BEAERE ANEER]

o #848: N(0,1)
o MR BENUEERENR: X1, ..., X, can follow any distribution
e B3 n —> o

e Comparing the way you learned CLT with the ways
list above. Comment.
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Definition of Central Limit Theorem (CLT) Analytical Proof of CLT Simulation Proof of C

Analytical Proof of CLT
Prove CLT via mgf () Z 2 )

L L n )
Proof: nli>mooMZ" @) = hm [My (t/f)] ) Hint 1
_ 1 / Y/ " o :
= lim [My, ((;)-i- 1/2M (0)+ M L (0) + 3372 My (0) +---1"  Hint2
— 3 t_ M .
= nILmOO[I + e + 3!n3/2 (0) + - Hint 3
= lim [1+ (ﬁ + ’ M) +--)/n]" Algebra
n—00 2 3pl2h =
— 2 Hint 4
e Hint1: My, () = My, (t/ /D", where Y; = (X; — i)/, Zn = X — Y
‘Mz, Y; ’ i i 1 4n g/[ f
2
o Hint2 (REEFIR): My, ( 1/2) My, (0) + 1/21\/1’ (0)+—M” 0) + i 3/2M”’ 0) + -~
o Hint3:My, (0) =1, M’Yi 0) =0, M;l_ 0) = E[le] =1
2 3
o Hint&:If lim ay = b,then lim (1+ %) = ¢, wherea, = % + 3!”11/2 MY O+, b=r22
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Simulation Proof of CLT

Prove CLT via simulation approach

e Generating data from MSExcel or Minitab
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Simulation Proof of CLT

Prove CLT via simulation approach

e Generating data from MSExcel or Minitab

e Let X, ; denote the data in the (i, j) position of the
data-matrix;i = 1,2, ..., 10000; j =1,2,...,100
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Simulation Proof of CLT

Prove CLT via simulation approach

e Generating data from MSExcel or Minitab
e Let X, ; denote the data in the (i, j) position of the
data-matrix;i = 1,2, ..., 10000; j =1,2,...,100
e Plot the histogram of
(X(n) — pug)/se(X),n = 1,2, 30,100
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Simulation Proof of CLT

Prove CLT via simulation approach

e Generating data from MSExcel or Minitab

e Let X, ; denote the data in the (i, j) position of the
data-matrix;i = 1,2, ..., 10000; j =1,2,...,100

e Plot the histogram of
(X(n) — pug)/se(X),n = 1,2, 30,100

e Discussion:
- Distinguish histogram and pdf
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Prove CLT via simulation approach

Generating data from MSExcel or Minitab

Let X; ; denote the data in the (i, j) position of the
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Simulation Proof of CLT

Generating Data from MSExcel

e ATl:No.

e B1: Xbar(2)

e C1: (Xbar(2)-mu)/SE

e D1:X1: expon (mean=1)

e E1: X2: expon (mean=1)

e A2-A10001:1,2,...,10000

e D2-D10001: =-In (1-RAND())
e E2-E10001: =-In (1-RAND())
e B2: =AVERAGE(D2:E2)

e (C2:=(B2-1)/(1/SQRT(2))

e Plot the histogram of data in C2
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Simulation Proof of CLT

e Calc > Random Data > Exponential
e Exponential Distribution:
— Number of rows of data: 10000
- Store in column(s): C6-C106
- Scale: 1 (=Mean when Threshold =0.0)
- Threshold: 0.0
e Calc > Row Statistics

- Mean
- Input Variable: C7-C8
- Store result in: C1

e Calc >Calculator
- Store result in variable: C2
— Expression: (C1-1)/(1/sqrt(2))

e Plot the histogram of data in C2 via Minitab
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HW: Comparing Different ways of
Learning CLT

o EEXTMAMTEE. RISEHP—AEIMARFRSIBRE.

o [ERBIERRE CLT BABERERE CLTHAR. B—&E5E2E
WERLLRYS?

o 3-4 AR—i#B, EERSIMPITELEELSEIR (Power Point file or
Tex Beamer)

JBEASTETRR  (Central Limit Theorem (CLT): Analytical and Simu 2015.09.30 10/10



