m example 1. sampling from a normal distribution

Print ["The parent population is the normal distribution. "]
Pl ot [PDF[Nornmal Di stri bution[0, 1], x], {X, -3, 3}]

The parent population is the normal distribution

0.
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Cl ear [Sanpl eSet s, Sanmpl eMeans, Sanpl eSt Devs,
Sanpl eMaxs, Sanpl eMedi ans, nSi ze, i, nunBets]
nSi ze = 10;
nuntet s = 200;
Sanpl eMeans = {};
Sanpl eSt Devs = {};
Sanmpl eMaxs = {};
Sanpl eMedi ans = {};
For[i =1, i < nunBets, i ++,
Sanpl eSet s[i ] = RandonReal [Normal Di stri bution[0, 1], nSi ze];
AppendTo [Sanpl eMeans, Mean[Sanpl eSets[i 1] 1;
AppendTo[Sanpl eSt Devs, StandardDevi ati on[Sanmpl eSets[i]] 1;
AppendTo[Sanpl eMaxs, Max[Sanpl eSets[i]] 1;
AppendTo [Sanpl eMedi ans, Medi an[Sanpl eSets[i 1] ]
1
Print ["One of the sanples of values fromthis distribution,
along with its nean, standard deviation, max, and nedi an"]
Sanpl eSet s [3]
Sanmpl eMeans [[3]]
Sanpl eSt Devs [[3]]
Sanpl eMaxs [[3]]
Sanpl eMedi ans[[3]]

One of the sanples of values fromthis distribution,
along with its mean, standard deviation, nmax, and nedi an

{0.0783966, -0.0519998, 0.00738217, -1.60553,
-0.536173, 0.13085, 0.538035, -0.653605, -1.12759, -1.73076}

-0.4951
0. 776293
0. 538035
-0. 294087
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Print ["Two histograns of one of the sanples, shown with absolute frequencies."]
Hi st ogram[Sanpl eSet s[3]]

Hi st ogram[Sanpl eSet s[3], 4]

Print ["A sanple should resenble its parent population."]

Two hi stogranms of one of the sanples, shown with absol ute frequencies.

-2 -1 0 1 2

A sanpl e should resenble its parent popul ation.

Print ["Sanpl es vary, especially for a small sanple size!"]

For[i =1,i <4, i ++,
Print [Gaphi csArray[Tabl e[Hi st ogram[Sanpl eSets[5i +j 1, 4], {j, 1, 5}1]
1]
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Sanpl es vary, especially for a small sanple size!
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m samplemeans- Central Limit Theorem applies

Sanpl eMeans

{0.113111, 0.581411, 0. 0339161, 0.169981, -0.361071, 0.198558, -0.115854, 0.117825,
-0. 167405, 0.277937, 0.593186, 0.52158, -0. 0782857, -0.0415499, 0. 232084,
0.178484, 0.24207, 0.295085, -0.338635, -0.176463, -0.340173, 0.295648, -0. 431745,
0. 284404, 0.0634183, 0.0128039, 0.108879, 0.248397, -0.373137, -0.0117872,
-0.191084, -0.0213241, 0.300645, -0.215727, -0.150794, 0. 00061295, 0. 0898844,

0. 385335, -0.358284, -0.117015, -0.0201292, 0. 463285, 0.248259, -0. 14314,

-0. 0242961, 0.0251449, 0.123631, 0.24639, -0.109037, 0.0864784, 0.344208, 0.154847,
0. 364381, -0.491785, -0.435499, 0.432447, 0.0587619, 0.487807, -0. 0157112,
-0.140663, -0.390392, -0.178449, -0.316315, 0.204075, -0. 0537684, 0.0959024,
0. 565854, -0.0602696, 0. 0590398, 0.156348, -0.231226, -0.584024, -0. 058998,
-0.36577, -0.0476452, 0.508452, 0.212144, 0. 385205, 0.0661842, 0. 535894,

-0. 0465926, 0.149108, 0.208432, -0.356347, -0.614496, 0.115082, -0. 47044,
-0.105534, -0.242119, 0.391683, 0.591986, -0.318303, -0.0310681, -0. 0530339,
-0.182339, -0.299641, 0.0388404, -0.565475, -0.591005, 0.117027, -0. 558466,
0. 151025, 0. 145297, -0.286338, 0.0739104, 0.0391033, 0. 382462, -0.0195317,
-0.40725, 0.0363026, -0.128661, -0.121417, -0.150403, 0.141799, 0.42392,
-0.161277, -0.738232, 0.592323, -0.216339, 0.259761, -0. 605796, -0. 573465,
0. 180503, -0.0715446, 0. 733475, -0.0134188, -0.427235, 0. 0258062, 0.271239,
-0. 689291, 0.204698, 0.0870749, 0.126792, 0.233768, 0.0777638, -0. 0526335,
-0. 414622, 0.678889, 0.135431, 0.127939, 0.674631, 0.179362, 0.314921, 0. 342163,
0. 100506, -0.141703, 0.0753214, 0.394161, -0.959349, 0. 141477, 0. 0520813,

-0. 425997, 0. 236845, -0.612993, 0.116102, 0. 296879, 0. 0653419, 0. 00415566,
-0. 3011, 0.0807105, -0.283217, 0.634543, 0.260619, -0.466051, -0. 146815,
-0.216283, 0.0111701, 0. 279145, 0. 144997, -0. 937292, -0. 0328569, 0. 0110048,
0. 0109061, 0.167212, 0.180531, 0.202897, -0.196003, 0.231155, -0. 696144,
0.121564, 0.175506, 0.195746, 0.614047, -0.140801, -0.404928, 0. 427558,

0. 323712, 0.0847022, 0.0704572, 0.544923, -0.0229006, -0.507404, -0. 310886,
0.5274, -0.549036, -0.168166, -0.1132, -0.281934, -0.339257, 0.27623}
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Cl ear [Li st Of Sanpl eSt ati stics];
Li st Of Sanpl eSt ati stics = Sanpl eMeans;
d ear [xm n, xmax, a, bJ;
a=Mn[Li stO Sanpl eStatistics];
b = Max [Li st Of Sanpl eSt ati stics];
xmn=a-.1x%(b-a);
xmax =b+.1% (b-a);
Cl ear [Model 17;
Model 1[x_]1:= PDF[Normal Di stribution[O, 1/Sqgrt [nSize]], X];
(* CLT nodel for sanmples from N[0, 1] =)
Print ["H stogram of the sanple neans from our
coll ection of sanples, shown with absolute frequencies"]
Hi st ogram[Li st Of Sanpl eSt ati stics]
Print ["This collection of sanple nmeans is itself a sanple, and "]
Print[
"it should resenbl e the popul ation from which the sanple neans are drawn, "]
Print ["which is the sampling distribution of sanple nmeans."]

Hi st ogram of the sanple neans from our
col l ection of sanples, shown with absolute frequencies
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This collection of sanple neans is itself a sanple, and
it should resenble the population fromwhich the sanple neans are drawn,

which is the sanpling distribution of sanple neans.



Print ["Hi stogram of this collection
of sanpl e neans,
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shown with relative frequencies"]
Hi st ogram[Li st Of Sanpl eSt ati stics, Automatic, "Probability"]

Hi st ogram of this collection of sanple neans,

0.30 i
0.25 :
0.20 :
0.15 :

0.10

0.05 [

shown with rel ative frequencies

i

-05

0.0

05

Print ["H stogram of this collection of sanple neans, shown wth

hei ghts of the absolute frequencies divided by the bin w dths"]

Show[ {Hi st ogram[Li st Of Sanpl eStati stics, Automatic, "ProbabilityDensity"],
Pl ot [Model 1[x], {X, xmi n, xmax}, PlotStyl e -» {Red}] }1

Print ["Red is CLT Model

H stogram of this collection of sanple neans,

that applies to the popul ation of sanple neans."]

shown

with heights of the absolute frequencies divided by the bin w dths

14 7
12 7
1.0 7
08 7
0.6 7
0.4 7

02
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D

Red is CLT Model

-0.5

0.0

05

that applies to the popul ati on of sanple neans.
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= samplemaxima - NO Central Limit Theorem

Cl ear [Li st Of Sanpl eSt ati stics];
Li st Of Sanpl eStati stics = Sanmpl eMaxs;
d ear [xm n3, xmax3];
a=Mn[Li st Sanpl eStatistics];
b = Max [Li st Of Sanpl eSt ati stics];
xmn3=a-.1lx(b-a);
xmax3 =b+.1x (b-a);
C ear [Model 37;
Mbdel 3[x_1: = PDF[Nornal Di stribution[Mean[Li st Of Sanpl eStati stics],
St andar dDevi ati on[Li st Of Sanpl eStati stics]], x]
Print ["Red is CLT Mbddel. Hi stogramand a nornal
conparison for the collection of sanple nmaxi nuns"]
Show [ {Hi st ogram[Li st Of Sanpl eSt ati stics, Automati c,
"ProbabilityDensity", ChartStyl e - G een],
Pl ot [Model 1[x], {X, xmin, xmax}, PlotStyle - {Red}],
Pl ot [Model 3[x], {Xx, xmi n3, xmax3}, PlotStyl e - {Geen, Dashed, Thick}]
}]
Print ["The coll ection of sanple maxs shoul d resenbl e
t he popul ation from which the sanple maxs are drawn, "]
Print ["which is the sanpling distribution of sanple neans."]

Red is CLT Mbdel. Hi stogramand a
normal conparison for the collection of sanple maxi nuns
14-
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m sample standard deviations- NO Central Limit Theorem

Cl ear [Li st Of Sanpl eSt ati stics];
Li st Of Sanpl eSt ati stics = Sanpl eSt Devs;
d ear [xm n3, xmax3];
a=Mn[Li st Sanpl eStatistics];
b = Max [Li st Of Sanpl eSt ati stics];
xmn3=a-.1lx(b-a);
xmax3 =b+.1x (b-a);
C ear [Model 37;
Mbdel 3[x_1: = PDF[Nornal Di stribution[Mean[Li st Of Sanpl eStati stics],
St andar dDevi ati on[Li st Of Sanpl eStati stics]], x]
Print ["Red is CLT Mbdel. Histogramand a normal conparison
for the collection of sanple standard devi ati ons"]
Show [ {Hi st ogram[Li st Of Sanpl eSt ati stics, Automati c,
"ProbabilityDensity", ChartStyl e - Orange],
Pl ot [Model 1[x], {X, xmin, xmax}, PlotStyle - {Red}],
Pl ot [Model 3[x], {X, xmi n3, xmax3}, Pl ot Styl e - {Oange, Dashed, Thick}]

}]

Red is CLT Mbdel. Hi stogramand a nornal
conparison for the collection of sanple standard devi ati ons
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m samplemedians- NO Central Limit Theorem

Cl ear [Li st Of Sanpl eSt ati stics];
Li st Of Sanpl eStati stics = Sanpl eMedi ans;
d ear [xm n3, xmax3];
a=Mn[Li st Sanpl eStatistics];
b = Max [Li st Of Sanpl eSt ati stics];
xmn3=a-.1lx(b-a);
xmax3 =b+.1x (b-a);
C ear [Model 37;
Mbdel 3[x_1: = PDF[Nornal Di stribution[Mean[Li st Of Sanpl eStati stics],
St andar dDevi ati on[Li st Of Sanpl eStati stics]], x]
Print ["Red is CLT Mbddel. Hi stogramand a nornal
conparison for the collection of sanple nedians"]
Show [ {Hi st ogram[Li st Of Sanpl eSt ati stics, Automati c,
"ProbabilityDensity", ChartStyle » Gray],
Pl ot [Model 1[x], {X, xmin, xmax}, PlotStyle - {Red}],
Pl ot [Model 3[x], {Xx, xmi n3, xmax3}, PlotStyl e - {Geen, Dashed, Thick}]
31

Red is CLT Mbdel. Hi stogramand a
normal conparison for the collection of sanple nedi ans
14

12 7
10 7
08 7
06 7
0.4

02f
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m see the random variation in multiple data sets

Do[
Cl ear [Sanpl eSet s, Sanpl eMeans, Sanpl eSt Devs, Sanpl eMaxs, i 1;
Sanmpl eMeans = {};
Sanpl eSt Devs = {};
Sanmpl eMaxs = {};
For[i =1, i < nunBets, i ++,
Sanpl eSets[i ] = RandonReal [Nornal Di stribution[0, 1], nSi ze];
AppendTo [Sanpl eMeans, Mean[Sanpl eSets[i 1] 1;
AppendTo[Sanpl eSt Devs, StandardDevi ati on[Sanmpl eSets[i]] 1;
AppendTo[Sanpl eMaxs, Max[Sanpl eSets[i]]1]1 1;
Print [Gaphi csArray[{
Show[ {Hi st ogram[Sanpl eMeans, Automatic, "ProbabilityDensity"],
Pl ot [Model 1[x], {Xx, -1.5, 2}1},
Pl ot Range -» {{-2, 4}, {0, 1}}, Pl otLabel - "Means"],
Show[
{Hi st ogr am[Sanpl eMaxs, Automatic, "ProbabilityDensity", ChartStyle - G een],
Pl ot [Model 1[x], {x, -1.5, 2}1}.
Pl ot Range » {{-2, 4}, {0, 1}}, Pl ot Label - "Maxs"],
Show [ {Hi st ogr am[Sanpl eSt Devs,
Aut omatic, "ProbabilityDensity", ChartStyle - Orangel,
Pl ot [Model 1[x]1, {x, -1.5, 2}1},
Pl ot Range » {{-2, 4}, {0, 1}}, Pl otLabel - "StdDevs"],
Show [ {Hi st ogr am[Sanpl eMedi ans,
Aut ormatic, "ProbabilityDensity", ChartStyle -» Gay],
Pl ot [Model 1[x], {x, -1.5, 2}1},
Pl ot Range -» {{-2, 4}, {0, 1}},
Pl ot Label - " Medi ans" ] }1 1, {., 1, 3}]

AM eans

NM eans

AM eans
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m example 2 - sampling from a uniform distribution

Print ["The parent population is a uniformdistribution. "]

Pl ot [PDF[Uni fornDi stribution[{250, 500}], x], {x, 200, 600}]

C ear [Sanpl eSet s2, Sanpl eMeans2, Sanpl eSt Devs2, Sanpl eMaxs2, nSi ze2, i, nunBet s2]

nSi ze2 = 10;

nuntet s2 = 200;

Sanpl eMeans2 = {};

Sanpl eSt Devs2 = {};

Sanpl eMaxs2 = (};

For[i =1, i < nunBets2, i ++,
Sanpl eSet s2[i ] = RandonReal [Uni fornDi stribution[{250, 500}], nSi ze2];
AppendTo[Sanpl eMeans2, Mean[Sanpl eSets2[i 1] 1;
AppendTo[Sanpl eSt Devs2, StandardDevi ati on[Sanpl eSets2[i 1] 1;
AppendTo [Sanmpl eMaxs2, Max[Sanpl eSets2[i 1] 1

1

Sanpl eSet s2[3]

Sanpl eMeans2[[3]]

Sanpl eSt Devs2[[3]]

Sanpl eMaxs2[[3]]

The parent population is a uniformdistribution.

0.004 -
0.003
0.002 -

0.001

‘3(‘)0““4(‘)0““5(‘)0““600
[485. 753, 259. 802, 254.55, 355.981, 266. 116, 430.22, 450.207, 497. 068, 427.6, 256. 43}
368. 373
101. 245

497. 068

Cl ear [nu2, sigma2, sig2bi vRootn];
mu2 = Mean[UnifornDi stribution[{250, 500}]]
sigma2 = Sgrt [ExpectedVal ue[ (x -nmu2)72, UnifornDistribution[{250, 500}1, x] ]

375
125

V3
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si g2Di vRootn = sigma2/Sqgrt [nSi ze2]

)
25 | —
6

N[%]
22.8218

C ear [pxm n2, pxmax2];
pxm n2 = mu2 - 3 sig2bi vRoot n;
pxmax2 = mu2 + 3 si g2Di vRoot n;

d ear [p2];
p2 = Pl ot [PDF[Norrmal Di stribution[mu2, si g2Di vRootn], x],
{X, pxm n2, pxmax2}, PlotStyle - {Red}];

Print ["Red is CLT Mbdel. Histogramfor the collection of sanple neans"]
Show [ {Hi st ogr am[Sanpl eMeans2, Automatic, "ProbabilityDensity"],

pP2}1]

Red is CLT Mddel. Histogramfor the collection of sanple neans
0.020 -
N

0.015 -
0.010 -
0.005 -

— . . . . . . . . . . x‘

320 340 360 380 400 420 440
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Print ["Red is CLT Mbdel. Hi stogramfor the collection of sanple maxi muns"]
Show [ {Hi st ogr am[Sanpl eMaxs2, Autonatic, "ProbabilityDensity", ChartStyle » Green],
pP2}]
Red is CLT Model. Hi stogramfor the collection of sanple maximuns

0.035}-

0.030 :
0.025

0.020

|
350 400 450

Print ["Red is CLT Mddel. Histogram
for the collection of sanple standard deviations"]
Show [ {Hi st ogr am[Sanpl eSt Devs2, Automatic, "ProbabilityDensity",
Chart Styl e » Orange],
pP2}]
Red is CLT Mddel. Histogramfor the collection of sanple standard devi ati ons

0.035]-

0030
0025
0020]
0015
0010

0.005|

100 200
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m example 3 -- sampling from an exponential distribution

Print ["The parent population is the exponential distribution. "]
Pl ot [PDF[Exponenti al Di stribution[1], x], {X, 0, 5}]
Cl ear [Sanpl eSet s3, Sanpl eMeans3, Sanpl eSt Devs3, Sanpl eMaxs3
nSi ze3, i, nunBets3, nmu3, sigma3, sig3D vRootn, pxm n3, pxmax3]
nSi ze3 = 10;
nuntet s3 = 200;
Sanpl eMeans3 = {};
Sanpl eSt Devs3 = {};
Sanpl eMaxs3 = {};
For[i =1, i < nunBets3, i ++,
Sanpl eSet s3[i ] = RandonmReal [Exponenti al Di stribution[1], nSize2]
AppendTo [Sanpl eMeans3, Mean[Sanpl eSets3[i 1] 1;
AppendTo [Sanpl eSt Devs3, StandardDevi ati on[Sanpl eSets3[i 1] 1;
AppendTo [Sanmpl eMaxs3, Max[Sanpl eSets3[i 1] ]
1
mu3 = Mean[Exponential Distribution[1]];
sigma3d = Sgrt [ExpectedVal ue[ (x -nmu3) "2, Exponential Di stribution[1l], x] 1;
si g3Di vRootn = sigma3/Sqgrt [nSi ze3];
pxm n3 = mu3 - 3sig3b vRoot n;
pxmax3 = rmu3 + 6 si g3Di vRoot n;
Cl ear [p3];
p3 = Pl ot [PDF[Nor el Di stribution[m3, sig3Di vRootn], x],
{x, pxm n3, pxmax3}, PlotStyle - {Red}];
Print ["Red is CLT Mddel. Histogramfor the collection of sanple nmeans"]
Show[ {Hi st ogram[Sanpl eMeans3, Automatic, "ProbabilityDensity"], p3}]

The parent population is the exponential distribution

10
08/
06/

0.4

0.2

1 2 3 4 5

Red is CLT Mddel. Histogramfor the collection of sanple nmeans
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Print ["Red is CLT Mddel. Histogramfor the collection of sanple maxi muns"]
Show[ {Hi st ogram[Sanpl eMaxs3, Automatic, "ProbabilityDensity", ChartStyl e - Geen],
Pl ot [PDF[Normal Di stri bution[rmu3, sig3Di vRootn], x], {X, pxm n3, pxmax3}]}]

Red is CLT Mbdel. Hi stogramfor the collection of sanple maxinmuns

141
12
1.0
08
06

0.4
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Print ["Red is CLT Mbdel. Histogram
for the collection of sanple standard devi ati ons"]
Show [ {Hi st ogr am[Sanpl eSt Devs3, Automatic, "ProbabilityDensity",
Chart Styl e » Orange],
Pl ot [PDF[Normal Di stribution[nu3, sig3Di vRootn], x], {X, pxm n3, pxmax3}]1}]

Red is CLT Model. Histogramfor the collection of sanple standard deviations

14

12 7
1.0 7
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