Mani pul at e [

bi vari at eNor mal [ul, u2, signmal, sigma2, N[p], xyRange, contours, col or Schene,
nRandonPoi nts, keepCent ered, densityPl ot Type, condProb, gi venVal ueFor CondProb],
Styl e["Paraneter Val ues", Bol d],
{{ul, 0, "Mean of X, ux="}, -100, 100, .1, | nageSi ze -» Ti ny, Appearance - "Label ed"},
{{u2, 0, "Mean of Y, uy="}, -100, 100, .1, I mageSi ze » Ti ny, Appearance - "Label ed"},
{{sigmal, 1, "ox="1}, 0.0001, 10, .1, I mageSi ze » Ti ny, Appearance - "Label ed" },
{{sigma2, 1, "oy="1}, 0.0001, 10, .1, I mageSi ze » Ti ny, Appearance - "Label ed"},
{{p, .9, Style["correlation factor p=", 9]},
-.9999, .9999, .01, I mageSi ze » Ti ny, Appearance - "Label ed"},
{{keepCentered, True, Style["Center plots\non joint nean?", 9]}, {True, Fal se}},
Delimter,
Styl e[" Contour options", Bold],
{{contours, 5, Style["contour |evels?", 9]}, {
1-"1",
2-5"2",
3->"3",
4 5 "4,
5-"5",
6-"6",
7->"7",
8-"8",
9-"9",
10 -> "10",
15 - " 15",
20 » " 20",
30 -> " 30",
40 - " 40"
}, Control Type -» PopupMenu, | mageSi ze -» Ti ny},
{{col or Schene, 0, Style["Col or schene?", 91}, {
0 - " None",
1-"Blue",
2-"CGay",
3-"Geen",
4 - "Bl ack",
5 - "Tenper at ur eMap",
6 -> "Bl ueG eenYel | ow",
7 ->"Rust Tones"
}, Control Type -» PopupMenu, | nmageSi ze » Ti ny},
{{densi tyPl ot Type, 1, "Select extra plot type"}, {1-»contour, 2 >density, 3-sstairs}},
Delimter,
Style["Other Msc. options", Bold],
{{xyRange, 3, Style["How many std\nfrom nmean to\ndisplay for plots?", 91},
1, 4, .1, Appearance - "Label ed", | mageSi ze -» Ti ny},
{{nRandonPoi nts, 100, Styl e["How many poi nts\nFor random plot?", 97},
1, 1000, 10, Appearance - "Label ed", | nageSi ze - Ti ny},
Delimter,
Style["Conditional probability options", Bold],
{ {condProb, 0, "Show Conditional Probability?"},
{0-"No", 1-"P(Y|X)", 2-5"P(X]Y)"}, Control Type -> Radi oButtonBar, | nageSi ze - Tiny},
{{gi venVal ueFor CondProb, 0, "Enter the given R V. value="},
Control Type » I nput Fi el d [0, Nurber ], Fiel dSi ze » 5,
Enabl ed » | f [condProb == 0, Fal se, True], | mageSi ze » Ti ny},
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Delimter,

{{runlt, True, ""},

Button[Style["Click to process", Bold, 14], runlt =True] & Control Pl acement - Left },
Control Pl acenent - Left, Alignnent -» Left, ContinuousAction - False, Initialization:

{

Get ["MultivariateStatistics "7J;

(*****************************************)

(* get XYRange *)

(*****************************************)

get XYrange[var _, u_, buffer_, isCentered_]: = Mdul e[{},
| f [isCentered, Return[{var, u-buffer, u+bufferi}]i;
If[u<0, Return[{var, u-buffer, buffer}i]];
Return[{var, -buffer, u+buffery}y;

1

get XYrange [var _, u_, buffer_, isCentered_, increnent _]:=Mdule[{},
| f [i sCentered, Return[{var, u-buffer, u+buffer, increnent}]];
If[u<0, Return[{var, u-buffer, buffer, increment}]];
Return[{var, -buffer, u+buffer, increnment}li;

1.

get Dat aRange [ux_, xBuffer _, uy , yBuffer _, isCentered_]:=Mdule[{rx, ry},
| f [i sCentered,
Return[ { {ux -xBuffer, ux +xBuffer}, {uy -yBuffer, uy +yBuffer} } 1 1;
If[ux <0, rx = {ux -xBuffer, ux +xBuffer}, rx = {-xBuffer, ux +xBuffer}i;
I fuy <0, ry = {uy -yBuffer, uy +yBuffer}, ry = {-yBuffer, uy +yBuffer}];
Return[{rx, ry}l;

1

condi tional Bi vari at eNor mal Densi ty [condi ti onal Of Vari abl e_, givenVariable_, oO Variabl e_,
oG venVariable_, uOVariable_, uGvenVariable_, correlationFactor _]: =

Modul e[{y =condi tional O Vari abl e, x =givenVariable, oy = o Vari abl e,
ox = oG venVari abl e, ux = uOf Vari abl e, uy = uG venVari abl e, p =correl ati onFactor },
2
1 1 (Y-uy-p2 (x-ux))
EXp[_E 2 2 ] 16]
oy 27r(l—p2) oy (1—p)

(*****************************************)

(* processBi vari at eNor nmal *)

(*****************************************)

bi vari ateNormal [ux_, ny_, oX_, oy_, p_, XyRange_, contours_, col or Nane_, nRandonPoi nts_,

keepCentered_, densityPl ot Type _, condProb_, gi venVal ueFor CondProb _]: =

Dynami cModul e [{chX, oyy, oXxy, correlationMatrix, pl, p2, detCorrelationMatri x,
opt Cont our, optPl ot 3D, px, py, xRange, yRange, pl ot XRange, pl ot YRange, tbl, pRandom
pCDF, si zeRandonPl ot, si zeCDFpl ot, si zePDFpl ot, sizeMargi nal pl ot, si zeCont our Pl ot ,
nMeshLi nes, m det Correl ati onMatri xSynbolic, vi ewPoi nt, pdf Dat aPoi nts, cdf DataPoi nts,
xRangeFor PDFTabl e, yRangeFor PDFTabl e, xRangeFor CDFTabl e, yRangeFor CDFTabl e,
skewness, kurtosis, charFunction, var, |abel, pdfDatal ncrement, cdfDatal ncrement,
pdf Dat aPoi nt sFor St ai rs, xRangeFor PDFTabl eSt ai rs, yRangeFor PDFTabl eStairs,
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dat aRange, conditional ProbabilitySlice, pCondProb, pMarginal Pl ot },

pdf Dat al ncr enent
cdf Dat al ncr enent

.1
. 5;

xRange = get XYrange [X, ux, XyRange x ox, keepCentered];
yRange = get XYrange [y, uy, xyRange x oy, keepCentered];
xRangeFor PDFTabl e = get XYrange [x, ux, XyRange x ox, keepCentered, pdfDatal ncrenent 1;
xRangeFor CDFTabl e = get XYrange [X, ux, XyRange x ox, keepCentered, cdfDatal ncrenent ];
yRangeFor PDFTabl e = get XYrange [y, uy, XyRange oy, keepCentered, pdfDatal ncrenent ;
yRangeFor CDFTabl e = get XYrange [y, uy, xyRange x oy, keepCentered, cdf Datal ncrenent ];

dat aRange = get Dat aRange [ux, XyRange x oX, py, XyRange x oy, keepCentered];

nMeshLi nes = 20;
oXX = ox?;

oyy = oy?;

oXY = P * oXX * oYY;

correlationMatrix = N[{{oxX, oxy}, {oXy, oyy}}l;

det Correl ati onMatri xSynbolic =

MatrixForm[{{"c%", " ", "p o%0%"}, {"p o%xoR", " ", "R 1}
det Correl ati onMatri x = Det [correl ati onMatrix];

m= Matri xForm[correl ati onMatrix];

| f [detCorrel ationMatrix =< O,

I f [det Correl ati onMatrix =0,

Returnf[
Text [Row[ {" Opps, your input generated a covariance Matrix with ZERO determ nant !
try again ", detCorrelationMatri xSynbolic, " =", m111,

Ret urn[Text [Row[ {" Opps, your input generated a covariance Mtrix
wi th NEGATI VE determinant! try again
", detCorrelationMatri xSynbolic, " =", m1]1]
1
1

I f [condProb > 0,
Whi ch [
condProb == 1, (xgiven Xx)
condi tional ProbabilitySlice =Tabl e[l f [x # gi venVal ueFor CondProb, -1,
condi tional Bi vari at eNor mal Densi ty [y, gi venVal ueFor CondProb, oy, ox, wuy, px, pll,
Eval uat e [yRangeFor PDFTabl e], Eval uat e [xRangeFor PDFTabl e]1,
condProb == 2,
condi tional ProbabilitySlice =Tabl e[l f [y # gi venVal ueFor CondProb, -1,
condi tional Bi vari at eNor mal Densi ty [x, gi venVal ueFor CondProb, oy, ox, uy, ux, pll,
Eval uat e [yRangeFor PDFTabl e], Eval uat e [xRangeFor PDFTabl e]]
]
IN

si zeRandonP| ot = {200};
si zeCDFpl ot = {300};

si zePDFpl ot = {300};

si zeMar gi nal pl ot = {200};
si zeCont our Pl ot = {300};
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Whi ch [
col or Nane == 0, {opt Pl ot 3D = Col or Functi on » None; opt Cont our = Cont our Shadi ng -» None},
col orNanme == 1, {optPlot3D=PlotStyle - Bl ue, opt Contour =optPl ot 3D},
col orNane = 2, {optPlot3D=PlotStyle -» Gay, optContour =optPl ot 3D},
col orNane =3, {optPlot3D=PlotStyle - G een, optContour =optPl ot3D},
col orNane == 4, {optPlot3D=PlotStyle - Black, opt Contour =optPl ot 3D},
col or Nare == 5, {opt Pl ot 3D = Col or Functi on -» " Tenper at ur eMap"; opt Cont our = opt Pl ot 3D},
col or Nane = 6, {opt Pl ot 3D = Col or Functi on -» "Bl ueGreenYel | ow'; opt Cont our = opt Pl ot 3D},
col orNane =7, {opt Pl ot 3D = Col or Functi on -» " Rust Tones"; opt Cont our = opt Pl ot 3D}

1:
vi ewPoint = {.5, -2, 1};

skewness = Skewness [Mul tinormal Di stribution[{ux, uy}, correlationMatrix]l];

kurtosis = Kurtosis[Multinormal Di stribution[{ux, uy}, correlationMatrix]i;

char Function =

CharacteristicFunction[Miltinormal Distribution[{ux, uy}, correlationMatrix], {X, y}1;
var = Variance[Mil tinormal Distribution[{ux, uy}, correlationMatrix]];

pdf Dat aPoi nts = N[Tabl e[ PDF[Mul ti normal Di stribution[{ux, uy}, correlationMtrix],
{X, y}1, Eval uat e [xRangeFor PDFTabl e], Eval uat e [yRangeFor PDFTabl e]]1;

| abel =Row[{ Style["Joint PDF fyxvy(X,Y). skewness=", 10], skewness,
Style["\nkurtosis=", 9], kurtosis, Style[" Variance=", 9], var, "\n"}J;

condi tional ProbabilitySlice = Chop[conditional ProbabilitySlicel;

I f [condProb > 0,
pCondProb = Li st Pl ot 3D[condi ti onal ProbabilitySlice,
Pl ot Label -1 abel,
AxesLabel - {x, vy, fxy},
Pl ot Range -» {All , All, {O,
Eval uat e [Max [ Max [condi ti onal ProbabilitySlice], Max[pdfDataPoints] 1] 1}},
| rageSi ze - si zePDFpl ot ,
Pl ot Styl e -» Red,
Vi ewPoi nt -> vi ewPoi nt
Aspect Rati o » Automati c,
Dat aRange - dat aRange
1
1;

pl = Li st Pl ot 3D[pdf Dat aPoi nt s,
Pl ot Label - I abel,
AxesLabel - {x, vy, fxy},
Pl ot Range » {All, All, {0, Eval uate[Max[
| f [condProb >0, Max[conditional ProbabilitySlice], 0], Max[pdfDataPoints] ]]1}},
| mageSi ze - si zePDFpl ot ,
Eval uat e [opt Pl ot 3D],
Vi ewPoi nt -> vi ewPoi nt ,
Aspect Rati o » Automati c,
Dat aRange - dat aRange
IN

| f [condProb >0, pl = Show[pCondProb, pl]1];
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Whi ch [

densi tyPl ot Type == 1,

p2 = Li st Cont our Pl ot [pdf Dat aPoi nts,
Cont our Label s » (Text [Framed [#3], {#1, #2}, Background -» Wite] &),
| mageSi ze - si zeCont our Pl ot ,
Eval uat e [opt Cont our ],
Cont ours -> contours,
AxesLabel - {"X", "Y"},
Pl ot Label - " Contour Plot",
Aspect Rati o » Aut omati c,
Dat aRange - dat aRange

1,

densi tyPl ot Type == 2,
p2 = Li st Densi t yPl ot [pdf Dat aPoi nts,
Mesh - None,
I nt er pol ati onOrder - 0,
Col or Functi on -» " Sout hwest Col ors",
Pl ot Label - "Density Plot",
Dat aRange - dat aRange,
Aspect Rati o » Automati c,
| mageSi ze -» si zeCont our Pl ot ],

densi tyPl ot Type == 3,
{
pdf Dat al ncrenent =. 2;
xRangeFor PDFTabl eStairs =
get XYrange [X, uX, XyRange x ox, keepCentered, pdfDatal ncrement ];
yRangeFor PDFTabl eSt ai rs = get XYrange [y, uy, XyRange oy,
keepCent er ed, pdf Datal ncrenent 1;

pdf Dat aPoi nt sFor Stairs =
N[Tabl e[ PDF[Mil tinormal Di stribution[{ux, uy}, correlationMatrix], {X, y}1,
Eval uat e [xRangeFor PDFTabl eSt ai rs], Eval uat e [yRangeFor PDFTabl eStairs]11;

p2 = Li st Pl ot 3D[pdf Dat aPoi nt sFor Stairs,
Pl ot Label -»"Stairs view of joint PDF",
AxeslLabel - {X, Y, Fxy},
| mageSi ze -> si zeCDFpl ot ,
Pl ot Range -» Al | ,
Mesh -» None,
I nterpol ati onOrder - 0,
Col or Funct i on » " Sout hwest Col ors",
Filling -» Axi s,
Dat aRange - dat aRange,
Aspect Rati o » Aut omati c,
Vi ewPoi nt -> vi ewPoi nt ]

}

1

px = Pl ot [PDF[Normal Di stribution[ux, ox], x], Eval uate[xRange],

Pl ot Range - Al | , | mageSi ze -> si zeMargi nal pl ot, PlotStyle -> Red];
py = Pl ot [PDF[Nor mal Di stri bution[uy, oyl, y], Eval uat e [yRange],
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Pl ot Range - Al | , | mageSi ze -> si zeMargi nal pl ot, PlotStyle - Bl ack];
pMar gi nal Pl ot = Show[px, py, Pl otlLabel -» {Style["Marginal fx(x)", Red],
Style["Marginal fy(y)", Black]}];

tbl = Tabl e [RandonReal [
Mul tinormal Di stribution[{ux, uy}, correlationMatrix]], {i, nRandonPoi nts}];

pRandom= Li st Pl ot [tbl, PlotLabel -» Style[
"Scatter Plot independent pairs of\nbivariate nornmal random variabl es", Smaller],
AxesLabel - {"x", "y"}, I nageSi ze » si zeRandonPl ot, Pl ot Range -» Al | ];

cdf Dat aPoi nts = N[Tabl e[ COF[Mul ti normal Di stribution[{ux, uy}, correlationMatrix],
{X, y}1, Eval uat e [xRangeFor CDFTabl e], Eval uat e [yRangeFor CDFTabl e]]1;

| abel = Row[{Style["CDF Fx v(x,y)", 101,
Style["\nCharacteristicFunction ", 10], Text [charFunction]}];

pCDF = Li st Pl ot 3D[cdf Dat aPoi nt s,

Pl ot Label -1 abel,

AxesLabel - {X, VY, Fx},

| mageSi ze -> si zeCDFpl ot ,

Pl ot Range -» Al | ,

Aspect Rati o » Automati c,
Dat aRange - dat aRange

I

Gid[{
{ Gid[{ {pl, pCDF} }, Frane -» None, Spacings » 1, Itenize - {Full, Full}] }
, { Gid[{{p2, Gid[{ {pRandom}, { Gid[{{pMargi nal Pl ot }}, Frane »
None, Spacings » 1, ItenSize - {Full, Full}] } o} }3},
Frame -» None, Spacings » 1, ItenSize » {Full, Full }]}
1.
Frame -» All, Spacings » 1, ItenSize - {Full, Full}]

] (xend Mani pul at ex)
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Parameter Values
Mean of X, Ux=  —f}—ou ¥ 0 Joint PDF fy v(x,y). skewness={0, O}
Mean of Y, uy= :O:' 0 kurtosis={3, 3} Variance={1., 1.}
ox= :O:, 1
oy= :D:, 1

correlation factor p= :D: 0.9

Center plots
= o I

Z=7
27
Contour options

contour levels? 5

Color scheme? @

Select extra plot type |contour| densityl stairsl

Other Misc. options
Contour Plot

How many std .:D:. 3 3 ; —————————
from mean to [
display for plots? L
How many points :O:, 100 2+
For random plot? L
1l
Conditional probability options F
show Conditional Probability?  (Ono (Operix) (®Ppxiv) I
0 [
Enter the given R.V. value= 2 r
il
Click to process i
[ 0.075
oL
|
=30, [ [ P P
-3 -2 -1 0 1
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