PLOS ONE

Supporting Information:
A computational modelling framework to quantify the

effects of passaging cell lines

Wang Jin - Catherine J Penington -
Scott W McCue - Matthew J Simpson

July 13, 2017

School of Mathematical Sciences, Queensland University of Technology (QUT), Brisbane, Australia

E-mail: matthew.simpson@qut.edu.au



© 0 N O O ks W N

[ T = e e T o T
S © oo N O Otk W o= O

21
22
23
24

25
26

27
28

29
30

31
32
33
34
35

Wang Jin et al.

C++ code for cell culture growth

#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

<cmath>
<iostream>
<vector>
<stdio .h>
<stdlib .h>
<fstream >
<ctime>
<string>
<sstream>
<algorithm>
<iterator >

<random>

using namespace std;

void migrationl

const int rowN, const int colN,
migPosition [0] = agent_row;
migPosition [1] = agent_col;

double P = ((double) rand() / (RANDMAX));

if (P< 1.0/6.0) & & (agent_-row > 0) && (agent_col > 0)) {/

else

else

else

else

else

directions

migPosition [0]

migPosition [1]

(const int agent_row, const int

migPosition [0] — 1;

migPosition [1] — 1;}

agent_col ,

int * migPosition) {

/choose migration

Position

if (P>= 1.0/6.0) && (P <1.0/3.0) && (agent_row > 0) && (

agent_col < colN—1)) {//Position 2

migPosition [0]

migPosition [0] — 1;}

if ((P>= 1.0/3.0) & (P < 1.0/2.0) && (agent_col < colN—-1)) {

Position 3

migPosition [1]

if (P>=1.0/2.0) & (P < 2.0/3.0) && (agent_-row < rowN—1) && (

migPosition [1] + 1;}

agent_col < colN-1)) {//Position 4

migPosition [0]

if ((P>= 2.0/3.0) & (P < 5.0/6.0) && (agent_-row < rowN-—1) && (

agent_col > 0)) {

migPosition [0]

migPosition [1]

if ((P>= 5.0/6.0) && (agent_col > 0)) {

migPosition [1]

migPosition [0] + 1;}

Position 5

migPosition [0] + 1;

migPosition [1] — 1;}

migPosition [1] — 1;}

Position

6

1
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void migration2 (const int agent_-row, const int agent_col,

const int rowN, const int colN, int % migPosition) {

migPosition [0] = agent_row;

migPosition [1] = agent_col;

double P = ((double) rand () / (RANDMAX));

if (P< 1.0/6.0) &&

migPosition [0] =

(agent_-row > 0)) {
migPosition [0] — 1;}

else if ((P>= 1.0/6.0) && (P <1.0/3.0) && (agent_-row > 0) && (

agent_col < colN—

migPosition [0] =

migPosition [1] =

else if ((P>= 1.0/3.0) & (P < 1.0/2.

migPosition [1] =

else if ((P>= 1.0/2.0) && (P < 2.0/3.

) {
migPosition [0] — 1;

migPosition [1] + 1;}

migPosition [1] + 1;}

agent_col < colN-1)) {

migPosition [0] =

migPosition [1] =

else if ((P>= 2.0/3.0) & (P < 5.0/6.

migPosition [0] =

migPosition [0] + 1;

migPosition [1] + 1;}

migPosition [0] + 1;}

else if ((P>= 5.0/6.0) & & (agent_col > 0)) {

migPosition [1] =

migPosition [1] — 1;}

0) && (agent_col < colN-2)) {

0) && (agent_row < rowN-—1) && (

0) && (agent_row < rowN-—1)) {

void proliferationl (const int agent_-row, const int agent_col,

const int rowN, const int colN,

proPosition [0] = agent_row;

proPosition [1] = agent_col;

double P = ((double)

rand () / (RANDMAX));

int % proPosition) {

if (P< 1.0/6.0) && (agent_-row > 0) && (agent_col > 0)) {

proPosition [0] =

proPosition [1] =

proPosition [0] — 1;

proPosition[1] — 1;}

else if ((P>= 1.0/6.0) && (P <1.0/3.0) && (agent_-row > 0) && (

agent_col < colN—

proPosition [0] =

) {
proPosition [0] — 1;}

else if ((P>= 1.0/3.0) && (P < 1.0/2.0) && (agent_col < colN-1)) {

proPosition [1] =

proPosition [1] + 1;}
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70 else if ((P>= 1.0/2.0) & (P < 2.0/3.0) && (agent_-row < rowN-—1) && (
agent_col < colN-1)) {

71 proPosition [0] = proPosition [0] + 1;}

72 else if ((P>= 2.0/3.0) && (P < 5.0/6.0) && (agent_-row < rowN-—1) && (

agent_col > 0)) {

73 proPosition [0] = proPosition [0] + 1;

74 proPosition [1] = proPosition [1] — 1;}

75 else if ((P>= 5.0/6.0) && (agent_col > 0)) {
76 proPosition [1] = proPosition [1] — 1;}
7}

78

79 void proliferation2 (const int agent_row, const int agent_col,

80 const int rowN, const int colN, int % proPosition) {
81 proPosition [0] = agent_row;

82 proPosition [1] = agent_col;

83 double P = ((double) rand() / (RANDMAX));

84 if (P< 1.0/6.0) && (agent_row > 0)) {

85 proPosition [0] = proPosition [0] — 1;}

86 else if ((P>= 1.0/6.0) && (P <1.0/3.0) && (agent_-row > 0) && (

agent_col < colN-1)) {

87 proPosition [0] = proPosition [0] — 1;

88 proPosition [1] = proPosition [1] + 1;}

89 else if ((P>= 1.0/3.0) && (P < 1.0/2.0) & & (agent_col < colN-2)) {
90 proPosition [1] = proPosition [1] + 1;}

91 else if ((P>= 1.0/2.0) & (P < 2.0/3.0) & & (agent_-row < rowN-—1) && (

agent_col < colN-1)) {

92 proPosition [0] = proPosition [0] + 1;

93 proPosition [1] = proPosition [1] + 1;}

94 else if ((P>= 2.0/3.0) & (P < 5.0/6.0) && (agent_-row < rowN-—1)) {
95 proPosition [0] = proPosition [0] + 1;}

96 else if ((P>= 5.0/6.0) & & (agent_col > 0)) {

97 proPosition [1] = proPosition[1] — 1;}

98 }

99

100 int CalTotal (const int rowN, const int colN) {

101 int Ntotal;
102 if (rowN % 2 = 0) {
103 Ntotal = rowN x colN — rowN/2;

104 } else {
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int

Ntotal = rowN % colN — (rowN+1)/2;

}

return Ntotal;

main(int argc, char sxargv) {
srand (time (NULL) ) ; //random seeds
random_device rd;

mt19937 generator (rd());

//set clock

clock_t TIME;

TIME = clock () ;

//Initialisation
int passagel , passageN, t, tau;

double Pm, Pp;

passagel = 0; //passage index
passageN = 30; //max passage number

tau = 1; //time step: 1 = 1/12h

t = 0; //current time

const int d = 24; //spacing: 1 ~ 24mum

enum {rowN = 3610, colN = 4168}; //full scale

//enum {rowN = 362, colN = 418}; //scale ~ 1/10

const int Ntotal = CalTotal(rowN, colN);

const int Nstart = Ntotal % 0.15; //seeding condition

const int Nend = Ntotal * 0.85; //85% confluent

static vector<vector<int> > domain(rowN, std::vector<int>(colN)); //
simulation domain

static vector<vector<double> > domain_Pp(rowN, std::vector<double>(
colN)); //Pp

//static vector<vector<int> > domain_passage (rowN, std::vector<int >(
colN)); //passage

//vector<vector<int> > domain_age (rowN, std::vector<int>(colN)); //age

//static vector<vector<int> > domain_generation (rowN, std::vector<int
>(colN)); //generation

Pm = 0.35; //migration probability

//default _random_engine generator ;

normal_distribution <double> distribution (4e—3,1e—3); //Pp distribution

normal_distribution <double> epsl(2e—5,2¢—5); //epsl distribution

normal_distribution <double> eps2(le—5,1le—6); //eps2 distribution

int passageEff = 0;

int ageEff = 0;
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143 double Pd = 1.0;

144 double Pd2 = 0.0;

145 double avePp;

146

147 ofstream filel ;

148 ofstream file2;

149 //ofstream file3 ;

150 //ofstream file4 ;

151 //ofstream file5 ;

152 ofstream file6 ;

153 ofstream file7 ;

154 //ofstream file8

155 //ofstream file9 ;

156 //ofstream filelO ;

157 ofstream filell;

158 filel .open(”domain.csv”);

159 file2 .open(”domain_Pp.csv”);

160 //file3 .open(” domain_passage.csv”);

161 //file4 .open(” domain_age.csv”);

162 //file5 .open(” domain_generation.csv”);

163 file6 .open(”domain2.csv”);

164 file7 .open(”domain2_Pp.csv”);

165 //file8 .open(” domain2_passage .csv”);

166 //file9 .open(” domain2_age.csv”);

167 //filel0 .open(” domain2_generation.csv”);

168 filell .open(”td.csv”);

169

170 //Seeding

171 int agent_row , agent_col;

172 for (int i=Nstart; i>0; —i) {

173 agent_row = rand () % rowN;

174 agent_col = rand () % colN;

175 if (((rowN—agent_row) % 2 != 0) && (agent_col = colN—-1)) {
176 =i+ 1

177 } else if (domain[agent_row][agent_col] = 0) {
178 domain [agent_row | [ agent_col] = 1;

179 domain_Pp[agent_-row][agent_col] = distribution (generator);
180 if (domain_Pp[agent_-row|[agent_col] < 0) {
181 domain_Pp[agent_row ][ agent_col] = 0.0;
182 }

183

184 } else {
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185 =i+ 1;

186 }

187 }

188

189 //Count initial cells

190 int agent.-N = 0;

191 for (int i=0; i<rowN; ++i) {

192 for (int j=0; j<colN; 4++j) {
193 if (domain[i][j] = 1) {
194 agent_ N = agent_ N 4 1;
195 }

196 }

197 }

198 //cout << agent_N;

199

200 //Write to files

201 for (int i=0; i<rowN; ++i) {

202 for (int j=0; j<colN; ++j) {
203 filel << domain[i][j];

204 file2 << domain_Pp[i][j];
205 //file3 << domain_passage[i][]];
206 //file4d << domain_age[i][]];
207 //file5 << domain_generation [i][j];
208 if (j < colN-1) {

209 filel << 7 ,_7;

210 file2 << 7 ,.7;

211 //filed << 7

212 /] filed << 7

213 [/ filed << 7

214 } else {

215 filel << ”\n”;

216 file2 << ”\n”;

217 //file3 << "\n”;

218 //file4d << ”\n”;

219 //fileb << "\n”;

220 }

221 }

222 }

223

224 t =t + tau;

225 int migPosition [2], proPosition [2];

226 double P;
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227

228 while (passagel <= passageN) {//check passage number

229 cout << ”passage._number #’ << passagel << 7 .7

230 int N = agent_N;

231 cout << "N(0)._=." << N << endl;

232

233 //check average Pp

234 avePp = 0;

235 for (int i=0; i<rowN; ++i) {

236 for (int j=0; j<colN; ++j) {

237 if (domain[i][j] = 1) {

238 avePp = avePp + domain Pp[i][j];

239 }

240 }

241 }

242 avePp = avePp/N;

243 cout << avePp << endl;

244 while (N < Nend) { //check cell population

245 Migration

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

247 P = ((double) rand() / (RANDMAX)); //generate a random

number

248 if (P <=Pm) { //perform migration

249 /select a random site

250 int ifGhost = 0;

251 agent_row = rand () % rowN;

252 agent_col = rand () % colN;

253 while ((domain[agent_-row|[agent_col] != 1) || (ifGhost
= 1)) { //select a random site, stop until
finding an agent

254 agent_row = rand () % rowN;

255 agent_col = rand () % colN;

256 }

257 test ghost node

258 if (((rowN—agent_-row) % 2 != 0) && (agent_col = colN
1)) {

259 ifGhost = 1;

260 }

261 if (ifGhost = 0) {

262 if ((rowN—agent_row) % 2 = 0) {

263 migrationl (agent_-row, agent_col, rowN, colN,

migPosition);
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264 if (domain|[migPosition [0]][migPosition [1]] =
0) {//if the new site is not taken
265 domain [agent_row | [ agent_col] = 0; //declete
the previous site
266 domain [ migPosition [0]] [ migPosition [1]] =

1; //move to the new site

267 /xif (domain_Pp[migPosition [0]]]
migPosition [1]]!= 0 && domain_passage |
migPosition [0] ][ migPosition [1]]!= 0 &&

domain_age [migPosition [0]]]
migPosition [1]]!= 0 &&
domain_generation [migPosition [0]]]

migPosition [1]]!= 0) {

268 cout << ”error mig 1”7 << endl;
269 b/
270 domain_Pp[migPosition [0]][ migPosition [1]]

= domain_Pp[agent_-row |[agent_col]; //
move the corresponding Pp

271 //domain_passage [ migPosition [0]] [
migPosition [1]] = domain_passage [
agent_row | [agent_col]|; //move the
corresponding passage index

272 //domain_age [migPosition [0]] [ migPosition
[1]] = domain_age[agent_-row ][ agent_col
|; //move the corresponding age

273 //domain_generation [migPosition [0]]]
migPosition [1]] = domain_generation |
agent_row |[agent_col]; //move the
corresponding generation

274 domain_Pp[agent_row][agent_col] = 0.0; //
delete the previous Pp

275 //domain_passage [agent_row | [agent_col] =
0; //delete the previous passage index

276 //domain_age [agent_row | [ agent_col] = 0; //
delete the previous age

277 //domain_generation [agent_row | [ agent_col]
= 0; //delete the previous generation

278 /xif (domain_Pp[agent_row|[agent_col]!=0
|| domain_passage [agent_-row ][ agent_col
]'=0 || domain_age[agent_row ]|
agent_col|!=0 || domain_generation |

agent_row | [agent_col]!=0) {
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cout << ”7error mig 17 << endl;

b/

migration2 (agent_-row , agent_col, rowN, colN,

migPosition) ;

if (domain|[migPosition [0]][ migPosition[1]] =

0) {//if the new site is not taken

domain[agent_row | [ agent_col] = 0; //delete
the previous site

domain [ migPosition [0]] [ migPosition [1]] =
1; //move to the new site

/xif (domain_Pp[migPosition [0]]]
migPosition [1]]!= 0 && domain_passage [
migPosition [0]] [ migPosition [1]]!= 0 &&
domain_age [migPosition [0]]]
migPosition [1]]!= 0 &&
domain_generation [migPosition [0]]]
migPosition [1]]!= 0) {
cout << ”error mig 2”7 << endl;

b/

domain_Pp[migPosition [0]][ migPosition [1]]
= domain_Pp[agent_row ][ agent_col]; //
move the corresponding Pp

//domain_passage [migPosition [0]] ]
migPosition [1]] = domain_passage [
agent_row |[agent_col]; ////move the
corresponding passage index

//domain_age [ migPosition [0]][ migPosition
[1]] = domain_age[agent_row ][agent_col
|; //move the corresponding age

//domain_generation [migPosition [0]] ]
migPosition [1]] = domain_generation |
agent_row | [agent_col|; //move the
corresponding generation

domain_Pp [agent_row | [ agent_col] = 0.0; //
delete the previous Pp

//domain_passage [agent_row ][ agent_col] =
0; //delete the previous passage index

//domain_age [agent_row |[ agent_col] = 0; //

delete the previous age
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}

//Proliferation
for (int
//select a
int ifGhost
agent_row =

agent_col =

random

= 0;

//domain_generation [agent_row | [ agent_col]

= 0; //delete the previous age

/+if (domain_Pp[agent_row]|[agent_col]|!=0
| domain_passage|[agent_row |[agent_col
|'=0 || domain_age[agent-row ||
agent_col]!=0 || domain_generation |
agent_row | [agent_col]|!=0) {

7error

cout << mig 2”7 << endl;

bx/

i=0; i<N; 4+i) {

site

rand () % rowN;
rand () % colN;

while ((domain[agent_-row][agent_col] != 1) || (ifGhost =
1)) { //select a random site, stop until finding an
agent
agent_row = rand () % rowN;
agent_col = rand () % colN;

}

//test ghost node

if (((rowN—agent_-row) % 2 != 0) && (agent_col = colN—1))

{

ifGhost = 1;

}
if (ifGhost

{

0)

Pp = domain_Pp[agent_row |[agent_col |;

P = ((double) rand() / (RANDMAX));

number

/// gener ate random

if (P <= Pp) {

if ((rowN—agent.-row) % 2

0) {
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proliferationl (agent_-row , agent_col, rowN,

colN, proPosition);

if (domain[proPosition [0]][ proPosition[1]] =

0) {//if the new site is not taken
domain [ proPosition [0]][ proPosition [1]] =
1; //proliferate at the new site
P = ((double) rand() / (RANDMAX)); //
generate a random number
if (ageEff && P<=Pd2) {//damage
domain_Pp[proPosition [0]][ proPosition
[1]] = Pp — max(eps2(generator),
0.0);

domain_Pp [ proPosition [0]][ proPosition
[1]] = max(domain_Pp[proPosition
[0]][ proPosition [1]], 0.0);

domain_Pp[agent_-row ][ agent_col]| =
domain_Pp[proPosition [0]]]
proPosition [1]];

if (domain_Pp[agent_row ][agent_col]<0
|| domain_Pp|[agent_row ][agent_col
|!=domain_Pp [ proPosition [0]]]
proPosition [1]]) {
cout << 7error” << endl;

}

} else {//no damage
domain_Pp [ proPosition [0]][ proPosition

[1]] = Pp; //adopt Pp

}

//domain_passage [ proPosition [0]]]
proPosition [1]] = passagel; //passage
number when it was born

//domain_age [ proPosition [0]][ proPosition
[1]] = —1; //initiate age = —1 so that
when updating cell age it equals 0

//domain_generation [ proPosition [0]]]
proPosition [1]] = domain_generation |
agent_row |[agent_col] + 1; //add
genertion

//domain_generation [agent_row | [ agent_col]
= domain_generation [agent_row | [

agent_col + 1; add generation
S S
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agent_-N = agent_N + 1; //update agent
population
} else {

proliferation2 (agent_-row, agent_col, rowN,
colN, proPosition);
if (domain[proPosition [0]][ proPosition [1]] =
0) {//if the new site is not taken
domain [ proPosition [0]] [ proPosition [1]] =
1; //proliferate at the new site
P = ((double) rand() / (RANDMAX)); //
generate a random number
if (ageEff && P<=Pd2) {//damage
domain_Pp [ proPosition [0]][ proPosition
[1]] = Pp — max(eps2(generator),
0.0);
domain_Pp[proPosition [0]][ proPosition
[1]] = max(domain_Pp[proPosition
[0]][ proPosition [1]], 0.0);
domain_Pp[agent_-row ][ agent_col]| =
domain_Pp[proPosition [0]]]
proPosition [1]];
if (domain_Pp[agent_row][agent_col]<0
|| domain_Pp|[agent_row ][agent_col
|!=domain_Pp [ proPosition [0]]]
proPosition [1]]) {
cout << 7error” << endl;
}
} else {//no damage
domain_Pp [ proPosition [0]][ proPosition

[1]] = Pp; //adopt Pp

//domain_passage [ proPosition [0]] [
proPosition [1]] = passagel; //passage
number when it was born

//domain_age [ proPosition [0]] [ proPosition
[1]] = —1; //initiate age = —1 so that
when updating cell age it equals 0

//domain_generation [proPosition [0]]]
proPosition [1]] = domain_generation |
agent_row |[agent_col] + 1; //add

generation
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//update cell

//domain_generation [agent_row ][ agent_col]
= domain_generation [agent_row | [
agent_col] + 1; //add generation

/xif (passagel!=0)

{
cout << "Pp = 7 << Pp << endl;

b/

agent_ N = agent_ N + 1; //update agent

population

age

/*for (int i=0; i<rowN; 4+i) {

for (int j=0; j<colN; ++j) {

if (domain[i][j]==1) { //check if there is a cell

domain_age[i][j] = domain_age[i][]j] + tau;

bx/

N = agent_N; //update cell number

//cout << "N(” << t << 7)) =7 << N << endl;

//Write to files
if (N >= Nend) {

for (int i=0; i<rowN; ++i) {

for (int j=0; j<colN; ++j) {

file6 << domain[i][j];

file7 << domain Pp[i][j];

//file8 << domain_passage[i][]];

//file9 << domain_age[i][j];

//file1l0 << domain_generation[i][]];

if

(j < colN-1) {
file6 << 7 ,.7;
file7 << 7,7 ;

//file8 << 7
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//file9 << 7

[ filel0 << 7

} else {

file6 << ”\n”;

file7 << ”\n”;

//file8 << ”\n
//file9 << ”\n”
//filel0 << ”\n’
}
}
}
}
t =1t + tau;
}
//cout << ” DONE N = 7 << agent_N << endl;

cout << "DONE_N(” << (t—tau) << 7).=." << N << endl;

filell << (t—tau);
if (passagel != passageN + 1)

{

filell << 7 ,.7;

//check average Pp
avePp = 0;
for (int i=0; i<rowN; ++i) {

for (int j=0; j<colN; ++j) {

if (domain[i][]j] =

1 Ao

avePp = avePp + domain Pp[i][j];

}
avePp = avePp/N;

cout << avePp << endl;

//Subculturing

passagel = passagel + 1; //update

t = 0; //reset time

if (passagel != passageN + 1) {/

/check

agent_N = 0; //delete current cell

double x Pp_temp;

passage number

if subcult

number

ure
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//int x passage_temp ;
//int % generation_temp ;

Pp_temp = new double [Nstart];

//passage_temp = new int [Nstart];
//generation_temp = new int[Nstart];

//Select cells
for (int i=Nstart; i>0; —i) {
agent_row = rand () % rowN;

agent_col = rand () % colN;

if (((rowN—agent-row) % 2 != 0) && (agent-col = colN—1))
{
i =14 1;

} else if (domain[agent_row][agent_col] = 1) {

Pp_temp [ Nstart—i] = domain_Pp |
agent_row ][ agent_col|;

//passage_temp [ Nstart—i |
domain_passage [agent_row ||
agent_col |;

//age_temp [ Nstart—i] = domain_age |
agent_row | [ agent_col|;

//generation_temp [ Nstart—i] =
domain_generation [agent_row ||

agent_col |;

//Delete cells
for (int i=0; i<rowN; 4+i) {
for (int j=0; j<colN; 4+j) {
if (domain[i][j] = 1) {
domain[i][j] = 0;
domain_ Pp[i][j] = 0.0;
//domain_passage [i][§] = 0;
//domain_age[i][j] = 0;

//domain_generation[i][j] = 0;

//Shuffle & delete temp values
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for (int i=Nstart; i>0; —i) {
agent_row = rand() % rowN;
agent_col = rand () % colN;
if (((rowN—agent_row) % 2 != 0) && (
agent_col = colN—-1)) {
=i+ 1
} else if (domain|[agent_row][agent_col] =—
0) {
domain [agent_row | [ agent_col] = 1;
P = ((double) rand() / (RANDMAX)); //generate a
random number
if (passageEff && P<=Pd) {//damage
domain_Pp[agent_row |[ agent_col] = Pp_temp [Nstart—i
] — max(epsl(generator), 0.0);
//cout << domain_Pp|[agent_-row |[agent_col] << endl;
domain_Pp[agent_-row |[ agent_col] = max(domain_Pp |
agent_row |[agent_col], 0.0);
if (domain_Pp[agent_-row|[agent_col] < 0) {
cout << 7error” << endl;
}
} else {//no damage
domain_Pp[agent_row][agent_col] = Pp_temp[Nstart—i

IE

//domain_passage [agent_row |[ agent_col] = passage_temp |
Nstart—i | ;
//domain_age [agent_row | [ agent_col] age_temp [ Nstart—i

'/domain_generation [agent_-row |[ agent_col] =

generation_temp [ Nstart—i |;

agent_N = agent_ N + 1;

} else {
=i+ 1

//Delete arrays
delete [| Pp-temp;
//delete [| passage_temp ;

//delete [|] generation_temp;
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//Write to files
for (int 1=0; i<rowN; ++i) {
for (int j=0; j<colN; ++j) {
filel << domain[i][j];
file2 << domain_-Pp[i][j];
//file3 << domain_passage[i][j];
//file4d << domain_age[i][]j];
//file5 << domain_generation [i][]];
if (j < colN—-1) {
filel << 7 ,.7;
file2 << 7,.7;

/] file3d <<

//fileb <<’

} else {
filel << 7\n”;
file2 << 7\n”;
//filed << ?\n”
// filed << ”\n”

//fileb << ”\n”

filel .close();
file2 .close ();
//file3 .close () ;
//file4 . close ();
//file5 . close () ;
file6 . close ();
file7 .close ();
//file8 . close () ;
//file9 . close () ;
//£ile10 . close () ;

filell.close();

TIME = clock () — TIME;
cout << 7" It._takes.”<< (float )TIME/CLOCKS_PERSEC <<” _second (s)."<<
endl;
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cin.get ();

return 0;
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C++ code for scratch assays

#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

<cmath>
<iostream>
<vector>
<stdio .h>
<stdlib .h>
<fstream >
<ctime>
<string>
<sstream>
<algorithm>
<iterator >

<random>

using namespace std;

void migrationl

const int rowN, const int colN,
migPosition [0] = agent_row;
migPosition [1] = agent_col;

double P = ((double) rand() / (RANDMAX));

if (P< 1.0/6.0) & & (agent_-row > 0) && (agent_col > 0)) {/

else

else

else

else

else

directions

migPosition [0]

migPosition [1]

(const int agent_row, const int

migPosition [0] — 1;

migPosition [1] — 1;}

agent_col ,

int * migPosition) {

/choose migration

Position

if (P>= 1.0/6.0) && (P <1.0/3.0) && (agent_row > 0) && (

agent_col < colN—1)) {//Position 2

migPosition [0]

migPosition [0] — 1;}

if ((P>= 1.0/3.0) & (P < 1.0/2.0) && (agent_col < colN—-1)) {

Position 3

migPosition [1]

if (P>=1.0/2.0) & (P < 2.0/3.0) && (agent_-row < rowN—1) && (

migPosition [1] + 1;}

agent_col < colN-1)) {//Position 4

migPosition [0]

if ((P>= 2.0/3.0) & (P < 5.0/6.0) && (agent_-row < rowN-—1) && (

agent_col > 0)) {

migPosition [0]

migPosition [1]

if ((P>= 5.0/6.0) && (agent_col > 0)) {

migPosition [1]

migPosition [0] + 1;}

Position 5

migPosition [0] + 1;

migPosition [1] — 1;}

migPosition [1] — 1;}

Position

6

1
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void migration2 (const int agent_-row, const int agent_col,

const int rowN, const int colN, int % migPosition) {

migPosition [0] = agent_row;

migPosition [1] = agent_col;

double P = ((double) rand () / (RANDMAX));

if (P< 1.0/6.0) &&

migPosition [0] =

(agent_-row > 0)) {
migPosition [0] — 1;}

else if ((P>= 1.0/6.0) && (P <1.0/3.0) && (agent_-row > 0) && (

agent_col < colN—

migPosition [0] =

migPosition [1] =

else if ((P>= 1.0/3.0) & (P < 1.0/2.

migPosition [1] =

else if ((P>= 1.0/2.0) && (P < 2.0/3.

) {
migPosition [0] — 1;

migPosition [1] + 1;}

migPosition [1] + 1;}

agent_col < colN-1)) {

migPosition [0] =

migPosition [1] =

else if ((P>= 2.0/3.0) & (P < 5.0/6.

migPosition [0] =

migPosition [0] + 1;

migPosition [1] + 1;}

migPosition [0] + 1;}

else if ((P>= 5.0/6.0) & & (agent_col > 0)) {

migPosition [1] =

migPosition [1] — 1;}

0) && (agent_col < colN-2)) {

0) && (agent_row < rowN-—1) && (

0) && (agent_row < rowN-—1)) {

void proliferationl (const int agent_-row, const int agent_col,

const int rowN, const int colN,

proPosition [0] = agent_row;

proPosition [1] = agent_col;

double P = ((double)

rand () / (RANDMAX));

int % proPosition) {

if (P< 1.0/6.0) && (agent_-row > 0) && (agent_col > 0)) {

proPosition [0] =

proPosition [1] =

proPosition [0] — 1;

proPosition[1] — 1;}

else if ((P>= 1.0/6.0) && (P <1.0/3.0) && (agent_-row > 0) && (

agent_col < colN—

proPosition [0] =

) {
proPosition [0] — 1;}

else if ((P>= 1.0/3.0) && (P < 1.0/2.0) && (agent_col < colN-1)) {

proPosition [1] =

proPosition [1] + 1;}
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70 else if ((P>= 1.0/2.0) & (P < 2.0/3.0) && (agent_-row < rowN-—1) && (
agent_col < colN-1)) {

71 proPosition [0] = proPosition [0] + 1;}

72 else if ((P>= 2.0/3.0) && (P < 5.0/6.0) && (agent_-row < rowN-—1) && (

agent_col > 0)) {

73 proPosition [0] = proPosition [0] + 1;

74 proPosition [1] = proPosition [1] — 1;}

75 else if ((P>= 5.0/6.0) && (agent_col > 0)) {
76 proPosition [1] = proPosition [1] — 1;}
7}

78

79 void proliferation2 (const int agent_row, const int agent_col,

80 const int rowN, const int colN, int % proPosition) {
81 proPosition [0] = agent_row;

82 proPosition [1] = agent_col;

83 double P = ((double) rand() / (RANDMAX));

84 if (P< 1.0/6.0) && (agent_row > 0)) {

85 proPosition [0] = proPosition [0] — 1;}

86 else if ((P>= 1.0/6.0) && (P <1.0/3.0) && (agent_-row > 0) && (

agent_col < colN-1)) {

87 proPosition [0] = proPosition [0] — 1;

88 proPosition [1] = proPosition [1] + 1;}

89 else if ((P>= 1.0/3.0) && (P < 1.0/2.0) & & (agent_col < colN-2)) {
90 proPosition [1] = proPosition [1] + 1;}

91 else if ((P>= 1.0/2.0) & (P < 2.0/3.0) & & (agent_-row < rowN-—1) && (

agent_col < colN-1)) {

92 proPosition [0] = proPosition [0] + 1;

93 proPosition [1] = proPosition [1] + 1;}

94 else if ((P>= 2.0/3.0) & (P < 5.0/6.0) && (agent_-row < rowN-—1)) {
95 proPosition [0] = proPosition [0] + 1;}

96 else if ((P>= 5.0/6.0) & & (agent_col > 0)) {

97 proPosition [1] = proPosition[1] — 1;}

98 }

99

100 int CalTotal (const int rowN, const int colN) {

101 int Ntotal;
102 if (rowN % 2 = 0) {
103 Ntotal = rowN x colN — rowN/2;

104 } else {
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105 Ntotal = rowN % colN — (rowN+1)/2;
106 }

107 return Ntotal;

108}

109

110 void importdata (const int N, double * dataPp) {

111 ifstream ifs ("Pp.csv”);

112 char dummy;

113 for (int i = 0; i < N; ++i){
114 ifs >> dataPp[i];
115 if (i < (N- 1))

116 ifs >> dummy;

117 3

18 }

119

120 int main(int argc, char sxargv) {

121 srand (time (NULL) ) ;

122 random_device rd;

123 mt19937 generator (rd());

124

125 clock_t TIME;

126 TIME = clock () ;

127

128

129 int simuNum, sampleNum, t, T, tau, agent_.row, agent_col, migPosition

[2], proPosition [2];

130 double Pm, Pp, P, avePp;

131 simuNum = 1;

132 sampleNum = 2;

133 tau = 1;

134 t = 0;

135 T = 864;

136 Pm = 0.35;

137 const int d = 24;

138 enum {rowN = 68, colN = 80};

139 enum {sColl = 29, sCol2 = 51};

140 const int Ntotal = CalTotal(rowN, colN);
141 const int Nstart = Ntotal * 0.3;

142 cout << " Ntotal.=.” << Ntotal << endl;
143 cout << ”"Nseed_=_" << Nstart << endl;

144 static vector<vector<int> > domain(rowN, std::vector<int>(colN));
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145 static vector<vector<double> > domain_Pp(rowN, std::vector<double>(
colN) ) ;

146

147 ofstream filel ;

148 ofstream file2 ;

149 ofstream file3;

150 ofstream file4 ;

151 ofstream fileb ;

152 filel .open(”domain0.csv”);

153 file2 .open(”domain24.csv”);

154 file3 .open(”domaind8.csv”);

155 file4 .open(”domain72.csv”);

156 file5 .open(”domain96.csv”);

157

158 int size_data = 12790529;

159 double * dataPp;

160 dataPp = new double [size_data];

161 importdata (size_data , dataPp);

162

163

164 for (int i = Nstart; i > 0; —i) {

165 agent_row = rand () % rowN;

166 agent_col = rand () % colN;

167 if (((rowN—agent_-row) % 2 != 0) && (agent_col = colN-1)) {

168 =i+ 1

169 } else if (domain[agent_row][agent_col] = 0) {

170 int randPp = rand() % size_data;

171 domain [agent_row | [ agent_col] = 1;

172 domain_Pp[agent_-row ][ agent_col] = dataPp[randPp|;

173 } else {

174 =i+ 1;

175 }

176 }

177 delete [] dataPp;

178

179

180 for (int i=0; i<rowN; 4++i) {

181 if ((rowN—agent_row) % 2 = 0) {

182 for (int j=sColl; j<=sCol2; ++j) {

183 domain[i][j] = 0;

184 domain_Pp[i][j] = 0.0;

185 }



Title Suppressed Due to Excessive Length

186 } else {

187 for (int j=sColl; j<=sCol2-1; ++j) {
188 domain[i][j] = 0;

189 domain_ Pp[i][j] = 0.0;
190 }

191 }

192 }

193

194

195 int agent.-N = 0;

196 avePp = 0.0;

197 for (int i=0; i<rowN; ++i) {

198 for (int j=0; j<colN; ++j) {
199 if (domain[i][j] = 1) {
200 agent_ N = agent N + 1;
201 avePp = avePp + domain_Pp[i][j];
202 }

203 }

204 }

205 avePp = avePp / (double)agent_N;
206

207

208 for (int i=0; i<rowN; ++i) {

209 for (int j=0; j<colN; 4++j) {
210 filel << domain[i][]j];

211

212 if (j < colN-1) {

213 filel << 7 ,.";

214

215 } else {

216 filel << "\n”;

217

218 }

219 }

220 }

221

222 t =t + tau;

223 int timestop =T / t;

224

225 while (simuNum <= sampleNum) {

b}

226 cout << ”"SimuNum.” << simuNum << 7, _.7;
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cout << "N(0).=." << agent_N << 7, _Average_Pp.=." << avePp << endl
for (int tindex=0; tindex<timestop; ++tindex) { //check time
int N = agent_N;
//Migration
for (int i=0; i<N; ++i) {
P = ((double) rand() / (RANDMAX)); //generate a random
number
if (P <=Pm) { //perform migration
//select a random site
int ifGhost = 0;
agent_row = rand () % rowN;

agent_col = rand () % colN;

while ((domain[agent_-row][agent_col] != 1) || (ifGhost
=— 1)) { //select a random site, stop until
finding an agent
agent_row = rand() % rowN;

agent_col = rand () % colN;

}

//test ghost node
if (((rowN—agent_-row) % 2 != 0) && (agent_col == colN
“1) {
ifGhost = 1;
}
if (ifGhost = 0) {
if ((rowN—agent-row) % 2 = 0) {
migrationl (agent_row, agent_col, rowN, colN,
migPosition);
if (domain|[migPosition [0]][ migPosition[1]] =
0) {//if the new site is not taken
domain [agent_row ][ agent_col] = 0; //delete
the previous site
domain [ migPosition [0]][ migPosition [1]] =
1; //move to the new site
domain_Pp [migPosition [0]] [ migPosition [1]]
= domain_Pp[agent_-row |[ agent_col];
move the corresponding Pp
domain_Pp[agent_row][agent_col] = 0.0;

delete the previous Pp

} else {
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migration2 (agent-row , agent_col, rowN, colN,
migPosition);
if (domain|[migPosition [0]][ migPosition[1]] =
0) {
domain [agent_row | [ agent_col] = 0;
domain [ migPosition [0]] [ migPosition [1]] =
L
domain_Pp[migPosition [0]] [ migPosition [1]]
= domain_Pp[agent_-row |[agent_col];
domain_Pp [agent_row ][ agent_col] = 0.0;
}
}
} else {
=i - 1
}
}
for (int i=0; i<N; ++i) {
int ifGhost = 0;
agent_row = rand () % rowN;
agent_col = rand () % colN;
while ((domain[agent_row][agent_col] != 1) || (ifGhost =—
1)) {
agent_row = rand () % rowN;
agent_col = rand () % colN;
}
if (((rowN—agent_-row) % 2 != 0) && (agent_col = colN—1))
{
ifGhost = 1;
}

if (ifGhost = 0) {
Pp = domain_Pp[agent_-row |[agent_col];

P = ((double) rand() / (RANDMAX));

if (P<=Pp) {
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287 if ((rowN—agent.-row) % 2 = 0) {
288 proliferationl (agent_-row , agent_col, rowN,

colN, proPosition);

289 if (domain[proPosition [0]][proPosition [1]] =
0) {

290 domain [ proPosition [0]][ proPosition [1]] =
1

291 domain_Pp [proPosition [0]][ proPosition [1]]
= Pp;

292 agent_ N = agent_ N + 1;

293 ¥

294 } else {

295 proliferation2 (agent_-row , agent_col, rowN,

colN, proPosition);

296 if (domain[proPosition [0]][proPosition[1]] =
0) {

297 domain [ proPosition [0]][ proPosition [1]] =
1

298 domain_Pp [proPosition [0]][ proPosition [1]]
= Pp;

299 agent N = agent_ N + 1;

300 }

301 }

302 }

303 } else {

304 =i — 1;

305 }

306 }

307

308 if (t = 288) {

309 for (int i=0; i<rowN; ++i) {

310 for (int j=0; j<colN; ++j) {

311 file2 << domain[i][j];

312 if (j < colN—1) {

313 file2 << 7 ,.7;

314 } else {

315 file2 << ”\n”;

316 }

317 }

318 }
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}

if (t = 576) { //48h

for (int i=0; i<rowN; ++i) {

for (int j=0; j<colN; 4++j) {

file3 << domain[i][j];
if (j < colN—-1) {

file3 << 7 ,.7;

} else {
file3 << ”\n”;

}

if (t = 864) { //72h

for (int i=0; i<rowN; ++i) {

for (int j=0; j<colN; 4++j) {

filed << domain[i][j];
if (j < colN-1) {

filed << 7,7

} else {
file4 << ”\n”;

}
}
}
}
/xif (t = 1152) { //96h
for (int i=0; i<rowN; —4++i) {
for (int j=0; j<colN; —4++j) {
file5 << domain[i][]]
if (j < colN—-1) {
fileb <<
} else {
fileb << ”\n’
}
b
}
t =t + tau; //forward time

cout << "DONE_N_=_" << agent_-N << endl;

simuNum = simuNum + 1;

//update

the

simulation

index
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361 t = 0;

362

363 if (simuNum != sampleNum+1) {

364 for (int i=0; i<rowN; ++i) {

365 for (int j=0; j<colN; 4++j) {

366 domain[i][j] = 0;

367 domain_Pp[i][j] = 0.0;

368 }

369 }

370

371 double * dataPp;

372 dataPp = new double [size_data];

373 importdata(size_data , dataPp);

374

375 for (int i = Nstart; i > 0; —i) {

376 agent_row = rand () % rowN;

377 agent_col = rand () % colN;

378 if (((rowN—agent-row) % 2 != 0) && (agent_col —
colN-1)) {

379 =i+ 1;

380 } else if (domain[agent_-row|[agent_col] = 0) {

381 int randPp = rand () % size_data;

382 domain [agent_row | [ agent_col] = 1;

383 domain_Pp[agent_-row |[ agent_col]| = dataPp[randPp];

384 } else {

385 i=1i+4 1;

386 ¥

387 }

388 delete [| dataPp;

389

390 for (int 1=0; i<rowN; 4+i) {

391 if ((rowN—agent.-row) % 2 = 0) {

392 for (int j=sColl; j<=sCol2; ++j) {

393 domain[i][j] = 0;

394 domain_ Pp[i][j] = 0.0;

395 }

396 } else {

397 for (int j=sColl; j<=sCol2-1; ++j) {

398 domain[i][j] = 0;

399 domain_Pp[i][j] = 0.0;

400 }

401 }
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agent_ N = 0;
avePp = 0.0;
for (int i=0; i<rowN; ++i) {
for (int j=0; j<colN; ++j) {
if (domain[i][j] = 1) {
agent N = agent N + 1;
avePp = avePp + domain_Pp[i][]j];
}
}
}

avePp = avePp / (double)agent_N;

for (int i=0; i<rowN; ++i) {
for (int j=0; j<colN; 4++j) {
filel << domain[i][j];
if (j < colN—-1) {

filel << 7,27
} else {

filel << ”\n”;
}
}

filel .close();

file2 .close();

file3 . close () ;

file4 .close () ;

O

O

O

O

file5 .close ();

TIME = clock () — TIME;

cout << 7It._takes.”’<< (float )TIME/CLOCKS_PER SEC <<” _second (s)."<<
endl;

cin.get ();

return 0;



