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double Normal_Percent(double val){
double b0,bl,b2,b3,b4,b5,b6,b7,b8,y,alpha,sum,v;
ifC( val > 0.5 ){ v =1 - val; }else{ v = val; }

b0 = 0.1570796288*10;
bl 0.3706987906e-1;



b2 = -0.8364353589%e-3;
b3 = -0.2250947176e-3;
b4 = 0.6841218299%e-5;
b5 = 0.5824238515e-5;
b6 = -0.1045274970e-5;
b7 = 0.8360937017e-7;
b8 = -0.3231081277e-8;

y = -log(4*v*(1-v));

sum = b0 + (bl*y) + (b2*pow(y,2)) + (b3*pow(y,3)) + (b4*pow(y,4)) +
(b5*pow(y,5)) + (b6*pow(y,6)) + (b7*pow(y,7)) + (b8*pow(y,8));

sum = sum * y;

alpha = sqrt(sum);
if( val < 0.5 ){ alpha = -1 * alpha; }

return alpha;

}
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T—ANHoT-T 5,

#1 v 2R OH (Hi#L : Encyclopedia of Statistical Sciences;Polychoric and Polyserial Correlations & 9)

A | B C | &t
H 581 52 | 1 111
< 26 | 58 | 3 87
) 8 12 | 9 29
&Eb | 92 | 122 | 13 | 227

BIAIE, —FIH & =5 HOMIZH 5 BEE,

=0 1(111/227) = ®1(0.489) = —0.027

THs, ATFRBZ,
@ = ©'(198/227) = ©71(0.872) = 1.137
by = ®71(92/227) = ®71(0.754) = —-0.239

~

by = ®1(214/227) = ®7'(0.942) = -1.578
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DA EEEL (D,;cumulative distribution function;CDF) 3% 0 Z 5 TH 5, HIHIEA D TRO SN B D, BEFITE
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//(—RT) ERAHDRED HEBDELN
double N(double z) {

double bl = 0.31938153;

double b2 = -0.356563782;

double b3 = 1.781477937;

double b4 = -1.821255978;

double b5 = 1.330274429;

double p = 0.2316419;

double c2 = 0.3989423;

if (z > 6.0) { return 1.0; }; // this guards against overflow
if (z < -6.0) { return 0.0; };

double a=fabs(z);

double t = 1.0/(1.0+a*p);

double b = c2*exp((-2)*(z/2.0));
(C((b5*t+b4) *t+b3) *t+b2) *t+bl) *t;

n = 1.0-b*n;

if (z<0.0)n=1.0 - n;

double n

return n;

//=RTIERDHEORED BB DIELIH

//RPTHERT 2EH
double f( double x, double y, double aprime, double bprime ,double rho ){
double r = aprime * ( 2 * x - aprime ) + bprime *( 2 * y - bprime )
+ 2 *rho * ( x - aprime ) * ( y - bprime );

return exp(r);

double sgn( double x) { // sign function
if (x>=0.0) return 1.0;

return -1.0;

S/ A A
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double biNormalInt(double a, double b, double rho){
double val;
ifCa<=0 &% b <=0 && rho <= 0 ){
double aprime = a/(sqrt(2 * ( 1 -rho * rho )));
double bprime = b/(sqrt(2 * ( 1- rho * rho )));
long double A[15],B[15];
A[0] = 5.54433663102343E-02;

A[1] = 1.24027738987730E-01;
A[2] = 1.75290943892075E-01;
A[3] = 1.91488340747342E-01;
A[4] = 1.63473797144070E-01;
A[5] = 1.05937637278492E-01;
A[6] = 5.00270211534535E-02;
A[7] = 1.64429690052673E-02;
A[8] = 3.57320421428311E-03;
A[9] = 4.82896509305201E-04;
A[10]= 3.74908650266318E-05;
A[11]= 1.49368411589636E-06;
A[12]= 2.55270496934465E-08;
A[13]= 1.34217679136316E-10;
A[14]= 9.56227446736465E-14;
B[0] = 2.16869474675590E-02;

B[1] =
B[2] =

2

1.12684220347775E-01;
2.70492671421899E-01;
B[3] = 4.86902370381935E-01;
B[4] = 7.53043683072978E-01;
B[5] = 1.06093100362236E+00;
B[6] = 1.40425495820363E+00;
B[7] = 1.77864637941183E+00;
B[8] = 2.18170813144494E+00;
B[9] = 2.61306084533352E+00;
B[10]= 3.07461811380851E+00;
B[11]= 3.57140815113714E+00;
B[12]= 4.11373608977209E+00;
B[13]= 4.72351306243148E+00;
B[14]= 5.46048893578335E+00;

long double sum = 0;

for(int 1 =0 ; i < 15 ; i++ ){

11



for( int j = 0; j < 15 ; j++ ){
sum = sum + A[i] * A[j] * £(C B[i], B[j],aprime,bprime,rho);

}
sum = sum * ( sqrt( 1.0 - rho * rho )/ PI );
return (double)sum;
}else if( a* b * rho <= 0.0 ){
if( Ca<=0.0) & (b >=0.0) & ( rho >= 0.0 )){
return N(a) - biNormalInt(a,-b,-rho);
}else if ((a >=0.0) & (b <= 0.0 ) & ( rho >= 0.0)){
return N(b) - biNormalInt(-a,b,-rho);
}else if ((a>=0.0) & (b >= 0.0 ) & ( rho <= 0.0)){
return N(a) + N(b) - 1.0 + biNormalInt(-a,-b,rho);
}
lelse if (a * b * rho >= 0.0 ){
double denum = sqrt( a* a -2 * rho * a * b + b * b);
double rhol = (( rho * a - b ) * sgn(a))/denum;
double rho2 = (( rho * b - a ) * sgn(b))/denum;
double delta = ( 1.0-sgn(a)*sgn(b))/ 4.0;
return biNormalInt( a,0.0,rhol)+biNormalInt(b,0.0,rho2)-delta;
}

return -99.9;

LIRAIZ, TOTUTSADAAL VTR I0Y ORBEETCEBTEL LS IR >TWAA, EEEIZIZ 107
CHLWTHATH A S, TDEHE, ROBFIZHFIIXTL WV,

douuble A[4] ={ 0.3253030,0.4211071,0.1334425,0.006374323 };
double B[4] ={ 0.1337764,0.6243247,1.3425378,2.2626645};
double sum = 0;
for(int i =0 ; i <4 ; i++ ){
for( int j = 0; j < 4 ; j++ ){
sum = sum + A[i] * A[j] * £(C B[i], B[j],aprime,bprime,rho);

}

BUEHIZ R CAX S, £ODZHAVEER, HEREKp 120419899 s nd, TDEE, Z0 CDF L —
FraffioTHEING, LV HBAHE (X8 O n;) k0@ TH D, ZhsDBBEM->T, AIEO
HREROfzRD B Z LIzl 5,
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library(tidyverse)

library(rgl)

library(mvtnorm)

### 1 REERDH

png("gauss.png", width = 800, height = 500) # ET /N1 2%&FI<

plot(dnorm, -3, 3)

dev.off()

### 2RBERDH HEEQ

x1 <- seq(-3, 3, length = 50)

x2 <- x1

f <- function(xl, x2) {

dmvnorm(matrix(c(xl, x2), ncol = 2),

mean = c(0, 0),

sigma = matrix(c(l, 0, 0, 1), ncol = 2)

}
z <- outer(xl, x2, f)
z[is.na(z)] <- 1

op <- par(bg = "white")
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png("2gauss®.png”, width = 800, height = 500) # HET /N1 XA %&RF<
split.screen(figs = c(1, 2))
screen(1)

persp(x1, x2, z,

theta = 15, phi = 20, expand = 0.5,
zlim = c(-0.1, 0.35), border = "red"
)
screen(2)
contour(xl, x2, z)
close.screen(l, 2)
dev.off()

### 2RBIERDH #EEH0.1
x1 <- seq(-3, 3, length = 50)
x2 <- x1
f <- function(xl, x2) {
dmvnorm(matrix(c(xl, x2), ncol = 2),
mean = c(0, 0),

sigma = matrix(c(l, 0.1, 0.1, 1), ncol = 2)

}

z <- outer(xl, x2, f)

z[is.na(z)] <- 1

op <- par(bg = "white")

png("2gaussl.png”, width = 800, height = 500) # HET /N1 A%<
split.screen(figs = c(1, 2))

screen(1)

persp(x1, x2, z,

theta = 13, phi = 20, expand = 0.5,
zlim = c(-0.1, 0.35), border = "orange"
)
screen(2)

contour(xl, x2, z)
close.screen(l, 2)
dev.off()

### 2 REERDHE EE0.5
x1 <- seq(-3, 3, length = 50)

x2 <- x1
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f <- function(xl, x2) {
dmvnorm(matrix(c(x1l, x2), ncol = 2),
mean = c(0, 0),

sigma = matrix(c(l, 0.5, 0.5, 1), ncol = 2)

}

z <- outer(xl, x2, f)

z[is.na(z)] <- 1

op <- par(bg = "white")

png("2gauss5.png", width = 800, height = 500) # HET/N\1M X %<

split.screen(figs = c(1l, 2))

screen(1l)

persp(x1, x2, z,
theta = 12, phi = 20, expand = 0.5,
zlim = c(-0.1, 0.35), border = "orange"

)

screen(2)

contour(xl, x2, z)

close.screen(1, 2)

dev.off()

### 2 ZEERSH MHEE0.9

x1 <- seq(-3, 3, length = 50)

x2 <- x1

f <- function(xl, x2) {
dmvnorm(matrix(c(xl, x2), ncol = 2),

mean = c(0, 0),

sigma = matrix(c(l, 0.9, 0.9, 1), ncol = 2)

}
z <- outer(xl, x2, D)
z[is.na(z)] <- 1
op <- par(bg = "white")
png("2gauss9.png”, width = 800, height = 500) # HET /N1 X% <
split.screen(figs = c(1, 2))
screen(1)
persp(x1, x2, z,
theta = 7, phi = 20, expand = 0.5,
zlim = c¢(-0.1, 0.35), border = "blue"
)

screen(2)
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contour(xl, x2, z)
close.screen(1l, 2)
dev.off()
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