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class Bem3D{

public void bem(double [][]h,double [][]g,double []x,double []y,double []z,double
[Ixn,double [Jyn,double []zn,
double []a,int [I[]lelm,int []jnb,int [][Inei,int nt,int et){

normal(et,x,y,z,elm,xn,yn,zn,a); /] 2~z ELrEER
o fx

hg(h,g,x,y,z,xn,yn,zn,a,elm,jnb,nei,nt,et); // H % G

minvs(h,nt,nt,0.00005); /] [HH] &g 7]

seki(h,g,nt,nt,nt,nt); /] [HH]) &0 7 s gk 1
[G]

}//bem

public void hg(double [][]h,double [][]g,double []x,double []y,double []z,double
[Ixn,double [Jyn,double []zn,
double []a,int [J[Jelm,int []jnb,int [][]nei,int nt,int et){

double [][{}p=new double[2}{2];
double [][]Je=new double[2][2];

double [][]xg=new double[et][4];
double [][lyg=new double[et][4];
double [][]zg=new double[et][4];
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double [][]gs=new double[nt][8];

int wl,wm,l,m,Im,n,i,j,k,ij;

double hh,gg,f1,f2,£3,f4,rx,ry,rz,rsx,rsy,rsz,gs1,gs2,8s3,qr;
double pc,rilm;,rilm2,rn;

double pi=Math.Pl;

pc=0;n=0;rsx=0;rsy=0;rsz=0;g51=0;g52=0;gs3=0;rx=0;ry=0;rz=0;

wl=1; wm=1;
qr=1./Math.sqrt(3.);

p[1][1]=-ar;
e[1][1]=-qr;
p[1][2]=ar;
e[1][2]=-qr;

p[2][1]=ar;
e[2][1]=gr;
p[2][2]=-qr;
e[2][2]=qar;

for(j=1;j<=et;j++){

for(l=1;l<=2;1++){

for(m=1;m<=2;m++){
f1=(1-p[l][m]-e[l[m]+p[Il[m]*e[l][m])/4.;
f2=(1+p[l][m]-e[ll[m]-p(Il[m]*e[l][m])/4.;
f3=(1+p[l][m]+e[ll[m]+p[llim]*e[ll[m])/4.;
fa=(1-p[l][m]+e[ll[m]-p[Il[m]*ellllm])/4.;
Im=m+2*(l-1);
xglillIm]=f1*x[elm[j][1]]+f2*x[eIm[j][2]]+f3 *x[elm[j][3}]+f4*x[eIm[j][4]];
yglilltm]=f1*y[elm[j][1]]+f2*y[eIm[jl[2]]+f3*y[eIm[j}[3]]+f4*y[elm[j][4]];

zg[j][Im]=f1*z[elm[j][1]]+f2*z[eIm[j][2]]+f3*z[elm[]][3]]+f4*z[eIm[j][4]]; }}
}

for(j=1;j<=nt;j++){



for(k=1;k<=jnb[j];k++){

for(m=1;m<=4;m++){if(x[jl==x[elm[nei[j][jnb[k]]][m]] &&
yljl==y[elm[nei[j][jnb[k]]][m]] ) n=m; }

for(m=1;m<=4;m++){
if(m==1) pc=-1;
if(m==2) pc=1;
if(m==3) pc=1;
if(m==4) pc=-1;

rx=.25*((-1+pc)*x[elm(j][1]]-(1+pc)*x[eIm[j][2]]+(1+pc) *x[elm(j][3]]+(1-pc) *x[eIm[j][4
11);

ry=.25*((-1+pc)*y[elm[j][1]]-(1+pc)*y[elm[jI[2]]+(1+pc) *y[elm[j][3]]+(1-pc) *y[elm[j][
41]);

rz=.25%((-1+pc)*z[eIm(j][1]]-(1+pc)*z[elm[j][2]]+(1+pc)*z[elm[j][3]]+(1-pc) *z[elm(j][4
1)}

if(n==1| |[n==2) {
rsx=.5%(x[elm(j][3]]-x[eIm[]][4]]);
rsy=.5*(y[eIm[jl[3]]-y[elm[jI[4]]);
rsz=.5%(z[elmj}(3]]-z[eIm[]][4]]); }

if(n==3| |n==4) {
rsx=.5%(x[elm(j][2]]-x[eIm[j][1]]);
rsy=.5*(y[eIm[jl{2]]-y[elm[jI[1]]);
rsz=.5*(z[elm[j][2]]-z[eIm[]][1]]);}

gsl=rsy*rz-rsz*ry;
gs2=rsz*rx-rsx*rz;

gs3=rsx*ry-rsy*rx;

gs[jl[k]=Math.sqrt(gs1*gsl+gs2*gs2+gs3*gs3);
1

for(i=1;i<=nt;i++){ for(j=1;j<=nt;j++){h[i][j]1=0;g[i][j]=0;}}



for(i=1;i<=nt;i++){

for(jj=L;jj<=nt;jj++){

if(i!=ji){
hh=0;
88=0;
for(k=1;k<=jnb[jj];k++){
j=neiljj]linb[k]};
for(m=1;m<=4;m++){if(x[jjl==x[elm(j][m]] && y[jjl==y[elm[j][m]]) n=m; }

for(l=1;l<=2;1++){
for(m=1;m<=2;m++){

Im=m+2*(l-1);

rilm=(x[i]-xg[jl[Im])*(x[i]-xg[[1[Im])+(y[i]-yg[il[Im])*(y[i]-yglil[ImI)+(z[i]-zg[jl[Im])*(z[i]-
zg[jllim]);
rilm2=Math.sqrt(rilm);
rn=(xg[jl[Im]-x[i])*xn[jl+(yglil[Im]-y[i]) *yn[j]+(zg[jl[Im]-z[i]) *znj];
rn=rn/rilm2;

if(n==1){
hh=hh+wl*wm*(1-p[l][m]-e[l][m]+p[l][m]*e[l][m])/rilm*rn*alj];
gg=gg+wl*wm™*(1-p[l][m]-e[l][m]+p[l][m]*e[l][m])/rilm2*a[j];}
if(n==2)1
hh=hh+wl*wm*(1+p[l][m]-e[l][m]-p[l][m]*e[l][m])/rilm*rn*al[j];
gg=gg+wl*wm*(1+p[l][m]-e[l][m]-p[l][m]*e[l][m])/rilm2*al[j];}
if(n==3){
hh=hh+wl*wm*(1+p[l][m]+e[l][m]+p[l][m]*e[l][m])/rilm*rn*a[j];
gg=gg+wl*wm*(1+p[l][m]+e[l][m]+p[l][m]*e[l}[m])/rilm2*alj];}
if(n==4){
hh=hh+wl*wm*(1-p[l][m]+e[l][m]-p[l][m]*e[l][m])/rilm*rn*al[j];
gg=gg+wl*wm*(1-p[l][m]+e[l][m]-p[l][m]*e[l][m])/rilm2*al[j];}
1

h[il[jj]=-1./8/pi*hh;
glilljjl= 1./8/pi*gg; }



IS

if(i==jj{
gg=0;
for(k=1;k<=jnb[jj];k++){
j=neiljjllinb[k]];
for(m=1;m<=4;m++){if(x[j]==x[elm[j}[m]] && y[j]==y[elm[j][m]]) n=m; }

for(l=1;l<=2;l++){
for(m=1;m<=2;m++){

Im=m+2*(l-1);

rilm=(x[il-xg[jl{im]) *(x[i1-xg il [Im])+(y[il-yg[jI[Im]) * (y[il-yg[jl[Im])+(z[i]-zg[j][Im]) *(z[i]-
zg[illlm]);
rilm2=Math.sqrt(rilm);
rn=(xg[jl{Im]-x[i])*xn[jl+(ygi1[Im]-y[i])*yn[jl+(zg[il[Im]-z[i]) *zn[j];
rn=rn/rilm2;

if(n==1){gg=gg+wl*wm*(1-p[l][m]-e[l][m]+p[l][m]*e[l][m])/rilm2*gs[i][k];}
if(n==2){gg=gg+wl*wm*(1+p[l][m]-e[l][m]-p[l][m]*e[l][m])/rilm2*gs[i][k];}
if(n==3){gg=gg+wl*wm™*(1+p[l}[m]+e[l][m]+p[l][m]*e[l][m])/rilm2*gs[i][k];}
if(n==4){gg=gg+wl*wm*(1-p[l][m]+e[l][m]-p[l][m]*e[l][m])/rilm2*gs[i][k];}
i
glilljjl= 1./8/pi*gg; }
Yoo /=
if(i==jj) h[il[jjI=h[il[jj]+1;
i
}//hg

public void normal(int nelm,double []px,double []py,double []pz,int [][Jmtj,double
[Ixn,double [Jyn,double []zn,double []Jarea){



double r,r1,r2,r3,r4,r5,r6,t,t1,t2,t3,t4,15,t6;

inti;

for(i=1;i<=nelm;i++){
r1=px[mtj[i][3]]-px[mt;j[i][1]];
r2=py[mtj[i}[3]]-py[mtj[i][1]];
r3=pz[mt;j[i}[3]]-pz[mt][i][1]];
rd=px[mtj[i}[4]]-px[mtj[i][2]];
r5=pylmtj[i][4]]-py[mtj[i][2]];
re=pz[mtj[i][4]]-pz[mtj[i][2]];

r=Math.sqrt((r5*r3-r6*r2)*(r5*r3-r6*r2)+(r6*r1-ra*r3)*(r6*r1-r4*r3)+(r4*r2-r5*r1)*
(r4*r2-r5*r1));

xn[i]=(r5*r3-r6*r2)/r;
yn[il=(r6*r1-r4*r3)/r;
zn[i]=(r4*r2-r5*rl)/r;

t1=px[mtj[i][3]]-px[mtj[i][1]];
t2=py[mtj[il[3]]-py[mtj[i][1]];
t3=pz[mtj[i][3]]-pz[mtj[i][1]];
t4=px[mt;j[i][4]]-px[mtj[i][1]];
t5=py[mtj[il[4]}-py[mtj[i][1]];
te=pz[mtj[i][4]]-pz[mtj[i][1]];

r=.5*Math.sqrt((t2*r3-t3*r2)*(t2*r3-t3*r2)+(t3*r1-t1*r3)*(t3*r1-t1*r3)+(t1 *r2-t2*r
1)*(t1*r2-t2*r1));

t=.5*Math.sqrt((r2*t6-r3*t5)*(r2*t6-r3*t5)+(r3*t4-r1*t6)*(r3*t4-r1*t6)+(r1*t5-r2*t
4)*(r1*t5-r2*t4));

areali]=r+t;}

}// normal

public void seki(double [][]a,double [][]b,int m,int na,int nk,int nb){
inti,j,k;
doubler;



double [Jc=new double[m];

for(i=1;i<=na;i++){ for(k=1;k<=nk;k++){c[k]=a[i][k];}
for(j=1;j<=nb;j++){ r=0; for(k=1;k<=nk;k++){r=r+c[k]*b[k]{j];}
alillil=r;}}

}/seki

public void minvs(double [][]a,int n0,int n,double eps){ // & & &k Z_n0 & ¢k IR0
% T n<n0

int [] x=new int[n0];

int I,m,i,j,k;

double povit,absa,tmp,w;
for(i=1;i<=n;i++){x[i]=i;}

for(k=1;k<=n;k++){
m=k;
w=0.0;
for(i=k;i<=n;i++){
absa=Math.abs(a[i][k]);
if(absa>w) {w=absa; m=i;}

if(m!=k) {
I=x[m];
x[m]=x[k};
x[k]=l;
for(j=1;j<=n;j++){
w=alk][j];
a(k][jl=alm][jl;
a[m][jl=w;}
}
while(Math.abs(a[k}{k})>=eps) {
povit=1.0/a[k][k];
for(j=1;j<=n;j++){alk][j]=alk][j]*povit;}
for(i=1;i<=n;i++){
tmp=-a[i][k];
if((i!=k)&&(tmp!=0.0)){for(j=1;j<=n;j++}{alil[j]=alil[j]+alk][j]*tmp;} }



alil[k]=povit*tmp;}
a[k][k]=povit;
}//while
Yk

for(i=1;i<=n;i++){
while(x[i]!=i){

k=x[il;
for(j=1;j<=n;j++){
w=alj][i];
aljllil=aljl[k];
aljlikl=w;}
=x[i];
x[i]=x[kI;
x[k]=;
}//while
/i
}//minvs

}//all

/1i



