Il Muttiveriote Normal Distribution

=Bivariate Normal

l
Pley,o)= exp

2roy N 1 = p?

=Y C2pln =) (- ) N (s = p1a)’*

2(1-p3) l

¢rf [ L] 1T§
= marginal pdf of x;, ~ Normal(y, G,
= conditional pdf of x1|x2 ~ Normal (complicate)

* how to generate a bivariate normal
e In HW+#2, using two normal distribution

= Multivariate normal X~-MN(u., )
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* marginal of x; ~ Normal(p;, ;)
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Multivariate Data Analysis

=»Multivariate normal using R
= bivariate normal PDF

library(mvtnorm)

mu<-c(6,5)

sigma<-matrix(c(9,5,5,4),2,2)

#<-seql-3,15,by=0.1)

ye<-seq(-3,3,by=0.1)
z<-matrix(la,length(x),length(y))

for(i in L:length(x)){for(j in l:length(y))
{z[i,j]<-dmvnorm{c(x[1],v[i]),mean=mu,sigma=sigma)}}

L R RV RV "

[,1] [,2] [,3] [,4]
[1,] 1.342163e-05 1.708552e-05 2.157237e-05 2.701556e-05
[2,1 1.291883e-05 1.652038e-05 2.095385e-05 2.636053e-05

= generating bivariate normal

> sigma <- matrix(c(9,5,5,4),2,2)
> % <= rmvnorm(n=588, mean=c(6,5), sigma=sigma)
I
[,1]
[L,] 2.28714753
r 1 g A3ILRCIA0
> names(x)
MULL
> x@<-data.frame(x)
> names(x0)
[1] "coll" "col2"™
> fix(x@)
> names(x0)
[1] "yi" "y2n

[,2]
2.96071117
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Multivariate Data Analysis

= scatter plot |
» plot(«@fvl,x0iv2 , main="bivariate normal(&,%), (9,5,5,4)",
+ xlab="v1", ylab="v2")

> abline(lm(x0%yv2~x05v1)) 'NQE scatter plot
bivariate normal(6,5), (9.5,5.4) ° '_IIF_IIPQ| g%% EII og '6101 zxt% _(T)'_‘I|_|O|| EL
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I > cov(x@) ¥1 , ,
3.!]_ :'FJ‘-’—'
yl 9.219004 5, 200282 RS ce,e,
v 5.200282 4.218760 I .fy: 'a;.
> cor [ A EI ] ‘e : "‘.: < : .:u.'. . ®
> mean(x0) vl y2 RPN .t o
vl y2 vl 1.0000000 0.8328244 * . . Toe
X X
G.222482 £,174247 ve @ 8328244 10000000 © r=0 @ r=0
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=Pearson Yt HIF
o« & 22l MY (linear relationship) 2 H § &, -1<r<i
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cov(X,Y)
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Multivariate Data Analysis

*Non-parametric Correlation
« HEANQ W2 10~15TH OO HL} —EAT} THE £
e i £&°| s~107 Ot

Spearman =9

(R, — RO(R, - R,)

J"T‘(R -R)* T (R, -R,)

Kendall@] ¢

Eﬁgﬂ (x; — x; )sign(y; — .J"’j':'

gy
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BYLE F HANS MY BY HE EH
SYBYLTHES BAE QA WES BT, 5
QNS BIAE B2 £ . (Spearmanel W)

=9 H|°|E G Applicant.txt
=A[AA 48 T 4 AN AA 5T 2 MR} 157)
@2 ol B,
.27 ¥20| T MEE 28
» app<-read.table("AFFLICANT.TXT",header=T)

> fix(app)
|G Data’ Editor

1D AL.FL. | X1.APP. |[X3.A4.

1|1 ] 7 p 5

» attach(app)
> plot(X1.FL.,X2.APF.,pch=ID)
» tewt(X1l.FL.,XZ.AFF.,1ID)
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Multivariate Data Analysis

= InR

» cor.test(x0fyvl,x05v2)
Fearson's product-moment correlation

data: =0%yl and =0%y2

t = 33.5754, df = 498, p-value < 2.2e-16
alternative hypothesis: true correlation is n
95 percent confidence interval:

0.8038389 0.8578644

sample estimates:

cor
@.8328244
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Multivariate Data Analysis

Il scotter PLOT matrix

*"InR = Another
> app@<-app[,2:16] .
> pairs(app@) > library(car)

» scatterplot.matrix(appd, labels=colnames(app®))
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Multivariate Data Analysis

Il cometation of Second order function dota

ROz _1cH =scatter plot
> split.screenici(l, 1))
> screenil)
> plotix,v,type='1l',vliw=c(-6,2) ,Xxliw=c(-2.5,2.5),; n=90.Y=0.5X-X"2
+ ylabh="vy", xlab="x",main="n=920,¥=0,5X-X"2")
> screenil) o ¢ 40
> oplot (xy,viliw=c (—-6,2) ,xliw=c(-2.5,2.5) ,v1lah="y" xlakb="x") © o o
o] o]
o 0 o o% <
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=split.screen 232 B o
o 4
>
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=screen(l) 3
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Multivariate Data Analysis

Bubble plot inR

x P
=X-5:LC, y-5: SC "HW#3 due 10.27.2008(Mon)
° 9 . .
bubble2| 3 1|: SMs = (DMDA Term project: M2 (2 H°|A]) X H[O|E| ¥
* BI°I& app®ll= LC, SC, sMs 37 H4 Tt QA OF i, - QHO|A| 67 #2
= QHOIA| 67 #3
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§
o o
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o o)
T T T T T T [r g
0 2 4 5} 8 10
$(app, Ic)
> app<-read.table ("appl.csv", header=T, sep=",")
> bubble.plot<-function(x,vy,scale=0.1, xlab=substitute (x) ,ylab=ssubstitute(vy),...){ z<-table(x, V]
+ xXx<-rep(as.numeric(rownsmes (z) ), ncoliz))
+ Yy<=30rt(rep(as.numeric(colnames (z) ), nrow(z)))
+ id<-which(z'=0)
+ synbols (xx[id] ,vyy[id] ,inches=F,circles=sqrec(z[1id] ) *scale,xlab=xlab, ylab=ylab,...]}
> bubble.plot (appfle,appisc)
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Il cremoff face using R
.79

* Chernoff faces display multivariate data in the
shape of a human face.. Each unit is represented as
a schematic face. Variables of interest are
represented by particular parameters of the face,
e.g. the nose size, eye-to-eye distance, etc.
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=Using R

Multivariate Data Analysis
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