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f source code \

def find_dislocation()
bond=[]
for i in 0..$atom.size-1 do
bond[i]=[]
end
for i in 0..$atom.size-1 do
atomi=$atom[i]
for j in 0..%atom.size-1 do
atomj=$atom[j]
dist = distance(atomi,atomj)
if (dist>=$dist_min and dist<$dist_max) then
bond[i] << j
end
end
if bond[i].size<=11 then
$dislocation << i
end
end
end

N J
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000000000000 00O08dislocation20000000000000O0DOO0OO
O0000o0oooooooo

source code

N\ OO

~

def red_point_dislocation()
data=[]
$dislocation2=[]
file=open("3D_dislocation.tsv" ,"w")
mk_dammy (file,4)
for i in 0..$dislocation.size-1 do
if $atom[$dislocation[i]] [2]>$z_specifyl && $atom[$dislocation[i]] [2]<$z_specify2
file.print O0.to_s+"\t"+$atom[$dislocation[i]] [0].to_s+"\t"
+$atom[$dislocation[i]] [1].to_s+"\t"+$atom[$dislocation[i]] [2] .to_s+"\n" ##(dammy,x,y,z)
data.push([0.to_f,$atom[$dislocation[i]] [0].to_f,
$atom[$dislocation[i]] [1] .to_f,$atom[$dislocation[i]] [2] .to_Ff])
$dislocation2<<$dislocation[il
end
end
pp $dislocation2.size
end

N J

GD_disIocation.r_wIC% E"i&ﬁE%)

\

|

$dislocation P TIEE L
ZBICHDIRTOHEFE()

|

RTEEREAH&()EMCT
JRF % $disolocation2 IC &

|

end

0 411: 00000000.
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O00000000Sdislocation2 000000 yOOOOOOODODODODODODO O $shortest
O$rate 00000000 00O$dislocation2 0000000000000 41200000
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Ub00Dteni0 00000 o0ooooOOooOoOO

( source code \

count=0
while teni.size!=0 do
group [count]=[]
for j in O..teni.size-1 do
if ($atom[teni[count]] [1]+($shortest*$rate) > $atom[teni[j]1] [1]
&& $atom[tenil[count]] [1]-($shortest*$rate) < $atom[teni[j]] [1])
group [count] << tenil[j]
end
end
for z in 0..group[count].size-1 do
teni.delete(groupl[count] [z]) # this code delete same number of group[count]
from teni’s array
end
count=count+1
end

pp group

\ y

U0 group0 0000000 D0ODODOOO0O0ODODODOOOOODODODODDOOOOODODODO
0000000000 group0 0000000 O0DOOOOOODO nlgroup 00O (O
413)000008%distmax 000000 nlgroup0 00000000000 OOOOO
oooobooooooooobbbotOnatomJ 000000000 0O0ODO0OODOOO
0000000000000 00D00 mkburgertsv0OOOODOOOOODOOOODOO
goboooobobooboboo 414b0op0ooboobooobobooobooon
00 (0415000000
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source code

z_max=data_atom[0] [2];
z_min=data_atom[0] [2];
for (int row = 0; row < atom-1; row++) {//tsv_gyou
if (z_max<data_atom[row] [2]){
z_max=data_atom[row] [2];}
if (z_min>data_atom[row] [2]){
z_min=data_atom[row] [2];}
}
1=z_max-z_min;
for (int row = 0; row < atom-1; row++) {//tsv_gyou
nzl = data_atom[row] [2];
R1=int (255*(1-(nzl-z_min)/1));
B1=int (255%(nz1-z_min)/1);
strokeWeight (12) ;
stroke(R1,0,B1);
point(data_atom[row] [0]*zoom, -data_atom[row] [1]*zoom, -data_atom[row] [2]*zoom) ;

255

0 1
(82) (Fan)

g s1l:00000obobuooggobon.
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(/, source code

include Math

require ’pp’

datacheck=true

data=File.read("dammymc100.txt")

$atom=[]

data.each do | line |
if datacheck then datacheck=false; next end
linel=line.split(" ") #devide_space

end
puts data
def yz_max(n)
max=$atom[0] [n]
for i in 0..$atom.length-1 do
if max<$atom[i] [n] then
max=$atom[i] [n]
end
end
return max
end
def yz_min(n)
min=$atom[0] [n]
for i in 0..$atom.length-1 do
if min>$atom[i] [n] then
min=$atom[i] [n]
end
end
return min
end
ymax=yz_max (1)
ymin=yz_min(1)
zmax=yz_max (2)
zmin=yz_min(2)
b=0.3
c=0.3
y_gap=ymax-ymin+b
z_gap=zmax-zmin+c
file=open("ymax.txt" ,"w")
for i in 0..$atom.size-1 do

file.print $atom([i] [0]
file.print $atom[i] [0]
file.print $atom[i] [0]
file.print $atom[i] [0].to_s+"\t"+($atom[i] [1]+y_gap)
file.print $atom[i] [0].to_s+"\t"+($atom[i] [1]+y_gap)
file.print $atom[i] [0].to_s+"\t"+($atom[i] [1]+y_gap)
file.print $atom[i][0].to_s+"\t"+($atom[i] [1]-y_gap)
file.print $atom[i] [0].to_s+"\t"+($atom[i] [1]-y_gap)
file.print $atom[i] [0].to_s+"\t"+($atom[i] [1]-y_gap)
end

$atom << [ linel[0].to_f , linel[1].to_f, linel[2].to_f]

.to_s+"\t"+$atom[i] [1].to_s+"\t"+$atom[i] [2] .to_s+"\n"
.to_s+"\t"+$atom[i] [1].to_s+"\t"+($atom[i] [2]+z_gap) .to_s+"\n"
.to_s+"\t"+$atom[i] [1] .to_s+"\t"+($atom[i] [2]-z_gap) .to_s+"\n"
.to_s+"\t"+$atom[i] [2] .to_s+"\n"
.to_s+"\t"+($atom[i] [2]+z_gap) . to_s+"\n"
.to_s+"\t"+($atom[i] [2]-z_gap) . to_s+"\n"
.to_s+"\t"+$atom[i] [2] .to_s+"\n"
.to_s+"\t"+($atom[i] [2]+z_gap) .to_s+"\n"
.to_s+"\t"+($atom[i] [2]-z_gap) . to_s+"\n"

J
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[ source code

include Math
require ’pp’
require ’scanf’

def mk_dammy(file,n)
a=0.to_s
for i in 0..n-2 do
a+="\t"+0.to_s
end
file.print a+"\n"
end

def specify_area(b,c,d) #b=min_ratio,c=max_ratio,d=x(0) or y(1) or z(2)
a=[]
max_range = $atom[$dislocation[0]] [d]
min_range = $atom[$dislocation[0]] [d]
for j in 0..$dislocation.size-1 do
if max_range<$atom[$dislocation[j]1][d]
max_range=$atom[$dislocation[j]] [d]
end
if min_range>$atom[$dislocation[j]] [d]
min_range=$atom[$dislocation[j]] [d]
end
end
for i in 0..$dislocation.size-1 do
if $atom[$dislocation[i]] [d]>=min_range*b && $atom[$dislocation[i]] [d]<=max_range*c
a << $dislocation[il
end
end
return a
end

def distance(atomi,atomj)
tmp=0
for i in 0..2 do
x=(atomi[i]-atomj [i])
tmp+=x*x
end
return sqrt(tmp)
end

def distance_bond()
file=open("distance_bond.tsv" ,"w")
mk_dammy (file,7)
$shortest=10
for i in 0..$atom.size-1 do
atomi=$atom[i]
for j in i+1..3atom.size-1 do
atomj=$atom[j]
dist = distance(atomi,atomj)
if dist < $shortest then $shortest=dist end
if (dist<$dist_max) && (atomi[2]>$z_specifyl && atomi[2]<$z_specify?2)
&& (atomj[2]>$z_specifyl && atomj[2]<$z_specify2) then
file.print O.to_s+"\t"+atomi[0].to_s+"\t"+atomi[1].to_s+"\t"+atomi[2].to_s
+"\t"+atomj [0] .to_s+"\t"+atomj [1].to_s+"\t"+atomj[2] .to_s+"\t"+dist.to_s+"\n" #(dammy,x,y)
end
end
end
end

N
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def find_dislocation()
$bond=[]
for i in 0..$atom.size-1 do
$bond [i]=[]
end
for i in 0..$atom.size-1 do
atomi=$atom[i]
for j in 0..$atom.size-1 do
atomj=$atom[j]
dist = distance(atomi,atomj)
if (dist>=$dist_min and dist<$dist_max) then # not to contain same atom
$bond[i] << j #number i atom contain j number atom to write bond
end
end
if $bond[i].size<=11 then
$dislocation << i # $dislocation has i slipped atoms by dislocation
end
end
end

def red_point_dislocation()
data=[]
$dislocation2=[]
file=open("3D_dislocation.tsv" ,"w")
mk_dammy (file,4)
for i in 0..$dislocation.size-1 do
if $atom[$dislocation[i]] [2]>$z_specifyl && $atom[$dislocation[i]] [2]<$z_specify2
file.print O.to_s+"\t"+$atom[$dislocation[i]] [0].to_s+"\t"+$atom[$dislocation[i]] [1].to_s
+"\t"+$atom[$dislocation[i]] [2] .to_s+"\n" ##(dammy,x,y,2z)
data.push([0.to_f,$atom[$dislocation[i]] [0].to_f,$atom[$dislocation[i]] [1].to_%,
$atom[$dislocation[i]] [2] .to_£])
$dislocation2<<$dislocation[i]
end
end
end

def mk_burgers()
teni=[]
group=[]
file=open("mk_burgers.tsv" ,"w")
mk_dammy (file,4)
for i in 0..$dislocation2.size-1 do
count=0
for j in 0..$dislocation2.size-1 do
if ($atom[$dislocation2[i]] [1]+($shortest*$rate) > $atom[$dislocation2[j]] [1]
&% $atom[$dislocation2[il] [1]-($shortest*$rate) < $atom[$dislocation2[j]1][1])
count +=1
end
end
if count >=3 then
teni<<$dislocation2[i]# teni contain 9 atoms 3 atoms nl y_distance
end
end
puts "preteni"
pp teni

N\ J
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count=0
while teni.size!=0 do
group [count]=[]
for j in O..teni.size-1 do
if ($atom[teni[0]] [1]+($shortest*$rate) > $atom[tenil[j1][1] &&
$atom[teni[0]] [1]-($shortest*$rate) < $atom[teni[j]] [1])
group [count] << tenil[j]
end
end
for z in 0..groupl[count].size-1 do
teni.delete(group[count] [z]) # this code delete same number of group[count]
from teni’s array
end
count=count+1
pp group
puts "teni"
pPp teni
end
nl_group=[]# array contain first nl atoms to make BGCircuit
ncount=0
for i in 0..group.size-1 do
nl_group [ncount]=[]
for j in 0..group.size-1 do
for a in 0..$atom.size-1 do
nl_atom=$atom[group[i] [j]]
baseatom=$atom[a]
nz=nl_atom[2]
if distance(nl_atom,baseatom) < $dist_max && baseatom[2] > $z_specifyl
&& baseatom[2] < $z_specify2
nl_group[ncount] << a
end
end
end
ncount+=1
end
for i in 0..group.size-1
for j in O..group.size-1
nl_group[i] .delete(group[i] [j1)
end
end
pp nl_group
for i in 0..nl_group.size-1
for j in 0..nl_groupl[i].size-1
file.print O0.to_s+"\t"+$atom[nl_group[i] [j11[0].to_s+"\t"+$atom[nl_group[il [j11[1].to_s
+"\t"+$atom[nl_group[i] [j1][2].to_s+"\n"
end
end
end

N
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source code

filename="ymax.txt"
data=File.read(filename)
print("$dist_max OO OO0 >>>> ")
$dist_max = gets.chomp.to_f
print("$z_specifyl 00000 a(0<a<0.5) OO0 >>>> ")
$z_specifyl = gets.chomp.to_f
$dist_min=0.1
$z_specify2=1.5-$z_specifyl
$rate=0.2
$atom=[]
data.each do | line |
linel=line.split("\t") #devide_space
$atom << [ linel[0].to_f , linel[1].to_f, linel[2].to_f]
end
file=open("All_atom.tsv" ,"w")
mk_dammy (file,4)
for i in 0..$atom.size-1 do
atom_xy=$atom[i]
if atom_xy[2]>$z_specifyl && atom_xy[2]<$z_specify2

file.print O0.to_s+"\t"+atom_xy[0].to_s+"\t"+atom_xy[1].to_s+"\t"+atom_xy[2].to_s+"\n"

end
end
puts "$dist_max"
puts $dist_max
puts "$z_specifyl"
puts $z_specifyl
puts "$z_specify2"
puts $z_specify2

distance_bond() #write list of nl atoms for bond on "distance_bond.tsv"

$dislocation=[]

find_dislocation()#this method find the atoms of under 11
puts "$shortest"

puts $shortest
$dislocation=specify_area(0.3,0.3,0)#specify X zone
$dislocation=specify_area(1.0,1.0,1)#specify Y zone
$dislocation=specify_area(1.0,1.0,2)#specify Z zone

red_point_dislocation()#this method finds points of dislocation with red color by specify_area

puts "data"
mk_burgers ()

J
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A.3 Processingll 0000000 OO FloatTable
0oad
( source code \

class FloatTable {
int rowCount;
int columnCount;
float[][] data;
String[] rowNames;
String[] columnNames;

FloatTable(String filename) {
String[] rows = loadStrings(filename);

String[] columns = split(rows[0], TAB);

columnNames = subset(columns, 1); // upper-left corner ignored
scrubQuotes (columnNames) ;

columnCount = columnNames.length;

rowNames = new String[rows.length-1];
data = new float[rows.length-1][];

// start reading at row 1, because the first row was only the column headers
for (int i = 1; i < rows.length; i++) {
if (trim(rows[il).length() == 0) {
continue; // skip empty rows
}
if (rows[i].startsWith("#")) {
continue; // skip comment lines
}
// split the row on the tabs
String[] pieces = split(rows[i], TAB);
scrubQuotes(pieces);

// copy row title

rowNames [rowCount] = pieces[0];

// copy data into the table starting at pieces[1]
data[rowCount] = parseFloat(subset(pieces, 1));

// increment the number of valid rows found so far
rowCount++;

}

// resize the ’data’ array as necessary

data = (float[][]) subset(data, 0, rowCount);

void scrubQuotes(String[] array) {
for (int i = 0; i < array.length; i++) {

if (array[i].length() > 2) {
// remove quotes at start and end, if present
if (arrayl[i].startsWith("\"") && array[i].endsWith("\"")) {

array[i] = array[i].substring(l, array[i].length() - 1);

}

}

// make double quotes into single quotes

array[i] = array[i].replaceAl1("\"\"", "\"");
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(r source code

int getRowCount() {
return rowCount;

}

String getRowName(int rowIndex) {
return rowNames [rowIndex];

}

String[] getRowNames() {
return rowNames;

}

// Find a row by its name, returns -1 if no row found.
// This will return the index of the first row with this name.
// A more efficient version of this function would put row names
// into a Hashtable (or HashMap) that would map to an integer for the row.
int getRowIndex(String name) {
for (int i = 0; i < rowCount; i++) {
if (rowNames[i].equals(name)) {
return i;
}
}
//println("No row named ’" + name + "’ was found");
return -1;

}

// technically, this only returns the number of columns
// in the very first row (which will be most accurate)
int getColumnCount() {

return columnCount;

}

String getColumnName(int colIndex) {
return columnNames[colIndex];

}

String[] getColumnNames() {
return columnNames;

}

float getFloat(int rowIndex, int col) {
// Remove the ’training wheels’ section for greater efficiency
// It’s included here to provide more useful error messages

// begin training wheels
if ((rowIndex < 0) || (rowIndex >= data.length)) {
throw new RuntimeException("There is no row " + rowlIndex);
}
if ((col < 0) || (col >= datalrowIndex].length)) {
throw new RuntimeException("Row " + rowIndex + " does not have a column " + col);
}

// end training wheels

return datalrowIndex] [coll;

}

boolean isValid(int row, int col) {
if (row < 0) return false;
if (row >= rowCount) return false;
//if (col >= columnCount) return false;
if (col >= datal[row].length) return false;
if (col < 0) return false;
return !'Float.isNaN(datal[row] [coll);
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float getColumnMin(int col) {
float m = Float.MAX_VALUE;
for (int i = 0; i < rowCount; i++) {
if (!Float.isNaN(data[i][col])) {
if (datal[i] [col] < m) {
m = data[i] [coll;
}
}
}
return m;

}

float getColumnMax(int col) {
float m = -Float.MAX_VALUE;
for (int i = 0; i < rowCount; i++) {
if (isValid(i, col)) {
if (datalil[col] > m) {
m = datal[i] [col];
}
}
}
return m;

}

float getRowMin(int row) {
float m = Float.MAX_VALUE;
for (int i = 0; i < columnCount; i++) {
if (isValid(row, i)) {
if (datalrow] [i] < m) {
m = datal[row] [i];
}
}
}
return m;

}

float getRowMax(int row) {
float m = -Float.MAX_VALUE;
for (int i = 1; i < columnCount; i++) {
if (!Float.isNaN(datal[row][i])) {
if (datalrow] [i] > m) {
m = datal[row] [i];
}
}
}
return m;

}

float getTableMin() {
float m = Float.MAX_VALUE;
for (int i = 0; i < rowCount; i++) {
for (int j = 0; j < columnCount; j++) {
if (isValid(i, j)) {
if (datalil[j] < m) {
m = datal[i] [j];
}
}
}
}
return m;

}
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float getTableMax() {
float m = -Float.MAX_VALUE;
for (int i = 0; i < rowCount; i++) {
for (int j = 0; j < columnCount; j++) {
if (isValid(i, j)) {
if (datalil[j] > m) {
m = datali] [j];
}
}
}
}
return m;

}
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[ source code

FloatTable data;

float[][] data_bond = new float[10000] [7];//distance_bond.tsv_gyou
float[][] data_dis = new float[10000] [3];//3D_dislocation.tsv_gyou
float[]1[] data_atom = new float[10000] [3];//All_atom.tsv_gyou
float[][] data_bur = new float[10000] [3];//mb_atom.tsv_gyou

int a,b,R1,B1,R2,B2,B_size,mvX=0, mvY=0, 01dX=0, 0ldY=0, nowX=0, nowY=0;
float 1,z_max,z_min,nzl,nz2;

float depth=0.0;

float size=100;

int pitch=50;

float zoom=1.0;

void setup() {
size (1200, 700, P3D);
colorMode (RGB, 100);
background (90) ;
// String loadpath = selectInput();

data = new FloatTable("distance_bond.tsv");
int d_bond = data.getRowCount();
for (int row = 0; row < d_bond; row++) {//tsv_gyou
for (int col = 0; col < 6; col++) {
data_bond[row] [col] = size*data.getFloat(row, col);
// print(data_bond[row] [col]);
}
}
data = new FloatTable("3D_dislocation.tsv");
int d_dis = data.getRowCount();
for (int row = 0; row < d_dis; row++) {//tsv_gyou
for (int col = 0; col < 3; col++) {
data_dis[row] [col] = sizexdata.getFloat(row, col);
//println(data_dis[row] [coll);
}
}
data = new FloatTable("All_atom.tsv");
int atom = data.getRowCount();
for (int row = 0; row < atom; row++) {//tsv_gyou
for (int col = 0; col < 3; col++) {
data_atom[row] [col] = size*data.getFloat(row, col);
}
}
data = new FloatTable("mk_burgers.tsv");
//data = new FloatTable("nonbur.tsv");
int burgers = data.getRowCount();
for (int row = 0; row < burgers; row++){//tsv_gyou
for (int col = 0; col < 3; col++) {
data_bur[row] [col] = sizexdata.getFloat(row, col);
}
}
}
void drawAxis(float length) {
stroke(0, 100, 0);
line(0, O, 0, length, 0, 0);
stroke(0, 100, 0);
line(0, 0, 0, 0, O, -length);
}

N
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source code

void draw() {
lightsQ);
scale(1);
background (90) ;

if (mousePressed) {
mvX=mouseX-o0ldX;
mvY=mouseY-o0ldY;
oldX=mouseX;
oldY=mouseY;

}

else {
mvX=0;
mvY=0;
oldX=mouseX;
oldY=mouseY;

}

nowX += mvX;

nowY -= mvY;

if (keyPressed){
if (key=="p’){

depth+=10;
Yelse if (key==’n’){
depth-=10;

}

}

translate(width/2, height/2, depth);

rotateX(radians(nowY/3));
rotateY(radians (nowX/3));
if (keyPressed){
if (key=="a’){
zoom+=0.1;
}else if(key==’b’){
zoom—-=0.1;
}
}

translate(0,3.615569/2*size*zoom,1.5/2*size*zoom) ;

//write bond between atoml and neibor atom?2

stroke(0, 0, 0);

strokeWeight (3);

data = new FloatTable("distance_bond.tsv");

int d_bond = data.getRowCount();

for (int row = 0; row < d_bond; row++) {//tsv_gyou
line(data_bond[row] [0] *zoom, -data_bond[row] [1]*zoom, -data_bond[row] [2]*zoom,

data_bond[row] [3]*zoom, -data_bond[row] [4]*zoom, -data_bond [row] [5]*zoom) ;
£i11(240, 100, 100);

}

data = new FloatTable("All_atom.tsv");
int atom = data.getRowCount();
z_max=data_atom[0] [2];
z_min=data_atom[0] [2];
for (int row = 0; row < atom; row++) {//tsv_gyou
if (z_max<data_atom[row] [2]){
z_max=data_atom[row] [2];}
if (z_min>data_atom[row] [2]){
z_min=data_atom[row] [2];}
}
1=z_max-z_min;
//println(l);
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source code

//draw all atoms by red or blue color
for (int row = 0; row < atom; row++) {//tsv_gyou

}

nzl = data_atom[row] [2];

R1=int (265%(1-(nz1-z_min)/1));

Bi=int (255*(nzl-z_min)/1);

strokeWeight (12) ;

stroke(R1,0,B1);

point(data_atom[row] [0]*zoom, -data_atom[row] [1]*zoom, -data_atom[row] [2]*zoom) ;
£i11(240, 100, 100);

// draw atoms of nl under 11 by red & blue color
data = new FloatTable("3D_dislocation.tsv");

int d_dis = data.getRowCount();

for (int row = 0; row < d_dis; row++) {//tsv_gyou

}

nz2 = data_dis[row] [2];

R2=int (255* (1-(nz2-z_min)/1));

B2=int (255% (nz2-z_min) /1) ;

strokeWeight (20) ;

stroke(R2,0,B2);

point(data_dis[row] [0]*zoom, -data_dis[row] [1]*zoom, -data_dis[row][2]*zoom);
£i11(240, 100, 100);

data = new FloatTable("mk_burgers.tsv");
// data = new FloatTable("nonbur.tsv");

int burgers = data.getRowCount();
for (int row = 0; row < burgers; rowt++){//tsv_gyou

strokeWeight (20) ;

stroke(0,255,0);

point (data_bur [row] [0]*zoom, -data_bur[row] [1]*zoom, -data_bur [row] [2]*zoom);
£i11(240, 100, 100);
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